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In 1969, the International Agency for Research on Cancer (IARC) initiated a programme on the evaluation of the
carcinogenic hazard of chemicals to humans, involving the production of critically evaluated monographs on individual
chemicals. The programme was subsequently expanded to include evaluations og carcinogenic hazar£ associated with
exposures to complex mixtures, lifestyle ?actors andp biological and physical agents, as well as those in specific occupations. The
objective of the programme is to elaborate and publish in the form of monographs critical reviews of data on carcinogenicity for
agents to which humans are known to be exposed and on specific exposure situations; to evaluate these data in terms of cancer
hazard to humans with the help of international working groups of experts in carcinogenesis and related fields; and to identify
gaps iI}l] evidence. The lists of IARC evaluations are regularly updated and are available on the internet at https://monographs.
iarc.who.int/.
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NOTE TO THE READER

The evaluations of carcinogenic hazard in the IARC Monographs on the Identification of
Carcinogenic Hazards to Humans series are made by international working groups of independent
scientists. The IJARC Monographs classifications do not indicate the level of risk associated with a
given level or circumstance of exposure. The JARC Monographs do not make recommendations for
regulation or legislation.

Anyone who is aware of published data that may alter the evaluation of the carcinogenic hazard
of an agent to humans is encouraged to make this information available to the JARC Monographs
programme, International Agency for Research on Cancer, 25 avenue Tony Garnier, CS 90627, 69366
Lyon Cedex 07, or via email at imo@iarc.who.int, in order that the agent may be considered for re-
evaluation by a future Working Group.

Although every effort is made to prepare the monographs as accurately as possible, mistakes
may occur. Readers are requested to communicate any errors to the JARC Monographs programme.
Corrigenda are published online on the relevant webpage for the volume concerned (IARC
Publications: https://publications.iarc.who.int/).

Advance publication, 29 April 2024 1


mailto:imo%40iarc.who.int?subject=IARC%20Monographs
https://publications.iarc.who.int/

Advance publication, 29 April 2024



LIST OF PARTICIPANTS

Members '’

Abdul Afghan [attended remotely]

Health Canada
Ottawa, Ontario
Canada

Ricardo Assungao

Instituto Universitario Egas Moniz (IUEM)

Egas Moniz - Cooperativa de Ensino
Superior (CRL)

Caparica

Portugal

Frederick A. Beland (Subgroup Chair, Cancer
in Experimental Animals)

Division of Biochemical Toxicology
National Center for Toxicological Research
Jefferson, Arkansas

USA

Giovanna Caderni

University of Florence

NEUROFARBA Department

Section of Pharmacology and Toxicology
Florence

Italy

Chris Corton

United States Environmental Protection
Agency

Center for Computational Toxicology and
Exposure

Durham, North Carolina

USA

! Working Group Members and Invited Specialists serve in their individual capacities as scientists and not as represen-
tatives of their government or any organization with which they are affiliated. Affiliations are provided for identifica-
tion purposes only. Invited Specialists do not serve as Meeting Chair or Subgroup Chair, draft text that pertains to the
description or interpretation of cancer data, or participate in the evaluations. Each participant was asked to declare
potentially relevant research, employment, and financial interests that are current or that have occurred during the past
4 years. Minimal interests are not disclosed here, and include stock valued at no more than US$ 1000 overall, grants that
provide no more than 5% of the research budget of the expert’s organization and that do not support the expert’s re-
search or position, and consulting or speaking on matters not before a court or government agency that does not exceed
2% of total professional time or compensation. All other non-publicly funded grants that support the expert’s research
or position and all consulting or speaking on behalf of an interested party on matters before a court or government
agency are disclosed as potentially significant conflicts of interests.

Advance publication, 29 April 2024



IARC MONOGRAPHS - 134

Gisela de Aragdo Umbuzeiro

School of Technology
University of Campinas
Limeira, Sao Paulo
Brazil

Daphne de Jong ?

Amsterdam University Medical Centers
Department of Pathology

Amsterdam

The Netherlands

Melanie Deschasaux-Tanguy

Institut national de la santé et de la recherche
médicale

Bobigny

France

Allison Hodge

Cancer Council Victoria
Cancer Epidemiology Division
Melbourne

Australia

Dirk W. Lachenmeier (Subgroup Chair,
Exposure Characterization)

Chemical and Veterinary Investigation
Laboratory (CVUA)

Karlsruhe

Germany

Dan D. Levy

United States Food and Drug Administration
(retired)

Washington, District of Columbia

USA

Daniele Mandrioli

Cesare Maltoni Cancer Research Center
Ramazzini Institute

Bologna

Italy

M. Matilde Marques (Subgroup Co-Chair,
Mechanistic Evidence)

Centro de Quimica Estrutural-
Institute of Molecular Sciences
Instituto Superior Técnico
University of Lisbon

Lisbon

Portugal

Marjorie Lynn McCullough

American Cancer Society
Kennesaw, Georgia
USA

Sarah A. McNaughton

Institute for Physical Activity and Nutrition
School of Exercise and Nutrition Sciences
Deakin University

Melbourne

Australia

Takeshi Morita

Chemical Management Center

National Institute of Technology and
Evaluation

Tokyo

Japan

2Dr de Jong served from February to August 2023 in a part-time, remote capacity as a Senior Visiting Scientist in the

WHO Classification of Tumours programme at IARC.

4 Advance publication, 29 April 2024



List of participants

Anne P. Nugent

School of Biological Sciences
Institute for Global Food Security
Queens University Belfast

Belfast

UK

Kumiko Ogawa

National Institute of Health Sciences
Kanagawa
Japan

Arun R. Pandiri [attended remotely]

Division of Translational Toxicology

National Institute of Environmental Health
Sciences

Research Triangle Park, North Carolina

USA

David H. Phillips (Subgroup Co-Chair,
Mechanistic Evidence)

King’s College London
London
UK

Elio Riboli (Meeting Chair)

School of Public Health
Imperial College London

London
UK

Eva Schernhammer (Subgroup Chair, Cancer
in Humans)

Medical University of Vienna
Center for Public Health
Vienna

Austria

Consolato M. Sergi [attended remotely]

University of Ottawa

Children’s Hospital of Eastern Ontario
Ottawa, Ontario

Canada

Mathilde Touvier

Institut national de la santé et de la recherche
médicale
Bobigny

France

Luoping Zhang

University of California at Berkeley
Berkeley
USA

Invited Specialist

Junko Ishihara 3

Azabu University

Department of Food and Life Science
School of Life and Environmental Science
Kanagawa

Japan

? Dr Ishihara reported that her unit at Azabu University benefits from research support from Kagome Co. Ltd, which
has entered into an agreement with the Ajinomoto Group, the work of which involves competing interests for one of the

agents (aspartame) included in this IARC meeting.

Advance publication, 29 April 2024 5



IARC MONOGRAPHS - 134

Representatives

Dana Evans

Health Products and Food Branch
Health Canada

Ottawa, Ontario

Canada

Sabine Francke

Center for Food Safety and Applied Nutrition
Office of Food Additive Safety

United States Food and Drug Administration
College Park, Maryland

USA

Federica Lodi

European Food Safety Authority (EFSA)
Parma
Italy

Perrine Nadaud [withdrew]

French Agency for Food, Environmental and
Occupational Health & Safety (ANSES)

Paris

France

*Each Observer agreed to respect the Guidelines for Observers at JARC Monographs meetings. Observers did not serve
as Meeting Chair or Subgroup Chair, draft any part of a monograph, or participate in the evaluations. They also agreed
not to contact participants before the meeting, not to lobby them at any time, not to send them written materials, and

not to offer them meals or other favours. IARC asked and reminded Working Group Members to report any contact or

Sharon Ross

National Cancer Institute
National Institutes of Health
Rockville, Maryland

USA

Observers *

Antonio Agudo [attended remotely]

Catalan Institute of Oncology
Llobregat
Spain

Sue Barlow [attended remotely]

Consultant
Brighton
UK

Susan Borghoff?

ToxStrategies LLC
Research Triangle Park, North Carolina
USA

Susan Elmore ¢

Elmore Pathology LLC
Chapel Hill, North Carolina
USA

attempt to influence that they may have encountered, either before or during the meeting.
>Dr Borghoff reported being a salaried employee of ToxStrategies LLC, which receives undisclosed (but presumed to

be substantial) consulting fees from the American Beverage Association and the Calorie Control Council, and that the

International Council of Beverages Associations sponsored her travel to and attendance at this IARC meeting.
¢Dr Elmore reported being the owner of ElmorePathology LLC, which receives substantial consulting fees from the
American Beverage Association, which also sponsored her travel to and attendance at this IARC meeting.

6 Advance publication, 29 April 2024



List of participants

Thomas Galligan’

Center for Science in the Public Interest
Washington, District of Columbia
USA

Bernadene Magnuson ®

Health Science Consultants Inc.
Collingwood, Ontario
Canada

Laura Voge ® [withdrew]

Whole Earth Brands
Chicago, Illinois
USA

Felicia Wu [attended remotely]

Michigan State University
East Lansing, Michigan
USA

IARC/WHO Secretariat

Lamia Benbrahim-Tallaa (Rapporteur,
Cancer in Experimental Animals)

Shirisha Chittiboyina (Rapporteur, Cancer

in Experimental Animals)

Danila Cuomo (Rapporteur, Mechanistic
Evidence)

Nathan DeBono (Rapporteur, Cancer in
Humans)

Charlotte Debras

Aline de Conti (Rapporteur, Mechanistic
Evidence)

Fatiha El Ghissassi (Rapporteur, Mechanistic
Evidence)

Emma Fontvieille

Rhea Harewood

John Kaldor (Rapporteur, Mechanistic
Evidence)

Federica Madia (Responsible Officer and
Rapporteur, Mechanistic Evidence)

Heidi Mattock (Scientific Editor)

Jason Montez (Department of Nutrition and
Food Safety Standards/Scientific Advice
on Food and Nutrition, WHO) [attended
remotely]

Elisa Pasqual (Rapporteur, Cancer in
Humans)

Kim Petersen (Department of Nutrition and
Food Safety Standards/Scientific Advice
on Food and Nutrition, WHQO)

Gabrielle Rigutto (Rapporteur, Mechanistic
Evidence)

Moez Sanaa (Department of Nutrition and
Food Safety Standards/Scientific Advice
on Food and Nutrition, WHO)

Mary Schubauer-Berigan (Programme Head;
Rapporteur, Cancer in Humans)

Hannah Simba

Eero Suonio (Rapporteur, Exposure
Characterization)

Susana Viegas (Rapporteur, Exposure
Characterization)

Roland Wedekind (Rapporteur, Exposure
Characterization)

’Dr Galligan reported being a salaried employee of the Center for Science in the Public Interest (CSPI). In this role, he
has provided written comments on the safety of aspartame in response to a regulatory docket issued by the United States
Department of Health and Human Services. CSPI has previously petitioned the United States Food and Drug Adminis-

tration to prohibit the use of methyleugenol in food in the USA.

8 Dr Magnuson reported being part owner of Health Science Consulting Inc. and President of BMagnuson Consult-
ing, receiving consultancy fees from the Calorie Control Council for studies on aspartame toxicity. The Calorie Control
Council sponsored her travel to and attendance at this IARC meeting.

°Ms Voge reported being a salaried employee and stockholder of Whole Earth Brands, which uses sweeteners being

evaluated at this IARC meeting.

Advance publication, 29 April 2024 7



IARC MONOGRAPHS - 134

Administrative and Technical Pre- and Post-Meeting Assistance
Assistance
Liacine Bouaoun
Noémie Joncour Misty Hein
Jennifer Nicholson Karen Miiller (Managing Editor)
Mathieu Rose

Sandrine Ruiz

Production Team

Noémie Joncour
Niree Kraushaar
Soléne Quennehen

Advance publication, 29 April 2024



PREAMBLE

The Preamble to the IARC Monographs describes the objective and scope of the pro-
gramme, general principles and procedures, and scientific review and evaluations. The
IARC Monographs embody principles of scientific rigour, impartial evaluation, transpar-
ency, and consistency. The Preamble should be consulted when reading a Monograph
or a summary of a Monograph'’s evaluations. Separate Instructions for Authors describe
the operational procedures for the preparation and publication of a volume of the

Monographs.

A. GENERAL PRINCIPLES AND
PROCEDURES

1. Background

Soon after the International Agency for
Research on Cancer (IARC) was established
in 1965, it started to receive frequent requests
for advice on the carcinogenicity of chemi-
cals, including requests for lists of established
and suspected human carcinogens. In 1970, an
IARC Advisory Committee on Environmental
Carcinogenesis recommended “that a compen-
dium on carcinogenic chemicals be prepared by
experts. The biological activity and evaluation of
practical importance to public health should be
referenced and documented.” The next year, the
IARC Governing Council adopted a resolution
that JARC should prepare “monographs on the
evaluation of carcinogenic risk of chemicals to
man”, which became the initial title of the series.

In succeeding years, the scope of the pro-
gramme broadened as Monographs were devel-
oped for complex mixtures, occupational

exposures, physical agents, biological organisms,
pharmaceuticals, and other exposures. In 1988,
“of chemicals” was dropped from the title, and in
2019, “evaluation of carcinogenic risks” became
“identification of carcinogenic hazards”, in line
with the objective of the programme.

Identifying the causes of human cancer is the
first step in cancer prevention. The identification
of a cancer hazard may have broad and profound
implications. National and international author-
ities and organizations can and do use informa-
tion on causes of cancer in support of actions to
reduce exposure to carcinogens in the workplace,
in the environment, and elsewhere. Cancer pre-
vention is needed as much today as it was when
IARC was established, because the global bur-
den of cancer is high and continues to increase
as a result of population growth and ageing and
upward trends in some exposures, especially in
low- and middle-income countries (https://pub-
lications.iarc.who.int/Non-Series-Publications/
World-Cancer-Reports).

IARC’s process for developing Monographs,
which has evolved over several decades, involves

Advance publication, 29 April 2024 9
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the engagement of international, interdiscipli-
nary Working Groups of expert scientists, the
transparent synthesis of different streams of
evidence (exposure characterization, cancer in
humans, cancer in experimental animals, and
mechanisms of carcinogenesis), and the integra-
tion of these streams of evidence into an over-
all evaluation and classification according to
criteria developed and refined by IARC. Since
the Monographs programme was established,
the understanding of carcinogenesis has greatly
deepened. Scientific advances are incorporated
into the evaluation methodology. In particular,
strong mechanistic evidence has had an increas-
ing role in the overall evaluations since 1991.

The Preamble is primarily a statement of
the general principles and procedures used in
developing a Monograph, to promote transpar-
ency and consistency across Monographs evalu-
ations. In addition, IARC provides Instructions
for Authors (https://monographs.iarc.who.int/
preamble-instructions-for-authors/), which spec-
ity more detailed working procedures. IARC
routinely updates these Instructions for Authors
to reflect advances in methods for cancer haz-
ard identification and accumulated experience,
including input from experts.

2. Objective and scope

The objective of the programme is to prepare,
with the engagement of international, interdis-
ciplinary Working Groups of experts, scientific
reviews and evaluations of evidence on the car-
cinogenicity of a wide range of agents.

The Monographs assess the strength of the
available evidence that an agent can cause cancer
in humans, based on three streams of evidence:
on cancer in humans (see Part B, Section 2),
on cancer in experimental animals (see Part B,
Section 3), and on mechanistic evidence (see
Part B, Section 4). In addition, the exposure to
each agent is characterized (see Part B, Section 1).
In this Preamble, the term “agent” refers to any

chemical, physical, or biological entity or expo-
sure circumstance (e.g. occupation as a painter)
for which evidence on the carcinogenicity is
evaluated.

A cancer hazard is an agent that is capable of
causing cancer, whereas a cancer risk is an esti-
mate of the probability that cancer will occur
given some level of exposure to a cancer hazard.
The Monographs assess the strength of evidence
that an agent is a cancer hazard. The distinc-
tion between hazard and risk is fundamental.
The Monographs identify cancer hazards even
when risks appear to be low in some exposure
scenarios. This is because the exposure may be
widespread at low levels, and because exposure
levels in many populations are not known or
documented.

Although the Monographs programme has
focused on hazard identification, some epidemi-
ological studies used to identify a cancer hazard
are also used to estimate an exposure-response
relationship within the range of the available
data. However, extrapolating exposure-response
relationships beyond the available data (e.g. to
lower exposures, or from experimental animals
to humans) is outside the scope of Monographs
Working Groups (IARC, 2014). In addition, the
Monographs programme does not review quan-
titative risk characterizations developed by other
health agencies.

The identification of a cancer hazard should
trigger some action to protect public health,
either directly as a result of the hazard identi-
fication or through the conduct of a risk assess-
ment. Although such actions are outside the
scope of the programme, the Monographs are
used by national and international authorities
and organizations to inform risk assessments,
formulate decisions about preventive measures,
motivate effective cancer control programmes,
and choose among options for public health deci-
sions. Monographs evaluations are only one part
of the body of information on which decisions to
control exposure to carcinogens may be based.

10 Advance publication, 29 April 2024
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Options to prevent cancer vary from one situa-
tion to another and across geographical regions
and take many factors into account, including
different national priorities. Therefore, no rec-
ommendations are given in the Momnographs
with regard to regulation, legislation, or other
policy approaches, which are the responsibil-
ity of individual governments or organizations.
The Monographs programme also does not
make research recommendations. However, it is
important to note that Monographs contribute
significantly to the science of carcinogenesis by
synthesizing and integrating streams of evidence
about carcinogenicity and pointing to critical
gaps in knowledge.

3. Selection of agents for review

Since 1984, about every five years IARC
convenes an international, interdisciplinary
Advisory Group to recommend agents for review
by the Monographs programme. IARC selects
Advisory Group members who are knowledge-
able about current research on carcinogens and
public health priorities. Before an Advisory
Group meets, IARC solicits nominations of
agents from scientists and government agencies
worldwide. Since 2003, IARC also invites nom-
inations from the public. IARC charges each
Advisory Group with reviewing nominations,
evaluating exposure and hazard potential, and
preparing a report that documents the Advisory
Group’s process for these activities and its ration-
ale for the recommendations.

For each new volume of the Monographs,
IARC selects the agents for review from those
recommended by the most recent Advisory
Group, considering the availability of pertinent
research studies and current public health prior-
ities. On occasion, IARC may select other agents
if there is a need to rapidly evaluate an emerg-
ing carcinogenic hazard or an urgent need to
re-evaluate a previous classification. All evalua-
tions consider the full body of available evidence,

not just information published after a previous
review.
A Monograph may review:

(@) An agent not reviewed in a previous
Monograph, if there is potential human expo-
sure and there is evidence for assessing its car-
cinogenicity. A group of related agents (e.g.
metal compounds) may be reviewed together
if there is evidence for assessing carcinogeni-
city for one or more members of the group.

(b) An agent reviewed in a previous Mono-
graph, if there is new evidence of cancer
in humans or in experimental animals, or
mechanistic evidence to warrant re-evalua-
tion of the classification. In the interests of
efficiency, the literature searches may build
on previous comprehensive searches.

() An agent that has been established to
be carcinogenic to humans and has been
reviewed in a previous Monograph, if there is
new evidence of cancer in humans that indi-
cates new tumour sites where there might be
a causal association. In the interests of effi-
ciency, the review may focus on these new
tumour sites.

4. The Working Group and other
meeting participants

Five categories of participants can be present
at Monographs meetings:

(i) Working Group members are responsi-
ble for all scientific reviews and evaluations
developed in the volume of the Monographs.
The Working Group is interdisciplinary and
comprises subgroups of experts in the fields
of (a) exposure characterization, (b) cancer
in humans, (c) cancer in experimental ani-
mals, and (d) mechanistic evidence. IARC
selects Working Group members on the
basis of expertise related to the subject mat-
ter and relevant methodologies, and absence
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of conflicts of interest. Consideration is also
given to diversity in scientific approaches and
views, as well as demographic composition.
Working Group members generally have
published research related to the exposure or
carcinogenicity of the agents being reviewed,
and IARC uses literature searches to iden-
tify most experts. Since 2006, IARC also has
encouraged public nominations through its
Call for Experts. IARC’s reliance on experts
with knowledge of the subject matter and/or
expertise in methodological assessment is
confirmed by decades of experience docu-
menting that there is value in specialized
expertise and that the overwhelming major-
ity of Working Group members are commit-
ted to the objective evaluation of scientific
evidence and not to the narrow advancement
of their own research results or a pre-deter-
mined outcome (Wild and Cogliano, 2011).
Working Group members are expected to
serve the public health mission of IARC, and
should refrain from consulting and other
activities for financial gain that are related to
the agents under review, or the use of inside
information from the meeting, until the full
volume of the Monographs is published.

IARCidentifies, from among Working Group
members, individuals to serve as Meeting
Chair and Subgroup Chairs. At the opening
of the meeting, the Working Group is asked
to endorse the selection of the Meeting Chair,
with the opportunity to propose alternatives.
The Meeting Chair and Subgroup Chairs take
a leading role at all stages of the review pro-
cess (see Part A, Section 7), promote open sci-
entific discussions that involve all Working
Group members in accordance with normal
committee procedures, and ensure adher-
ence to the Preamble.

(ii) Invited Specialists are experts who have
critical knowledge and experience but who
also have a conflict of interest that warrants

exclusion from developing or influencing
the evaluations of carcinogenicity. Invited
Specialists do not draft any section of the
Monograph that pertains to the description or
interpretation of cancer data, and they do not
participate in the evaluations. These experts
are invited in limited numbers when neces-
sary to assist the Working Group by contrib-
uting their unique knowledge and experience
to the discussions.

(iii) Representatives of national and interna-
tional health agencies may attend because
their agencies are interested in the subject
of the meeting. They do not draft any sec-
tion of the Monograph or participate in the
evaluations.

(iv) Observers with relevant scientific creden-
tials may be admitted in limited numbers.
Attention is given to the balance of Observers
from constituencies with differing perspec-
tives. Observers are invited to observe the
meeting and should not attempt to influence
it, and they agree to respect the Guidelines
for Observers at IARC Monographs meetings.
Observers do not draft any section of the
Monograph or participate in the evaluations.

(v) The IARC Secretariat consists of scien-
tists who are designated by IARC and who
have relevant expertise. The IARC Secretariat
coordinates and facilitates all aspects of the
evaluation and ensures adherence to the
Preamble throughout development of the sci-
entific reviews and classifications (see Part A,
Sections 5 and 6). The IARC Secretariat
organizes and announces the meeting, iden-
tifies and recruits the Working Group mem-
bers, and assesses the declared interests of all
meeting participants. The IARC Secretariat
supports the activities of the Working Group
(see Part A, Section 7) by searching the lit-
erature and performing title and abstract
screening, organizing conference calls to
coordinate the development of pre-meeting
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Table 1 Roles of participants at JARC Monographs meetings

Category of participant

Role

Prepare text, tables,

Participate in

Participate in Eligible to serve as

and analyses discussions evaluations Chair
Working Group members v v v v
Invited Specialists % v
Representatives of health agencies Vb
Observers VP
IARC Secretariat Ve v %

2 Only for the section on exposure characterization.

b Only at times designated by the Meeting Chair and Subgroup Chairs.
¢ When needed or requested by the Meeting Chair and Subgroup Chairs.

4 Only for clarifying or interpreting the Preamble.

drafts and discuss cross-cutting issues, and
reviewing drafts before and during the meet-
ing. Members of the IARC Secretariat serve
as meeting rapporteurs, assist the Meeting
Chair and Subgroup Chairs in facilitating
all discussions, and may draft text or tables
when designated by the Meeting Chair and
Subgroup Chairs. Their participation in the
evaluations is restricted to the role of clarify-
ing or interpreting the Preamble.

All participants are listed, with their princi-
pal affiliations, in the front matter of the pub-
lished volume of the Monographs. Working
Group members and Invited Specialists serve as
individual scientists and not as representatives
of any organization, government, or industry
(Cogliano et al., 2004).

The roles of the meeting participants are
summarized in Table 1.

5. Working procedures

A separate Working Group is responsible
for developing each volume of the Monographs.
A volume contains one or more Monographs,
which can cover either a single agent or several
related agents. Approximately one year before
the meeting of a Working Group, a preliminary
list of agents to be reviewed, together with a Call

for Data and a Call for Experts, is announced
on the Monographs programme website (https:/
monographs.iarc.who.int/).

Before a meeting invitation is extended,
each potential participant, including the IARC
Secretariat, completes the WHO Declaration
of Interests form to report financial interests,
employment and consulting (including remu-
neration for serving as an expert witness), indi-
vidual and institutional research support, and
non-financial interests such as public statements
and positions related to the subject of the meet-
ing. IARC assesses the declared interests to deter-
mine whether there is a conflict that warrants
any limitation on participation (see Table 2).

Approximately two months before a
Monographs meeting, IARC publishes the
names and affiliations of all meeting participants
together with a summary of declared interests,
in the interests of transparency and to provide
an opportunity for undeclared conflicts of inter-
est to be brought to IARC’s attention. It is not
acceptable for Observers or third parties to con-
tact other participants before a meeting or to
lobby them at any time. Meeting participants
are asked to report all such contacts to IARC
(Cogliano et al., 2005).

The Working Group meets at IARC for
approximately eight days to discuss and finalize
the scientific review and to develop summaries
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Table 2 Public engagement during Monographs development

Approximate timeframe Engagement

Every 5 years
review

~1 year before a Monographs meeting

TARC convenes an Advisory Group to recommend high-priority agents for future

TARC selects agents for review in a new volume of the Monographs

IARC posts on its website:
Preliminary List of Agents to be reviewed
Call for Data and Call for Experts
Request for Observer Status
WHO Declaration of Interests form

~8 months before a Monographs meeting
~4 months before a Monographs meeting
~2 months before a Monographs meeting

Call for Experts closes
Request for Observer Status closes
IARC posts the names of all meeting participants together with a summary of

declared interests, and a statement discouraging contact of the Working Group
by interested parties

~1 month before a Monographs meeting
~2-4 weeks after a Monographs meeting
~9 months after a Monographs meeting

Call for Data closes

IARC publishes a summary of evaluations and key supporting evidence
TARC Secretariat publishes the verified and edited master copy of plenary drafts

as a Monographs volume

and evaluations. At the opening of the meet-
ing, all participants update their Declaration
of Interests forms, which are then reviewed by
IARC. Declared interests related to the subject of
the meeting are disclosed to the meeting partic-
ipants during the meeting and in the published
volume (Cogliano et al., 2004). The objectives
of the meeting are peer review and consensus.
During the first part of the meeting, subgroup
sessions (covering exposure characterization,
cancer in humans, cancer in experimental ani-
mals, and mechanistic evidence) review the
pre-meeting drafts, develop a joint subgroup
draft, and draft subgroup summaries. During
the last part of the meeting, the Working Group
meets in plenary session to review the subgroup
drafts and summaries and to develop the con-
sensus evaluations. As a result, the entire vol-
ume is the joint product of the Working Group,
and there are no individually authored sections.
After the meeting, the master copy is verified by
the ITARC Secretariat and is then edited and pre-
pared for publication. The aim is to publish the
volume within approximately nine months of
the Working Group meeting. A summary of the

evaluations and key supporting evidence is pre-
pared for publication in a scientific journal or is
made available on the Monographs programme
website soon after the meeting.

Intheinterests of transparency, IARC engages
with the public throughout the process, as sum-
marized in Table 2.

6. Overview of the scientific review
and evaluation process

The Working Group considers all perti-
nent epidemiological studies, cancer bioassays
in experimental animals, and mechanistic evi-
dence, as well as pertinent information on
exposure in humans. In general, for cancer in
humans, cancer in experimental animals, and
mechanistic evidence, only studies that have
been published or accepted for publication in
the openly available scientific literature are
reviewed. Under some circumstances, materials
that are publicly available and whose content is
final may be reviewed if there is sufficient infor-
mation to permit an evaluation of the quality of
the methods and results of the studies (see Step 1,

14 Advance publication, 29 April 2024



Preamble

below). Such materials may include reports and
databases publicly available from government
agencies, as well as doctoral theses. The reliance
on published and publicly available studies pro-
motes transparency and protects against citation
of premature information.

The principles of systematic review are
applied to the identification, screening, synthe-
sis, and evaluation of the evidence related to
cancer in humans, cancer in experimental ani-
mals, and mechanistic evidence (as described
in Part B, Sections 2-4 and as detailed in the
Instructions for Authors). Each Monograph
specifies or references information on the con-
duct of the literature searches, including search
terms and inclusion/exclusion criteria that were
used for each stream of evidence.

In brief, the steps of the review process are
as follows:

Step 1. Comprehensive and transparent identi-
fication of the relevant information: The IARC
Secretariat identifies relevant studies through
initial comprehensive searches of literature
contained in authoritative biomedical data-
bases (e.g. PubMed, PubChem) and through
a Call for Data. These literature searches,
designed in consultation with a librarian and
other technical experts, address whether the
agent causes cancer in humans, causes can-
cer in experimental systems, and/or exhib-
its key characteristics of established human
carcinogens (in humans or in experimental
systems). The Working Group provides input
and advice to IARC to refine the search strat-
egies, and identifies literature through other
searches (e.g. from reference lists of past
Monographs, retrieved articles, and other
authoritative reviews).

For certain types of agents (e.g. regulated
pesticides and pharmaceuticals), IARC also
provides an opportunity to relevant reg-
ulatory authorities, and regulated parties
through such authorities, to make pertinent

unpublished studies publicly available by
the date specified in the Call for Data.
Consideration of such studies by the Working
Group is dependent on the public availability
of sufficient information to permit an inde-
pendent evaluation of (a) whether there has
been selective reporting (e.g. on outcomes,
or from a larger set of conducted studies);
(b) study quality (e.g. design, methodology,
and reporting of results), and (c) study results.

Step 2. Screening, selection, and organization
of the studies: The IARC Secretariat screens
the retrieved literature for inclusion based on
title and abstract review, according to pre-de-
fined exclusion criteria. For instance, studies
may be excluded if they were not about the
agent (or a metabolite of the agent), or if they
reported no original data on epidemiological
or toxicological end-points (e.g. review arti-
cles). The Working Group reviews the title
and abstract screening done by IARC, and
performs full-text review. Any reasons for
exclusion are recorded, and included studies
are organized according to factors pertinent
to the considerations described in Part B,
Sections 2-4 (e.g. design, species, and end-
point). Inclusion of a study does not imply
acceptance of the adequacy of the study
design or of the analysis and interpretation
of the results.

Step 3. Evaluation of study quality: The
Working Group evaluates the quality of the
included studies based on the considerations
(e.g. design, methodology, and reporting of
results) described in Part B, Sections 2-4.
Based on these considerations, the Working
Group may accord greater weight to some of
the included studies. Interpretation of the
results and the strengths and limitations of a
study are clearly outlined in square brackets
at the end of study descriptions (see Part B).

Step 4: Report characteristics of included
studies, including assessment of study
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7.

quality: Pertinent characteristics and results
of included studies are reviewed and suc-
cinctly described, as detailed in Part B,
Sections 1-4. Tabulation of data may facili-
tate this reporting. This step may be iterative
with Step 3.

Step 5: Synthesis and evaluation of strength of
evidence: The Working Group summarizes
the overall strengths and limitations of the
evidence from the individual streams of evi-
dence (cancer in humans, cancer in experi-
mental animals, and mechanistic evidence;
see Part B, Section 5). The Working Group
then evaluates the strength of evidence from
each stream of evidence by using the trans-
parent methods and defined descriptive
terms given in Part B, Sections 6a-c. The
Working Group then develops, and describes
the rationale for, the consensus classification
of carcinogenicity that integrates the con-
clusions about the strength of evidence from
studies of cancer in humans, studies of can-
cer in experimental animals, and mechanis-
tic evidence (see Part B, Section 6d).

Responsibilities of the Working
Group

The Working Group is responsible for iden-

tifying and evaluating the relevant studies and
developing the scientific reviews and evalu-
ations for a volume of the Monographs. The
IARC Secretariat supports these activities of the
Working Group (see Part A, Section 4). Briefly,
the Working Group’s tasks in developing the
evaluation are, in sequence:

16

(i) Before the meeting, the Working Group
ascertains that all appropriate studies have
been identified and selected, and assesses
the methods and quality of each individ-
ual study, as outlined above (see Part A,
Section 6). The Working Group members

prepare pre-meeting working drafts that
present accurate tabular or textual summa-
ries of informative studies by extracting key
elements of the study design and results,
and highlighting notable strengths and lim-
itations. They participate in conference calls
organized by IARC to coordinate the devel-
opment of working drafts and to discuss
cross-cutting issues. Pre-meeting reviews of
all working drafts are generally performed
by two or more subgroup members who did
not participate in study identification, data
extraction, or study review for the draft.
Each study summary is written or reviewed
by someone who is not associated with the
study.

(ii) At the meeting, within subgroups, the
Working Group members critically review,
discuss, and revise the pre-meeting drafts
and adopt the revised versions as consensus
subgroup drafts. Subgroup Chairs ensure
that someone who is not associated with
the study leads the discussion of each study
summary. A proposed classification of the
strength of the evidence reviewed in the sub-
group using the JARC Monographs criteria
(see Part B, Sections 6a—c) is then developed
from the consensus subgroup drafts of the
evidence summaries (see Part B, Section 5).

(iii) During the plenary session, each sub-
group presents its drafts for scientific review
and discussion to the other Working Group
members, who did not participate in study
identification, data extraction, or study
review for the drafts. Subgroup Chairs ensure
that someone who is not associated with the
study leads the discussion of each study sum-
mary. After review, discussion, and revisions
as needed, the subgroup drafts are adopted
as a consensus Working Group product. The
summaries and classifications of the strength
of the evidence, developed in the subgroup
in line with the JARC Monographs criteria
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(see Part B, Sections 6a-c), are considered,
revised as needed, and adopted by the full
Working Group. The Meeting Chair proposes
an overall evaluation using the guidance pro-
vided in Part B, Section 6d.

The Working Group strives to achieve con-
sensus evaluations. Consensus reflects broad
agreement among the Working Group, but
not necessarily unanimity. The Meeting
Chair may poll the Working Group to deter-
mine the diversity of scientific opinion on
issues where consensus is not apparent.

Only the final product of the plenary session
represents the views and expert opinions of the
Working Group. The entire Monographs volume
is the joint product of the Working Group and
represents an extensive and thorough peer review
of the body of evidence (individual studies, syn-
thesis, and evaluation) by an interdisciplinary
expert group. Initial working papers and sub-
sequent revisions are not released, because they
would give an incomplete and possibly mislead-
ing impression of the consensus developed by the
Working Group over a full week of deliberation.

B. SCIENTIFIC REVIEW AND
EVALUATION

This part of the Preamble discusses the types
of evidence that are considered and summarized
in each section of a Monograph, followed by the
scientific criteria that guide the evaluations. In
addition, a section of General Remarks at the
front of the volume discusses the reasons the
agents were scheduled for evaluation and any key
issues encountered during the meeting.

1. Exposure characterization

This section identifies the agent and describes
its occurrence, main uses, and production
locations and volumes, where relevant. It also

summarizes the prevalence, concentrations in
relevant studies, and relevant routes of exposure
in humans worldwide. Methods of exposure
measurement and analysis are described, and
methods of exposure assessment used in key epi-
demiological studies reviewed by the Working
Group are described and evaluated.

Over the course of the Monographs pro-
gramme, concepts of exposure and dose have
evolved substantially with deepening under-
standing of the interactions of agents and bio-
logical systems. The concept of exposure has
broadened and become more holistic, extending
beyond chemical, physical, and biological agents
to stressors as construed generally, includ-
ing psychosocial stressors (National Research
Council, 2012; National Academies of Sciences,
Engineering, and Medicine, 2017). Overall, this
broader conceptualization supports greater inte-
gration between exposure characterization and
other sections of the Monographs. Concepts of
absorption, distribution, metabolism, and excre-
tion are considered in the first subsection of
mechanistic evidence (see Part B, Section 4a),
whereas validated biomarkers of internal expo-
sure or metabolites that are routinely used for
exposure assessment are reported on in this sec-
tion (see Part B, Section 1b).

(a) Identification of the agent

The agent being evaluated is unambiguously
identified. Details will vary depending on the
type of agent but will generally include physical
and chemical properties relevant to the agent’s
identification, occurrence, and biological activ-
ity. If the material that has been tested in exper-
imental animals or in vitro systems is different
from that to which humans are exposed, these
differences are noted.

For chemical agents, the Chemical Abstracts
Service Registry Number is provided, as well
as the latest primary name and other names in
common use, including important trade names,
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along with available information on the com-
position of common mixtures or products con-
taining the agent, and potentially toxic and/or
carcinogenic impurities. Physical properties rel-
evant to understanding the potential for human
exposure and measures of exposure used in
studies in humans are summarized. These might
include physical state, volatility, aqueous and fat
solubility, and half-life in the environment and/
or in human tissues.

For biological agents, taxonomy and struc-
ture are described. Mode of replication, life-cy-
cle, target cells, persistence, latency, and host
responses, including morbidity and mortality
through pathologies other than cancer, are also
presented.

For foreign bodies, fibres and particles, com-
position, size range, relative dimensions, and
accumulation, persistence, and clearance in tar-
get organs are summarized. Physical agents that
are forms of radiation are described in terms of
frequency spectrum and energy transmission.

Exposures may result from, or be influenced
by, a diverse range of social and environmental
factors, including components of diet, sleep, and
physical activity patterns. In these instances, this
section will include a description of the agent,
its variability across human populations, and its
composition or characteristics relevant to under-
standing its potential carcinogenic hazard to
humans and to evaluating exposure assessments
in epidemiological studies.

(b) Detection and analysis

Key methods of detection and quantification
of the agent are presented, with an emphasis on
those used most widely in surveillance, regula-
tion, and epidemiological studies. Measurement
methods for sample matrices that are deemed
important sources of human exposure (e.g. air,
drinking-water, food, residential dust) and for
validated exposure biomarkers (e.g. the agent
or its metabolites in human blood, urine, or

saliva) are described. Information on detection
and quantification limits is provided when it is
available and is useful for interpreting studies in
humans and in experimental animals. This is not
an exhaustive treatise but is meant to help read-
ers understand the strengths and limitations of
the available exposure data and of the epidemio-
logical studies that rely on these measurements.

(c) Production and use

Historical and geographical patterns and
trends in production and use are included when
they are available, to help readers understand
the contexts in which exposures may occur, both
within key epidemiological studies reviewed by
the Working Group and in human populations
generally. Industries that produce, use, or dis-
pose of the agent are described, including their
global distribution, when available. National or
international listing as a high-production-vol-
ume chemical or similar classification may be
included. Production processes with significant
potential for occupational exposure or environ-
mental pollution are indicated. Trends in global
production volumes, technologies, and other
data relevant to understanding exposure poten-
tial are summarized. Minor or historical uses
with significant exposure potential or with par-
ticular relevance to key epidemiological studies
are included. Particular effort may be directed
towards finding data on production in low- and
middle-income countries, where rapid economic
development may lead to higher exposures than
those in high-income countries.

(d) Exposure

A concise overview of quantitative informa-
tion on sources, prevalence, and levels of expo-
sure in humans is provided. Representative data
from research studies, government reports and
websites, online databases, and other citable,
publicly available sources are tabulated. Data
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from low- and middle-income countries are
sought and included to the extent feasible; infor-
mation gaps for key regions are noted. Naturally
occurring sources of exposure, if any, are noted.
Primary exposure routes (e.g. inhalation, inges-
tion, skin uptake) and other considerations rel-
evant to understanding the potential for cancer
hazard from exposure to the agent are reported.

For occupational settings, information on
exposure prevalence and levels (e.g. in air or
human tissues) is reported by industry, occu-
pation, region, and other characteristics (e.g.
process, task) where feasible. Information on
historical exposure trends, protection measures
to limit exposure, and potential co-exposures to
other carcinogenic agents in workplaces is pro-
vided when available.

For non-occupational settings, the occur-
rence of the agent is described with environ-
mental monitoring or surveillance data. Infor-
mation on exposure prevalence and levels (e.g.
concentrations in human tissues) as well as
exposure from and/or concentrations in food
and beverages, consumer products, consump-
tion practices, and personal microenvironments
is reported by region and other relevant char-
acteristics. Particular importance is placed on
describing exposures in life stages or in states
of disease or nutrition that may involve greater
exposure or susceptibility.

Current exposures are of primary interest;
however, information on historical exposure
trends is provided when available. Historical
exposures may be relevant for interpreting epide-
miological studies, and when agents are persis-
tent or have long-term effects. Information gaps
for important time periods are noted. Exposure
data that are not deemed to have high relevance
to human exposure are generally not considered.

(e)  Regulations and guidelines

Regulations or guidelines that have been
established for the agent (e.g. occupational expo-
sure limits, maximum permitted levels in foods
and water, pesticide registrations) are described
in brief to provide context about government
efforts to limit exposure; these may be tabulated
if they are informative for the interpretation of
existingor historical exposurelevels. Information
on applicable populations, specific agents con-
cerned, basis for regulation (e.g. human health
risk, environmental considerations), and timing
of implementation may be noted. National and
international bans on production, use, and trade
are also indicated.

This section aims to include major or illustra-
tive regulations and may not be comprehensive,
because of the complexity and range of regulatory
processes worldwide. An absence of information
on regulatory status should not be taken to imply
that a given country or region lacks exposure to,
or regulations on exposure to, the agent.

(f)  Critical review of exposure assessment
in key epidemiological studies

Epidemiological studies evaluate cancer haz-
ard by comparing outcomes across differently
exposed groups. Therefore, the type and qual-
ity of the exposure assessment methods used
are key considerations when interpreting study
findings for hazard identification. This section
summarizes and critically reviews the exposure
assessment methods used in the individual epi-
demiological studies that contribute data rele-
vant to the Monographs evaluation.

Although there is no standard set of criteria
for evaluating the quality of exposure assessment
methodsacrossall possible agents, some concepts
are universally relevant. Regardless of the agent,
all exposures have two principal dimensions:
intensity (sometimes defined as concentration
or dose) and time. Time considerations include
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duration (time from first to last exposure), pat-
tern or frequency (whether continuous or inter-
mittent), and windows of susceptibility. This
section considers how each of the key epidemi-
ological studies characterizes these dimensions.
Interpretation of exposure information may also
be informed by consideration of mechanistic
evidence (e.g. as described in Part B, Section 4a),
including the processes of absorption, distribu-
tion, metabolism, and excretion.

Exposure intensity and time in epidemio-
logical studies can be characterized by using
environmental or biological monitoring data,
records from workplaces or other sources, expert
assessments, modelled exposures, job-expo-
sure matrices, and subject or proxy reports via
questionnaires or interviews. Investigators use
these data sources and methods individually
or in combination to assign levels or values of
an exposure metric (which may be quantitative,
semi-quantitative, or qualitative) to members of
the population under study.

In collaboration with the Working Group
members reviewing human studies (of cancer
and of mechanisms), key epidemiological stud-
ies are identified. For each selected study, the
exposure assessment approach, along with its
strengths and limitations, is summarized using
text and tables. Working Group members iden-
tify concerns about exposure assessment meth-
ods and their impacts on overall quality for
each study reviewed (see Part B, Sections 2d
and 4d). In situations where the information
provided in the study is inadequate to properly
consider the exposure assessment, this is indi-
cated. When adequate information is available,
the likely direction of bias due to error in expo-
sure measurement, including misclassification
(overestimated effects, underestimated effects,
or unknown) is discussed.

2. Studies of cancer in humans

This section includes all pertinent epide-
miological studies (see Part B, Section 2b) that
include cancer as an outcome. These studies
encompass certain types of biomarker studies,
for example, studies with biomarkers as exposure
metrics (see Part B, Section 2) or those evaluating
histological or tumour subtypes and molecular
signatures in tumours consistent with a given
exposure (Alexandrov et al., 2016). Studies that
evaluate early biological effect biomarkers are
reviewed in Part B, Section 4.

(a) Types of study considered

Several types of epidemiological studies
contribute to the assessment of carcinogenicity
in humans; they typically include cohort stud-
ies (including variants such as case—-cohort and
nested case-control studies), case—control stud-
ies, ecological studies, and intervention studies.
Rarely, results from randomized trials may be
available. Exceptionally, case reports and case
series of cancer in humans may also be reviewed.
In addition to these designs, innovations in epi-
demiology allow for many other variants that
may be considered in any given Monographs
evaluation.

Cohort and case—control studies typically
have the capacity to relate individual exposures
under study to the occurrence of cancer in indi-
viduals, and provide an estimate of effect (such
as relative risk) as the main measure of associ-
ation. Well-conducted cohort and case-control
studies provide most of the evidence of can-
cer in humans evaluated by Working Groups.
Intervention studies are much less common, but
when available can provide strong evidence for
making causal inferences.

In ecological studies, the units of investiga-
tion are usually whole populations (e.g. in par-
ticular geographical areas or at particular times),
and cancer frequency is related to a summary
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measure of the exposure in the population
under study. In ecological studies, data on indi-
vidual exposure and outcome are not available,
which renders this type of study more prone to
confounding and exposure misclassification. In
some circumstances, however, ecological studies
may be informative, especially when the unit of
exposure is most accurately measured at the pop-
ulation level (see, for example, the Monograph on
arsenic in drinking-water; JARC, 2004).

Exceptionally, case reports and case series
may provide compelling evidence about the car-
cinogenicity of an agent. In fact, many of the
early discoveries of occupational cancer hazards
came about because of observations by workers
and their clinicians, who noted a high frequency
of cancer in workers who share a common occu-
pation or exposure. Such observations may be
the starting point for more structured investi-
gations, but in exceptional circumstances, when
the risk is high enough, the case series may in
itself provide compelling evidence. This would
be especially warranted in situations where the
exposure circumstance is fairly unusual, as it was
in the example of plants containing aristolochic
acid (IARC, 2012a).

The uncertainties that surround the interpre-
tation of case reports, case series, and ecological
studies typically make them inadequate, except
in rare instances as described above, to form
the sole basis for inferring a causal relationship.
However, when considered together with cohort
and case—control studies, these types of study
may support the judgement that a causal rela-
tionship exists.

Epidemiological studies of benign neo-
plasms, pre-neoplastic lesions, malignant pre-
cursors, and other end-points are also reviewed
when they relate to the agents reviewed. On
occasion they can strengthen inferences drawn
from studies of cancer itself. For example, benign
brain tumours may share common risk factors
with those that are malignant, and benign neo-
plasms (or those of uncertain behaviour) may be

part of the causal path to malignancies (e.g. mye-
lodysplastic syndromes, which may progress to
acute myeloid leukaemia).

(b) Identification of eligible studies of
cancer in humans

Relevant studies of cancer in humans are
identified by using systematic review principles
as described in Part A, further elaborated in the
Instructions for Authors, and as detailed below.
Eligible studies include all studies in humans
of exposure to the agent of interest with can-
cer as an outcome. Multiple publications on the
same study population are identified so that the
number of independent studies is accurately
represented. Multiple publications may result,
for example, from successive follow-ups of a
single cohort, from analyses focused on differ-
ent aspects of an exposure-disease association,
or from inclusion of overlapping populations.
Usually in such situations, only the most recent,
most comprehensive, or most informative report
is reviewed in detail.

(c) Assessment of study quality and
informativeness

Epidemiological studies are potentially sus-
ceptible to several different sources of error,
summarized briefly below. Qualities of indi-
vidual studies that address these issues are also
described below.

Study quality is assessed as part of the struc-
tured expert review process undertaken by the
Working Group. A key aspect of quality assess-
ment is consideration of the possible roles of
chance and bias in the interpretation of epide-
miological studies. Chance, which is also called
random variation, can produce misleading study
results. This variability in study results is strongly
influenced by the sample size: smaller studies are
more likely than larger studies to have effect esti-
mates that are imprecise. Confidence intervals
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around a study’s point estimate of effect are used
routinely to indicate the range of values of the
estimate that could easily be produced by chance
alone.

Bias is the effect of factors in study design or
conduct that lead an association to erroneously
appear stronger or weaker than the association
that really exists between the agent and the dis-
ease. Biases that require consideration are var-
ied but are usually categorized as selection bias,
information bias (e.g. error in measurement of
exposure and diseases), and confounding (or con-
founding bias) (Rothman et al., 2008). Selection
bias in an epidemiological study occurs when
inclusion of participants from the eligible popu-
lation or their follow-up in the study is influenced
by their exposure or their outcome (usually dis-
ease occurrence). Under these conditions, the
measure of association found in the study will
not accurately reflect the association that would
otherwise have been found in the eligible pop-
ulation (Hernan et al., 2004). Information bias
results from inaccuracy in exposure or outcome
measurement. Both can cause an association
between hypothesized cause and effect to appear
stronger or weaker than it really is. Confounding
is a mixing of extraneous effects with the effects
of interest (Rothman et al., 2008). An associ-
ation between the purported causal factor and
another factor that is associated with an increase
or decrease in incidence of disease can lead to a
spurious association or absence of a real associ-
ation of the presumed causal factor with the dis-
ease. When either of these occurs, confounding
is present.

Inassessing study quality, the Working Group
consistently considers the following aspects:

 Study description: Clarity in describing the
study design and its implementation, and the
completeness of reporting of all other key
information about the study and its results.

« Study population: Whether the study pop-
ulation was appropriate for evaluating the

association between the agent and cancer.
Whether the study was designed and carried
out to minimize selection bias. Cancer cases
in the study population must have been iden-
tified in a way that was independent of the
exposure of interest, and exposure assessed
in a way that was not related to disease (out-
come) status. In these respects, completeness
ofrecruitmentinto the study from the popula-
tion of interest and completeness of follow-up
for the outcome are essential measures.

Outcome measurement: The appropri-
ateness of the cancer outcome measure
(e.g. mortality vs incidence) for the agent and
cancer type under consideration, outcome
ascertainment methodology, and the extent
to which outcome misclassification may have
led to bias in the measure(s) of association.

Exposure measurement: The adequacy of the
methods used to assess exposure to the agent,
and the likelihood (and direction) of bias in
the measure(s) of association due to error in
exposure measurement, including misclassi-
fication (as described in Part B, Section 1f).

Assessment of potential confounding: To
what extent the authors took into account
in the study design and analysis other var-
iables (including co-exposures, as described
in Part B, Section 1d) that can influence the
risk of disease and may have been related to
the exposure of interest. Important sources
of potential confounding by such variables
should have been addressed either in the
design of the study, such as by matching or
restriction, or in the analysis, by statisti-
cal adjustment. In some instances, where
direct information on confounders is una-
vailable, use of indirect methods to evalu-
ate the potential impact of confounding on
exposure-disease associations is appropriate
(e.g. Axelson and Steenland, 1988; Richardson
et al., 2014).
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o Other potential sources of bias: Each epide-
miological study is unique in its study pop-
ulation, its design, its data collection, and,
consequently, its potential biases. All possible
sources of bias are considered for their pos-
sible impact on the results. The possibility of
reporting bias (i.e. selective reporting of some
results and the suppression of others) should
be explored.

« Statistical methodology: Adequacy of the
statistical methods used and their ability to
obtain unbiased estimates of exposure-out-
come associations, confidence intervals, and
test statistics for the significance of measures
of association. Appropriateness of methods
used to investigate confounding, including
adjusting for matching when necessary and
avoiding treatment of probable mediating
variables as confounders. Detailed analyses
of cancer risks in relation to summary mea-
sures of exposure such as cumulative expo-
sure, or temporal variables such as age at first
exposure or time since first exposure, are
reviewed and summarized when available.

For the sake of economy and simplicity, in
this Preamble the list of possible sources of error
is referred to with the phrase “chance, bias, and
confounding”, but it should be recognized that
this phrase encompasses a comprehensive set of
concerns pertaining to study quality.

These sources of error do not constitute and
should not be used as a formal checklist of indi-
cators of study quality. The judgement of expe-
rienced experts is critical in determining how
much weight to assign to different issues in
considering how all of these potential sources
of error should be integrated and how to rate
the potential for error related to each of these
considerations.

The informativeness of a study is its ability to
show a true association, if there is one, between
the agent and cancer, and the lack of an associa-
tion, if no association exists. Key determinants of

informativeness include: having a study popula-
tion of sufficient size to obtain precise estimates
of effect; sufficient elapsed time from exposure
to measurement of outcome for an effect, if pres-
ent, to be observable; presence of an adequate
exposure contrast (intensity, frequency, and/
or duration); biologically relevant definitions of
exposure; and relevant and well-defined time
windows for exposure and outcome.

(d) Meta-analyses and pooled analyses

Independent epidemiological studies of the
same agent may lead to inconsistent results that
are difficult to interpret or reconcile. Combined
analyses of data from multiple studies may be
conducted as a means to address this ambigu-
ity. There are two types of combined analysis.
The first involves combining summary statis-
tics such as relative risks from individual studies
(meta-analysis), and the second involves a pooled
analysis of the raw data from the individual stud-
ies (pooled analysis) (Greenland and O’Rourke,
2008).

The strengths of combined analyses are
increased precision because of increased sam-
ple size and, in the case of pooled analyses, the
opportunity to better control for potential con-
founders and to explore in more detail interac-
tions and modifying effects that may explain
heterogeneity among studies. A disadvantage of
combined analyses is the possible lack of com-
parability of data from various studies, because
of differences in population characteristics, sub-
ject recruitment, procedures of data collection,
methods of measurement, and effects of unmeas-
ured covariates that may differ among studies.
These differences in study methods and quality
can influence results of either meta-analyses or
pooled analyses. If published meta-analyses are
to be considered by the Working Group, their
adequacy needs to be carefully evaluated, includ-
ing the methods used to identify eligible studies
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and the accuracy of data extracted from the indi-
vidual studies.

The Working Group may conduct ad hoc
meta-analyses during the course of a Monographs
meeting, when there are sufficient studies of an
exposure—outcome association to contribute to
the Working Group’s assessment of the associa-
tion. The results of such unpublished original
calculations, which would be specified in the text
by presentation in square brackets, might involve
updates of previously conducted analyses that
incorporate the results of more recent studies, or
de novo analyses.

Irrespective of the source of data for the
meta-analyses and pooled analyses, the follow-
ing key considerations apply: the same criteria
for data quality must be applied as for individual
studies; sources of heterogeneity among studies
must be carefully considered; and the possibility
of publication bias should be explored.

(e)  Considerations in assessing the body of
epidemiological evidence

The ability of the body of epidemiological
evidence to inform the Working Group about the
carcinogenicity of the agent is related to both the
quantity and the quality of the evidence. There
is no formulaic answer to the question of how
many studies of cancer in humans are needed
from which to draw inferences about causality,
although more than a single study in a single
population will almost always be needed. The
number will depend on the considerations relat-
ing to evidence described below.

After the quality of individual epidemiolog-
ical studies of cancer has been assessed and the
informativeness of the various studies on the
association between the agent and cancer has
been evaluated, a judgement is made about the
strength of evidence that the agent in question
is carcinogenic to humans. In making its judge-
ment, the Working Group considers several
aspects of the body of evidence (e.g. Hill, 1965;

Rothman et al., 2008; Vandenbroucke et al.,
2016).

A strong association (e.g. a large relative risk)
is more likely to indicate causality than is a weak
association, because it is more difficult for con-
founding to falsely create a strong association.
However, it is recognized that estimates of effect
of small magnitude do not imply lack of causality
and may have impact on public health if the dis-
ease or exposure is common. Estimates of effect
of small magnitude could also contribute useful
information to the assessment of causality if level
of risk is commensurate with level of exposure
when compared with risk estimates from popu-
lations with higher exposure (e.g. as seen in res-
idential radon studies compared with studies of
radon from uranium mining).

Associations that are consistently observed in
several studies of the same design, or in studies
that use different epidemiological approaches, or
under different circumstances of exposure are
more likely to indicate a causal relationship than
are isolated observations from single studies. If
there are inconsistent results among investiga-
tions, possible reasons are sought (e.g. differences
in study informativeness because of latency,
exposure levels, or assessment methods). Results
of studies that are judged to be of high quality
and informativeness are given more weight than
those of studies judged to be methodologically
less sound or less informative.

Temporality of the association is an essential
consideration: that is, the exposure must precede
the outcome.

Anobservation that cancer riskincreases with
increasing exposure is considered to be a strong
indication of causality, although the absence of
a graded response is not necessarily evidence
againsta causal relationship, and there are several
reasons why the shape of the exposure-response
association may be non-monotonic (e.g. Stayner
et al., 2003). The demonstration of a decline in
risk after cessation of or reduction in exposure
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in individuals or in whole populations also sup-
ports a causal interpretation of the findings.

Confidence in a causal interpretation of the
evidence from studies of cancer in humans is
enhanced if it is coherent with physiological and
biological knowledge, including information
about exposure to the target organ, latency and
timing of the exposure, and characteristics of
tumour subtypes.

The Working Group considers whether there
are subpopulations with increased susceptibility
to cancer from the agent. For example, molecular
epidemiology studies that identify associations
between genetic polymorphisms and inter-indi-
vidual differences in cancer susceptibility to the
agent(s) being evaluated may contribute to the
identification of carcinogenic hazards to humans.
Such studies may be particularly informative if
polymorphisms are found to be modifiers of the
exposure-response association, because evalua-
tion of polymorphisms may increase the ability
to detect an effect in susceptible subpopulations.

When, in the process of evaluating the studies
of cancer in humans, the Working Group identi-
fies several high-quality, informative epidemio-
logical studies that clearly show either no positive
association or an inverse association between an
exposureandaspecifictypeofcancer,ajudgement
may be made that, in the aggregate, they suggest
evidence of lack of carcinogenicity for that can-
cer type. Such a judgement requires, first, that
the studies strictly meet the standards of design
and analysis described above. Specifically, the
possibility that bias, confounding, or misclassifi-
cation of exposure or outcome could explain the
observed results should be considered and ruled
out with reasonable confidence. In addition, all
studies that are judged to be methodologically
sound should (a) be consistent with an estimate
of relative effect of unity (or below unity) for any
observed level of exposure, (b) when considered
together, provide a combined estimate of relative
risk that is at or below unity, and (c) have a nar-
row confidence interval. Moreover, neither any

individual well-designed and well-conducted
study nor the pooled results of all the studies
should show any consistent tendency that the
relative risk of cancer increases with increasing
level of exposure. It must be noted that evidence
of lack of carcinogenicity obtained from several
epidemiological studies can apply only to the
type(s) of cancer studied, to the exposure levels
reported and the timing and route of exposure
studied, to the intervals between first exposure
and disease onset observed in these studies, and
to the general population(s) studied (i.e. there
may be susceptible subpopulations or life stages).
Experience from studies of cancer in humans
indicates that the period from first exposure to
the development of clinical cancer is sometimes
longer than 20 years; therefore, latency periods
substantially shorter than about 30 years can-
not provide evidence of lack of carcinogenicity.
Furthermore, there may be critical windows of
exposure, for example, as with diethylstilboes-
trol and clear cell adenocarcinoma of the cervix
and vagina (IARC, 2012a).

3. Studies of cancer in
experimental animals

Mosthuman carcinogens that have been stud-
ied adequately for carcinogenicity in experimen-
tal animals have produced positive results in one
or more animal species. For some agents, carci-
nogenicity in experimental animals was demon-
strated before epidemiological studies identified
their carcinogenicity in humans. Although this
observation cannot establish that all agents that
cause cancer in experimental animals also cause
cancer in humans, it is biologically plausible
that agents for which there is sufficient evidence
of carcinogenicity in experimental animals (see
Part B, Section 6b) present a carcinogenic haz-
ard to humans. Accordingly, in the absence of
additional scientific information, such as strong
evidence that a given agent causes cancer in
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experimental animals through a species-specific
mechanism that does not operate in humans
(see Part B, Sections 4 and 6; Capen et al., 1999;
[ARC, 2003), these agents are considered to pose
a potential carcinogenic hazard to humans. The
inference of potential carcinogenic hazard to
humans does not imply tumour site concordance
across species (Baan et al., 2019).

(a) Types of studies considered

Relevant studies of cancer in experimen-
tal animals are identified by using systematic
review principles as described in Part A, further
elaborated in the Instructions for Authors, and
as detailed below. Consideration is given to all
available long-term studies of cancer in experi-
mental animals with the agent under review (or
possibly metabolites or derivatives of the agent)
(see Part A, Section 7) after a thorough evalua-
tion of the study features (see Part B, Section 3b).
Those studies that are judged to be irrelevant to
the evaluation or judged to be inadequate (e.g.
too short a duration, too few animals, poor sur-
vival; see below) may be omitted. Guidelines for
conducting long-term carcinogenicity experi-
ments have been published (e.g. OECD, 2018).

In addition to conventional long-term bio-
assays, alternative studies (e.g. in genetically
engineered mouse models) may be considered in
assessing carcinogenicity in experimental ani-
mals, also after a critical evaluation of the study
features. For studies of certain exposures, such
as viruses that typically only infect humans, use
of such specialized experimental animal models
may be particularly important; models include
genetically engineered mice with targeted
expression of viral genes to tissues from which
human cancers arise, as well as humanized mice
implanted with the human cells usually infected
by the virus.

Other types of studies can provide supportive
evidence. These include: experiments in which
the agent was administered in the presence of

factors that modify carcinogenic effects (e.g. ini-
tiation-promotion studies); studies in which the
end-point was not cancer but a defined precan-
cerous lesion; and studies of cancer in non-labo-
ratory animals (e.g. companion animals) exposed
to the agent.

(b)  Study evaluation

Considerations of importance in the inter-
pretation and evaluation of a particular study
include: (i) whether the agent was clearly char-
acterized, including the nature and extent of
impurities and contaminants and the stability of
the agent, and, in the case of mixtures, whether
the sample characterization was adequately re-
ported; (ii) whether the dose was monitored ade-
quately, particularly in inhalation experiments;
(iii) whether the doses, duration and frequency
of treatment, duration of observation, and route
of exposure were appropriate; (iv) whether appro-
priate experimental animal species and strains
were evaluated; (v) whether there were adequate
numbers of animals per group; (vi) whether
animals were allocated randomly to groups;
(vii) whether the body weight, food and water
consumption, and survival of treated animals
were affected by any factors other than the test
agent; (viii) whether the histopathology review
was adequate; and (ix) whether the data were
reported and analysed adequately.

(c) Outcomes and statistical analyses

An assessment of findings of carcinogenicity
in experimental animals involves consideration
of (i) study features such as route, doses, sched-
ule and duration of exposure, species, strain
(including genetic background where applica-
ble), sex, age, and duration of follow-up; (ii) the
spectrum of neoplastic response, from pre-neo-
plastic lesions and benign tumours to malignant
neoplasms; (iii) the incidence, latency, severity,
and multiplicity of neoplasms and pre-neoplastic
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lesions; (iv) the consistency of the results for a
specific target organ or organs across studies of
similar design; and (v) the possible role of modi-
tying factors (e.g. diet, infection, stress).

Key factors for statistical analysis include:
(i) number of animals studied and number exam-
ined histologically, (ii) number of animals with a
given tumour type or lesion, and (iii) duration of
survival.

Benign tumours may be combined with
malignant tumours in the assessment of tumour
incidence when (a) they occur together with and
originate from the same cell type as malignant
tumours in an organ or tissue in a particular
study and (b) they appear to represent a stage in
the progression to malignancy (Huff et al., 1989).
The occurrence of lesions presumed to be pre-
neoplastic may in certain instances aid in assess-
ing the biological plausibility of any neoplastic
response observed.

Evidence of an increased incidence of neo-
plasmswith increasinglevel of exposure strength-
ens the inference of a causal association between
the exposure and the development of neoplasms.
The form of the dose-response relationship can
vary widely, including non-linearity, depending
on the particular agent under study and the tar-
get organ. The dose-response relationship can
also be affected by differences in survival among
the treatment groups.

The statistical methods used should be clearly
stated and should be the generally accepted tech-
niques refined for this purpose (Peto et al., 1980;
Gart et al., 1986; Portier and Bailer, 1989; Bieler

animals among the effective number of animals
(alive at the time that the first tumour was dis-
covered) can be useful when significant differ-
ences in survival occur before tumours appear.
The lethality of the tumour also requires con-
sideration: for rapidly fatal tumours, the time
of death provides an indication of the time of
tumour onset and can be assessed using life-table
methods; non-fatal or incidental tumours that do
not affect survival can be assessed using methods
such as the Mantel-Haenszel test for changes in
tumour prevalence. Because tumour lethality is
often difficult to determine, methods such as the
poly-k test that do not require such information
can also be used. When results are available on
the number and size of tumours seen in experi-
mental animals (e.g. papillomas on mouse skin,
liver tumours observed through nuclear mag-
netic resonance tomography), other, more com-
plicated statistical procedures may be needed
(Sherman et al., 1994; Dunson et al., 2003).

The concurrent control group is generally the
most appropriate comparison group for statisti-
cal analysis; however, for uncommon tumours,
the analysis may be improved by considering his-
torical control data, particularly when between-
study variability is low. Historical controls should
be selected to resemble the concurrent controls
as closely as possible with respect to species, sex,
and strain, as well as other factors, such as basal
diet and general laboratory environment, which
may affect tumour response rates in control ani-
mals (Haseman et al., 1984; Fung et al., 1996;
Greim et al., 2003). It is generally not appropri-

and Williams, 1993). The choice of the most
appropriate statistical method requires consid-
eration of whether there are differences in sur-
vival among the treatment groups; for example,
reduced survival because of non-tumour-re-
lated mortality can preclude the occurrence
of tumours later in life and a survival-adjusted
analysis would be warranted. When detailed
information on survival is not available, com-
parisons of the proportions of tumour-bearing

ate to discount a tumour response that is sig-
nificantly increased compared with concurrent
controls by arguing that it falls within the range
of historical controls.

Meta-analyses and pooled analyses may be
appropriate when the experimental protocols are
sufficiently similar.
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4, Mechanistic evidence

Mechanistic data may provide evidence of
carcinogenicity and mayalso help in assessing the
relevance and importance of findings of cancer
in experimental animals and in humans (Guyton
et al., 2009; Parkkinen et al., 2018) (see Part B,
Section 6). Mechanistic studies have gained in
prominence, increasing in their volume, diver-
sity, and relevance to cancer hazard evaluation,
whereas studies pertinent to other streams of evi-
dence evaluated in the Monographs (i.e. studies of
cancer in humans and lifetime cancer bioassays
in rodents) may only be available for a fraction
of agents to which humans are currently exposed
(Guyton et al., 2009, 2018). Mechanistic studies
and data are identified, screened, and evaluated
for quality and importance to the evaluation by
using systematic review principles as described
in Part A, further elaborated in the Instructions
for Authors, and as detailed below.

The Working Group’s synthesis reflects
the extent of available evidence, summarizing
groups of included studies with an emphasis on
characterizing consistencies or differences in
results within and across experimental designs.
Greater emphasis is given to informative mecha-
nistic evidence from human-related studies than
to that from other experimental test systems, and
gaps are identified. Tabulation of data may facil-
itate this review. The specific topics addressed in
the evidence synthesis are described below.

(a) Absorption, distribution, metabolism,
and excretion

Studies of absorption, distribution, metabo-
lism, and excretion in mammalian species are
addressed in a summary fashion; exposure char-
acterization is addressed in Part B, Section 1.
The Working Group describes the metabolic
fate of the agent in mammalian species, noting
the metabolites that have been identified and
their chemical reactivity. A metabolic schema

may indicate the relevant metabolic pathways
and products and whether supporting evi-
dence is from studies in humans and/or stud-
ies in experimental animals. Evidence on other
adverse effects that indirectly confirm absorp-
tion, distribution, and/or metabolism at tumour
sites is briefly summarized when direct evidence
is sparse.

(b)  Evidence relevant to key characteristics
of carcinogens

A review of Group 1 human carcinogens
classified up to and including JARC Monographs
Volume 100 revealed several issues relevant to
improving the evaluation of mechanistic evi-
dence for cancer hazard identification (Smith
et al., 2016). First, it was noted that human car-
cinogens often share one or more characteris-
tics that are related to the multiple mechanisms
by which agents cause cancer. Second, different
human carcinogens may exhibit a different spec-
trum of these key characteristics and operate
through distinct mechanisms. Third, for many
carcinogens evaluated before Volume 100, few
data were available on some mechanisms of
recognized importance in carcinogenesis, such
as epigenetic alterations (Herceg et al., 2013).
Fourth, there was no widely accepted method
to search systematically for relevant mechanis-
tic evidence, resulting in a lack of uniformity in
the scope of mechanistic topics addressed across
IARC Monographs evaluations.

To address these challenges, the key charac-
teristics of human carcinogens were introduced
to facilitate systematic consideration of mecha-
nistic evidence in JARC Monographs evaluations
(Smith et al., 2016; Guyton et al., 2018). The key
characteristics described by Smith et al. (2016)
(see Table 3), such as “is genotoxic”, “is immuno-
suppressive”, or “modulates receptor-mediated
effects”, are based on empirical observations of
the chemical and biological properties associ-
ated with the human carcinogens identified by
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Table 3 The key characteristics of carcinogens

Ten key characteristics of carcinogens

Is genotoxic

Alters DNA repair or causes genomic instability
Induces epigenetic alterations

Induces oxidative stress

Induces chronic inflammation

Is immunosuppressive

Modulates receptor-mediated effects

RNl BN RE R i o

Causes immortalization

-
e

Alters cell proliferation, cell death, or nutrient supply

Is electrophilic or can be metabolically activated to an electrophile

From Smith et al. (2016).

the IJARC Monographs programme up to and
including Volume 100. The list of key charac-
teristics and associated end-points may evolve,
based on the experience of their application
and as new human carcinogens are identified.
Key characteristics are distinct from the “hall-
marks of cancer”, which relate to the properties
of cancer cells (Hanahan and Weinberg, 2000,
2011). Key characteristics are also distinct from
hypothesized mechanistic pathways, which
describe a sequence of biological events postu-
lated to occur during carcinogenesis. As such,
the evaluation approach based on key charac-
teristics, outlined below, “avoids a narrow focus
on specific pathways and hypotheses and pro-
vides for a broad, holistic consideration of the
mechanistic evidence” (National Academies of
Sciences, Engineering, and Medicine, 2017).
Studies in exposed humans and in human
primary cells or tissues that incorporate end-
points relevant to key characteristics of carcin-
ogens are emphasized when available. For each
key characteristic with adequate evidence for
evaluation, studies are grouped according to
whether they involve (a) humans or human pri-
mary cells or tissues or (b) experimental systems;
further organization (as appropriate) is by end-
point (e.g. DNA damage), duration, species, sex,
strain, and target organ as well as strength of

study design. Studies investigating susceptibil-
ity related to key characteristics of carcinogens
(e.g. of genetic polymorphisms, or in genetically
engineered animals) can be highlighted and may
provide additional support for conclusions on
the strength of evidence. Findings relevant to a
specific tumour type may be noted.

(c) Other relevant evidence

Other informative evidence may be described
when it is judged by the Working Group to be rel-
evant to an evaluation of carcinogenicity and to
be of sufficient importance to affect the overall
evaluation. Quantitative structure-activity infor-
mation, such as on specific chemical and/or bio-
logical features or activities (e.g. electrophilicity,
molecular docking with receptors), may be infor-
mative. In addition, evidence that falls outside of
the recognized key characteristics of carcino-
gens, reflecting emerging knowledge or impor-
tant novel scientific developments on carcinogen
mechanisms, may also be included. Available
evidence relevant to criteria provided in authori-
tative publications (e.g. Capen et al., 1999; IARC,
2003) on thyroid, kidney, urinary bladder, or
other tumours in experimental animals induced
by mechanisms that do not operate in humans is
also described.
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(d) Study quality and importance to the
evaluation

Based on formal considerations of the qual-
ity of the studies (e.g. design, methodology, and
reporting of results), the Working Group may
give greater weight to some included studies.

For observational and other studies in
humans, the quality of study design, exposure
assessment, and assay accuracy and precision are
considered, in collaboration with the Working
Group members reviewing exposure charac-
terization and studies of cancer in humans, as
are other important factors, including those
described above for evaluation of epidemiolog-
ical evidence (Garcia-Closas et al., 2006, 2011;
Vermeulen et al., 2018) (Part B, Sections 1 and 2).

In general, in experimental systems, stud-
ies of repeated doses and of chronic exposures
are accorded greater importance than are stud-
ies of a single dose or time-point. Consideration
is also given to factors such as the suitability of
the dosing range, the extent of concurrent tox-
icity observed, and the completeness of report-
ing of the study (e.g. the source and purity of the
agent, the analytical methods, and the results).
Route of exposure is generally considered to be a
less important factor in the evaluation of exper-
imental studies, recognizing that the exposures
and target tissues may vary across experimen-
tal models and in exposed human populations.
Non-mammalian studies can be synthetically
summarized when they are considered to be
supportive of evidence in humans or higher
organisms.

In vitro test systems can provide mechanistic
insights, but important considerations include
the limitations of the test system (e.g. in meta-
bolic capabilities) as well as the suitability of a
particular test article (i.e. because of physical and
chemical characteristics) (Hopkins et al., 2004).
For studies on some end-points, such as for tra-
ditional studies of mutations in bacteria and in
mammalian cells, formal guidelines, including

those from the Organisation for Economic
Co-operation and Development, may be infor-
mative in conducting the quality review (OECD
1997, 2016a, b). However, existing guidelines will
not generally cover all relevant assays, even for
genotoxicity. Possible considerations when eval-
uating the quality of in vitro studies encompass
the methodology and design (e.g. the end-point
and test method, the number of replicate sam-
ples, the suitability of the concentration range,
the inclusion of positive and negative controls,
and the assessment of cytotoxicity) as well as
reporting (e.g. of the source and purity of the
agent, and of the analytical methods and results).
High-content and high-throughput in vitro data
can serve as an additional or supportive source of
mechanistic evidence (Chiu et al., 2018; Guyton
et al., 2018), although large-scale screening pro-
grammes measuring a variety of end-points were
designed to evaluate large chemical libraries in
order to prioritize chemicals for additional tox-
icity testing rather than to identify the hazard of
a specific chemical or chemical group.

The synthesis is focused on the evidence
that is most informative for the overall eval-
uation. In this regard, it is of note that some
human carcinogens exhibit a single or primary
key characteristic, evidence of which has been
influential in their cancer hazard classifications.
For instance, ethylene oxide is genotoxic (IARC,
1994), 2,3,7,8-tetrachlorodibenzo-para-dioxin
modulates receptor-mediated effects (IARC,
1997), and etoposide alters DNA repair (IARC,
2012a). Similarly, oncogenic viruses cause im-
mortalization, and certain drugs are, by design,
immunosuppressive (IARC, 2012a, b). Because
non-carcinogens can also induce oxidative stress,
this key characteristic should be interpreted
with caution unless it is found in combination
with other key characteristics (Guyton et al.,
2018). Evidence for a group of key characteris-
tics can strengthen mechanistic conclusions (e.g.
“induces oxidative stress” together with “is elec-
trophilic or can be metabolically activated to an
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electrophile”, “induces chronic inflammation”,
and “is immunosuppressive”); see, for example,
1-bromopropane (IARC, 2018).

5. Summary of data reported

(@) Exposure characterization

Exposure data are summarized to identify
the agent and describe its production, use, and
occurrence. Information on exposure preva-
lence and intensity in different settings, includ-
ing geographical patterns and time trends, may
be included. Exposure assessment methods used
in key epidemiological studies reviewed by the
Working Group are described and evaluated.

(b) Cancerin humans

Results of epidemiological studies pertinent
to an evaluation of carcinogenicity in humans
are summarized. The overall strengths and lim-
itations of the epidemiological evidence base are
highlighted to indicate how the evaluation was
reached. The target organ(s) or tissue(s) in which
a positive association between the agent and
cancer was observed are identified. Exposure-
response and other quantitative data may be
summarized when available. When the avail-
able epidemiological studies pertain to a mixed
exposure, process, occupation, or industry, the
Working Group seeks to identify the specific
agent considered to be most likely to be responsi-
ble for any excess risk. The evaluation is focused
as narrowly as the available data permit.

(c) Cancer in experimental animals

Results pertinent to an evaluation of carci-
nogenicity in experimental animals are summa-
rized to indicate how the evaluation was reached.
For each animal species, study design, and route
of administration, there is a statement about
whether an increased incidence, reduced latency;,
or increased severity or multiplicity of neoplasms

or pre-neoplastic lesions was observed, and the
tumour sites are indicated. Special conditions
resulting in tumours, such as prenatal expo-
sure or single-dose experiments, are mentioned.
Negative findings, inverse relationships, dose-
response patterns, and other quantitative data
are also summarized.

(d) Mechanistic evidence

Results pertinent to an evaluation of the
mechanistic evidence on carcinogenicity are
summarized to indicate how the evaluation
was reached. The summary encompasses the
informative studies on absorption, distribution,
metabolism, and excretion; on the key charac-
teristics with adequate evidence for evaluation;
and on any other aspects of sufficient impor-
tance to affect the overall evaluation, including
on whether the agent belongs to a class of agents
for which one or more members have been classi-
fied as carcinogenic or probably carcinogenic to
humans, and on criteria with respect to tumours
in experimental animals induced by mecha-
nisms that do not operate in humans. For each
topic addressed, the main supporting findings
are highlighted from exposed humans, human
cells or tissues, experimental animals, or in vitro
systems. When mechanistic studies are available
in exposed humans, the tumour type or target
tissue studied may be specified. Gaps in the evi-
dence are indicated (i.e. if no studies were avail-
able in exposed humans, in in vivo systems, etc.).
Consistency or differences of effects across dif-
ferent experimental systems are emphasized.
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6. Evaluation and rationale

Consensus evaluations of the strength of the
evidence of cancer in humans, the evidence of
cancer in experimental animals, and the mech-
anistic evidence are made using transparent cri-
teria and defined descriptive terms. The Working
Group then develops a consensus overall evalu-
ation of the strength of the evidence of carcino-
genicity for each agent under review.

An evaluation of the strength of the evidence
is limited to the agents under review. When mul-
tiple agents being evaluated are considered by the
Working Group to be sufficiently closely related,
they may be grouped together for the purpose of
a single and unified evaluation of the strength of
the evidence.

The framework for these evaluations,
described below, may not encompass all factors
relevant to a particular evaluation of carcino-
genicity. After considering all relevant scientific
findings, the Working Group may exceptionally
assign the agent to a different category than a
strict application of the framework would indi-
cate, while providing a clear rationale for the
overall evaluation.

When there are substantial differences of sci-
entific interpretation among the Working Group
members, the overall evaluation will be based on
the consensus of the Working Group. A sum-
mary of the alternative interpretations may be
provided, together with their scientific rationale
and an indication of the relative degree of sup-
port for each alternative.

The categories of the classification refer to
the strength of the evidence that an exposure is
carcinogenic and not to the risk of cancer from
particular exposures. The terms probably car-
cinogenic and possibly carcinogenic have no quan-
titative significance and are used as descriptors
of different strengths of evidence of carcinogen-
icity in humans; probably carcinogenic signi-
fies a greater strength of evidence than possibly
carcinogenic.

(a) Carcinogenicity in humans

Based on the principles outlined in Part B,
Section 2, the evidence relevant to carcinogeni-
city from studies in humans is classified into one
of the following categories:

Sufficient evidence of carcinogenicity: A
causal association between exposure to the
agent and human cancer has been estab-
lished. That is, a positive association has been
observed in the body of evidence on exposure
to the agent and cancer in studies in which
chance, bias, and confounding were ruled out
with reasonable confidence.

Limited evidence of carcinogenicity: A
causal interpretation of the positive associ-
ation observed in the body of evidence on
exposure to the agent and cancer is credible,
but chance, bias, or confounding could not be
ruled out with reasonable confidence.

Inadequate evidence regarding carcinogen-
icity: The available studies are of insufficient
quality, consistency, or statistical precision to
permit a conclusion to be drawn about the
presence or the absence of a causal associa-
tion between exposure and cancer, or no data
on cancer in humans are available. Common
findings that lead to a determination of inad-
equate evidence of carcinogenicity include:
(a) there are no data available in humans;
(b) there are data available in humans, but
they are of poor quality or informativeness;
and (c) there are studies of sufficient qual-
ity available in humans, but their results are
inconsistent or otherwise inconclusive.

Evidence suggesting lack of carcinogenicity:
There are several high-quality studies cover-
ing the full range of levels of exposure that
humans are known to encounter, which are
mutually consistent in not showing a positive
association between exposure to the agent
and the studied cancers at any observed level
of exposure. The results from these studies
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alone or combined should have narrow con-
fidence intervals with an upper limit below
or close to the null value (e.g. a relative risk of
unity). Bias and confounding were ruled out
with reasonable confidence, and the studies
were considered informative. A conclusion of
evidence suggesting lack of carcinogenicity is
limited to the cancer sites, populations and
life stages, conditions and levels of exposure,
and length of observation covered by the
available studies. In addition, the possibility
of a very small risk at the levels of exposure
studied can never be excluded.

When there is sufficient evidence, a separate
sentence identifies the target organ(s) or tis-
sue(s) for which a causal interpretation has
been established. When there is limited evi-
dence, a separate sentence identifies the tar-
get organ(s) or tissue(s) for which a positive
association between exposure to the agent
and the cancer(s) was observed in humans.
When there is evidence suggesting lack of
carcinogenicity, a separate sentence identi-
fies the target organ(s) or tissue(s) where evi-
dence of lack of carcinogenicity was observed
in humans. Identification of a specific target
organ or tissue as having sufficient evidence
or limited evidence or evidence suggesting lack
of carcinogenicity does not preclude the possi-
bility that the agent may cause cancer at other
sites.

Carcinogenicity in experimental
animals

The evidence relevant to carcinogenicity from

studies in experimental animals is classified into
one of the following categories:

Sufficient evidence of carcinogenicity: A
causal relationship has been established
between exposure to the agent and can-
cer in experimental animals based on an
increased incidence of malignant neoplasms

or of an appropriate combination of benign
and malignant neoplasms in (a) two or more
species of animals or (b) two or more inde-
pendent studies in one species carried out
at different times or in different laborato-
ries and/or under different protocols. An
increased incidence of malignant neoplasms
or of an appropriate combination of benign
and malignant neoplasms in both sexes of
a single species in a well-conducted study,
ideally conducted under Good Laboratory
Practices (GLP), can also provide sufficient
evidence.

Exceptionally, a single study in one species
and sex may be considered to provide suffi-
cient evidence of carcinogenicity when malig-
nant neoplasms occur to an unusual degree
with regard to incidence, site, type of tumour,
or age at onset, or when there are marked
findings of tumours at multiple sites.

Limited evidence of carcinogenicity: The data
suggest a carcinogenic effect but are limited
for making a definitive evaluation because,
for example, (a) the evidence of carcino-
genicity is restricted to a single experiment
and does not meet the criteria for sufficient
evidence; (b) the agent increases the inci-
dence only of benign neoplasms or lesions of
uncertain neoplastic potential; (c) the agent
increases tumour multiplicity or decreases
tumour latency but does not increase tumour
incidence; (d) the evidence of carcinogen-
icity is restricted to initiation—promotion
studies; (e) the evidence of carcinogenicity is
restricted to observational studies in non-lab-
oratory animals (e.g. companion animals); or
(f) there are unresolved questions about the
adequacy of the design, conduct, or interpre-
tation of the available studies.

Inadequate evidence regarding carcinogen-
icity: The studies cannot be interpreted as
showing either the presence or the absence
of a carcinogenic effect because of major

Advance publication, 29 April 2024 33



IARC MONOGRAPHS - 134

(©)

qualitative or quantitative limitations, or no
data are available on cancer in experimental
animals.

Evidence suggesting lack of carcinogeni-
city: Well-conducted studies (e.g. conducted
under GLP) involving both sexes of at least
two species are available showing that, within
the limits of the tests used, the agent was not
carcinogenic. The conclusion of evidence sug-
gesting lack of carcinogenicity is limited to the
species, tumour sites, age at exposure, and
conditions and levels of exposure covered by
the available studies.

Mechanistic evidence

Based on the principles outlined in Part B,

Section 4, the mechanistic evidence is classified
into one of the following categories:

34

Strong mechanistic evidence: Results in
several different experimental systems are
consistent, and the overall mechanistic
database is coherent. Further support can
be provided by studies that demonstrate
experimentally that the suppression of key
mechanistic processes leads to the suppres-
sion of tumour development. Typically, a
substantial number of studies on a range
of relevant end-points are available in one
or more mammalian species. Quantitative
structure—activity considerations, in vitro
tests in non-human mammalian cells, and
experiments in non-mammalian species may
provide corroborating evidence but typically
do not in themselves provide strong evidence.
However, consistent findings across a num-
ber of different test systems in different spe-
cies may provide strong evidence.

Of note, “strong” relates not to potency but
to strength of evidence. The classification
applies to three distinct topics:

(a) Strong evidence that the agent belongs,
based on mechanistic considerations, to a
class of agents for which one or more mem-
bers have been classified as carcinogenic or
probably carcinogenic to humans. The con-
siderations can go beyond quantitative struc-
ture-activity relationships to incorporate
similarities in biological activity relevant to
common key characteristics across dissimi-
lar chemicals (e.g. based on molecular dock-
ing, —omics data).

(b) Strong evidence that the agent exhibits
key characteristics of carcinogens. In this
case, three descriptors are possible:

1. The strong evidence is in exposed
humans. Findings relevant to a specific
tumour type may be informative in this
determination.

2. The strong evidence is in human pri-
mary cells or tissues. Specifically, the
strong findings are from biological
specimens obtained from humans (e.g.
ex vivo exposure), from human pri-
mary cells, and/or, in some cases, from
other humanized systems (e.g. a human
receptor or enzyme).

3. The strong evidence is in experimen-
tal systems. This may include one or a
few studies in human primary cells and
tissues.

(c) Strong evidence that the mechanism of
carcinogenicity in experimental animals does
not operate in humans. Certain results in
experimental animals (see Part B, Section 6b)
would be discounted, according to relevant
criteria and considerations in authoritative
publications (e.g. Capen et al., 1999; IARC,
2003). Typically, this classification would not
apply when there is strong mechanistic evi-
dence that the agent exhibits key characteris-
tics of carcinogens.
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Limited mechanistic evidence: The evidence
is suggestive, but, for example, (a) the stud-
ies cover a narrow range of experiments, rel-
evant end-points, and/or species; (b) there are
unexplained inconsistencies in the studies of
similar design; and/or (c) there is unexplained
incoherence across studies of different end-
points or in different experimental sys-
tems.

Inadequate mechanistic evidence: Common
findings that lead to a determination of inad-
equate mechanistic evidence include: (a) few
or no data are available; (b) there are unre-
solved questions about the adequacy of the
design, conduct, or interpretation of the stud-
ies; (c) the available results are negative.

(d) Overall evaluation

Finally, the bodies of evidence included
within each stream of evidence are considered as
awhole, in order to reach an overall evaluation of
the carcinogenicity of the agent to humans. The
three streams of evidence are integrated and the
agent is classified into one of the following cate-
gories (see Table 4), indicating that the Working
Group has established that:

The agent is carcinogenic to humans
(Group 1)

This category applies whenever there is suffi-
cient evidence of carcinogenicity in humans.

In addition, this category may apply when
there is both strong evidence in exposed humans
that the agent exhibits key characteristics of car-
cinogens and sufficient evidence of carcinogenicity
in experimental animals.

The agent is probably carcinogenic to
humans (Group 2A)

This category generally applies when the
Working Group has made at least two of the fol-
lowing evaluations, including at least one that

involves either exposed humans or human cells
or tissues:

o Limited evidence of carcinogenicity in
humans,

o Sufficient evidence of carcinogenicity in
experimental animals,

o Strong evidence that the agent exhibits key
characteristics of carcinogens.

If there is inadequate evidence regarding car-
cinogenicity in humans, there should be strong
evidence in human cells or tissues that the agent
exhibits key characteristics of carcinogens. If there
is limited evidence of carcinogenicity in humans,
then the second individual evaluation may be
from experimental systems (i.e. sufficient evi-
dence of carcinogenicity in experimental animals
or strongevidence in experimental systems that the
agent exhibits key characteristics of carcinogens).

Additional considerations apply when there
is strong evidence that the mechanism of carcino-
genicity in experimental animals does not oper-
ate in humans for one or more tumour sites.
Specifically, the remaining tumour sites should
still support an evaluation of sufficient evidence
in experimental animals in order for this evalu-
ation to be used to support an overall classifica-
tion in Group 2A.

Separately, this category generally applies if
there is strong evidence that the agent belongs,
based on mechanistic considerations, to a class of
agents for which one or more members have been
classified in Group 1 or Group 2A.

The agent is possibly carcinogenic to
humans (Group 2B)

This category generally applies when only
one of the following evaluations has been made
by the Working Group:

o Limited evidence of carcinogenicity in
humans,

o Sufficient evidence of carcinogenicity in
experimental animals,
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Table 4 Integration of streams of evidence in reaching overall classifications (the evidence in
bold italic represents the basis of the overall evaluation)

Stream of evidence

Evidence of cancer in
humans®

Evidence of cancer in
experimental animals

Mechanistic evidence

Classification based on
strength of evidence

Sufficient

Limited or Inadequate
Limited

Inadequate

Limited

Limited or Inadequate
Limited

Not necessary
Sufficient
Sufficient
Sufficient

Less than Sufficient
Not necessary

Less than Sufficient

Not necessary

Strong (b)(1) (exposed humans)
Strong (b)(2-3), Limited, or Inadequate
Strong (b)(2) (human cells or tissues)

Strong (b)(1-3)

Strong (a) (mechanistic class)

Limited or Inadequate

Strong (b)(3), Limited, or Inadequate

Carcinogenic to humans
(Group 1)

Probably carcinogenic to
humans (Group 2A)

Possibly carcinogenic to
humans (Group 2B)

Inadequate Sufficient
Inadequate Less than Sufficient Strong (b)(1-3)
Limited Sufficient
Inadequate Sufficient

All other situations not listed above

Strong (c) (does not operate in humans)®

Strong (c) (does not operate in humans)®

Not classifiable as to its
carcinogenicity to humans
(Group 3)

2 Human cancer(s) with highest evaluation.

b The strong evidence that the mechanism of carcinogenicity in experimental animals does not operate in humans must specifically be for the
tumour sites supporting the classification of sufficient evidence in experimental animals.

o Strong evidence that the agent exhibits key
characteristics of carcinogens.

Because this category can be based on evi-
dence from studies in experimental animals
alone, there is no requirement that the strong
mechanistic evidence be in exposed humans or
in human cells or tissues. This category may be
based on strong evidence in experimental sys-
tems that the agent exhibits key characteristics of
carcinogens.

As with Group 2A, additional considera-
tions apply when there is strong evidence that
the mechanism of carcinogenicity in experimen-
tal animals does not operate in humans for one
or more tumour sites. Specifically, the remaining
tumour sites should still support an evaluation
of sufficient evidence in experimental animals in
order for this evaluation to be used to support an
overall classification in Group 2B.

The agent is not classifiable as to its
carcinogenicity to humans (Group 3)

Agents that do not fall into any other group
are generally placed in this category.

This includes the case when there is strong
evidence that the mechanism of carcinogeni-
city in experimental animals does not operate in
humans for one or more tumour sites in experi-
mental animals, the remaining tumour sites do
not support an evaluation of sufficient evidence
in experimental animals, and other categories are
not supported by data from studies in humans
and mechanistic studies.

An evaluation in Group 3 is not a determi-
nation of non-carcinogenicity or overall safety.
It often means that the agent is of unknown car-
cinogenic potential and that there are significant
gaps in research.

If the evidence suggests that the agent exhib-
its no carcinogenic activity, either through evi-
dence suggesting lack of carcinogenicity in both
humans and experimental animals, or through
evidence suggesting lack of carcinogenicity in
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experimental animals complemented by strong
negative mechanistic evidence in assays relevant
to human cancer, then the Working Group may
add a sentence to the evaluation to characterize
the agent as well-studied and without evidence of
carcinogenic activity.

(e) Rationale

The reasoning that the Working Group used
to reach its evaluation is summarized so that the
basis for the evaluation offered is transparent.
This section integrates the major findings from
studies of cancer in humans, cancer in exper-
imental animals, and mechanistic evidence.
It includes concise statements of the principal
line(s) of argument that emerged in the deliber-
ations of the Working Group, the conclusions of
the Working Group on the strength of the evi-
dence for each stream of evidence, an indication
of the body of evidence that was pivotal to these
conclusions, and an explanation of the reasoning
of the Working Group in making its evaluation.
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PRELIMINARY GENERAL REMARKS

This first monograph of the one-hundred-
and-thirty-fourth volume of the IARC Mono-
graphs contains the evaluation of the carcino-
genic hazard to humans of aspartame. The other
monographs in this volume will be methyl-
eugenol and isoeugenol.

Methyleugenol was considered previously
by the JARC Monographs programme in 2011
(IARC, 2013), when it was evaluated as possibly
carcinogenic to humans (Group 2B). Aspartame
and isoeugenol have not been evaluated previ-
ously by the IJARC Monographs programme.

The Advisory Group to Recommend Prior-
ities for the JARC Monographs that met in 2019
recommended that all three agents be evaluated
with high priority (IARC, 2019a; Marques et al.,
2019). A summary of the findings of this volume
appears in The Lancet Oncology (Riboli et al.
2023).

Coordination between the /JARC
Monographs programme and
WHOV/JECFA for the evaluation
of aspartame

The present monograph on aspartame is
the result of a highly coordinated effort under-
taken within WHO. Firstly, IARC evaluated the
carcinogenic hazard of aspartame. Subsequently,

JECFA, the Joint FAO/WHO Expert Committee
on Food Additives, conducted a risk assessment
for cancer and other noncommunicable diseases,
including reviewing and updating the acceptable
daily intake (ADI) and dietary exposure assess-
ment for aspartame. The present monograph
reports the results of the IARC evaluation of
aspartame for cancer hazard identification; the
results of the JECFA review of aspartame for
dietary exposure and risk assessment have been
published separately (JECFA, 2024).

In line with the procedures established for
communication and collaboration between
the IARC Monographs programme and other
WHO programmes, the IARC Monographs
Meeting 134 on 6-13 June was followed closely
by the JECFA Ninety-sixth Meeting on 27 June to
6 July (JECFA, 2024). Aspartame was evaluated
for the first time by IARC and the third time by
JECFA. The two bodies conducted independent
but complementary reviews of all the available
scientific literature. To ensure continuity and
exchange of relevant information, three WHO
scientists from the JECFA programme (Drs
Sanaa and Montez, and Mr Petersen) joined
the TARC/WHO Secretariat for the IARC
Monographs meeting, and two scientists from the
IARC Monographs programme (Drs Madia and
Benbrahim-Tallaa) joined the WHO Secretariat
for the JECFA meeting.
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Furthermore, three of the seven Observers
attending the IARC meeting (Drs Agudo, Barlow,
and Wu) also served as members of the expert
committee at the JECFA Ninety-sixth Meeting,
and relevant literature search results were shared
between the two programmes as permitted by
any confidentiality requirements.

Scope of the systematic review

Standardized searches of the PubMed data-
base (NCBI, 2023) were conducted for aspartame
for each outcome (cancer in humans, cancer in
experimental animals,and mechanistic evidence,
including the key characteristics of carcino-
gens). For cancer in humans, searches were also
conducted in the Web of Science (Clarivate
2023) and Embase (Elsevier, 2023) databases. The
literature tree for aspartame, including the full
set of search terms for the agent name and each
outcome type, is available online.!

As described in the current Preamble to the
IARC Monographs (last revised in 2019; IARC,
2019b), the Working Group reviews publicly
available scientific data, such as peer-reviewed
papers in the scientific literature, and may also
review unpublished reports, if made available in
their final form by governmental agencies and if
they contain enough detail for critical review. In
the case of aspartame, the Working Group was
able to consult and review literature derived from
the Call for Data in 2011 for the European Food
Safety Authority (EFSA) risk assessment, which
was made available and accessible on the EFSA
website (EFSA, 2011). In addition, IARC opened
a public Call for Data on its website 1 year ahead
of the meeting for Volume 134. Eligible studies
are only those published or accepted for publica-
tion in the openly available scientific literature by
the time of the Working Group meeting.
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! The literature tree for the present monograph is available at: https://hawcproject.iarc.who.int/assessment/680/ (aspartame).
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ASPARTAME

1. Exposure Characterization

1.1 Identification of the agent

1.1.1 Nomenclature

Chem. Abstr. Serv. Reg. No.: 22839-47-0
(Chemical Abstracts Service, 2022a)

EC/List No.: 245-261-3 (ECHA, 2022)

Chem. Abstr. Serv. name: aspartame
(Chemical Abstracts Service, 2022a)

IUPAC systematic name: (3S)-3-amino-4-
[[(2S)-1-methoxy-1-0x0-3-phenylpropan-
2-ylJamino]-4-oxobutanoic  acid (NCBL
2022)

Synonyms: L-phenylalanine, L-a-aspartyl-,
2-methyl ester; succinamic acid, 3-amino-N-
(a-carboxyphenethyl)-, N-methyl ester, ste-
reoisomer; L-phenylalanine, N-L-a-aspartyl-,
1-methyl ester; L-aspartyl-L-phenylalanine
methyl ester; aspartylphenylalanine methyl
ester; methyl aspartylphenylalanine; methyl
ester, aspartylphenylalanine; SC-18862;
Asp-Phe-OMe (Chemical Abstracts Service,
2022a; ECHA, 2022; NCBIL, 2022) [The
Working Group noted that aspartame has
been historically sold under several brand
names (NCBI, 2022). Some of these brands
have discontinued the use of aspartame in
their products.]

1.1.2 Structural and molecular information

Relative molecular mass: 294.30

0]
S O/CH3
NH, O
NH
s OH
0]

Molecular formula: C ,H;(N,O,
(Chemical Abstracts Service, 2022a).

1.1.3 Chemical and physical properties

Description: white, crystalline powder; aspar-
tame has no odour, but an intense sweet taste
(about 160-200 times as sweet as sucrose)
(Burdock, 2010)

Taste threshold: 6.59 mg/L in water (Dietrich
et al., 2021)

Boiling-point: not available

Melting-point: not well defined, often
described as having a double melting-point
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at 190 °C and 246-247 °C (Prankerd, 2002;
von Rymon Lipinski, 2015)

Density: 1.46-1.49 g/cm? (Prankerd, 2002)
Solubility: sparingly soluble in water; slightly
soluble in alcohol (Burdock, 2010)

Dissociation constants: pK,, = 3.19; pK,, =7.87
(NCBI, 2022)

Stability and reactivity: The dry stability of
aspartame is good, with < 5% conversion to its
diketopiperazine at 105 °C during 100-hour
storage (Homler, 1984). The stability of
aspartame is affected by moisture, pH, and
temperature (Magnuson etal.,2007; Burdock,
2010). Under moist conditions, the dipeptide
aspartylphenylalanine and methanol may
be formed by hydrolysis. Alternatively, meth-
anol can be eliminated by the cyclization
of aspartame to form its diketopiperazine,
5-benzyl-3,6-dioxo-2-piperazineacetic acid,
which in turn can be hydrolysed to its indi-
vidual amino acids, aspartic acid and phe-
nylalanine. When aspartame is decomposed
to these compounds, a loss of sweetness is
perceived (Homler, 1984). In solution, the
half-life at pH 4.3 (maximum stability) is
about 260 days at 25 °C (Prankerd, 2002).
Temperature and pH-dependent racemiza-
tion of aspartame, or formation of its break-
down products such as the diketopiperazine,
aspartic acid, and phenylalanine may occur
(Boehm and Bada, 1984). In addition to these
reactions, aspartame can undergo rearrange-
ment at acidic pH to B-aspartame (Magnuson
et al., 2007). The various pathways for the
decomposition of aspartame are summarized
in Fig. 1.1. Aspartame in aqueous solutions
can be stabilized to some extent by the addi-
tion of cyclodextrin, modified cyclodextrins,
or polyethylene glycol 400 (Prankerd, 2002).

1.1.4 Commercial products and impurities

Commercial qualities with purities in the
range of 90-94%, 95-98%, and > 99% are avail-
able (Chemical Abstracts Service, 2022b). Typical
specifications for food use include a purity of
not less than 98% and maximum limits for
5-benzyl-3,6-dioxo-2-piperazineacetic acid (not
more than 1.5% expressed on dry weight basis),
other related substances (not more than 2%),
residue on ignition (not more than 0.2%), loss on
drying (not more than 4.5% at 105 °C, 4 hours);
sulfated ash (not more than 0.2% expressed on
dry weight basis), transmittance (not less than
0.95, equivalent to an absorbance of not more
than approximately 0.022); heavy metals (not
more than 10 mg/kg), arsenic (not more than
3 mg/kg expressed on dry weight basis), and lead
(not more than 1 mg/kg expressed on dry weight
basis) (Burdock, 2010; European Commission,
2012).

1.2 Production and use

1.2.1 Production process

Although the compound was previously
known, the sweet taste of aspartame was acci-
dentally discovered in 1965 by James M. Schlatter
during the synthesis of oligopeptides related to
the hormone gastrin (Mazur et al., 1969; Ma-
zur _and Ripper, 1979; von Rymon Lipinski,
2015). Aspartame can be synthesized by the
coupling of the amino acids L-phenylalanine
and L-aspartic acid, and the esterification of the
carboxyl group of the phenylalanine moiety to
produce the methyl ester. This esterification can
occur before or after coupling (Burdock, 2010).
Numerous enzymatic methods are available to
couple aspartic acid with phenylalanine methyl
ester (Prankerd, 2002). Some proteinases, such
as thermolysin, can catalyse peptide bond forma-
tion (von Rymon Lipinski, 2015). Enzymatic
methods applying fermentation were preferred
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Aspartame

Fig. 1.1 Degradation pathways for aspartame
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[The Working Group noted that the diketopiperazine of aspartame is 5-benzyl-3,6-dioxo-2-piperazine acetic acid. The reaction between the
diketopiperazine and N-L-aspartyl-L-phenylalanine might not be reversible under storage conditions.]

From EFSA (2013), with permission from John Wiley & Sons, from: Scientific opinion on the re-evaluation of aspartame (E 951) as a food
additive, EFSA Panel on Food Additives and Nutrient Sources added to Food (ANS), EFSA Journal, Volume 11, issue 12, 2013; permission

conveyed through Copyright Clearance Center, Inc.

for economic commercial production (Prankerd
2002; Lee, 2006). A combination of an enzymatic
process using a-amino acid ester acyltransferase
followed by a chemical transformation reac-
tion was recently put into industrial practice
(Yokozeki and Abe, 2021).

1.2.2 Production volume
(a)  Worldwide

Aspartame’s large-scale production began
in 1981 (Hollie, 1983). The consumption of
aspartame by world regions in tonnes of sugar
equivalents is presented in Fig. 1.2. Consumption

increased from approximately 5000 tonnes in
1985 to 13 000 tonnes in 2000.

According to encyclopaedia entries published
in 2000 and 2006, aspartame was the most widely
used non-nutritive sweetener worldwide at that
time (Lee, 2000, 2006). In 2001, the consump-
tion of aspartame in the world was 13 185 tonnes
(2.64 million tonnes sugar equivalent), of which
1000 tonnes were consumed in Asia, 8500 tonnes
in the Americas (North, South, Central, and
Caribbean), 735 tonnes in Africa and Oceania,
and 2950 tonnes in Europe (IASR, 2004). [More
recent data including annual consumption per
world region were not available to the Working
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Fig. 1.2 Consumption of aspartame in 1980-2020, by world region
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Created by the Working Group with data extracted from figures using WebPlotDigitizer (version 4.6, September, 2022; author, Ankit Rohatgi,
Pacifica, California, USA; available from https://automeris.io/ WebPlotDigitizer). Sources were Fry (1999) for data for 1980-1983, IASR (2004

for data for 1984-2001; and numerical data from Lewis and Tzilivakis (2021) for 2012 and ECHEMI (2020) for 2020 (sugar equivalents were

calculated with a factor of 200 for aspartame). No data for the years 2002-2011 or 2013-2019 were available. No regional data were available
for 2012 and 2020. [The Working Group noted that original data on consumption of aspartame are not publicly available and verifiable. The
figure was compiled from various secondary sources, and this information may not be consistent between sources. The data for 1980-2012 were
considered plausible, showing an increase leading to a plateau. The difference with the data for 2020, suggesting a considerable increase, was
not consistent with other sources (see Section 1.4), which indicated a decreasing prevalence of aspartame use over the last decade, and probably
cannot be explained by above-average growth rates that had been expected for Central and South America, China, Asia, Africa, and the Middle

East (Lewis and Tzilivakis, 2021).]

Group.] The initial increase in production
was followed by a period of saturation or even

By increasing competitiveness, the lower prices
of the post-patent era (the patent expired in 1992;
Reisch, 2014) were helping stimulate aspartame

decline beginning in the mid-1990s (Fig. 1.2)
(Fry, 1999; IASR, 2004). At that time, drinks
that had formerly been sweetened entirely with
aspartame began to be sweetened in some coun-
tries by blending aspartame with various other
sweeteners, particularly acesulfame potassium
(acesulfame-K); and the loss of aspartame sales
was compounded by the potency gains and
synergies from blending (Fry, 1999; IASR, 2004).

46

sales around the world (IASR, 2004). In 2016,
aspartame was produced in the European Union,
China, Japan, and the Republic of Korea (Euro-
pean Commission, 2016). In 2020, the global
production of aspartame was about 25500 tonnes,
and the annual output of aspartame from China
wasabout 19200 tonnes (ECHEMTI, 2020). Present
Chinese production capacity was estimated to
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be in the range of 30 000 to 35 000 tonnes. The
total exports from China amounted to about
16 000 tonnes in 1 year (2020-2021) (European
Commission, 2022b).

(b) USA

According to a marketing report, annual
sales of aspartame in the USA increased steadily
from 3300 tonnes in 1985 to 10 100 tonnes in
2002 (Bizarre et al., 20065 as cited in Magnuson
et al., 2007). In 1992, about 8040 tonnes of
aspartame were used in the USA (approximately
83% of world consumption) (Lee, 2000). Of this
amount, approximately 85% was used for bever-
ages (Lee, 2000). According to data for 1992 from
the United States Department of Agriculture,
aspartame accounted for 67.4% of the low-calorie
sweeteners consumed in the country (Best and
Nelson, 1993). Demand in the USA also domi-
nated the increasing global sales of aspartame
(IASR, 2004). It was estimated that about half
of the global production in 2006 was consumed
in the USA (Magnuson et al., 2007). The sole
producer of aspartame in the USA withdrew
from the market in 2014 (European Commission,
2016).

(c) Europe

In the European Union, the surge in aspar-
tame sales emerged laterand more steadily thanin
the USA. In the mid-1980s, aspartame accounted
for a little more than 2% of the European market
for intense sweeteners but had risen to 20% in
volume terms by 1996 (IASR, 2004). The United
Kingdom (UK) was the biggest consumer of
intense sweetener in the European Union; in
1987, 31% of the general population used aspar-
tame regularly (i.e. weekly) (IASR, 2004). In
2018-2020, the only aspartame manufacturer
in the European Union (France) produced 1181-
2921 tonnes of aspartame annually (European
Commission, 2022b). In 2018, production volume
in the European Union was 1181-1750 tonnes,
in 2019 it was 1379-2043 tonnes, and in 2020 it

was 1971-2921 tonnes. Total production in the
European Union during 1 year (2020-2021) was
in the range of 1963-2909 tonnes (European
Commission, 2022b). In Sweden in 2000-2020,
annual use of aspartame varied between 3 and
33 tonnes (SPIN, 2023).

1.2.3 Uses

Aspartame is used as a food additive (sweet-
ener) to provide a sugar-like sweetness, both as
an ingredient in various foods and beverages
and as a tabletop sweetener (Homler, 1984). It
is also used for sweetening purposes in various
consumer products, such medicines, cosmetics,
tobacco products, and edible cannabis products
(see Section 1.4). Soon after its introduction to
the market (see Section 1.5), a major use of aspar-
tame in the USA was in artificially sweetened
beverages (ASBs), and by the mid-1980s most
producers had switched to using aspartame as
the only sweetener in these beverages (USDA
1986). According to industry data supplied to the
government of the UK in 1990, [84%] of aspar-
tame use was for soft drinks, followed by tabletop
sweeteners [9%], and dry mixed products [4%]
(Food Advisory Committee, 1991). Less than 1%
was used in pharmaceuticals. A United States
Department of Agriculture report published in
2012 stated that between 85% and 90% of aspar-
tame was used as a sweetening agent in bever-
ages, mainly diet carbonated soft drinks (USDA
2012). Chewing gums and tabletop sweeteners
each accounted for 5% of aspartame use.

Aspartame exhibits synergy with carbohy-
drates and other high-potency sweeteners and
may be used in combination (Homler, 1984).
Aspartame also has flavour-enhancing and fla-
vour-extending (by up to four times) properties,
especially for acid fruit flavours (Abegaz et al.,
2012). According to estimates by Abegaz et al.
(2012), aspartame is used in approximately 6000
different products worldwide (see Section 1.4).
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In biochemical research, aspartame has been
used as a model compound to study structure-
activity relationships of the sweet taste receptor
(Morini et al., 2005).

1.3 Detection and quantification

Aspartame has been analysed in a variety of
sample types, but most methods have focused
on the application for foods and beverages and
usually involve separation by liquid chroma-
tography (LC) followed by different detection
methods. Table 1.1 shows a selection of methods
used for the detection of aspartame in various
matrices.

1.3.1 Environmental samples

Most studies reporting quantification of
aspartame in environmental samples have
analysed surface water (Baena-Nogueras et al.,
2018), wastewater (Kokotou and Thomaidis, 2013;
Watanabe et al., 2016), or sewage sludge (Subedi
etal.,2014) (see Table 1.1). Analysis ofair (NIOSH
1994; Gan et al., 2013, 2014), dust, and soil (Gan
et al., 2014) samples has also been reported.
Most methods include filtration before solid-
phase extraction and separation by LC. National
Institute for Occupational Safety and Health
(NIOSH) method 5031 (NIOSH, 1994) describes
the measurement of aspartame in air using LC
coupled to an ultraviolet (UV) detector with a
detection limit of 2 pug per sample of 70-1200 L
of air sampled. Detection and quantification in
samples with low concentrations of aspartame,
e.g. environmental samples (see Section 1.4.1),
are usually carried out using mass spectrometry
(MS). Methods report varying limits of detection
in aqueous samples, ranging from micrograms
per litre (e.g. Kokotou and Thomaidis, 2013,
1.6 ug/L) to less than nanograms per litre (e.g.
Baena-Nogueras et al., 2018, 0.34 ng/L).

1.3.2 Food

Many methods have described the analysis of
aspartame in food and beverages. The analysis
of cloudy liquids and semi-solid and solid foods
usually involves homogenization and filtra-
tion and/or precipitation of particles, which
might be followed by solid-phase extraction,
whereas clear beverages require little sample
preparation (Table 1.1). Separation is usually
performed by LC. Aspartame concentrations
in foods and beverages are usually higher than
in environmental samples, and less sensitive
detectors, such as UV detectors or evaporative
light-scattering detectors, are sufficient for the
analysis of these sample types in a regulatory
or food safety context (reviewed in Oktavirina
etal., 2021) considering the maximum limits (see
Section 1.5). Recently, more sensitive MS-based
approaches that allow simultaneous detection of
several sweeteners have been reported (Shah and
de Jager, 2017). Of the three standardized vali-
dated methods in the European Union, two use
high-performance liquid chromatography-ultra-
violet radiation (HPLC-UV) methodology (CEN,
1996, 1999, 2009) and one uses liquid chroma-
tography-evaporative light-scattering detection
(LC-ELSD) (CEN, 2010). One method determines
aspartame content in tabletop sweeteners (CEN,
1996), whereas the other two methods allow the
measurement of aspartame in a broader range
of foods and beverages. Wasik et al. reported an
in-house validated procedure to measure aspar-
tame content in soft drinks, canned foods, and
yogurts (Wasik et al., 2007). Maes et al. reported
a nuclear magnetic resonance (NMR)-based
method for the measurement of aspartame in
soft drinks that involves only minimal sample
preparation, including degassing and pH adjust-
ment (Maes et al., 2012).
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Table 1.1 Selected analytical methods for the measurement of aspartame

Sample matrix Sample preparation

Instrument (LOD)

Comments

Reference

Environmental samples

Coastal water Filtration, acidification, SPE

Sewage sludge  Freeze-drying, MeOH/water extraction,
SPE

Wastewater Filtration, acidification, SPE

Wastewater Filtration, acidification, SPE

Dust and soil Water extraction, SPE

Air Quartz fibre filter, extraction with MeOH

Air Polytetrafluoroethylene filter

Foods

Food and Clear liquids and beverages: dilution with

beverages water, filtration
Cloudy liquids, powders, semi-solid and
solid foods: dilution, precipitation with
Carrez solution or dilution in NaCl/HCI,
filtration

Tabletop Grinding, dissolution, filtration

sweeteners

Beverages, Degassing by ultrasound; homogenization

canned fruit (fruit only), SPE

Soft drinks, Homogenization, SPE

canned food,

yogurt

Soft drinks Ultrasound degassing, acidification

UPLC-MS/MS (0.34 ng/L)

HPLC-MS/MS (LOQ, 5 ng/g
dw)
LC-MS/MS (1.6 pg/L)

LC-MS (< 23 ng/L*)

LC/MS (0.3 ng/L)
LC-MS/MS (0.003 pg/m?)
HPLC-UV (2 ug per sample)

HPLC-UV (NA)

HPLC-UV (NA)

HPLC-ELSD (NR)

HPLC-ELSD (energy drinks,
14 pg/g; yogurt, canned
fruit, 13 pg/g)

NMR (zero cola sample,

2.9 mg/L; light cola sample,
4.6 mg/L)

*LOD for aspartame was not reported.
LODs for five artificial sweeteners including
aspartame and five iodinated contrast
media were 0.015-23 ng/L.

NIOSH method 5031, 70-1200 L per sample.

CEN/TS 15606:2009. Validated from
97 mg/kg to 610 mg/L in water-based drink,
fruit-based drink, cheesecake with biscuit

base, canned soup, and instant chocolate
drink.

EN 1378:1996.

EN 15911:2010. Validated from 38.1 mg/L to
702 mg/L in beverages and from 37.2 mg/kg
to 1120.2 mg/kg) in canned fruits.

In-house validated procedure.

In-house validated procedure.
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Table 1.1 (continued)

Sample matrix Sample preparation Instrument (LOD) Comments Reference
Consumer products

Alternative Acetonitrile/water extraction, filtration LC-MS (NR) Miao et al. (2016)
tobacco

products

Lozenges

dw, dry weight; HCI, hydrochloric acid; HPLC, high-performance liquid chromatography; HPLC-ELSD, high-performance liquid chromatography-evaporative light scattering
detection; LC-MS, liquid chromatography-mass spectrometry; LC-UV, liquid chromatography with ultraviolet detection; LOD, limit of detection; LOQ, limit of quantification; MeOH,
methanol; MS/MS, tandem mass spectrometry; NA, not available to the Working Group; NaCl, sodium chloride; NMR, nuclear magnetic resonance; NR, not reported; SPE, solid-phase
extraction; UPLC, ultra-performance liquid chromatography.
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1.3.3 Drugs and consumer products

An LC-MS based method (Miao et al., 2016)
for the analysis of aspartame in lozenges and
alternative tobacco products (snus) including
solvent extraction has been reported.

1.3.4 Biological specimens

Details on the metabolism of aspartame in
humans are described in Section 4.1. Because
of the hydrolysis of aspartame to its major
constituents — aspartic acid, phenylalanine, and
methanol - which are also endogenous metab-
olites, no validated biomarkers are available for
the biomonitoring of aspartame exposure. One
study reported the measurement of aspartame
in serum using an ultraperformance liquid
chromatography-tandem mass spectrometry
(UPLC-MS/MS) based method (Liu et al., 2022a).
[The Working Group noted that the study by Liu
et al. (2022a) lacked some detail in the descrip-
tion of the analytical method, since the analytical
conditions seemed to be based on a method for
the detection of aspartame in beverages (Kubica
etal.,2016), but no data on the performance of the
method validation for the analysis of serum were
provided. The quality of this work was uncertain,
since the method was also described to be based
on a method that did not aim to detect aspartame
(Logue et al., 2017).]

1.4 Occurrence and exposure

1.4.1 Environmental occurrence

Aspartame is not found naturally in the envi-
ronment, but it can be produced and released
into the environment through various indus-
trial processes, such as the manufacture of food
and beverage products that contain aspartame.
Aspartame can also enter the environment
through wastewater emissions from households
and industries that use products containing

aspartame. See Table 1.2 for measurements of
aspartame in different environmental samples.

(a) Air

Volatilization from dry and moist soil and
water surfaces is not expected to be substantial
(Lambert et al., 2010). Gan et al. (2014) examined
air samples in China for the presence of artifi-
cial sweeteners, including aspartame. Aspartame
was not detected in any air samples during the
summer, but in winter it was detected at concen-
trations up to 5.39 pg/m?in 5 out of the 21 partic-
ulate-phase samples (Gan etal., 2014). This was in
line with the assumption, based on physicochem-
ical data, that aspartame would be expected to
exist solely in the particulate phase (EESA, 2021).
Aspartame does not contain chromophores that
absorb at wavelengths > 290 nm and therefore is
not expected to be susceptible to direct photol-
ysis by sunlight (EFSA, 2021).

(b) Water

Aspartame appears to be more persistent in
freshwater than in saltwater systems. Abiotic
degradation half-life (DT,,) in water at pH 3 was
estimated as being approximately 300 days, and
degradation results mainly from hydrolysis of
the ester and amide bonds (Lambert et al., 2010;
EESA, 2021). Cyclization to the diketopiperazine
(see Section 1.1) increases at higher pHs, and the
DT, at pH 5, 6, and 7 has been estimated as 245,
120, and 1 day(s), respectively (Crosby and Furia,
1980). The normal pH range for surface water
and groundwater systems is usually pH 6.0-8.5;
should aspartame reach surface or groundwaters
it may therefore be considered persistent under
some conditions (EFSA, 2021).

Table 1.2 lists examples of studies that have
aimed to measure aspartame in drinking-water,
groundwater, surface water, or wastewater. In
drinking-water and tap water in a study from
Mexico, aspartame concentrations ranged
from below the limit of detection (120 ug/L)
to 760 pg/L (Medrano et al., 2019). In a study
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Table 1.2 Occurrence of aspartame in environmental samples

Sample type Location and No. of samples Mean (range) Median Analytical Comments Reference
collection date (IQR) method (LOD)
Surface water Séao Paulo state, 21 ND ND Online SPE- Surface water was sampled from  Alvesetal.
Urban Brazil, 2019 24 ND ND UPLC-MS/MS a river at 7 locations, 25 km (2021)
wastewater (0.2 pg/L) apart. Wastewater was sampled
at 5 WWTPs.
Surface water, Shenzhen city, Wastewater, 16 UPLC-MS/MS Wastewater was sampled at 4 Guo et al.
wastewater, China, 2019 SPM, 8 (LOQ, 5ng/gdw) WWTPs. Aspartame was mainly  (2021)
sludge Dewatered distributed in SPM and sludge,
sludge, 4 and the fractions in offshore
Surface water, water exceeded 45%.
12
Offshore SPM,
12
West coast 4 Influent, 0.7 ug/L NR
4 Effluent, 0.2 pg/L NR
2 Sludge, 0.2 pg/g NR
12 Offshore water, NR
0.2 pg/L; offshore
SPM, (0.1-2.3 ug/g)
East coast 22 ND for influent, NR
effluent, sludge,
offshore water
Wastewater Australia, 2016 Influent, 124 16 g + 38 (SD) g/day NR HPLC-QTrap Nationwide study of 69 WWTPs. Lietal.
Mean population- MS/MS with ESI ~ Aspartame was detected in 2020)
weighted per (0.08 pg/L) 91% of influent samples; 100%
capita loads, removal of aspartame was
0.12 £ 0.14 mg/day observed during wastewater
Effluent, 35 ND in effluent NR treatment.
Wastewater Lake Ontario, 55 Raw sewage, 1200 Raw Online SPE-LC- The concentration of aspartame  Tolouei
Canada, 2014 (61-8007) ng/L sewage: APCI-MS/MS was below the LOD in 4 (out of etal.
676 ng/L (75 ng/L) 55) raw sewage samples and in 18 (2019)
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Table 1.2 (continued)

Sample type Location and No. of samples Mean (range) Median Analytical Comments Reference
collection date (IQR) method (LOD)
Wastewater, Cadiz Bay, Spain, 24 WWTP, 1-4 NR SPE-UPLC- 4 WWTPs, 13 coastal water Baena-
surface water February to July Influent, NR QqQ-MS/MS sampling sites. Values are ranges Nogueras
2015 (<0.01-0.1) ug/L (0.34 ng/L) during the sampling period. etal.
Effluent, NR Aspartame detection frequency,  (2018)
(< 0.01-0.09) pg/L depending on the sampling site,
24 Surface waters, 1-4 NR varied between 33% and 100%
Receiving waters: NR ~ NR and it was always detected at
(< 0.01-0.04) pg/L <0.1 pg/L.
28 Coastal waters, [19.5] ng/L
[18.2] (7-37) ng/L
Wastewater, Hanoi, Viet 7 WWTP 2100 ng/L LC-MS with ESI Watanabe
surface water, Nam, 2013 Influent, NR NR (NR) etal.
groundwater (570-3100 ng/L) (2016)
7 Effluent, ND ND
Surface water
5 Hong River, ND ND
1 Canal, ND ND
4 Lu River, NR 2100 ng/L
(1700-2600 ng/L)
2 Pond, ND ND
Groundwater
4 Urban, ND ND
2 Suburb, ND ND
3 Rural, ND ND
Haiphong Viet 6 Surface water ND
Nam, 2013 Two rivers, ND
Halong, Viet 3 Groundwater: ND ND
Nam, 2013
Manila, 5 Surface water: ND ND
Philippines, 2015
Pathein, 4 Surface water: ND ND
Myanmar, 2014
Yangon, 4 Surface water: ND ND

Myanmar, 2014
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Table 1.2 (continued)

Sample type Location and No. of samples Mean (range) Median Analytical Comments Reference
collection date (IQR) method (LOD)
Wastewater, Albany, New 11 Influent, 0.13 NR HPLC-MS/MS Wastewater and sludge Subedi
sludge York, USA, 2013 (0.01-0.44) pg/L (NR) were sampled in 2 WWTPs. and
Primary effluent, 0.49 Aspartame detection frequency ~ Kannan
(0.03-1.30) pg/L in influent, primary effluent, and  (2014)
Effluent, 0.11 effluent was 100%; in sludge, it
(0.02-0.22) pg/L was [91%].
Sludge, 0.08 (ND-
695) ug/g dw
Sewage sludge Republic of WWTP, 40 HPLC-ESI- Nationwide study. Subedi
Korea, 2011 Industrial, 15 129 (36.3- 140 ng/g dw MS/MS (LOQ, etal.
266) ng/g dw 5.0 ng/g) (2014)
Mixed, 9 1010 (28.4- 321 ng/g dw
2400) ng/g dw
Domestic, 16 746 (55.9- 311 ng/g dw
5220) ng/g dw
Wastewater, Eggenstein- NR ND ND HPLC-ESI-MS/ Scheurer
surface water, Leopoldshafen MS) (LOQ, etal.
soil and Karlsruhe, 5 ng/L) 2009
Germany, 2009
Wastewater Hanoi, Viet Nam, 184 0.17 £ 0.18 (SD) pg/L  0.12 ug/L LC-QTrap MS Samples collected in urban sewer Lietal.
2018 to 2020 (ND-2.2 pg/L) (LOQ, 0.05 ug/L)  canal with domestic wastewater. 2023)
Wastewater, Tianjin, China, Air gas phase,4  [1.0] (0.5-1.6) pg/m? [1.0] pg/m*> LC-MS/MS Water samples collected from2 ~ Gan et al
surface water, 2011 Air particulate  [0.7] (0.2-1.4) pg/m? [0.6] pg/m? (tap water WWTPs; 18 sites in Haihe river; (2013

tap water, coastal
water, tap water,
precipitation, air

phase, 4
Air TSP, 4
Wastewater
influent, 6

Surface water,
54

Wetlands, 21
Drainage
canal, 24
Sea coast, 30

Groundwater,
15

Tap water, 15

[0.10] (0.07-0.12) pg/m*  [0.11] pg/m?

(48.5] (NR) ng/L NR
[33.9] (29-36) ng/L [33.5] ng/L
(22.9] (20-28) ng/L [22.0] ng/L
[92.5] (53-210) ng/L [58.5] ng/L
[16.4] (7.7-37) ng/L [15.0] ng/L
ND NR
ND NR

and seawater,
0.1 ng/L; river
water, 0.3 ng/L)
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Table 1.2 (continued)

Sample type Location and No. of samples Mean (range) Median Analytical Comments Reference
collection date (IQR) method (LOD)
Air, surface Tianjin, China Air gas phase, NR (ND-0.63) pg/m* NR LC-MS/MS Air and water samples collected ~ Gan et al.
water, outdoor December 42 Air (0.003 pg/m?); once per 2 days, and 7 samples 2014)
dust, soil 2012 (winter); Air particulate NR (ND-5.39) pg/m* NR Precipitation were collected at each of the
September 2013 phase, 42 (rain or snow) 3 sampling sites in Tianjin.
(summer) Water (river [0.15] (ND-6.21) ng/L. NR (0.3 ng/L); Precipitation samples were
water and River water collected in Tianjin. Outdoor
wastewater), 42 (0.4 ng/L); dust and soil samples were
Wastewater collected nationwide.
Outdoor dust,  [0.28] (ND-23.0) ng/g NR (0.5 ng/L);
98 Dust (dry
Soil, 98 ND NR precipitate)
Dry ND N g
precipitate, 3 ’
Rainfall, 6 NR (NDto < 1.1) ng/L NR
Snow, 3 [9.4] (< 1.1-14.7) ng/L  NR
Domestic sewage Two cities NR NR (ND-7.57) pug/L NR Detection rate of aspartame in Ma et al.
in Zhejiang sewage water was 33.3%. 2020)
Source water province, China, ~NR NR (ND-0.73) ug/L NR In source water it was 18.2%.
2017-2018
Drinking-water,  Pachuca City, Bottled water,7 [0.25] (ND-0.75) mg/L NR SPE-LVSS-CE Aspartame was found in 3 Medrano
tap water Mexico, NR Tap water, 7 [0.14] (ND-0.76) mg/L (0.12 mg/L) bottled water samples, 2 tap etal.
Drinking- [0.13] (ND-0.33) mg/L water samples, 2 distilled water 2019)
water, 4 samples, and 1 spring water

SS

Spring water, 2

[0.25] (ND-0.49) mg/L
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Table 1.2 (continued)

Sample type Location and No. of samples Mean (range) Median Analytical Comments Reference
collection date (IQR) method (LOD)
River water, Ganges river River water, 14  River water, < LOD NR UPLC-MS Groundwater was collected from  Sharma
groundwater basin, India, 2014 Groundwater, = Groundwater, < LOD (0.2 ng/mL) handpumps - from which it was  etal.
(drinking-water) 14 used as drinking-water. 2019)
Biosolids Australia, 2016 71 WWTP GM, 2.8 ng/g 0.81 ng/g LC-MS/MS Nationwide study. Lietal
(< 1.6-73 ng/g) (LOQ, 1.6 ng/g) (2021b)

APCI, atmospheric pressure chemical ionization; dw, dry weight; effluent, treated wastewater; ESI, electrospray ionization; GM, geometric mean; HPLC, high-performance liquid
chromatography; influent, raw wastewater; IQR, interquartile range; LC, liquid chromatography; LC-MS/MS, liquid chromatography-tandem mass spectrometry; LOD, limit of
detection; LOQ, limit of quantification; MS, mass spectrometry; MS/MS, tandem mass spectrometry ND, not detected; NR, not reported; QTrap, quadrupole ion trap; SD, standard
deviation; SPE-LVSS-CE, solid-phase extraction-large-volume sample stacking-capillary electrophoresis; SPE-QqQ-MS/MS, solid-phase extraction triple quadrupole-tandem mass
spectrometry; SPE-UPLC-MS/MS, solid-phase extraction-ultra-high-performance liquid chromatography-tandem mass spectrometry; SPM, suspended particulate matter; TSP, total
suspended particulates; UPLC-MS, ultra-performance liquid chromatography-mass spectrometry; wt, weight; WWTP, wastewater treatment plant.
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from Tianjin, China, aspartame was found in all
samples of surface waters at concentrations up
to 0.21 pg/L but was not found in groundwater
or tap water (Gan et al., 2013). In India, water
from the Ganges River and groundwater in the
river basin were sampled in several locations and
aspartame was not detected (limit of detection,
0.2 pg/L) (Sharma et al., 2019).

The occurrence of aspartame in wastewater
has been monitored mainly in wastewater treat-
ment plants (WW'TPs) since the late 2000s in
various locations, namely Australia, Brazil,
Canada, China, Germany, the Republic of Korea,
Spain, the USA, and Viet Nam (Table 1.2). Most
of the studies either did not detect aspartame or
detected it only at low concentrations. In four
WWTPs in the Bay of Cadiz, Spain, the highest
measured influent aspartame concentrations
varied between 0.07 and 0.10 pg/L between
February and July 2015 (Baena-Nogueras et al.,
2018), and a median concentration of 2.1 ug/L
was measured in a WWTP in Hanoi, Viet Nam,
between October and December 2013 (Watanabe
et al., 2016). In another study of wastewater in
Hanoi, Viet Nam, in 2018-2020, aspartame
was found in 97% of 184 samples; the median
concentration was 0.12 pg/L and the maximum
was 2.2 pg/L (Li et al., 2023). Aspartame was
detected in 33% of wastewater samples collected
in Zhejiang Province, China; the highest concen-
tration measured was 7.57 pug/L (Ma et al., 2020).
In 2014, the median value in the influent of a
WWTP located in Lake Ontario, Canada, was
0.68 pg/L and the aspartame detection rate was
[93%] (Tolouei et al., 2019).

In addition to WWTP effluent discharges,
the sludge generated can also contain aspartame.
In a nationwide survey in 40 WWTPs in the
Republic of Korea, aspartame concentrations in
sludge ranged from 0.03 to 5.22 pg/g dry weight
(dw) (Subedi et al., 2014). In the Albany area of
New York state, USA, sludge samples collected
from two WWTPs contained aspartame at a

mean concentration of 0.08 pg/g dw (Subedi and
Kannan, 2014).

WWTPs are considered to be a major source
of environmental emissions of artificial sweet-
eners (Subedi et al., 2014). When aspartame
reaches a WWTP, whether the sweetener is
then emitted into the aquatic environment will
depend upon the efliciency of treatment facilities
to remove it from wastewater (EFSA, 2021). The
average removal efficiency was about 70% in one
study (Subedi and Kannan, 2014) and up to 100%
in two other studies (Tolouei et al., 2019; Li et al.,
2020).

[The Working Group noted that, because of
the complete metabolism of aspartame in mam-
mals, aspartame in wastewater most probably
derives from food and beverage residues discard-
ed into the sewage system rather than from
human or animal excretions (see Section 4.1 for
details on aspartame metabolism).]

©  Soil

Aspartame is expected to rapidly degrade in
soil because of hydrolysis by microbial activity
(EFSA, 2021). Aspartame may degrade in moist
soil at pH 7 or higher, with a hydrolysis half-
life of about 1 day (Lambert et al., 2010). This
suggests that aspartame would not be persistent
in soil systems (EFSA, 2021). Aspartame would
be expected to be highly mobile and not readily
absorb to soils, sewage sludge or sediments (EFSA,
2021). The partition coefficient (log P) for aspar-
tame suggests an affinity for the aqueous phase
rather than for lipids and, considering that the
predicted bioconcentration factor for aspartame
is 3.2, this would imply that the bioaccumulation
risk is low (EESA, 2021). [The Working Group
noted that there were limited data available to
support or refute theoretical assumptions about
the fate of the compound in soil.]
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(d) Consumer products

Aspartame occurs commonly as an excip-
ient in oral pharmaceutical preparations, such
as chewable tablets and liquid formulations,
to improve the flavour of medicines and mask
unpleasant taste characteristics (Al Humaid
2018; NCBI, 2022). For example, the taste of
pioglitazone can be effectively masked using
aspartame, making orally disintegrating tablets
palatable to patients (Nakano et al., 2013). The
aspartame content of medicinal products is
usually < 100 mg per dosage unit. Examples
of these products include effervescent tablets
containing amoxicillin or ibuprofen, orodispers-
ible tablets containing paracetamol, oral solu-
tions containing penicillin, or bacterial suspen-
sions to treat diarrhoea in infants. Aspartame
concentrations of 1-100 mg per dosage unit may
be found in medicinal products indicated for
short-term use, such as paracetamol or laxatives
in adults or children aged > 12 years (Duodecim
Drug Database, 2023). The use of some medicinal
products may result in daily aspartame doses of
> 2000 mg (EMA, 2017).

According to the European Commission
database for information on cosmetic substances
and ingredients, CosIng (European Commission,
2022a), aspartame can occur as a flavouring
agent in cosmetics, e.g. to improve the taste of
oral hygiene products such as toothpaste (Welss
2015). The INCI Beauty database (INCI Beauty,
2022) suggested thataspartameis presentin 0.01%
of cosmetics, examples including lip products,
whitening tooth powders, intimacy moisturizing
fluids, and anti-cellulite gels. The Consumer
Products Information Database (CPID) lists the
use of aspartame in one personal care product
(DeLima Associates, 2022). [The Working Group
noted that these databases might have different
scopes and might not be exhaustive.]

Aspartame can also occur as a sweetener in
alternative tobacco products such as snus (for
example, 0.008-0.013% in 3 out of 4 analysed

samples in one study; Miao et al., 2016) and in
edible cannabis products (Health Canada, 2022).

(e)  Food and beverages

This section contains available informa-
tion on the presence of aspartame in foods and
beverages that was obtained from composition
and labelling databases, audits, and consumer
panels, in addition to published use (concentra-
tion) levels of aspartame in retail products.

[The Working Group noted that most data on
the occurrence of aspartame were from the USA,
Europe, and Oceania, and that there was a lack
of studies from Africa and some regions in Asia.]

(i)  Presence of aspartame in food

Occurrence data from composition and
labelling databases, audits, and consumer
panels were available from published studies
in Australia, Brazil, France, New Zealand,
Slovenia, and the USA (see Table S1.1, Annex 1,
Supplementary material for Section 1, Exposure
Characterization, online only, available from:
https://publications.iarc.who.int/627).

Recent tracking information from Australia
and New Zealand suggested a reduction in
occurrence over time. For example, audit data
from four supermarket stores in New Zealand in
2013 and in 2019 indicated that by 2019 aspar-
tame was no longer among the top three most
commonly available non-nutritive sweeteners
(Nunn et al., 2021). Aspartame was present in
only 14% of products in 2019 versus 21% in 2015
in a similar Australian audit (Dunford et al.,
2022). Beverages, confectionery, snack foods,
and sugars and related products were the main
food sources of aspartame in these countries
(Nunn et al., 2021; Dunford et al., 2022). Data for
France indicated that tabletop sweeteners were a
key contributing source of aspartame, in addi-
tion to ASBs (Chazelas et al., 2021; Debras et al.,
2022a). In addition, tracking data for more than
1000 food products during 2017-2020 in Slovenia
showed that of 333 beverages that contained
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an artificial sweetener, aspartame was present
in 102 (31%) (Hafner and Pravst, 2021). It was
present only in combination with other sweet-
eners, primarily acesulfame-K (42 products)
(Hafner and Pravst, 2021). Supermarket audit
data from Brazil (to support an exposure assess-
ment) revealed that aspartame was one of the
top three most commonly used sweeteners, often
found in combination with acesulfame-K and
in food groups such as “diet/light concentrates
and industrialized juices” and “other sweets”
(Takehara et al., 2022).

[The Working Group noted that trends in
occurrence have been poorly documented in
the publicly available literature. A combina-
tion of scientific references and other literature
sources (e.g. government reports, marketing
and industry data and news articles) (see
Section 1.2.3, and Annex 2, Scientific and other
publicly available data on aspartame use in arti-
ficially sweetened beverages, also available from:
https://publications.iarc.who.int/627) suggested
that although major diet soft drink brands in
the USA from the mid-1980s until the late 1990s
were sweetened entirely with aspartame, this was
probably no longer the case by the mid-2000s.
For example, the share of aspartame among
high-intensity sweeteners in beverages was more
than 80% in 2002, but dropped to about 70% in
2009 and 2014. In the same time frame, the share
of aspartame decreased from about 30% to < 15%
in tabletop sweeteners, and from 55% to < 20% in
other foods (USDA, 2012). Trends for beverages
in Europe were likely to be similar, but with prob-
able differences in the dates of introduction of
different sweeteners across European countries,
generally with an earlier switch from aspartame
only to mixed sweetener preparations than in the
USA.] It was reported that many diet soft drink
bottlers in the European Union, Canada, and the
USA switched from 100% aspartame to blends of
aspartame and acesulfame-K (IASR, 2004). It has
also been suggested that aspartame has become
a less popular low-calorie sweetener because

sucralose is listed as being more commonly used
(Sylvetsky and Rother, 2016).

Databases such as Open Food Facts (Open
Food Facts, 2023), Mintel Global New Products
Database (Mintel Group Ltd, 2023), and OQALI
(data from France; INRAE, ANSES, 2023) cover
many countries and also provide information on
the occurrence of aspartame in food and bever-
ages. [The Working Group noted the value of such
databases, which can also provide information
on the presence of aspartame in foods. However,
the degree of completeness of the database may
vary by country.]

(i) Use levels of aspartame in food

Table 1.3 provides data on use levels (concen-
trations) of aspartame in foods as reported in
published scientific papers and by the European
Food Safety Authority (EFSA) (EESA, 2013). All
included studies were from European regions
except for three studies from Asia (Republic of
Korea; Leeetal., 2017;and China; Chang and Yeh,
2014; Lietal., 2021a). [The Working Group noted
that data from the USA were not publicly avail-
able, although this has been the largest market
for aspartame.] The most comprehensive assess-
ment of food types was included in the EFSA
opinion (EFSA, 2013), with seven other studies
focusing on concentrations present in beverages
only (alcoholic: Lachenmeier et al., 2009; Liet al.,
2021a; non-alcoholic: Leth et al., 2008; Lino et al.,
2008; Basilio et al., 2020; van Vliet et al., 2020;
or both: Kubica et al., 2015). This reflected the
greater presence of aspartame in non-alcoholic
beverages (particularly “light” or sugar-free
varieties) across all studies and regions globally.
Aspartame was also reported in European studies
in food groups such as flavoured fermented milk
products (e.g. flavoured yogurts and yogurt
drinks), tabletop sweeteners, food supplements,
sports foods (e.g. protein or amino acid prod-
ucts), chewing gums, some processed fruit and
vegetables (e.g. canned, bottled, dried varieties
and jellies, jams and marmalades), powdered
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Table 1.3 Concentrations of aspartame in food

Sample type Location No. of samples Mean (SD or Median Analytical Comments Reference
and (no. of detects) range, as available) (IQR) technique
collection mg/kg or mg/L mg/kg or (LOD or LOQ)
date mg/L
Non-alcoholic Denmark, Total: 177 HPLC (NR) Study also quantified Leth et al.
beverages 2005 acesulfame-K, 2008)
Total detects 76 (67) cyclamate, and
Of which: Of which: saccharin (intense
Light soft drinks with 56 (52) 212 (31-560) sweeteners detected in
carbon dioxide 76 samples).
Light soft drinks 20 (15) 85 (11-310)
without carbon
dioxide
Non-alcoholic Portugal, Total: 48 (39) RP-HPLC, (LOQ, Drinks sampled Lino et al.
beverages 2006-2007 3.5mg/L) based on responses 2008)
Light (diet, or sugar- 25 (23) 89 (8.8-339) by teenagers to a
free) soft drinks questionnaire on intake
Soft drinks based on 13 (8) 82 (19-154) of sugar-free soft drinks
mineral waters and nectar; LOD, NR.
Light (sugar-free) 10 (8) 73 (39-129)
nectars
Alcoholic beverages: Poland 19 (3) [38] (35-42) DART-MS/MS Aspartame present Lachenmeier
fruit wines (LOD, 30 ug/L) in combination with et al. (2009)
acesulfame-K. The
mean value was
calculated from the
three positive samples.
Carbonated cola Germany 129 '"H NMR (LOD, All cola samples. Often ~ Maes et al.
beverages: and France, 3.5mg/L) co-occurrence of other (2012
2010-2011 sweeteners.
Branded cola Germany 19 (0) ND
France 8 (0) ND
Branded cola light Germany 13 (5) [149] (143-165) [146]
France 6 (6) [250] (243-255) [249]
Branded cola zero Germany 6 (6) Overlap Overlap, 6/6
(overlapping
spectra, no
quantification
possible)
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Table 1.3 (continued)

Sample type Location No. of samples Mean (SD or Median Analytical Comments Reference
and (no. of detects) range, as available) (IQR) technique
collection mg/kg or mg/L mg/kg or (LOD or LOQ)
date mg/L
Branded cola zero France 8 (7) [450] (416-601) [427] Overlap, 1/8 Maes et al.
(2012)
(cont.)
Branded cola light no  France 5(5) [237] (224-255) [237]
caffeine
Branded cola vanilla Germany 2 (0) ND
Cola discount Germany 18 (0) ND
France 13 (0) ND
Cola light discount Germany 10 (10) Overlap Overlap, 10/10
France 0 0
Cola zero discount Germany 10 (10) [138] (115-168) [137] Overlap, 5/10
France 6 (6) [367] (330-388) [374]
Cola strong Germany 3(0) ND
Flavoured fermented ~ Europe (use  Industry: NA Industry: 50-1000 NR NR Industry typical EFSA (2013
milk products levels from Austria: 0 Austria: NA maximum values listed.
included heat-treated  industry, Netherlands: 12 Netherlands:
products analytical (NR) 54-132
data from Slovakia: 1 (1) Slovakia: 93.5
Austria, Italy: 0 Italy: NA
Edible ices Netherlands, Industry: NA Industry: 40-50 NR “Typical-max” values.
Slovakia, Austria: 0 Austria: NA
Italy), Netherlands: 0 Netherlands: NA
2000-2012 Slovakia: 0 Slovakia: NA
Italy: 0 Italy: NA

Processed fruit and

vegetables

Cocoa and chocolate
products as covered by
Directive 2000/36/EC
(European Parliament

and Council, 2000)

Industry: NA
Austria: 137 (NR)
Netherlands: 0
Slovakia: 1 (1)
Italy: 0

Industry: NA
Austria: 0
Netherlands: 0
Slovakia: 0

Italy: 0

Industry: 350-1000 NR

Austria: 107-695
Netherlands: NA
Slovakia: 74.5
Italy: NA

Industry: 500-1000 NR

Austria: NA
Netherlands: NA
Slovakia: NA
Italy: NA
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Table 1.3 (continued)

Sample type No. of samples Mean (SD or Median Analytical Comments Reference
(no. of detects) range, as available) (IQR) technique
mg/kg or mg/L mg/kg or (LOD or LOQ)
mg/L
Other confectionery Industry: NA Industry: 100-1000 NR EFSA (2013
without added sugar Austria: 7 (NR) Austria: 68.3 (cont.)
Netherlands: 4 (NR) Netherlands: 12
Slovakia: 6 (NR) Slovakia: 151-912
Italy: 0 Italy: NA
Chewing gum with Industry: NA Industry: 600-1450 NR “Typical-max”
added sugar Austria: 0 Austria: NA concentrations.
Netherlands: 0 Netherlands: NA
Slovakia: 0 Slovakia: NA
Italy: 0 Italy: NA
Chewing gum without Industry: NA Industry: 3650 NR “Typical-max”
added sugar Austria: 5 (NR) 5420 concentrations.
Netherlands: 0 Austria: 40-1747
Slovakia: 1 (1) Netherlands: NA
Italy: 0 Slovakia: 561
Italy: NA
Breakfast cereals Industry: NA Industry: NA NR
Austria: 0 Austria: NA
Netherlands: 0 Netherlands: NA
Slovakia: 0 Slovakia: NA
Italy: 0 Italy: NA
Processed fish and Industry: NA Industry: NA NR
fishery products Austria: 0 Austria: NA
including molluscs Netherlands: 0 Netherlands: NA
and crustaceans Slovakia: 0 Slovakia: NA
Italy: 0 Italy: NA
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Table 1.3 (continued)

Sample type Location No. of samples Mean (SD or Median Analytical Comments Reference
and (no. of detects) range, as available) (IQR) technique
collection mg/kg or mg/L mg/kg or (LOD or LOQ)
date mg/L
Tabletop sweeteners Industry: NA Industry: 8700 NR “Typical-max” EFSA (2013
Austria: 19 (NR) —-36 000 (powder); concentrations. (cont.)
Netherlands: 1 (1) 100 000-360 000
Slovakia: 0 tablet form
Italy:10 (NR) Austria: < 0.25 to
238 600 (tablet)
Netherlands:
230 647 (tablet)
Slovakia: NA
Italy: 0-500 000
(tablet)
Mustard Industry: NA Industry: NA NA
Austria: 0 Austria: NA
Netherlands: 0 Netherlands: NA
Slovakia: 0 Slovakia: NA
Italy: 0 Italy: NA
Soups and broths Industry: NA Industry: NA NA
Austria: 0 Austria: NA
Netherlands: 0 Netherlands: NA
Slovakia: 0 Slovakia: NA
Italy: 0 Italy: NA
Sauces Industry: NA Industry: 200 NR Limited representation
Austria: 2 (NR) Austria: < 4 of the European market.
Netherlands: 0 Netherlands: NA Levels refer to ketchup.
Slovakia: 0 Slovakia: NA
Italy: 0 Italy: NA
Salads and savoury- Industry: NA Industry: NA NA Austria: only
based sandwich Austria: 6 Austria: < 20 Feinkostsalat.
spreads Netherlands: 0 Netherlands: NA
Slovakia: 0 Slovakia: NA
Italy: 0 Italy: NA

€9
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Table 1.3 (continued)

Sample type Location No. of samples Mean (SD or Median Analytical Comments Reference
and (no. of detects) range, as available) (IQR) technique
collection mg/kg or mg/L mg/kg or (LOD or LOQ)
date mg/L

Dietary foods for Industry: NA Industry: 180 NA EFSA (2013

special medical Austria: 0 Austria: NA (cont.)

purposes defined in Netherlands: 0 Netherlands: NA

Directive 1999/21/ Slovakia: 0 Slovakia: NA

EC (excluding Italy: 0 Italy: NA

13/1/5) (European

Commission, 1999)

Dietary foods for Industry: NA Industry: NA NA

weight control diets Austria: 0 Austria: NA

intended to replace Netherlands: 0 Netherlands: NA

total daily food intake Slovakia: 0 Slovakia: NA

or an individual meal Italy: 0 Italy: NA

Fruit nectars as Industry: NA Industry: NA NR

defined by Council Austria: 19 (NR) Austria: < 20 to 71

Directive 2001/112/ Netherlands: 0 Netherlands: NA

EC and vegetable Slovakia: 0 Slovakia: NA

nectars and similar Italy: 0 Italy: NA

products (Council of

the European Union,

2001)

Flavoured drinks with Industry: NA Industry: 100-600  NR

sweeteners Austria: 272 (NR) Austria: < 1 to 496

Netherlands: 40 Netherlands: < 3
(NR) to 470

Slovakia: 60 (NR) Slovakia: 3.5-25.6
Italy: 0 Italy: NA

Alcoholic beverages, Industry: NA Industry: 100-600  NR

including alcohol- Austria: 47 (NR) Austria: < 1 to 104

free and low-alcohol Netherlands: 0 Netherlands: NA

counterparts Slovakia: 4 (NR) Slovakia: 7.4-25.6

Italy: 0 Italy: NA

Potato-, cereal-, flour-, Industry: NA Industry: NA NA

or starch-based snacks Austria: 0 Austria: NA
Netherlands: 0 Netherlands: NA
Slovakia: 0 Slovakia: NA
Italy: 0 Italy: NA
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Table 1.3 (continued)

Sample type Location No. of samples Mean (SD or Median Analytical Comments Reference
and (no. of detects) range, as available) (IQR) technique
collection mg/kg or mg/L mg/kg or (LOD or LOQ)
date mg/L
Processed nuts Industry: NA Industry: NA NA EFSA (2013
Austria: 0 Austria: NA (cont.)
Netherlands: 0 Netherlands: NA
Slovakia: 0 Slovakia: NA
Italy: 0 Italy: NA
Desserts excluding Industry: NA Industry: NA NA
products covered in Austria: 0 Austria: NA
category 1, 3, or 4 Netherlands: 0 Netherlands: NA
(flavoured fermented Slovakia: 0 Slovakia: NA
milk products, edible Italy: 0 Italy: NA
ices, and processed
fruits and vegetables)
Food supplements as Industry: NA Industry: NA NR European
defined in Directive Austria: 3 (NR) Austria: < 20-1845 Parliament
2002/46/EC excluding Netherlands: 17 Netherlands: and Council
food supplements for (NR) <20-2245 (2002)
infants and young Slovakia: 0 Slovakia: NA
children Italy: 0 Italy: NA
Foods and beverages  Pingtung, 42 NR LC-MS/MS The article has a Chang and
China, 2012 (LOQ, 0.1 mg/kg) greater focus on Yeh (2014)
Non-alcoholic 11 2) [76.8] (55.1-98.4) method development
beverages rather than being a
Of which: Of which: comprehensive survey.
Lemon tea 1(0) Aspartame was detected
Sports drinks 2 (0) in only two cola drinks
Soft drinks 2(2) and one sample of
Juices 6 (0) marinated olives.
Alcoholic beverages 16 (0) NR
Of which: Of which:
Cocktail 1(0)
Plum flavoured wine 3 (0)
Grape wines 8 (0)
Flavoured beer 4(0)
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Table 1.3 (continued)

Sample type Location No. of samples Mean (SD or Median Analytical Comments Reference
and (no. of detects) range, as available) (IQR) technique
collection mg/kg or mg/L mg/kg or (LOD or LOQ)
date mg/L
Preserved fruit and 15 (1) 87.1 NR Chang and
vegetables Yeh (2014)
Of which: Of which: (cont.)
Pickled pepper 1(0)
Preserved fruits 11 (1)
Candies 3 (0)
Food and food Rome, Italy,  Total: 290 NR UPLC-MS/MS Sampling informed anvier et al.
supplements 2014 (LOQ, 10 ug/L; by national food (2015
Beverages: 78 LOD, 3 pg/L) consumption survey.
Of which: Of which: Allfood contained
Flavoured drinks 57 (20) 162 (120) aspartame atless
) than maximum levels
Fruit nectars 18 (3) 39 (49) established by the
Syrups 3(0) 0 European Commission.
Jams 14 (0) 0 Within the flavoured
Ketchups 1(0) 0 beverage category,
Confectionery 84 heterogeneity in
Of which: Of which: occurrence was
Hard candy 42 (16) 773 (320) identified between
Chewing gum 42 (42) 1922 (1245) categories — aspartame
Ice-creams 3(3) 89 (16) was more hkfly to be
Yogurs 20 187 4 beverages than inced
Tabletop sweeteners 14 (2) 388 (32) g drink
Food supplements 54 (11) 5797 (3814) tea or sports drinks.
Alcoholic and non- Gdansk, 24 (2) [38] (9.88-66) NR RP LC/MS (LOD, Paper more focused on ~ Kubica et al.
alcoholic drinks Poland, NR 1.63 ng/mL; LOQ,  method development. (2015)
4.90 ng/mL)
Carbonated non- 5(0) NA
alcoholic
Non-carbonated non- 11 (0) NA
alcoholic
Carbonated alcoholic 5() [38] (9.88-66)
Instant drink powders 3 (0) NA
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Table 1.3 (continued)

Sample type Location No. of samples Mean (SD or Median Analytical Comments Reference
and (no. of detects) range, as available) (IQR) technique
collection mg/kg or mg/L mg/kg or (LOD or LOQ)
date mg/L
Foods and beverages ~ Republic Total: 908 NR HPLC-ELSD and Mean of all samples Lee etal.
(no supplements) of Korea, LC-high-resolution  including non-detects. (2017
Snacks domestic 51 [7] 28.4 (ND-310) MS Number of detects
and (LOD, 3.4 mg/kg; was calculated by
imported LOQ, 10.3 mg/kg) the Working Group
Candy products, 41 [8] 74.5 (ND-2251) but presented as
Chewing gum NR 43 (9] 59.3 (ND-1057) detection rate (%) in the
Chocolate 13 [5] 11.2 (ND-48) publication. Means of
positive samples were
Processed cocoa 33 [5] 269 (ND-5649) 1.3-23 times as high as
products means of all samples.
Pickled food 46 [4] 6 (ND-185) Takju is a grain-based,
Yogurt 33 [3] 17 (ND-250) non-distilled alcoholic
Carbonated beverages 47 [3] 10 (ND-202) beverage.
Yogurt flavoured 14 [6] 66 (ND-352)
beverages
Beverages (other) 46 [2] 96 (ND-2474)
Takju 42 [32] 47 (ND-144)
Food and food Dublin, Total, 375 (210) NR UPLC-MS/MS (NR) Numbers of sampled Buffini et al.
supplements Ireland, NR foods (occurrence) do (2018
ER or NAS dairy 75 (44) 225.7 (88.7) not match up; not clear
products from text how many
ER or NAS carbonated 98 (26) 277 (237.7) CerE e e outs,
flavoured drinks Aspartame alone was
ER or NAS flavoured 98 (60) 179.4 (86.4) detected in 35 samples.
drinks In addlt.lon, itwas
. present in combinations
Solid food 21 (11) 9800 (1.9) e "
supplements saccharin, sucralose,
Tabletop sweeteners 18 (5) 306.3 (396.6) and/or cyclamate in 175
Sauces 15 (0) ND samples.
Other 50 (20)
ER or NAS jams, 8 (0) 414.7 (127.7)

jellies, marmalades
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Table 1.3 (continued)

Sample type Location No. of samples Mean (SD or Median Analytical Comments Reference
and (no. of detects) range, as available) (IQR) technique
collection mg/kg or mg/L mg/kg or (LOD or LOQ)
date mg/L
ER or NAS cocoa and 13 (NR) 255.4 (98.9) Buffini et al.
chocolate products (2018)
ER or NAS 4 (NR) 1294.5 (33.47) (cont.)
non-chocolate
confectionery
ER or NAS ice-cream 5(0) ND
cornet and wafers
ER soups and broths 1(0) ND
Cider and perry 1(1) 126
Mixtures of alcoholic 2 (0) ND
and non-alcoholic
drinks
Potato-, cereal-, or 6 (1) 45
flour-based snacks
ER or NAS desserts 4(1) 135
Syrup-type or 3 (NR) 18.9 (3.0)
chewable food
supplements
Non-alcoholic Portugal, NR 56 (21) NR LC-UV (LOD, Small convenience Basilio et al.
beverages 59.8 mg/L) sample. Mean and range  (2020)
Traditional soft drinks 27 [10] 139 (< LOQ to values were calculated
419.3) for positive samples.
Tea-based soft drinks 10 [4] 90.7 (< LOQ)
Soft drinks based on 4 (3] <LOQ (< LOQ)
mineral waters
Sport drinks 4(0) ND
Energy drinks 2(2) 479 (278-680)
Nectars 9 (2] 203 (< LOQ to 315)
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Table 1.3 (continued)

Sample type Location No. of samples Mean (SD or Median Analytical Comments Reference
and (no. of detects) range, as available) (IQR) technique
collection mg/kg or mg/L mg/kg or (LOD or LOQ)
date mg/L
Non-alcoholic 10 European  Total: 111 (95) 30-527 NR HPLC-MS/MS Total Phe also available  van Vliet
beverages area 103-1790 pmol/L LOD, [0.6 pg/L] in this study. et al. (2020)
Orange drinks with countries 8 (4) [41] [0-108] [29] 0.002 pmol/L Groupings not always
sugar (Belgium, 0-368 umol/L LOQ, [2.1 pg/L] self-evident, e.g. some
Orange drinks Denmark, 5 (5) [230] [75-306] [275] 0.007 umol/L cola drin’}<s in the “other
without sugar Finland, 255-1040 pmol/L category”. Numbers
Lemon drinks with ~ L130¢& 12 (8) [105] [0-232] [105] sampled per category
Germany, were unclear, with
sugar . 0-790 pmol/L
. . Spain, some overlap between
Lemon drinks without ¢ . Slem, 7(7) [303] [104-462] [302] categories.
S Netherlands, 594-1570 pmol/L Value used for
Cola drinks with Turkey, UK). 2 (0) ND conversions calculated
sugar NR by the Working Group:
Cola drinks without 36 (35) [0-527] NR 1 mol =294.30 g
sugar 0-1790 pmol/L aspartame.
Other drinks 40 (35) [0-480] NR D 1S [ Gy
including “energy 0-1630 pmol/L ranged from Denmark
Afialke® (2), France (4), Turkey
(4), Sweden (4),
Germany (7), Spain
(7), UK (9), Belgium
(15), Finland (21), to
Netherlands (38).
Alcoholic drinks China, NR 17 LOD RT QTRAP MS LOD presented as Lietal.
White liquor 6 (0) ND (LOD, 0.03 mg/L) 30 pg/L in the paper. 2021a)
Beer 2 (0) ND
Whiskey 1(1) <LOQ
Red wine 4(0) ND
Yellow wine 3(0) ND
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Table 1.3 (continued)

Sample type Location No. of samples Mean (SD or Median Analytical Comments Reference
and (no. of detects) range, as available) (IQR) technique
collection mg/kg or mg/L mg/kg or (LOD or LOQ)
date mg/L
Foods and beverages =~ Germany, 5703 [3720] Various methods, Most important sample  Schorb et al.
Chewing gum 2000-2022 312 (241) 1543 (1042) 1369 most commonly groups out of a data (2023)
Sports foods 297 (125) 1453 (1461) 1030 HPLC (EN 12856) set of 53 116 food
Fibre supplements 20 (11) 1248 (175) 1276 (LOD, NR) monitoring results, of
Powdered drink bases 195 (162) 1068 (672) 1133 which 14% were positive
Candies 603 (339) 473 (332) 440 for aspartame. In
Diet soft drinks 2783 (2021) 91 (101) 60 column 3, the number
Soft drinks 1167 (574) 59 (74) 34 of quantifiable samples
Flavoured milk drinks 268 (207) 48 (17) 47 is shown, not the
Mixed beer drinks 58 (40) 24 (15) 26 number of detects.

DART-MS/MS, direct analysis in real time with tandem mass spectrometry; ELSD, evaporative light scattering detector; ER, energy reduced; 'H NMR, 'H nuclear magnetic resonance
spectroscopy; HPLC, high-performance liquid chromatography; IQR, interquartile range; LOD, limit of detection; LOQ, limit of quantification; MS, mass spectrometry; NA, not
applicable; NAS, no added sugar; ND, not detected; NNS, non-nutritive sweetener; NR, not reported; Phe, phenylalanine; QTRAP, Q Trap mass spectrometry; RP, reverse phase; RT, real
time; SD, standard deviation; UPLC, ultra-performance liquid chromatography; UV, ultraviolet.
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drink bases, and confectionery without added
sugar (EFSA, 2013; Janvier et al., 2015; Buffini
etal., 2018; Schorb et al., 2023). This was broadly
similar for the most comprehensive study in Asia
(Republic of Korea), but the presence in processed
cocoa products and takju (a type of rice alcohol)
was also noted (Lee et al., 2017). Although aspar-
tame was approved for use in many food catego-
ries under European Union law, at the time of the
analyses submitted to inform the EFSA opinion
(EFSA, 2013) it appeared that aspartame was
often not present. For example, no detection data
were reported in 14 out of the 23 food catego-
ries studied, e.g. for mustards, edible ices, cocoa
and chocolates, breakfast cereals, processed fish,
soups and sauces, sandwich spreads, foods for
special medical purposes and weight control
diets, processed nuts, or starch-based snacks
(EFSA, 2013). [Analytical data were reported
from four countries — Austria, the Kingdom of
the Netherlands (hereafter “the Netherlands”),
Slovakia, and Italy - with variations in the
number of samples analysed. The Working
Group noted that it was unclear whether detec-
tion was not reported in the 14 food categories
because the foods were not analysed or because
aspartame was not detected.] Aspartame was
detected in similar food groups in a large survey
(n = 53 116) in Germany in 2000-2022 in which
only 14% of samples were positive for aspartame
(Schorb et al., 2023).

Aspartame concentrations were typically
highest in tabletop sweeteners, chewing gums,
and beverages. The highest concentrations
were reported in tabletop sweeteners (solid
form): industry use levels were reported as
100 000-360 000 mg/kg and analytical values
from Italy (tablet form) as 0-500 000 mg/kg
(EESA, 2013); later studies revealed mean concen-
trations of 388 000 mg/kg in Italy (Janvier et al.,
2015) and 306 300 mg/kg (tablet/powder form)
in Ireland (Buffini et al., 2018). [The Working
Group noted that in the European Union, there
was no maximum permitted level concentration

outlined for tabletop sweeteners, unlike for other
food categories; addition is quantum satis (no
numerical maximum is defined; see Section 1.5),
and this may explain the variation in concentra-
tions present.]

There was scant information on chewing
gum, with recent data suggesting that, when
present, aspartame concentrations ranged from
0-1057 mg/kg in the Republic of Korea (Lee
etal.,2017) to a mean value of 1922 mg/kg in Italy
(Janvier et al., 2015). EFSA reported industry use
levels of up to 5420 mg/kg, yet the cited analyt-
ical data suggested a range of 40-1747 mg/kg in
five samples from a contributing Austrian study
(EESA,2013). An average of 1543 mg/kg (median,
1369 mg/kg; maximum, 4617 mg/kg) was found
in chewing gum (n = 312) on the German market
during 2000-2022 (Schorb et al., 2023).

Information on concentrations present in
food supplements and foods targeted at indi-
viduals participating in sport was scant.
Available information indicated concentrations
in food supplements of < 20-2245 mg/kg in the
Netherlands (EFSA, 2013), a mean of 5797 mg/kg
in Italy (Janvier et al., 2015), mean concentra-
tions of 9.8 and 18.9 mg/kg in Ireland (reflecting
solid and syrup/chewable food supplements,
respectively (Buffini et al., 2018), and mean
concentrations of 1248 and 1453 mg/kg for fibre
supplements and sports foods (e.g. protein and
amino acid powder to prepare drinks), respec-
tively, in Germany (Schorb et al., 2023).

Of note, although studied less frequently
in the publications identified, lower concentra-
tions of aspartame were also measured in other
food categories e.g. dairy products (including
fermented milks and yogurts), ice creams,
processed fruits and vegetables, chocolates and
processed cocoa products, pickled foods, and
confectioneries and candies (EFSA, 2013; Janvier
et al., 2015; Lee et al., 2017; Buffini et al., 2018;
Schorb et al., 2023).
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(i)  Beverages

Beverages were the most frequently studied
food category. Concentrations in beverages
depended on categorization; the categories of
“light” or “reduced sugar” or “no added sugar”
were not always transparent and thus comparison
was difficult. Studies published before 2015 indi-
cated mean concentrations in any beverage type
ofupto212mg/L (Lethetal.,2008),89 mg/L (Lino
et al., 2008), 35-42 mg/L (range) (Lachenmeier
et al., 2009), [279] mg/L (Maes et al., 2012), and
496 mg/L (upper limit of range) (EESA, 2013).
Studies published after 2015 indicated mean
concentrations in beverages of 162 mg/L (Italy;
Janvier et al., 2015), 277 mg/L (Ireland; Buffini
et al., 2018), 139 mg/L (Portugal; Basilio et al.
2020), 92 mg/L (Republic of Korea; Lee et al.
2017), and 91 mg/L (Germany; Schorb et al.
2023). However, a recent study spanning 10 coun-
tries in the European area (Belgium, Denmark,
Finland, France, Germany, Netherlands, Spain,
Sweden, Turkey, and the UK) indicated the pres-
ence of aspartame in both sugar-containing and
non-sugar-containing beverages (van Vliet et al.,
2020). Van Vliet et al. (2020) reported consis-
tently higher aspartame levels in orange, lemon,
and cola drinks without sugar [0-527 mg/kg]
than in sugar-containing versions [0-232 mg/L].
Other beverages containing aspartame included
energy drinks, with levels of [80-160 mg/L]
(n=10) (van Vlietetal.,2020) and 278-680 mg/L
(n = 2) (Basilio et al., 2020) in European studies.
Of note, older studies (Leth et al., 2008; Lino
et al., 2008; Maes et al., 2012) reported consis-
tently high levels of detection (75-100% of bever-
ages tested). More recent studies revealed greater
variability. Van Vliet and colleagues recorded
[86%)] detection across beverage categories of 111
drinks with and without sugar (van Vliet et al.,
2020). In contrast, detection levels in bever-
ages were 38% in a Portuguese study targeting
non-alcoholic beverages (Basilio et al., 2020), 8%
in a Polish study on 24 soft and alcoholic drinks

(Kubica et al., 2015), [66%] in an Irish study on
non-alcoholic beverages (n = 196) (Buffini et al.
2018), [10%] and 76% in a comprehensive analysis
of non-alcoholic and alcoholic (takju) beverages
in the Republic of Korea, respectively (Lee et al.,
2017), and 5% in a small study (n = 17) focusing
on alcoholic beverages in China (Li et al., 2021a).
Data for 2008-2016 from the Danish Veterinary
and Food Administration Laboratory, which
was responsible for monitoring food additives
including intense sweeteners in non-alcohol
beverages, suggested that, from 2010, aspar-
tame was not present singly in any beverage, but
was used in combination with other sweeteners
(Nielsen and Zederkopft Ballin, 2009; Villadsen
and Jakobsen, 2012; Jensen and Christiansen,
2014, 2016). [The Working Group noted that
although the total samples analysed in these
reports were not directly comparable year on
year and that across all years there remained
considerable variability in the concentrations
of aspartame added to beverages, these reports
may be suggestive of reduced use levels in recent
years.] One study reported aspartame levels in
beverages in one urban area of Nigeria (Shinggu
and Bekab, 2018). [The Working Group noted
that only five samples were analysed, which
limits informativeness and comparability to the
other studies.]

[For all studies on beverages, the Working
Group also noted that the difference in detec-
tion rates and concentrations present may be
explained by non-representative sampling, often
relying on small numbers of samples of bever-
ages. Further, the Working Group noted a lack
of information relating to the use of aspartame
as part of a mix of sugar and artificial sweeteners
in beverages.]

(iv)

General considerations

[The Working Group noted considerable limi-
tations across all data (i.e. for foods and bever-
ages). Differences in the categorization of foods
and sampling protocols made strict comparisons
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difficult. Four studies used consistent categoriza-
tion of foods according to European Union legis-
lation (EFSA, 2013; Janvier et al., 2015; Buffini
et al., 2018; Schorb et al., 2023), but most other
studies had their own categorization process. A
variety of analytical methods were also employed
with associated differences in detection sensi-
tivity and with some papers focusing on method
optimization rather than a comprehensive
assessment of retail products. Where provided,
sample sizes were in many instances low, except
for beverages. The Working Group also noted the
variability in concentrations present for a single
food category, particularly for tabletop sweet-
eners, and between countries where specific
formulations (e.g. for beverages) may differ.]

1.4.2 Occupational exposure

There was one report from NIOSH on occu-
pational exposure to aspartame for workers
in a plant that produced dry dessert and drink
mixes in Ohio, USA (NIOSH, 1992). Workplace
air measurements on a total of 148 personal
breathing zone and general area air samples,
across three shifts on four consecutive days
were performed. Aspartame concentrations in
personal breathing zone samples and area air
samples ranged from not detected (ND) to
545 pg/m? and from ND to 83 ug/m?, respec-
tively. Four operations were identified as being
of major interest because of higher exposure
potential, namely, weigh-out, blending and
packing operator, and packing helper. For these
operations, full-shift breathing zone personal
samples were collected, and the highest values
obtained for each operation were 151 ug/m?,
102 pg/m?, 100 ug/m?3, and 20 pug/m?, respectively.
The short-term personal sampling performed in
the same operations supported the findings; the
highest peak concentrations obtained during
blending and weigh-out were 213 and 432 pg/m?,
respectively. Thus, tasks for which aspartame

powder was manually handled involved higher
exposures.

In 2018-2020, the only aspartame manu-
facturer in the European Union employed
63-112 persons, some of whom may have been
occupationally exposed to aspartame if the risk
management measures in place did not provide
the effectiveness needed to control exposure by
inhalation (European Commission, 2022).

[The Working Group noted the lack of
comprehensive exposure data in an occupa-
tional context. The Working Group also noted
that, despite the lack of exposure data, occupa-
tional exposure to aspartame may occur during
synthesis of the compound and production of
aspartame-containing products.]

1.4.3 Exposure of the general population

Data on estimated aspartame exposure in the
general population are presented in Table 1.4 and
Fig. 1.3. Levels of exposure of the general popula-
tion have been assessed in several studies, mostly
in the last two decades. Foods, including tabletop
sweeteners, and beverages are the main sources
of exposure to aspartame (see Sections 1.2 and
1.4.1(e)). The target population of these reports
included different sex and age groups (toddlers,
children, adolescents, adults, and the elderly),
as well as selected populations such as low-in-
come groups and pregnant or lactating women.
Although many of the early reports were based
mainly on selected volunteer studies (conveni-
ence samples), later reports included nationally
representative studies or large cohort studies.
Most of the studies assessed dietary exposure
using dietary assessment data such as multi-
ple-day 24-hour recalls or records, and food
frequency questionnaires (FFQs), whereas
others were market basket methods and surveys
such as food label surveys (market share data)
and household surveys. In most reports, esti-
mates were made from the analysis of total diet
studies or using a tiered (or scenario) approach
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Table 1.4 Measurement of aspartame exposure in the general population

Metabolite Location, No. of Mean (range) Median (IQR) Relevant Method Comments Reference
and population group, samples percentiles of dietary
sample and collection date assessment
type
Dietary Portuguese National 5005 Tier 2.1: 3.09 Tier 2.1: 8.92 Adults: 1-day Tier 2.1: actual Carvalho
exposure Survey, 2015-2016 Tier 2.2: 0.31 Tier 2.2: 1.39 food diaries national food etal. (2022
Overall Tier 3: 0.14 Tier 3: 0.59 Children: two consumption data
Children 521: Tier 1: 8.78 Tier 1: 17.72 24-hourrecalls  combined with the
Tier 2: 0.54 Tier 2: 2.34 maximum permitted
Tier 3: 0.30 Tier 3: 1.31 usage levels for the
Adolescents 632 Tier 1: 5.68 Tier 1: 12.02 additive for all foods
Tier 2: 0.59 Tier 2: 2.32 reported.
Tier 3:0.22 Tier 3: 0.90 Tier 2.2: actual
Adults 3102 Tier 1: 2.74 Tier 1: 6.95 national food
Tier 2: 0.30 Tier 2: 1.33 consumption data
Tier 3: 0.13 Tier 3: 0.55 combined with the
: ) maximum permitted
Elderly 750 T}er 1:1.36 T¥er 1:3.75 usage levels for the
T}er 2:0.14 T%er 2:0.65 adkihve v ihe
Tlelj 3:0.08 Tier 3: 0.37 Roadls fdariited as
(units: mg/ (O5th . having non-nutritive
kg bw per day) Pefcentlle’ intense sweetener
units: mg/kg bw according to the
per day) brand information.
Tier 3: actual
national food
consumption data
combined with the
actual usage levels
of the additive,
given by analytical
values of aspartame
occurrence in foods
Dietary Pubertal and 102 1.58 mg/day FFQ Validation study for =~ Chu etal.
exposure paediatric endocrine  children FFQ 2022
outpatient clinicsin  and adults

multiple centres in
Taiwan, China, dates
not available
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Table 1.4 (continued)

Metabolite Location, No. of Mean (range) Median (IQR) Relevant Method Comments Reference
and population group, samples percentiles of dietary
sample and collection date assessment
type
Dietary Beirut and Mount 384 adult 98.9 mg/day FFQ 77.13 mg/day of Daher et al.
exposure Lebanon, February ~ Lebanese (1.38 mg/kg bw aspartame from (2022)
to August 2020 individuals  per day) beverages,
21.11 mg/day from
food,and0.66mg/day
from pills and
powders.
Dietary French population- 102 865 9.35 mg/day Three non- Debras et al.
exposure  based cohort adults consecutive web- 2022b)
NutriNet-Santé, based 24-hour-
2009-2021 dietary records
Dietary Pregnant Brazilian 243 Scenario 1: 0.57  Scenario 1: 0.00 Scenario 1: 2.22 24-hour dietary ~ Scenario 1: foods Duarte et al.
exposure women, Cross- pregnant Scenario 2: 0.67 Scenario 2: 0.00 Scenario 2: 2.94 recall and beverages with (2022)
sectional study that ~ women Scenario 3:2.9  Scenario 3: 1.82 Scenario 3: 7.42 confirmed use of

used data from the
Multicenter Study of
Iodine Deficiency
(EMDI-Brazil),
February 2019 to
May 2020

(units: mg/kg (units: mg/kg (95th

bw per day) bw per day) percentile,
units: mg/kgbw
per day)
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aspartame in the
list of ingredients.
Tabletop sweeteners
were also included.

Scenario 2: use of
aspartame in the
food and beverages
was defined

on the basis of

high probability

of containing
aspartame. Foods
and beverages that
indicated probability
of use such as “diet”,
“light” etc., were
added to those in
Scenario 1.
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Table 1.4 (continued)

Metabolite Location, No. of Mean (range) Median (IQR) Relevant Method Comments Reference
and population group, samples percentiles of dietary
sample and collection date assessment
type
Dietary Scenario 3: all foods  Duarte et al.
exposure and beverages 2022)
(cont.) identified in (cont.)
scenarios 1 and 2,
added to those in
which there was
uncertainty of the
use of the sweetener,
but whose food
group indicated the
possibility to contain
it
Dietary South-eastern 961 2016: 24-hour dietary Rebolledo
exposure Santiago, Chile, low-and 24.6 mg/day recalls etal. (2022
2016-2017 middle- 2017:
income 39.6 mg/day
pre-
schoolers
Dietary Brazil, nationwide 34003 0.08 mg/kg bw 1-day dietary Intake in general Barraj et al.
exposure survey in 2008-2009  participants per day records consumers from 2021)
processed food
and beverages and
tabletop usage in
beverages
Dietary France, NutriNet- 106 489 8.63 mg/day 0.0 mg/day 95th percentile:  Three non- Chazelas et al.
exposure Santé cohort, adults 0.13 mg/kg bw 49.92 mg/day,  consecutive web- 2021)
2009-2020 per day 0.72 mg/kgbw  based 24-hour
per day dietary records
Dietary NHANES, USA, 2 complete days Scenario 1: brand Tran et al.
exposure 2013-2016 of dietary recalls  loyal-deterministic. 2021)
Toddlers aged 126 Scenario 1: 7.4 23.7 Reported maximum
12-35 months Scenario 2: 3.4 10.8 global use level
Scenario 3: 1.7 4.3 applied to all
beverages.
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Table 1.4 (continued)

Metabolite Location, No. of Mean (range) Median (IQR) Relevant Method Comments Reference
and population group, samples percentiles of dietary
sample and collection date assessment
type
Dietary Children aged 3-9 yr 579 Scenario 1: 4.4 11.6 Scenario 2: brand Tran etal.
exposure Scenario 2: 2.2 6.1 loyal-deterministic. 2021)
(cont.) Scenario 3: 1.4 43 Reported maximum  (cont.)
Adolescents aged 665 Scenario 1: 2.8 7.0 global use level
10-17 yr Scenario 2: 1.4 3.9 applied to LNCS
Scenario 3: 1.1 3.4 CSD; average use
Adults aged 18-64yr 2331 Scenario 1: 3.7 10.6 level applied to all
Scenario 2: 2.6 8.5 other beverages.
Scenario 3: 2.3 8.1 Scenario 3: m.ar'ke.t
Elderly aged 436 Scenario 1: 3.7 13.2 share determlr}lstlc.
65-74 yr Scenario 2: 2.5 9.0 G s sl
Scenario 3: 2.3 8.4 gIOb?l use level
. applied to LNCS
Very elderly aged 279 Scenar%o 1:2.7 6.5 CSD; average use
75+ yr Scenar%o 2:1.9 5.5 level applied to all
Sceparlo 3:1.8 5.4 other beverages;
(units: mg/kg (95th corresponding
bw per day) percentile, fraction of specific
units: mg/kg bw LNCS-containing
per day) market share data
UK, NDNS RP, A 4-day applied to each
2008/2009- estimated diet beverage type.
2016/2017 diary
Toddlers 18-35 423 Scenario 1: 12.5 34.4
months Scenario 2: 5.9 15.6
Scenario 3: 4.8 13.3
Children 3-9 yr 1921 Scenario 1: 7.9 23.3
Scenario 2: 4.0 11.5
Scenario 3: 3.4 10.3
Adolescents 10-17 yr 2225 Scenario 1: 4.0 11.5
Scenario 2: 2.4 6.8
Scenario 3: 2.1 6.3
Adults 18-64 yr 5019 Scenario 1: 4.7 11.6
Scenario 2: 2.4 6.0
Scenario 3:2.3 5.6
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Table 1.4 (continued)

Metabolite Location, No. of Mean (range) Median (IQR) Relevant Method Comments Reference
and population group, samples percentiles of dietary
sample and collection date assessment
type
Dietary Elderly aged 818 Scenario 1: 5.5 13.0 Tran et al.
exposure 65-74 yr Scenario 2: 2.6 6.2 (2021)
(cont.) Scenario 3: 2.4 5.8 (cont.)
Very elderly aged 574 Scenario 1: 5.5 11.0
75+ yr Scenario 2: 2.6 5.0
Scenario 3: 2.4 47
(units: mg/kg (95th
bw per day) percentile,
units: mg/kg bw
per day)
Dietary Children aged 250 0.88 (0.25-2.10) FFQ Martinez
exposure 6-12 yr residing in mg/kg bw per etal. (2020)
Santiago, 2018 day
Dietary USA, 2002 and 2018 ~ Number Household Drop in prevalence ~ Dunford et al.
exposure (Nielsen Homescan  not purchase data of households 2020)
Consumer panels) available purchasing
products containing
aspartame from 60%
to 49%.
Aspartame had
highest volume per
capita purchased of
all NNS both years
(94.7 g/day and
80 g/day)
Dietary Pregnant women 601 0.91 mg/kg bw Survey Fuentealba
exposure from the two main per day Arévalo et al.

cities in Chile, 2016
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Table 1.4 (continued)

Metabolite Location, No. of Mean (range) Median (IQR) Relevant Method Comments Reference
and population group, samples percentiles of dietary
sample and collection date assessment
type
Dietary A representative 1500 Total Total 4-day, semi- Tier 1: a crude Buffini et al.
exposure sample of Irish population population weighed food assessment that 2018)
adults aged 18-90 yr, Tier 1: 1.05 Tier 1: 5.18 diaries assumed that all
the National Adult Tier 2: 0.62 Tier 2: 4.63 foods permitted to
Nutrition Survey Tier 3: 0.28 Tier 3: 3.57 contain the additives
(NANS 2011) Consumers Consumers of interest always did
only only contain them, and
Tier 1: 1.04 Tier 1: 8.64 at their maximum
Tier 2: 0.66 Tier 2: 8.65 permitted level.
Tier 3: 0.80 Tier 3: 7.11 Tier 2: refined
(units: mg/kg bw (99th assessments
per day) percentile, estimated intakes of
units, mg/kg bw the six sweeteners
per day) using food
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consumption data up
to brand level with
additive occurrence
data from a survey of
products currently
available on the Irish
market.

Tier 3: sweetener
concentration data
(including data from
all brands analysed)
with sweetener
occurrence data
from a food label
survey.
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Table 1.4 (continued)

Metabolite Location, No. of Mean (range) Median (IQR) Relevant Method Reference
and population group, samples percentiles of dietary
sample and collection date assessment
type
Dietary Children and 2664 1 day 24-hour Garavaglia
exposure adolescents aged recall interview etal. (2018)
2-18 yr, First Food
and Nutritional/
Nutrition Survey of
Buenos Aires City,
Argentina, 2011
Age2-4yr 6.8 5.5(2.9-9.3)
Age 5-12 yr 4.2 3.2 (1.7-5.3)
Age 13-18 yr 2.9 2.2 (1.3-4.1)
(units: mg/kg (units: mg/kg
bw per day) bw per day)
Dietary Adult participants 125 FFQ: 38.7 FFQ: 7.1 FFQ, dietary Myers et al.
exposure residing in south- (0.0-694.5) recall 2018)
western Virginia, Dietary recall: ~ Dietary recall:
USA, 2015 36.5(0.0-526.4) 1.2
(units: mg/day)  (units: mg/day)
Dietary Spain, 2009 Prevalence: 3-day dietary Samaniego-
exposure ANIBES study 10.7% records Vaesken et al.
(anthropometric 2018)

data, macronutrients
and micronutrients
intake, practice of
physical activity,
socioeconomic data
and lifestyles), a
cross-sectional study
of a representative
sample of the
Spanish population
(aged 9-75 yr), 2013
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Table 1.4 (continued)

Metabolite Location, No. of Mean (range) Median (IQR) Relevant Method Comments Reference
and population group, samples percentiles of dietary
sample and collection date assessment
type
Dietary Republic of Korea, 20788 Food Kim et al.
exposure Korea National consumption 2017)
Health and Nutrition data (total diet
Survey (KNHNES), study)
2010-2013
95th percentile
Whole population 0.33 1.49
Age<2yr 1.28 3.98
Age 3-6yr 0.97 3.40
Age 7-12 yr 0.71 2.60
Age 13-19 yr 0.54 2.15
Age 20-64 yr 0.23 1.09
Age > 65 yr 0.14 0.69
(units: mg/kg bw (units: mg/kg bw
per day) per day)
Dietary INRAN-SCAI 3323 95th percentile:  Food label survey Step 1: all food Le Donne
exposure 2005-2006 Step 1: 0.97 3.85 (market share categories and etal. (2017)
Step 2: 0.78 3.46 data) sweeteners according
(units: mg/kg bw (units: mg/kg bw to the legislation and
per day) per day) maximum levels.
Step 2: only food
categories and
sweeteners according
to the label survey
and maximum
levels.
Dietary University students 1229 Survey Duran
exposure Chile, male 155 0.7 (0.07-1.8) Agiiero et al.
Chile, female 317 1.0 (0.9-2.3) (2017)
Peru, male 64 0.6 (0.0-3.7)
Peru, female 140 0.3 (0.01-3.3)
Guatemala, male 36 0.4 (0.1-1.7)
Guatemala, female 217 2.1(0.1-4.7)
Panama, male 84 0.9 (0.3-2.3)
Panama, female 216 0.9 (0.3-2.8)
(units: mg/kg
bw per day)

18
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Table 1.4 (continued)

Metabolite Location,

and population group,
sample and collection date
type

No. of Mean (range)
samples

Median (IQR)

Relevant
percentiles

Method
of dietary
assessment

Comments Reference

Dietary USA, Nurses” Health

exposure Study (NHS), female
registered nurses,
aged 30-55 yr, 1994

USA, Health

Professionals

Follow-Up Study

(HPFS), male health

professionals, aged

40-75 yr, 1994
Dietary Belgium, children
exposure  with diabetes

mellitus, 2014

Age 1-6 yr

Age 7-12 yr

Age 13-18 yr

Dietary Ireland, pre-

exposure schoolchildren (the
National Pre-School
Nutrition Survey,
NPNS, 2010-2011

Total population

77 218 All: 102 mg/day

47 810 All: 114 mg/day

242 0.91
1.07
0.68
(units: mg/kg bw
per day)
500

Scenario 1: 4.23
Scenario 2: 3.50
Scenario 3: 0.93
Scenario 4: 0.66
(units: mg/kg bw
per day)

95th percentile
for all,
consumers only
2.89, 3.89

2.07, 3.46
1.41,2.72

(units: mg/kg bw
per day)

95th percentile:
Scenario 1: 16.42
Scenario 2: 16.07
Scenario 3: 3.17
Scenario 4: 2.72
(units: mg/kg bw
per day)

FFQ

FFQ

4-day weighed
food diary
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Schernhammer

etal. (2012

Dewinter

et al. (2016)

Scenario 1: the Martyn et al.
relevant MPL. (2016)
Scenario 2: the

relevant MPL, taking

into account the

occurrence of the

sweetener in food.

Scenario 3: sweetener
concentration data;

in cases where no

analytical data

were available for

a specific food

category, the MPL
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Table 1.4 (continued)

€8

Metabolite Location, No. of Mean (range) Median (IQR) Relevant Method Comments Reference
and population group, samples percentiles of dietary
sample and collection date assessment
type
Dietary Sweetener 95th percentile: Scenario 4: Martyn et al.
exposure consumers only Scenario 1: 4.63 Scenario 1: 18.21 sweetener 2016)
(cont.) Scenario 2: 5.06 Scenario 2: 18.20 concentration data, (cont.)
Scenario 3: 1.02 Scenario 3: 3.30 taking into account
Scenario 4: 0.76 Scenario 4: 2.82 the occurrence
(units: mg/kg bw (units: mg/kg bw of the sweetener
per day) per day) in food; in cases
where no analytical
data were available
for a specific food
category, the MPL
was applied.
Biological ~ Tianjin, China, May 54 Not detected NA Fasting (> 8 hours) Zhang et al.
level (urine 2010 to June 2010 samples 2016)
and blood) Urine and blood
in the general
population
Dietary French survey on 3 consecutive Mancini et al.
exposure  individual dietary days, food diary 2015)
consumption
(BEBE-SFAE dietary
survey), randomly
sampled children
under age 3 yr, 2005
1-4 months 124 0.19 0 0
5-6 months 127 2.14 0 8.58
7-12 months 195 7.41 4.109 19.03
13-36 months 259 14.11 12.632 23.93
(units: mg/kgbw  (units: mg/kgbw  (90th
per day) per day) percentile,
units: mg/kg bw
per day)
Biological ~ USA, lactating 20 Not detected NA Sylvetsky
level volunteer women, etal. (2015)

(breast
milk)

year not indicated
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Table 1.4 (continued)

Metabolite Location, No. of Mean (range) Median (IQR) Relevant Method Comments Reference
and population group, samples percentiles of dietary
sample and collection date assessment
type
Dietary USA, men and 100 442 46.6 mg/day 12.6 mg/day Median in FFQ McCullough
exposure women aged (43 350 (median in quintile 5 etal. (2014)
47-95 yr, the Cancer men and quintile 3) (highest):
Prevention Study II 57 092 145 mg/day
(CPS-II) nutrition women)
cohort, 1999-2009
Dietary Norway, NR Scenario 1: VKM (2014)
exposure dietary surveys, Content: average
Smabarnskost 2007 content of aspartame
and Norkost 3 (adjusted for sale).
Age2yr 542 Scenario 1: 1.50 Scenario 1: 4.32 Consumption: actual
1216 Scenario 2: 1.73 Scenario 2: 5.29 consumption (the
542 Scenario 3: 1.79 Scenario 3: 5.11 real distribution of
1216 Scenario 4: 2.03 Scenario 4: 6.26 consumed beverages
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added sweeteners
from the dietary
survey).

Scenario 2:
Content: average
content of aspartame
(adjusted for sales).
Consumption: it
was assumed that
all consumed soft
drinks, “saft”, or
nectar contained
sweeteners (no
sugar).
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Table 1.4 (continued)

Metabolite Location, No. of Mean (range) Median (IQR) Relevant Method Comments Reference
and population group, samples percentiles of dietary
sample and collection date assessment
type
Dietary Women aged 39 Scenario 1: 2.46 Scenario 1: 9.37 Scenario 3: VKM (2014)
exposure 18-29 yr 93 Scenario 2: 2.61 Scenario 2: 9.61 Content: the highest  (cont.)
(cont.) 39 Scenario 3:2.92 Scenario 3: 11.15 value for the amount
93 Scenario 4: 3.10 Scenario 4: 11.45 of added aspartame
Men aged 18-29 yr 31 Scenario 1: 1.94 Scenario 1: 4.33 in soft drinks and
100 Scenario 2: 3.24 Scenario 2: 8.92 “saft” was used for
31 Scenario 3: 2.31 Scenario 3: 5.15 the calculation.
100 Scenario 4: 3.85 Scenario 4: 10.61 Consumption: actual
Women aged 209 Scenario 1: 2.56 Scenario 1: 7.88 consu'mp'tlon. (the
30-70 yr 350 Scenario 2: 2.28 Scenario 2: 6.54 real distribution
209 Scenario 3: 3.04 Scenario 3: 9.38 of consumption of
350 Scenario 4: 2.71 Scenario 4: 7.79 beverages added
Men aged 30-70 yr 165 Scenario 1: 2.34 Scenario 1: 6.79 Zlizien:lrligo;n L3
365 Scenario 2: 2.22 Scenario 2: 6.53 AL
165 Scenario 3:2.79 Scenario 3: 8.08 Content: tfle highest
365 Scenario 4: 2.64 Scenario 4: 7.78 '
. . value for the amount
(units: mg/kg bw (95th percentile,
per day) units: mg/kg bw ofadded aspartame
- in soft drinks, “saft”,
and nectar was used
for the calculation.
Consumption: it
was assumed that
all consumed soft
drinks, “saft”, or
nectar contained
sweeteners (no
sugar).
Dietary Italy, INRAN-SCAIL, 3323 Tier 2: 0.957 Tier 2: 4.055 3-day estimated ~ Tier 2: Calculated Vin et al.
exposure age 18-97 yr, 2005 Tier 3: 0.182 Tier 3: 1.176 food diary by combining 2013
Aged 1-17 yr, 2005 Tier 2: 3.098 Tier 2: 12.159 consumption data
Tier 3: 0.622 Tier 3: 3.884 with the MPLs
UK, National Diet 4-day or 7-day Tier 3: Cfalfzulated
and Nutrition weighed food by combln.mg
Surveys (NDNS) diary consumption data
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Table 1.4 (continued)

Metabolite Location, No. of Mean (range) Median (IQR) Relevant Method Comments Reference
and population group, samples percentiles of dietary
sample and collection date assessment
type
Dietary Aged > 65 yr, 1687 Tier 2: 1.526 Tier 2: 4.376 Vin etal.
exposure 1994-1995 Tier 3: 0.307 Tier 3: 1.152 (2013)
(cont.) Aged 19-64 yr, 1724 Tier 2: 2.931 Tier 2: 9.629 (cont.)
2000-2001 Tier 3: 0.572 Tier 3:2.004
Aged 4-18 yr, 1997 1701 Tier 2: 7.445 Tier 2: 18.782
Tier 3: 1.622 Tier 3: 4.906
Age 1.5-4.5yr, 1675 Tier 2: 12.123 Tier 2: 28.042
1992-1993 Tier 3: 3.069 Tier 3: 8.738
France, INRAN- 4079 7-day estimated
SCAI food diary
Age 18-79 yr, 2005 Tier 2: 1.290 Tier 2: 4.620
Tier 3: 0.530 Tier 3:2.500
Age 3-17 yr, 2005 Tier 2: 2.210 Tier 2: 6.610
Tier 3: 1.000 Tier 3: 3.850
Ireland, North/ 7-day estimated
South Ireland Food or weighed food
Consumption diary
Survey (NSIFCS),
National Children’s
Food Survey (NCFS),
National Teens Food
Survey (NTES)
Age 18-64 yr, 1379 Tier 2: 4.928 Tier 2: 16.175 7-day estimated
1997-1999 Tier 3: 1.018 Tier 3: 3.653 food record
Age 13-17 yr, 441 Tier 2: 5.851 Tier 2: 14.041 7-day estimated
2005-2006 Tier 3: 0.989 Tier 3: 2.600 food record
Age 5-12yr, 594 Tier 2: 10.498 Tier 2: 33.034 7-day weighed
2003-2004 Tier 3: 1.962 Tier 3: 5.137 food record
(units: mg/kg bw (97.5th
per day) percentile,
units: mg/kg bw
per day)
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Table 1.4 (continued)

Metabolite Location, No. of Mean (range) Median (IQR) Relevant Method Comments Reference
and population group, samples percentiles of dietary
sample and collection date assessment
type
Dietary Belgian Food 3245 1.95mg/kgbw  1.74 mg/kgbw  4.11,4.76 2 non- Huvaere et al.
exposure Consumption per day per day (90th, 99th consecutive 24- 2012)
Survey, Belgian percentile, hour recalls
inhabitants aged units: mg/kg bw
> 15 yr, 2004 per day)
Dietary Japan, National NA 0.14 mg/day Market basket The daily intake Kawasaki
exposure  Nutrition Survey, method based on the analysis etal. (2011)
adults aged > 20 yr, of individual foods
2001-2003 was more than
twice that of the
market basket
method; therefore,
the analysis of
individual foods was
used.
Dietary Denmark, random 3098 A questionnaire  Scenario 1: Leth et al.
exposure sample of people with 20 beverages calculated 2008
aged 1-80 yr, 1995 (7 consecutive- using analytical
Both sexes, aged Scenario 1: 0.03 0.52,1.77 day record) determined mean
1-80 yr Scenario 2: 0.04 0.64,2.11 value for all the
Both sexes, aged Scenario 1: 0.40 1.61,3.26 light samples in the
1-3yr Scenario 2: 0.50 2.08,4.28 category.
Both sexes, aged Scenario 1: 0.29 1.43,2.80 Sclenalno;:
1-6 yr Scenario 2: 0.40 1.76, 3.81 ca culated
. using analytical
Boys, aged 7-10 yr Scenar%o 1: 0.29 1.22,2.63 determined mean
Scenario 2: 0.40 1.62, 3.37 vallie G alll dhe
Girls, aged 7-10 yr Scenario 1: 0.26 1.02,1.73 light samples with
Scenario 2: 0.34 1.30,2.21 the content of the
(units: mg/kg bw (90th, 99th specific sweetener.
per day) percentile,
units: mg/kg bw
per day)

L8
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Table 1.4 (continued)

Metabolite Location, No. of Mean (range) Median (IQR) Relevant Method Comments Reference
and population group, samples percentiles of dietary
sample and collection date assessment
type
Dietary USA (California, 473 984 All: 111 FFQ Lim et al.
exposure Florida, Users: 205 (2006)
Pennsylvania, (units: mg/day)
New Jersey, North
Carolina, Louisiana,
and metropolitan
Atlanta and Detroit),
NIH-AARP Diet
and Health Study
cohort, age 50-71 yr,
1995-1996
Dietary Republic of Korea, 11 525 24-hour recall Chung et al.
exposure National Health and 2005
Nutrition Survey,
1998
All participants 7.7,0.14
Age 1-2yr 10.5, 0.86
Age 3-6yr 13.1,0.71
Age 7-12 yr 11.6, 0.34
Age 13-19 yr 14.5, 0.26
Age 20-29 yr 8.3,0.14
Age 30-49 yr 5.2,0.084
Age 50-64 yr 3.8, 0.060
Age > 65 yr 3.4,0.058
(units: mg/day,
mg/kg bw per
day)
Dietary Rome, Italy, 3982 All: 0.039 0.170 (95th 12-day (3 days of Arcella et al.
exposure randomly selected Consumers percentile, unit: 4 periods) food 2004)
teenagers, 2000 only: 0.054 mg/kgbw per  records
(units: mg/kg bw day)

per day)
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Table 1.4 (continued)

Metabolite Location, No. of Mean (range) Median (IQR) Relevant Method Comments Reference
and population group, samples percentiles of dietary
sample and collection date assessment
type
Dietary France, children 227 (112 All: 69.4, 1.9 All: 44, 1.1 All: 255.8, 7.8 5-day diary Garnier-
exposure  with type I diabetes, girls and Consumers Consumers Consumers record Sagne et al.
aged 2-20 yr, 1997 115 boys) only: 82.0,2.4  only:55.5,1.4  only: 263.8,7.8 2001
(units: mg/day,  (Units: mg/day, (97.5th
mg/kgbwper  mg/kgbwper  percentile,
day) day) units: mg/day,
mg/kg bw per
day)
Dietary Rome, Italy, 241 Consumers Consumers 0.13 mg/kgbw 14 consecutive- Leclercq et al.
exposure children, aged only: only: per day day food records 1999)
13-19 yr, 1996 0.03 mg/kgbw  0.01 mg/kgbw  (95th
per day per day percentile)
Dietary Germany, 1988 2291 All: 0.05 All: 0.00 All: 0.00 24-hour food Bir and
exposure 99 Users: 1.21 Users: 0.86 Users: 2.75 diary Biermann
(units: mg/kgbw  (units: mg/kgbw  (90th 1992)
per day) per day) percentile,
units: mg/kg bw
per day)

bw, body weight; CPS-II, Cancer Prevention Study II; CSD, carbonated soft drinks; EDMI, Estudo Multicéntrico de Deficiéncia de Iodo; FFQ, food frequency questionnaire; INRAN-
SCALI, Italian National Food Consumption Survey; LNCS, low- and no-calorie sweeteners; MPL, maximum permitted level; NA, not applicable; NCFS, National Children’s Food
Survey; NDNS RP, National Diet and Nutrition Survey Rolling Programme; NHANES, National Health and Nutrition Examination Survey; NHS, Nurses’ Health Study; NIH-AARP,
National Institutes of Health-American Association of Retired Persons Diet and Health Study; NNS, non-nutritive sweetener; NR, not reported; NSIFCS, North/South Ireland Food
Consumption Survey; NTSF, National Teens Food Survey; yr, year(s).
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Fig. 1.3 Aspartame exposure reported in general population-based studies
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Aspartame intake in the general population (all ages or children only) reported in the scientific literature (see Table 1.4). The scale is logarithmic;
circles, triangles, and lines represent mean, median and 95th-percentile values for all participants surveyed (consumers and non-consumers).
The dates represent the years for which the aspartame content in foods was calculated, if this information was available, otherwise it represents

the year that the dietary intake was assessed.
Created by the Working Group.

in which the assumed levels of aspartame in
food varied from the highest permitted level
(the most conservative) to the actual levels of use
(European Commission, 2001). For example, in
a study among Italian adults (Italian National
Food Consumption Survey, INRAN-SCAI) in
2005, the mean intake using conservative esti-
mates was higher (0.957 mg/kg body weight (bw)
per day) than the mean intake using actual levels
(0.182 mg/kg bw per day) (Vin et al., 2013). [The
Working Group noted that direct comparisons
between studies should be made with caution
because of these methodological differences.]
European countries, including Belgium,
Denmark, France, Germany, Ireland, Italy,
Norway, Portugal, and Spain started conducting
assessments in the late 1980s. Early studies based
on a small general population in Germany (Bér
and Biermann, 1992) and in Italy (Leclercg et al.,
1999) indicated rather low estimates (median,

90

< 1 mg/kg bw per day) among consumers,
although a study based on children with type I
diabetes in France indicated a slightly higher
estimate (1.4 mg/kg bw per day) (Garnier-Sagne
et al., 2001). The studies based on larger sample
sizes in Italy (Arcella et al., 2004) and Denmark
(Leth et al., 2008) also reported the same level of
low consumption among the general population.
Other studies reported slightly higher estimates
of > 1 mg/kg bw per day in some age groups
in Belgium (Huvaere et al., 2012), the UK and
Ireland (Vin et al., 2013), and Norway (VKM,
2014), even when actual consumption levels were
used to estimate realistic intake level. A study in
children aged < 3 years in France reported that
mean estimated exposure was up to 14 mg/kg bw
per day among children aged 13-36 months
(Mancinietal., 2015). However, European studies
conducted after 2010 reported lower mean esti-
mates (less than or about 1 mg/kg bw per day) in
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most tiers (Dewinter et al., 2016; Martyn et al.,
2016; Bufhini et al., 2018; Carvalho et al., 2022).
A study in the USA and UK reported a consump-
tion of up to 4.8 mg/kg bw per day for toddlers
(aged 12-35 months in the USA or 18-35 months
in the UK) (Tran et al., 2021). EFSA evalu-
ated aspartame as a food additive in 2013 and
assessed exposure of the general population in 17
European countries using data from 26 different
dietary surveys (EESA, 2013). The EFSA Scientific
Panel on Food Additives and Nutrient Sources
added to Food estimated exposure based on the
maximum permitted levels and actual levels of
aspartame for the general population. Mean levels
of exposure for adults (aged 18-64 years) under
the conservative approach using the maximum
permitted levels were 0.8-8.6 mg/kg bw per
day, depending on the dietary survey. High-
level exposures, defined as the 95th percentile
of consumers, were 2.5-27.5 mg/kg bw per day,
depending on the dietary survey. [The Working
Group noted that the methodology employed
by EFSA for risk assessment was based on the
assumption that food groups contained the
maximum permitted concentration of aspar-
tame. Therefore, this approach would lead to an
overestimation of exposure. Other exposure esti-
mates based on actual levels of use in the general
population were highly variable but seemed
generally to be much lower (between almost 0
and up to 5 mg/kg bw per day; see Fig. 1.3).]
Data from North America (USA and Canada)
have been reported since the late 1990s among
large-scale cohort populations (Lim et al., 2006;
Schernhammer et al., 2012; McCullough et al.,
2014; Myers et al., 2018). Because of the use of
FFQs and dietary recalls for estimation, values
may not be comparable. Using a total diet study
methodology, one study considering data from
the National Health and Nutrition Examination
Survey (NHANES) in 2013-2016 as the basis for
the selection of products indicated that estimated
mean levels in a market share deterministic
scenario ranged from 1.1 mg/kg bw per day for

adolescents to 2.3 mg/kgbw per day for the elderly
and adults (Tran et al., 2021). Studies based on a
representative large sample in Asian countries
were limited to mainly to the Republic of Korea
and indicated a mean intake of < 1 mg/kg bw
per day for the whole population (Chung et al.,
2005; Kim et al., 2017). More recently, data were
reported from countries in South America
(Brazil, Chile, Argentina) (Durdn Agiiero et al.,
2017; Garavaglia et al., 2018; Fuentealba Arévalo
et al., 2019; Martinez et al., 2020; Barraj et al.,
2021; Rebolledo et al., 2022) and the Middle East
(Lebanon) (Daher et al., 2022). These more recent
data appeared to be generally lower (almost 0 to
2.1 mg/kg bw per day, although methods used
varied), except for one study from Argentina that
reported values of up to 6.8 mg/kg bw per day for
children (aged 2-4 years).

Although it was difficult to compare temporal
or geographical trends in exposure levels because
of methodological differences, some studies have
reported a decrease in aspartame use between
2002 and 2018 in the USA (Dunford et al.,
2022). [The Working Group noted that mean
or median exposure levels for adults in general
were consistently at low levels (almost 0 to about
5 mg/kg bw per day, depending on the estima-
tion scenario). Children, adolescents, and other
populations such as people with diabetes tended
to have elevated levels. Estimated levels will be
higher when considering consumers only, but
this information was only available in studies
that measured intake at the individual level.
The proportion of consumers of aspartame-con-
taining products varied between countries and
time points, which could explain some of the
differences observed between countries, e.g. the
very low average consumption levels reported
in some studies. The Working Group also noted
that there was considerable variability in the
data underlying these estimates, and that very
few studies used analytical data linked to actual
brand consumption scenarios, probably because
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of difficulties in collecting data and also in
keeping the product database up to date.]

1.5 Regulations and guidelines

Adopted in 1995, the General Standards for
Food Additives in the Codex Alimentarius of
the Food and Agriculture Organization of the
United Nations (FAO) and the World Health
Organization (WHO) established the list of food
additives, including aspartame, that are suitable
for use in food (FAO/WHO, 1995). In addition
to the foods in which aspartame could be used,
this document also describes the maximum use
levels (ranging from 300 mg/kg to 10 000 mg/kg)
for each food category (FAO/WHO, 1995).

Within the European Union, several member
states have authorized aspartame for use in foods
and as a tabletop sweetener since the 1980s.
Sweeteners were first regulated in the European
Union in the 1990s with the entry into force of
Directive 94/35/EC of the European Parliament
and Council Directive 94/35/EC on sweeteners
in foodstufts, also known as the “Sweeteners
Directive” (European Parliament and Council,
1994). In 2008, the European Parliament and the
Council of the European Union adopted a frame-
work regulation, Regulation (EC) No. 1333/2008,
to harmonize all current uses of food additives,
including sweeteners (European Parliament
and Council, 2008). Annex II of this legislation,
established by Commission Regulation (EU)
No. 1129/2011, provides a Union list of sweet-
eners approved for use in foods, beverages, and
tabletop sweeteners, and their conditions of
use (European Commission, 2011). Under the
Commission Regulation (EU) No. 1129/2011 on
food additives for use in foodstuffs, maximum
permitted levels were established, ranging from
25 to 6000 mg/kg in foods, with the exception of
the tabletop sweeteners, for which it is author-
ized quantum satis (no numerical maximum

is defined) (European Commission, 2011). The
use of aspartame in organically produced foods

is not approved (European Commission, 2008).
Regarding the use of aspartame in pharmaceuti-

cals, warnings for patients with phenylketonuria
with a zero threshold for use were established,
and specific information should be mentioned in
the package leaflet (EMA/CHMP/302620/2017;
European Medicines Agency, 2019). Similarly, in
the European Union and USA, foods containing
aspartame in the list of ingredients must indi-
cate in the labelling that they include a source
of phenylalanine (US FDA, 1974; European
Parliament and Council, 1994, 2011).

In the USA, the United States Food and Drug
Administration (US FDA) approved aspartame
for restricted use in dry foods in 1974 and for uses
under certain conditions, as a tabletop sweetener,
in chewing gum, cold breakfast cereals, and dry
bases for certain foods (i.e. beverages, instant
coffee and tea, gelatins, puddings, and fillings,
and dairy products and toppings) in 1981 (Office
of the Federal Register, 1981). The US FDA
approved the use of aspartame in carbonated
beverages and carbonated beverage syrup bases
in 1983, and its use as a general-purpose sweet-
ener in 1996 (Office of the Federal Register, 1996).

Aspartame has been assessed by the Joint
FAO/WHO Expert Committee on Food
Additives (JECFA) on several occasions (JECFA,
1975, 1976, 1980, 1981), and an acceptable daily
intake (ADI) of 40 mg/kg bw per day has been
established (JECFA, 1981). EFSA also adopted
this ADI of 40 mg/kg bw per day (EFSA, 2013).
The US FDA has set the ADI for aspartame at
50 mg/kg bw (Office of the Federal Register,
1984). An ADI of 7.5 mg/kg bw per day was also
established for the diketopiperazine of aspar-
tame (JECFA, 1981). The purity of aspartame
for use as a food additive is regulated in the
European Union (see Section 1.1.4) (European
Commission, 2012). Purity regulations are also
available for aspartame in medicinal products
(European Pharmacopoeia, 2020; United States
Pharmacopeia, 2023).
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[The Working Group noted that no threshold
has been established for occupational exposure
to aspartame.]

1.6 Quality of exposure assessment
in key epidemiological studies of
cancer and mechanistic studies
in humans

1.6.1 Quality of exposure assessment in key
cancer epidemiology studies

See Table S1.2 (Annex 1, Supplementary mate-
rial for Section 1, Exposure Characterization,
online only, available from: https://publications.
iarc.who.int/627).

This section reviews the exposure assessment
methods of studies of cancer in humans evaluated
in Section 2 of the present monograph and was
organized according to the exposure of interest
stated in the original publications (aspartame,
artificial sweeteners, or ASBs).

No validated biomarker of exposure was
available for aspartame (see Section 1.3.4).
Aspartame exposure in cancer epidemiology
studies was assessed using self-report methods.
Few studies specifically considered aspartame as
the exposure; most derived aspartame exposure
from the consumption of ASBs and the use of
tabletop sweetener packets containing aspar-
tame, assigning aspartame concentration values
to these products. Other studies considered arti-
ficial sweeteners overall or ASBs. Studies were
either cohort studies or case—control studies, and
most used FFQs and/or 24-hour dietary recalls
or records. The studies and their dietary assess-
ment methods are described in detail below.

There are common limitations to the use of
ASBs and packets of tabletop artificial sweeteners
as sole sources and proxies for aspartame expo-
sure. First, although ASBs, followed by tabletop
artificial sweetener packets, can be considered
as the main sources of aspartame (Section 1.4.1),

other potential dietary sources also contribute
to total aspartame exposure (e.g. “sugar-free”,
“diet”, or “light” versions of foods such as yogurt,
gelatin/pudding, ice cream, frozen desserts, hot
chocolate, or breakfast cereals). These other
sources have become more diversified and
abundant over time, and their impact on total
aspartame exposure has tended to increase.
Additionally, most epidemiological studies did
not account for aspartame from oral sources
other than foods (including tabletop sweet-
eners) and beverages, i.e. they did not account
for aspartame from dietary supplements, medic-
inal products, or personal care products. Second,
even though aspartame was generally the main
type of artificial sweetener used in ASBs at the
time when the studies were conducted, the actual
aspartame content (presence/absence and dose)
of ASBs was variable across product types and
brands, and over time and between countries
(Section 1.2 and Section 1.4.1). After the intro-
duction of aspartame in the early 1980s, indi-
viduals may have been exposed to multiple types
and doses of artificial sweeteners depending
on the evolution of both authorizations and
use of artificial sweeteners. This is important
to consider when looking at the timing of the
baseline assessment and for the interpretation of
the follow-up period as an ongoing exposure to
aspartame. Finally, the range of ASBs included
in the FFQs was variable across studies and may
comprise only cola or only carbonated beverages
and, less commonly, non-carbonated beverages.
Hence there was potential for misclassification
of aspartame exposure, with underestimation
of exposure and misclassification of consumers
as non-consumers because of the partial consid-
eration of dietary sources, but also overestima-
tion and misclassification of non-consumers as
consumers because of the assumption that all
ASBs contained aspartame, which was not veri-
fied in all time periods and regions.

Other limitations concerned the methods of
dietary assessment and were shared by studies
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using the same tool. FFQs, used by the majority
of studies, capture the usual frequency of
consumption over a period of time (usually the
past 12 months) of a list of food items. In FFQs,
the number and type of included items, the range
of frequencies available as response options,
as well as the possibility of choosing between
several portion sizes (versus standard portion
sizes applied to all) are important parameters
influencing the quality of assessment of aspar-
tame, artificial sweetener, or ASB intakes. A
detailed assessment of aspartame exposure from
FFQs would be improved by differentiation
between sugar-sweetened and artificially sweet-
ened versions for every food item for which these
may exist, and by collection of the exact type but
also the name and brand of the product usually
consumed, since aspartame content varies
between product types and between brands
for the same type of product. FFQs are gener-
ally considered to be efficient tools for ranking
individuals according to their dietary intakes,
although they may be prone to recall error when
participants are asked to provide a description
of their diet during the past 1 year, since recall
is known to be influenced by more recent intake
(Fowke et al., 2004). FFQs are also less precise
for the characterization of food and beverages
ingested owing to the aggregation of productsinto
food or line items. In contrast, 24-hour dietary
records or recalls collect information on all
food and beverages consumed during a 24-hour
period. Hence the consumption of virtually all
types of aspartame-containing product can be
captured, depending on the level of detail of the
nomenclature used and on the completeness
of the underlying food composition databases.
Several days of 24-hour dietary records or recalls
at different times of the year are nonetheless
necessary to consider day-to-day and seasonal
variations in dietary intakes and provide a valid
assessment of usual dietary intakes, especially
when considering foods or beverages that are

not consumed daily (including aspartame-con-
taining products).

For both FFQs and 24-hour recalls or records,
a major challenge involves the food composition
databases available, since the detail on aspar-
tame content (yes/no) and dose of each food and
beverage to the level of product brand is ideally
required because of the variability in aspartame
concentrations in the food supply.

Patterns of consumption of aspartame-con-
taining products may change over time, and this
may not be captured in studies that used a single
dietary assessment at baseline (especially when
considering long follow-up periods). As a result
of food innovations and reformulations, new
aspartame-containing products may be released
onto the market and the aspartame content
of products may also vary over time. Beyond
assessing changes in dietary intakes over time,
food composition tables should also ideally be
regularly updated to reflect the exact aspartame
content of a given food product or the average
aspartame content for a generic food item,
considering available products on the market at
the time of dietary assessment.

All the above-mentioned limitations are
likely to induce measurement errors and some
misclassification of participants with regard
to consumption of aspartame, artificial sweet-
eners, or ASBs. Yet in prospective studies such
misclassification would be mostly non-difteren-
tial, i.e. would have a similar effect on the expo-
sure assessment in participants who developed a
cancer and in those who did not.

Lastly, the use of a prospective design in
cohort studies, in which diet is assessed before
cancer diagnosis, limits the risk of differential
misclassification. In case—control studies, diet
(current or in past years) is assessed after the
diagnosis of cancer, and these studies are more at
risk of recall bias, biased assessment, and difter-
ential misclassification. This may arise if partici-
pants with cancer overestimate or underestimate
their consumption of artificial sweeteners or
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ASBs compared with controls, if early cancer
symptoms may induce changes in dietary habits,
or if investigators are not blinded to the case or
control status.

All studies are reviewed below, classified
according to exposure and study design.

(@) Aspartame

(i)  Prospective cohort studies

Five cohort studies investigated associations
between exposure to aspartame and cancer risk.
Four of the five were conducted in the USA, and
of these three (Lim et al., 2006; Schernhammer
et al., 2012; McCullough et al., 2014) derived
aspartame exposure from the consumption of
ASBs and the use of aspartame tabletop sweet-
ener packets, assessed through FFQs, whereas
the remaining study (Fulgoni and Drewnowski,
2022) assessed exposure through aspartame-con-
taining products reported in 24-hour dietary
recalls. More recently, one study in France
(Debras et al., 2022b) derived aspartame expo-
sure from all aspartame-containing food and
beverages assessed through repeated 24-hour
dietary records.

[The Working Group noted that, of all the
studies reviewed in Section 1.6.1, these five
studies were the only ones that specifically
focused on aspartame and provided the most
accurate assessment of aspartame exposure.
Debrasetal. (2022b) performed the most compre-
hensive and up-to-date assessment of aspartame
exposure from all possible sources, whereas the
other studies (Lim et al., 2006; Schernhammer
et al., 2012; McCullough et al., 2014; Fulgoni
and Drewnowski, 2022) only considered the two
main sources of aspartame (ASBs and tabletop
packets). More details, including the strengths
and limitations of each of these studies, are
provided below.]

The study by Debras et al. (2022b) was con-
ducted in the NutriNet-Santé prospective co-
hort study and focused on breast and prostate

cancers, obesity-related cancers combined, and
all cancers combined. Aspartame intake (in
mg/day) was assessed with repeated validated
web-based 24-hour dietary records. Three 24-
hour dietary records were sent to the participants
every 6 months, covering 3 days (2 weekdays,
1 weekend day) randomly assigned over a 2-week
period. The main model focused on aspartame
estimated from the mean exposure over the first
2 years of follow-up, including a minimum of
two dietary records (mean + standard deviation
(SD), 5.6 * 3.0). In sensitivity analyses, a model
accounting for all available dietary records
throughout the follow-up was also presented.
Measurement of aspartame was calculated from
food composition data for all products as follows:
presence/absence of additives in food products
was retrieved from three large-scale databases:
OQALI (a national database the management
of which has been entrusted to the National
Research Institute for Agriculture, Food and
Environment and the French Agency for Food,
Environmental and Occupational Health &
Safety; INRAE, ANSES, 2023), Open Food Facts
(Open Food Facts, 2023), and the Mintel Global
New Products Database (Mintel Group Ltd, 2023);
quantitative doses of additives were retrieved
from ad hoc laboratory assays and completed
with information for generic food categories
provided by EFSA and JECFA. Changes over time
and potential reformulations were accounted for
by matching the date of consumption of each
food or beverage to the closest date for compo-
sition data. The NutriNet-Santé study started in
2009 and is ongoing, with a continuous inclusion
strategy. The end of the most recent follow-up for
this study was in 2021, hence it had a maximum
of 12 years of follow-up. [The Working Group
noted that this study provided the most accu-
rate assessment of aspartame exposure, consid-
ering all possible dietary sources and including a
high level of detail through the use of repeated
24-hour dietary records that collected the
brand of industrial product and a detailed food
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composition database on variations in aspar-
tame content over time. The baseline assessment
between 2009 and 2021 reflected up-to-date
consumption patterns of aspartame in France
and allowed a sufficient delay between aspar-
tame exposure and the development of cancer.
Although this strategy did not allow the consid-
eration of potential changes in dietary behaviours
over time, potentially resulting in misclassifica-
tion of participants, sensitivity analyses were
conducted incorporating all 24-hour dietary
records available during follow-up. Likewise,
there was no information on lifetime exposure to
aspartame before study entry, occurring between
2009 and 2021, which could lead to misclassifica-
tion of participants who had changed or stopped
their consumption of aspartame-containing
products, although this was considered difficult
to quantify.]

The study by Fulgoni and Drewnowski (2022)
was conducted using data from the NHANES
cycles and focused on cancer mortality.
Aspartame exposure was assessed from one
or two 24-hour dietary recalls performed by
a trained interviewer during NHANES 1988-
1994. For other NHANES cycles (1999-2018),
only low-calorie sweeteners were considered
without distinguishing aspartame, and therefore
the analysis of aspartame relied on NHANES
1988-1994 only. Follow-up for cancer mortality
was performed through 2019 using public-use
mortality files from the National Center for
Health Statistics. [The Working Group noted
that the study methodology was not reported
in sufficient detail. For example, it was unclear
whether 2 days of records were used. In addition,
although the authors reported identifying a list
of products that potentially contained low-cal-
orie sweeteners, for the aspartame assessment
the NHANES 1988-1994 study documentation
appeared to differentiate aspartame only for diet
sodas, hot beverages, or added sweeteners, which
was appropriate considering the authorization of
aspartame in food products in the USA at that

time. However, the assessment relied on a low
number of dietary recalls (one or two) and the
assessment was performed at baseline only, with
up to 31 years of follow-up, during which the use
of aspartame in food products changed. There
was therefore high potential for non-differential
misclassification.]

The study by McCullough et al. (2014) was
conducted in the Cancer Prevention Study II
(CPS-II) nutrition cohort and focused on
lymphoid neoplasms (all types). The usual diet
over the past year was assessed using a 152-item
self-administered modified Willett FFQ, first at
baseline in 1999 and then in 2003, and partic-
ipants were followed until 2009. There were
specific validated questions about the consump-
tion of several types of artificially sweetened
carbonated beverage (cola with caffeine, other
carbonated beverages with or without caffeine)
with frequency categories ranging from “never”
to “> 4 per day” and a standard serving size
(1 glass, bottle, or can, 355 mL). Additional ques-
tions related to the use of aspartame tabletop
packets, with frequencies ranging from “never”
to “> 6 per day”. Long-term soda consumption
patterns were available from data collected in
1982 (CPS-II mortality cohort) but aspartame
exposure or intake was not calculated, since
aspartame was not included in sodas in the USA
before 1983. The mean daily exposure over the
past year (in mg/day) was estimated in 1999 and
2003, assigning values for aspartame content of
180 mg/355 mL for low-calorie cola with cafteine,
90 mg/355 mL for other low-calorie sodas with
caffeine, 70 mg/355 mL for other low-calorie
sodas without caffeine, and 20 mg/packet of
one of two branded commercial sweeteners
containing aspartame. Estimates from 1999 were
used to predict the risk for the 1999-2003 period
and the mean of estimates for 1999 and 2003 was
used to predict the risk for the 2003-2009 period.
[The Working Group noted that the strengths
of this study included the updated assessment
of usual diet halfway through the maximum
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10-year follow-up, allowing the consideration of
potential variations in the consumption of ASBs
or aspartame tabletop packets over time, thus
limiting potential misclassification. Several types
of soda were considered with corresponding
assigned aspartame values, thus providing a
more refined assessment of aspartame intake
from different types of beverage. No informa-
tion was available regarding lifetime aspartame
exposure before study entry in 1999, which
could misclassify participants who stopped their
consumption of ASBs or aspartame tabletop
packets. However, some information on patterns
of sugar-sweetened and artificially sweetened
soda consumption in the early 1980s was avail-
able, although artificially sweetened soda did
not contain aspartame at that time; hence, this
study provided a good assessment of aspartame
exposure from artificially sweetened carbonated
beverages and tabletop packets. However, other
potential dietary sources of aspartame were not
considered (although these were more limited),
which may cause some non-differential misclas-
sification of participants.]

The study by Schernhammer et al. (2012)
was conducted in the Nurses’ Health Study
(NHS) and the Health Professionals Follow-up
Study (HPFS) and focused on lymphoma and
leukaemia. A validated self-administered semi-
quantitative FFQ of about 130 items was used
every 4 years to assess the usual diet of partic-
ipants, including the frequency of consumption
(nine frequencies from never to > 6 times per
day) of three types of diet soda (diet cola with
caffeine, diet cola without caffeine, and other diet
soda) with a standard serving size of 355 mL,
starting from 1984 in the NHS and 1986 in
the HPFS. The use of two branded commercial
sweeteners containing aspartame (added at the
table) was queried since 1994 and then every
4 years. Participants were followed until 2006. A
cumulative average strategy was used to derive
daily intakes of aspartame, whereby intakes
were updated after every FFQ with the mean of

all reported intakes up to that time. Values of
aspartame content were assigned to diet sodas
as a weighted average of the representative sodas
in that category (i.e. 70-180 mg/serving) and to
aspartame packets (20 mg). [The Working Group
noted that the repeated assessment of aspartame
exposure over a long period (up to 22 years of
follow-up) and the use of a cumulative average
analysis constitute major strengths of this study.
In addition, these cohorts started in the 1980s,
that is, concomitantly with the introduction of
aspartame in the USA, thus potentially capturing
lifetime exposure to aspartame from sodas (and
exposure to tabletop aspartame since 1994).
Finally, three different types of soda were consid-
ered, with corresponding assigned values for
aspartame content. Hence, this study provided
a good assessment of aspartame exposure from
artificially sweetened sodas and tabletop packets.
However, other potential dietary sources of aspar-
tame, i.e. non-carbonated soft drinks or other
types of foods containing aspartame (although
they were limited at the time of this study) were
not considered, which may cause some non-dif-
ferential misclassification of exposure among
participants.]

The study by Lim et al. (2006) was conducted
in the National Institutes of Health-American
Association of Retired Persons Diet and Health
Study (NIH-A ARP) and focused on haematopoi-
etic cancers and glioma. Usual diet in the past
12 months was assessed at study baseline between
1995 and 1996 using a validated 124-item FFQ,
and participants were followed until 2000. Three
potentially aspartame-containing beverages
were included - soda, fruit drinks, and iced
tea - and participants were asked about the
frequency of consumption of soft drinks overall
(10 frequencies ranging from never to > 6 times
per day), the frequency of consumption of the
sugar-free or diet versus regular versions of these
beverages (usually, or more than half the time)
and the portion size (three portion size ranges).
The addition of tabletop sweetener packets of
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aspartame to cups of coffee and hot tea was also
queried. A quantitative average daily exposure
to aspartame in milligrams per day was derived
from the consumption of diet soft drinks using
values of aspartame content assigned per 100 g
of beverage (50 mg for diet soda, 14.95 mg for
diet fruit drink, 25.55 mg for diet iced tea), and
per tabletop sweetener packet (35 mg). [The
Working Group noted that the sequential assess-
ment of the frequency of firstly consumption of
soft drinks and then of diet/sugar-free versions
with imprecise frequencies was likely to induce
inaccuracies and thus non-differential misclas-
sification of participants. In addition, this study
considered both carbonated and non-carbonated
soft drinks but was less precise than the other
US studies regarding types of carbonated soft
drink (cola or not), which would have an impact
on the aspartame exposure assigned to partici-
pants (non-differential misclassification). There
was a maximum of 5 years between assessment
of aspartame exposure and cancer diagnosis;
over this limited period of time, the diet could
be considered relatively stable, but the impact
of aspartame exposure at baseline on the actual
onset of cancer was questionable, also because
no information was available regarding expo-
sure to aspartame before the study baseline,
which occurred 10 years after the introduction of
aspartame in the USA. Hence the assessment of
aspartame exposure in this study may be weaker
than in the other studies described above.]

(i)  Case-control studies

Aspartame was also investigated in relation
to cancer in three case—control studies.

Palomar-Cros et al. (2023) conducted a case—
control study examining artificial sweetener and
common cancers (colorectal, breast, prostate, and
stomach, and chronic lymphocytic leukaemia)
in Spain. A self-administered, semiquantita-
tive FFQ with 140 food items, capturing usual
dietary intake during the previous year, was
used. Four items contributed to the assessment

of artificial sweetener exposure (low- or no-cal-
orie soft drink, “gaseosa” a typical Spanish soft
drink, tabletop sweeteners containing saccharin,
and other tabletop sweeteners). The classifica-
tion of products according to the presence of
aspartame was derived from food supply data
(OpenFoodFacts, 2023). [The Working Group
noted that the validity of the assumption that
all low- or no-calorie soft drinks and tabletop
sweeteners other than saccharin were aspartame
was uncertain, given that this may not have been
the case at the time of the exposure assessment
(2008-2013). Other potential dietary sources
of aspartame were not considered. Also, the
retrospective assessment of diet from the year
preceding cancer diagnosis could reflect changes
in dietary habits as a result of pre-diagnosis
symptoms. Non-differential and differential
misclassification regarding aspartame exposure
was therefore likely in this study.]

Cabaniols et al. (2011) conducted a case-
control study on brain cancer in which consump-
tion data were collected in 2005 in France.
Aspartame consumption frequency was assessed
using a self-administered questionnaire, followed
by an in-person interview if information was
missing. Participants were asked to recall intakes
for the 5 years preceding diagnosis and were
categorized as non-consumers (< 1 intake/week)
and regular consumers (> 1 intake per week).
[The Working Group noted that the strength
of this assessment was its apparent focus on
aspartame, but it was unclear whether this was
limited to tabletop use or more broadly included
consumption of products containing aspartame.
Limitations of the exposure assessment included
the retrospective recall of frequency of consump-
tion and the lack of a quantitative assessment
(intake was categorized into binary exposure
(consumers/non-consumers) only and there was
partial consideration of dietary sources). Hence,
there was a high potential for misclassification
of participants according to their exposure to
aspartame in this study.]
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Gurney et al. (1997) reported a popula-
tion-based case-control study of childhood brain
tumours in children in the USA. Case patients
were born or were in utero in 1981 or later and
diagnosed with a primary brain tumour between
1984 and 1991. Biological mothers were queried
through in-person interview about their chil-
dren’s consumption of aspartame before the date
of diagnosis as well as their own consumption
during pregnancy and breastfeeding. Questions
related to the age at first consumption of any
food, chewing gum, or diet drink containing
aspartame, or aspartame tabletop packets,
time period of consumption, and frequency of
consumption for children, as well as trimesters of
consumption, time period of consumption, and
frequency of consumption for mothers during
pregnancy or while breastfeeding. [The Working
Group noted that the period of exposure consid-
ered in this study covered lifetime exposure
(starting in utero) of the children, which consti-
tutes a major strength. However, only semiquan-
titative assessment of aspartame exposure could
be derived from the questionnaire and, although
the sources of aspartame were broadly covered,
the lack of specificity regarding the food sources
examined may have led to measurement errors.
In addition, there was a strong potential for
memory bias owing to the retrospective assess-
ment of aspartame consumption several years in
the past, and thus a high potential for misclassi-
fication of participants according to their expo-
sure to aspartame in this study:]

(b) Artificial sweeteners

Associations between the consumption of
artificial sweeteners overall (without assessment
of aspartame exposure in particular) and several
cancer sites were assessed in case—control studies
conducted in various countries.

Singh et al. (2020) conducted a case—control
study on thyroid cancer with cases diagnosed
between 2004 and 2014 in the USA. Consumption
of artificial sweeteners was assessed using a

telephone-based, self-report questionnaire on the
use of artificial sweeteners, and the total amount
of artificial sweetener consumed and duration
of consumption were calculated on the basis of
consumption of tabletop sweeteners and ASBs.
[The Working Group noted that consumption
of artificial sweetener from other sources (e.g.
snacks/ice creams) was not considered, and no
analysis was provided on the individual types
of artificial sweetener, including aspartame.
However, the exposure period covered the time
when ASBs contained mainly aspartame. For
tabletop sweeteners, this was not the case, which
may have led to overestimation of aspartame
exposure (see Section 1.4.1). Misclassification
and/or recall bias was likely to result from the
retrospective assessment of diet, the measure-
ment of total artificial sweeteners, and the lack
of consideration of other sources of aspartame.]
Mahfouz et al. (2014) conducted a popula-
tion-based case—control study in Egypt, focusing
on colorectal cancers diagnosed between 2010
and 2011. Diet in the 2 years preceding cancer
diagnosis was reported to be assessed using an
FFQ from Melbourne University consisting of
eight food groups from which the frequency of
intake (daily, weekly, or monthly) and the number
of servings were recorded. The study considered
qualitatively the use of artificial sweeteners (yes/
no) and the consumption of soft drinks (yes/no)
without distinction between artificially sweet-
ened and sugar-sweetened soft drinks. [The
Working Group noted that overall this study
was not very informative regarding aspartame
exposure since there was a high potential for
misclassification because of the lack of distinc-
tion between sugar-sweetened beverages and
ASBs, and the lack of precision in the assessment
of artificial sweetener use (including the type
of artificial sweetener). In addition, there were
inconsistencies in the description of the methods
(including a misalignment between the reported
use of an FFQ from Melbourne University and
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the data reported in the study) and in the refer-
ences cited.]

Kobeissi et al. (2013) conducted a hospital-
based case-control study in Lebanon, focus-
ing on urinary bladder cancer diagnosed be-
tween 2002 and 2008. A face-to-face interview
(not blinded on the participant’s status) collected
data on the frequency of artificial sweetener
consumption (never, rarely, frequently, always)
before diagnosis or hospitalization. [The
Working Group assumed that, in the absence of
details regarding the sources of artificial sweet-
ener, artificial sweetener consumption referred
to tabletop artificial sweetener considered as
the only source. No quantitative assessment of
artificial sweetener exposure was possible and it
was not known whether the artificial sweetener
consumed actually contained aspartame. This
study was therefore not very informative with
regard to aspartame exposure because of the
partial consideration of sources and especially
the absence of consideration of ASBs, resulting
in high misclassification potential.]

Andreatta et al. (2008) conducted a hospi-
tal-based case-control study in Argentina
focusing on urinary tract tumours diagnosed
between 1999 and 2006. Participants were inter-
viewed by a nutritionist regarding their habitual
use of artificial sweetener in infusions (tea,
coffee, mate) in the 5 years preceding diagnosis
or hospitalization: ever consumption (yes/no),
brand name of artificial sweetener consumed,
and duration of consumption (years). Ever use
and duration of use were considered in analyses
classifying participants into three categories:
non-consumers of artificial sweeteners, short-
term consumers (1-9 years), and long-term
consumers (= 10 years). [The Working Group
noted that this study considered only artifi-
cial sweeteners added to infusions, which,
according to the authors, constituted the main
source of artificial sweetener in this population.
Aspartame was not specifically considered, and
the authors noted that aspartame was only
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consumed by a small percentage of the popu-
lation, saccharin and cyclamate being the most
frequently used artificial sweeteners. Hence,
data related to artificial sweetener consumption
in this study were not very informative with
regard to aspartame exposure.]

Two hospital-based case-control studies in
Italy were conducted using similar methodol-
ogies. Gallus et al. (2007) focused on cancers
of the oral cavity and pharynx, oesophagus,
colon, rectum, larynx, breast, ovary, prostate,
and kidney diagnosed between 1991 and 2004.
Bosetti et al. (2009) focused on cancers of the
stomach, pancreas, and endometrium diagnosed
between 1997 and 2007 (stomach), between 1991
and 2007 (pancreas), or between 1992 and 2006
(endometrium). In both studies, the usual diet
over the 2 years preceding diagnosis or hospital
admission was assessed using a reproducible and
validated 78-item FFQ. The FFQ included specific
questions on weekly consumption of sachets or
tablets of saccharin and/or other sweeteners,
described as mainlyaspartame by theauthors. An
average daily consumption of sachets or tablets
of saccharin and other sweeteners was derived.
[The Working Group noted that these studies
included only tabletop sweeteners as potential
sources of aspartame, and aspartame was not
specifically considered either in the question-
naire or in analyses (“other sweeteners” only).
Even though the authors stated that in this popu-
lation “other sweeteners” were mainly aspartame,
data to support this statement appeared to come
from two studies in Italian adolescents, so the
extrapolation to a middle-aged adult population
may not be straightforward. The Working Group
was not able to find evidence in adults in support
of the claim that “other sweeteners” was mainly
aspartame in Italy for that period. The authors
also stated that the frequency of consumption
of ASBs or products containing artificial sweet-
eners in the middle-aged and elderly in the
studied Italian populations was rather low, but
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no data were provided. There was a high poten-
tial for non-differential misclassification in this
study.]

Ewertz and Gill (1990) conducted a case-
control study of breast cancer in Denmark.
Dietary intake was assessed retrospectively
with a self-administered, semiquantitative FFQ
collected from March 1983 to February 1984,
that is, 1 year after diagnosis of the cases. Use
of artificial sweeteners in coffee and tea was the
only assessment of artificial sweeteners (binary
assessment, yes/no) covering the 12 months
before diagnosis. [The Working Group noted
that there was no specific estimate of aspartame
exposure; only sweetener use in tea and coffee was
assessed as a proxy. Considering that aspartame
only started to be used in the 1980s, it was very
unlikely that the artificial sweeteners consumed
before cancer diagnosis in this study would be
aspartame. Hence this study was probably not
informative regarding aspartame exposure. In
addition, the case-control design meant that
intake was assessed retrospectively after cancer
diagnosis.]

Norell et al. (1986) conducted a popula-
tion-based case-control study of pancreatic
cancer in Sweden between 1982 and 1984.
Exposure was assessed using a self-administered
questionnaire and by telephone by a trained
interviewer to clarify or complete specific items
whenever necessary; there was a binary question
on use of artificial sweeteners before diagnosis,
and participants who had changed their diet
because of recent illness were asked to report
dietary habits before illness. Participants were
classified as consumers or non-consumers, and
there was no information on dose or duration.
[The Working Group noted that the weak-
nesses of the exposure assessment included that
there was no specific assessment of aspartame,
the assessment relied on retrospective recall of
frequency of consumption, and there was no
quantitative assessment as participants were
categorized as consumers versus non-consumers
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only. In addition, considering that aspartame
had only started to be used in the 1980s, it
was very unlikely that the artificial sweeteners
consumed before cancer diagnosis in this study
would have been aspartame. Hence this study
was probably not informative regarding aspar-
tame exposure.]

(c) Artificially sweetened beverages

The consumption of ASBs in relation to
cancer was considered in several studies. In
these studies, ASBs generally referred to soft
drinks in which sugar had been replaced by
artificial sweetener to maintain the sugary taste
(“diet” or “sugar-free” version of soft drinks).
It should be noted that some sugar-sweetened
soft drinks (“regular” version) containing sugar
also contain artificial sweetener. Such beverages
were most likely not considered to be ASBs in
the following studies. [The Working Group
noted that ASB consumption can be considered
as a proxy for exposure to artificial sweeteners
(including aspartame), since these beverages
generally constitute the main source of artificial
sweeteners (Sections 1.4.1 and 1.4.3). However,
this comes with limitations that applied to all the
studies detailed below. Firstly, several other food
products that also contain artificial sweeteners
(including aspartame), such as tabletop sweet-
eners, artificially sweetened dairy products or
desserts, were not considered. Secondly, the pres-
ence and dose of aspartame in different types of
ASB and the share of ASBs actually containing
aspartame have changed over time; this affects
the relevance of considering ASB consumption
as a direct proxy for aspartame exposure. Hence,
the value of ASBs as a proxy measure for aspar-
tame intake is dependent on the context (time
period, country, and types of beverage consid-
ered). Sections 1.4.1 and 1.4.3 provide insights
into patterns of use of aspartame.]

Considering the data available on aspartame
use in ASBs in the USA between the introduction
ofaspartamein 1983 and the introduction of other
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artificial sweeteners used in combination with
aspartame in the mid-2000s (see Section 1.4.1),
and the major contribution of ASBs to aspar-
tame intake compared with other sources, ASB
intake in some studies can be presumed to reflect
most of the participants’ exposure to aspartame
because of the time period of dietary assessment
and follow-up. This was the case for the following
studies: Bao et al. (2008) (NIH-AARP cohort,
dietary data collected in 1995-1996, follow-up
until 2003); Schernhammer et al. (2005) (NHS
and HPFS cohorts, dietary data collected at least
every 4 years since 1980 and 1986, respectively,
follow-up until 2000); You et al. (2022) (Prostate,
Lung, Colorectal and Ovarian Cancer Screening
Trial, PLCO, cohort: dietary data collected at
baseline between 1993-2001, follow-up until
2009); and Malik et al. (2019) (NHS and HPFS:
dietary data collected every 4 years since 1980
and 1986, respectively; follow-up until 2010). The
study by Jones et al. (2022) in the NIH-AARP
and PLCO cohorts (dietary data collected in
1995-1996 and 1998, respectively) may also be
presumed to reflect most of the aspartame expo-
sure. However, part of the sample was followed
for much longer after the relevant exposure
window for aspartame from ASBs (follow-up
through 2011 for NIH-AARP and through 2017
for PLCO; there was uncertainty regarding aspar-
tame content in ASBs after the mid-2000s), and
only one baseline dietary assessment was avail-
able. However, the authors presented the analysis
separately by follow-up period (< 12 years and
> 12 years of follow-up), making the analysis of
the first 12 years of follow-up very relevant for
using ASBs as a proxy for aspartame exposure.

(i)  Prospective cohort studies

Several studies were conducted in the USA in
the framework of the NHS, NHS-II, and HPFS
cohorts (Schernhammer et al., 2005; Malik et al.,
2019; Hur et al., 2021; Joh et al., 2021; Romanos-
Nanclares et al., 2021; Wang et al., 2021; Yuan
etal.,2022).In all three cohorts, diet was assessed
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through a validated self-administered, semi-
quantitative FFQ repeated at least every 4 years
since inclusion in 1980 for the NHS, 1986 for
the HPFS, and 1991 for the NHS-II (61 items in
1980, 116 items in 1984 and 1986, and > 130 items
thereafter). ASB consumption was assessed using
nine frequencies ranging from “never or less than
once per month” to “6 or more times per day”
and a standard serving of 355 mL (12 fl 0z) corre-
sponding to 1 glass, can, or bottle for caffeinated,
caffeine-free, and non-carbonated low-calorie or
dietbeverages. In the NHS-II, a self-administered
high school FFQ (HS-FFQ) was used in 1998
to collect data on the usual diet of participants
when they were in high school (aged 13-18 years)
between 1960 and 1982 (that is, before the use of
aspartame in ASBs). The HS-FFQ comprised 124
food items commonly consumed at that time.
The study by Romanos-Nanclares et al. (2021)
focused on breast cancer in the NHS and the
NHS-II, with follow-up ending in 2016 (NHS)
or 2017 (NHS-II), and 2006 when considering
molecular subtypes of breast cancer. The main
analyses used a cumulative average strategy,
and other strategies were also considered in
secondary analyses. These included: simple
update (consumption reported on the most
recent FFQ before each follow-up interval);
latency (consumption reported at different laten-
cies,i.e. 4-8,8-12, 12-16, and 16-20 years, before
a cancer diagnosis); and changes in consumption
updated every 4 years to estimate the risk in the
subsequent 4-year period (no change or relatively
stable, increase or decrease from 1.0 serving/
week to 0.5 serving/day, and increase or decrease
by > 0.5 serving/day). The study by Hur et al.
(2021) focused on early-onset colorectal cancer
in the NHS-II, with follow-up ending in 2015.
Adult ASB intakes were cumulatively aver-
aged over questionnaire cycles. The study by
Malik et al. (2019) focused on cancer mortality
in the NHS and the HPES, with follow-up
ending in 2014. Analyses considered frequen-
cies of ASB intake, with an update of intakes
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at the beginning of each FFQ cycle as the main
analysis. Secondary analyses used a cumulative
average strategy whereby intakes from all FFQs
up to the beginning of a follow-up interval were
averaged, but also analyses with an 8-year lag,
whereby exposures were evaluated in relation to
outcomes 8 years later. Dietary intakes were not
updated if the participant reported incidence of
diabetes mellitus, stroke, coronary heart disease,
or cancer. The study by Schernhammer et al.
(2005) focused on pancreatic cancer in the NHS
and the HPFES, with follow-up ending in 2000.
The analyses used a cumulative average strategy;,
stopping updates after a diagnosis of diabetes
mellitus was reported.

[The Working Group noted that in all four
studies (Schernhammer et al., 2005; Malik et al.,

strategy. The study by Yuan et al. (2022) focused
on colorectal cancer incidence and mortality in
the NHS and the HPES, with follow-up ending
in 2014. The analyses considered the substitu-
tion of one serving of sugar-sweetened beverage
per day with an equivalent amount of ASBs,
without estimates for ASBs as such, using cumu-
latively averaged intakes as the main analyses
and secondary analyses that considered average
intake during the most recent 10 years (recent
period) and > 10 years previously (distant period).
[The Working Group noted that ASBs were not
considered as the main exposure of interest in
the analyses, which limited the relevance of the
results for ASB intake and therefore even more
so for aspartame exposure.] The study by Joh
et al. (2021) focused on colorectal cancer precur-

2019; Hur et al., 2021; Romanos-Nanclares et al.,
2021), the repeated assessment of ASB intake
at least every 4 years since the 1980s and 1990s
and the analytical strategy of updating diet data
during follow-up constituted major strengths
and allowed potential variations in trends in
ASB intake over time to be taken into account.
In addition, the time frame of these studies was
very relevant to aspartame exposure via ASBs,
since the studies started in the 1980s (overlap-
ping the introduction of aspartame in ASBs in
1983), potentially capturing lifetime exposure to
aspartame from ASB intake, and carried out diet
assessment through the 1990s, when aspartame
was almost the only sweetener used in ASBs.
However, there was more uncertainty regarding
aspartame content in ASBs from the mid-2000s,
and the period between 1980 and 1983 is not rele-
vant for aspartame exposure. Hence the quality of
ASB intake assessment was high in these studies,
which had a positive impact on the assessment of
aspartame exposure from ASBs.]

The three remaining studies in the NHS,
NHS-II, and/or HPFES (Joh et al., 2021; Wang
et al., 2021; Yuan et al., 2022) were less informa-
tive with regard to aspartame exposure, consid-
ering their exposure of interest and/or analytical
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sors (polyp, adenoma) in the NHS-II in relation
to ASB consumption in adolescence (between
1960 and 1982), with follow-up for health events
between 1998 and 2015. Adult diet (cumulative
average up to 2 years before the most recent
endoscopy), including ASB intake, was consid-
ered as a covariate in the analyses. [The Working
Group noted that soft drinks in the USA did not
contain aspartame before 1983, hence no expo-
sure to aspartame could be derived from the diet
for adolescents. Besides, the recalled adolescents’
diet (likely to suffer from substantial recall bias)
only weakly correlated with the adults’ diet, so
that ASB intake reported in adolescence did not
give insights into ASB intake in adulthood when
ASBspotentially contained aspartame. This study
was therefore not informative regarding aspar-
tame exposure.] The study by Wang et al. (2021)
focused on colorectal cancer in the NHS, NHS-II,
and HPFS and considered a “sulfur microbial diet
score”, consisting of a weighted sum of standard-
ized consumption of 10 food groups with weights
reflecting positive or negative correlations with
the proliferation of sulfur-producing bacteria in
the gut. Low-calorie beverages were included in
the score with a positive weight. A cumulative
average of the sulfur microbial diet score was
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derived for analyses. Participants were followed
until 2014 (HPFS), 2016 (NHS), and 2017 (NHS-
II). [The Working Group noted that ASBs were
only included as a component of the score, so the
extrapolation to aspartame exposure and there-
fore the informativeness of this study with regard
to aspartame was very limited.]

Ringel et al. (2023) studied urinary tract
cancers in the Women’s Health Initiative
Observational Study. Consumption of ASBs
(defined as “diet drinks such as Diet Coke or diet
fruit drinks”) was assessed 3 years after study
baseline, i.e. in 1996-2001. The frequency of
consumption during the past 3 months was ques-
tioned using a reference serving size (12 fl oz can
[355 mL]) and nine frequencies of servings: from
never or < 1 serving/month to > 6 servings/day.
Analyses used three categories corresponding
to rare (never or < 1 serving/week), frequent
(1-6 servings/week) and daily (= 1 serving/day)
consumption. The follow-up ended in 2020. [The
Working Group noted that the time period of
the assessment of ASB consumption was very
relevant for aspartame exposure, since aspar-
tame was almost the sole sweetener used in
ASBs at the time of diet assessment. However,
there was only one assessment at baseline, with
up to 24 years of follow-up, so potential changes
in ASB consumption over time could not be
captured, and other sources of aspartame expo-
sure were not considered (although these were
more limited), which may have led to non-difter-
ential misclassification.]

McCullough et al. (2022) studied mortality
from all cancers combined, obesity-related
cancers combined, and 20 individual cancer
types in the CPS-II study. ASB consumption was
assessed at study baseline in 1982 via a ques-
tion about the usual number of cups, glasses,
or drinks consumed per day, and consumption
duration for “diet soda or diet iced teas” (one
pooled item). Previous intake was queried in
case there had been a change in consumption
during the past 10 years, and former drinkers (no
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current intake but non-zero amount for previous
intake) were excluded. The consumption of ASBs
was considered as categories — never drinkers
(no past or current consumption), < 1 drink/
day, 1 drink/day, and > 2 drinks/day - and as
continuous intake per 1 drink/day. Participants
were followed until 2016 (median follow-up,
27.7 years). [The Working Group noted that the
assessment of ASB intake was performed only at
baseline in 1982, i.e. a time when aspartame was
not used in ASBs. The relevance of this study to
aspartame exposure depended on the stability
of ASB consumption over time, because aspar-
tame began to be included in ASBs in 1983 in
the USA. Although no information was available
regarding potential variations in ASB intake over
time during up to 34 years of follow-up, some
data from McCullough et al. (2014) in the CPS-II
nutrition cohort suggested a stable ranking
of participants with regard to ASB consump-
tion between 1982 and 1999 for the subsample
(n =100 442) providing data at both time points.
However, there was uncertainty regarding
aspartame content in ASBs in the mid-2000s.
Non-differential misclassification was therefore
likely.]

Jones etal. (2022) performed a pooled analysis
of data for liver cancer from the NIH-AARP and
PLCO studies. For both studies, data on ASB
intake were only available at baseline, an FFQ
in 1995-1996 for the NIH-AARP study and a
diet history questionnaire in 1998 for the PLCO
study. Participants were followed until 2011 in
the NIH-AARP and 2017 in the PLCO study. The
consumption of soda and fruit punches as ASBs
was considered as a mean daily frequency (from
no consumption to > 6 times/day). [The Working
Group noted that ASB consumption was assessed
duringavery relevant period for aspartame expo-
sure (1995-1996 and 1998 in the USA); however,
there was more uncertainty regarding aspartame
content in ASBs in the mid-2000s. The dietary
assessment occurred only at baseline, and there
wasafollow-up of upto 16 yearsinthe NIH-AARP
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study and 19 years in PLCO. This increased the
probability of misclassification of participants
with regard to ASB intake and therefore aspar-
tame exposure. However, the authors presented
the analysis separately by follow-up period
(£ 12 years and > 12 years of follow-up). Hence
the analysis on the first 12 years of follow-up
was less prone to such misclassification and ASB
consumption could be considered as a relevant
proxy of aspartame exposure in this analysis. In
addition, sodas and fruit punches (and not just
carbonated beverages, as was the case in other
studies) were also considered to be ASBs, which
constituted a strength of this study.]

Zhangetal. (2021) focused on cancer mortali-
ty in the NHANES cohort study. The consump-
tion of ASBs was assessed through 24-hour dieta-
ry recalls given by trained investigators at inclu-
sion between 1999 and 2014. Participants in-
cluded before 2003 completed only one 24-hour
dietary recall administered in person, whereas
participants included after 2003 completed
two 24-hour dietary recalls (one administered
in person and one administered by telephone
3-10 days after the first). Participants were
followed through registries until 2015. The
24-hour dietary recalls were linked to a main
food list of more than 2600 food items. A
standard 12 fl oz [335 mL] serving was defined.
ASBs were defined as “sugar-free soft drinks” and
“carbonated water”. [The Working Group noted
that 24-hour dietary recalls allowed the consid-
eration of different types of ASB. However, mean
intakes were derived from a maximum of two
24-hour dietary recalls, which was likely to intro-
duce measurement errors as a result of potential
individual day-to-day variations in ASB intake
(especially when only one recall was available).
In addition, there was uncertainty regarding the
aspartame content of ASBs in the USA after the
mid-2000s (i.e. for a substantial part of the study
assessment period, 1999-2014). Hence there was
the potential for misclassification of participants

Advance publication, 29 April 2024

with regard to ASB intake and therefore aspar-
tame exposure.]

Inoue-Choi et al. (2013) focused on endome-
trial cancer in the lowa Women’s Health Study
(IWHS). A 127-item Harvard semiquantitative
FFQ assessing diet over the past 12 months was
used at study baseline in 1986. Sugar-free bever-
ages were included as low-calorie caffeinated
and caffeine-free cola and other low-calorie car-
bonated beverages with a standard serving size.
Mean intakes as servings per week were consid-
ered in the analyses. Participants were followed
until 2010. In 2004, a follow-up survey including
an FFQ was performed and a weak correlation
was found for sugar-sweetened beverage intake
(correlation coefficient, 0.23), with no informa-
tion on ASBs. [The Working Group noted that
only the baseline dietary assessment was used
and that there was a follow-up of up to 24 years.
Because only a weak correlation was reported
for sugar-sweetened beverage intake between
the baseline in 1986 and a reassessment of diet
in 2004 (with no information on ASBs), there
was potential for misclassification of participants
with regard to ASB intake and therefore aspar-
tame exposure. However, the dietary assessment
was conducted at a very relevant period for
aspartame exposure from ASBs.]

Bao etal. (2008) focused on pancreatic cancer
in the NIH-AARP cohort. In this study, usual
diet in the past 12 months was assessed once at
study baseline between 1995 and 1996 using a
124-item FFQ calibrated against two non-consec-
utive 24-hour recalls. Participants were followed
until 2003. Three beverage types potentially
containing aspartame were included: soda, fruit
drinks, and iced tea (in summer), and partici-
pants were asked about frequency of consump-
tion of each type (10 frequencies ranging from
never to > 6 times/day). Participants were then
asked whether they consumed the sugar-free/diet
or regular version of these beverages “usually,
or more than half the time” and which portion
size (three portion size ranges). An average daily
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diet soft drink consumption was derived for the
analyses. [The Working Group noted that ASB
consumption was assessed during a very relevant
period for aspartame exposure (1995-2003 in the
USA). This study considered both carbonated
and non-carbonated diet soft drinks but was less
precise regarding the type of carbonated soft
drinks (cola or not), which was likely to affect the
classification of participants by type of beverage
consumed (and thus the potential corresponding
aspartame exposure). The sequential assessment
of the frequency of consumption of ASBs was
likely to induce measurement errors and thus
lead to non-differential misclassification of
participants. There was a maximum of 8 years
between the assessment of ASB intake and cancer
diagnosis; over this limited period, the diet could
be considered relatively stable, even though no
information was available regarding ASB intake
before the study baseline, which occurred
10 years after the introduction of aspartame.]

You et al. (2022) conducted a prospective
analysis of the PLCO cohort to examine soft
drink consumption and lung and total cancers.
In 1993-2001, dietary intake was assessed with
a 156-item FFQ. Soft drink (regular and diet)
intake was calculated from information on
frequency and serving size. Quantitative data on
soft drink consumption were then categorized
into non-consumers, consumers of regular only,
consumers of diet only, and consumers of both or
mixed consumption. [The Working Group noted
that no quantification of ASB intake was used in
the analyses. In addition, only baseline intakes
were considered, and there was no consideration
of intake before baseline; therefore, there was
potential for non-differential misclassification.
The timing of exposure assessment was consistent
with aspartame being the major sweetener in
ASBs in the USA ]

Several studies were conducted in the multi-
country framework of the European Prospective
Investigation into Cancer and Nutrition (EPIC)
cohort (Navarrete-Mufoz et al., 2016; Stepien
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et al., 2016; Mullee et al., 2019; Heath et al., 2021;
Zamora-Ros et al., 2022), which gathers partic-
ipants from 10 countries (Denmark, France,
Germany, Greece, Italy, the Netherlands, Norway;,
Spain, Sweden, UK). Usual diet was assessed at
inclusion using country-specific instruments
developed and validated within the various
source populations and including hundreds of
country- and region-specific foods. These exten-
sive self-administrated quantitative dietary ques-
tionnaires collected data on usual portions and
frequency of consumption of up to 260 food and
drink items during different seasons of the year
(Riboli et al., 2002). Data on artificially sweet-
ened soft drinks were not available in Spain, nor
in parts of Italy (Florence, Turin, Ragusa, Varese)
and Sweden (Umea). Artificially sweetened soft
drink consumption was assessed between 1992
and 2000 as the consumption of several glasses
per month, week, or day (typical glass sizes in
each centre, about 250 mL) of “low-calorie or diet
fizzy soft drinks”. A mean daily intake of ASBs
was derived for the analyses.

The study by Zamora-Ros etal. (2022) focused
on thyroid cancer, with a mean follow-up of
14 years. The study by Heath et al. (2021) focused
on renal cell carcinoma, with a mean follow-up of
15 years for incidence of renal cell carcinoma and
16 years for mortality. The study by Mullee et al.
(2019) focused on cancer mortality, with a mean
follow-up of 16.4 (range, 11.1-19.2) years. The
study by Navarrete-Mufioz et al. (2016) focused
on pancreatic cancer, with a median follow-up
of 11.6 years. The study by Stepien et al. (2016)
focused on cancers of the liver and biliary tract,
with a mean follow-up of 11.4 years.

[The Working Group noted that, for all five
studies, only one diet assessment was available
at baseline, which was during a period that was
relevant for aspartame exposure from ASBs, and
the mean follow-up ranged from 11 to 16 years;
as a result, potential variations in consump-
tion of ASBs over time could not be captured.
In addition, EPIC combined data from multiple
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European countries, each having its own pattern
of ASB consumption, and potentially its own
products (with variable content in aspartame),
which limited the direct extrapolation from ASB
intake to aspartame exposure. The consumption
of ASBs at baseline was relatively low (< 25% of
total soft drinks) and no information was avail-
able on historic exposure before inclusion. Hence
there was some potential for non-differential
misclassification of participants with regard to
ASB intake and aspartame exposure.]

Three other studies were conducted in
Europe and considered beverages that poten-
tially contained aspartame.

The study by Liu et al. (2022b) was conducted
within the United Kingdom Biobank and
focused on cancer mortality in relation to the
consumption of artificially sweetened coffee.
Coffee consumption was assessed using vali-
dated web-based 24-hour dietary recall question-
naires (Oxford WebQ), with a minimum of one
questionnaire completed out of five maximum
occasions during 1 year between April 2009
and June 2012 (to account for seasonal varia-
tions). The number of drinks of coffee in the
previous 24 hours was recorded, together with
the number of teaspoons of sugar or artificial
sweeteners (any brand) added. An indication
of portion size (e.g. mug or cup) was provided.
Participants were classified as non-consumers,
sole consumers (same kind of coffee over the
dietary recalls: unsweetened, sugar-sweetened,
artificially sweetened), or overlapped consumers,
and analyses considered an average number of
drinks (volume, about 250 mL) across multiple
dietary recalls. Participants were followed until
2017-2018 (median, 7.0 years). [The Working
Group noted that this study was not very infor-
mative with regard to aspartame exposure: (i)
artificially sweetened coffee was the only ASB
considered in this study, and other major sources
of aspartame such as carbonated soft drinks
(caffeinated or not) were not considered; (ii) there
was no indication as to whether the artificial
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sweeteners used in coffee contained aspartame;
and (iii) the mean number of dietary recalls used
was relatively low (mean + SD, 2.2 + 1.2), which
limited the consideration of day-to-day varia-
tions in coffee consumption.]

The study by Chazelas et al. (2019) was
conducted in France within the NutriNet-Santé
prospective cohort study (2009-2017) and exam-
ined cancers of the breast, colorectum, and pros-
tate, and all cancers combined. Consumption of
artificially sweetened soft drinks was assessed
using repeated validated web-based 24-hour
dietary records (minimum, 2; mean + SD,
5.6 £ 3.0). Participants were asked at inclusion and
then every 6 months to complete three non-con-
secutive 24-hour dietary records (2 weekdays,
1 weekend day) randomly assigned over a 2-week
period. Baseline data were collected from 2009
through 2017, with follow-up to January 2018. The
analyses considered only baseline ASB consump-
tion, defined as the mean consumption over the
first 2 years of follow-up. Exposure was assessed
for 12 ASB items containing non-nutritive sweet-
eners, such as diet soft drinks, sugar-free syrups,
and diet milk-based beverages, and consumption
was categorized into sex-specific quartiles. [The
Working Group noted that a major strength
of this study was the use of repeated detailed
24-hour-dietary records reflecting up-to-date
consumption patterns of ASBs in France. Con-
sidering the time period of dietary assessment,
ASBs included a variety of products with aspar-
tame only, artificial sweeteners other than aspar-
tame only, or a mix of aspartame and other
artificial sweeteners. Therefore, the consump-
tion of ASBs in this study may not reflect only
aspartame exposure but also exposure to other
sweeteners, as confirmed in the later study by
Debras et al. (2022b). In addition, only baseline
dietary data were used in analyses, which did not
allow the consideration of potential changes in
dietary behaviours over time. Potential changes
were nonetheless likely to be limited over the
maximum of 9 years of follow-up. Likewise,
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there was no information on lifetime exposure
to aspartame before study entry, which occurred
between 2009 and 2017. In terms of relevance
for the present monograph, this publication was
superseded by the publication of Debras et al.
(2022b), which provided estimates specific to
aspartame intake in the same cohort. The later
publication demonstrated that: (i) aspartame
represented only 58% of artificial sweetener
intakes in this study; and that (ii) ASBs (with or
with added sugar) represented only 57% of arti-
ficial sweetener intake.]

The study by Larsson et al. (2016) was
conducted in Sweden and focused on cancers
of the biliary tract and gallbladder in relation to
consumption of sweetened beverages within the
Swedish Mammography Cohort and the Cohort
of Swedish Men. Usual diet was assessed in
1997 using a self-administered semiquantitative
96-item FFQ covering the past year, including
one question about the usual consumption of a
standard glass (200 mL) of sweetened beverages
(not including fruit juices, energy and sports
drinks, or sweetened coffee, tea, or milk). A mean
daily intake was derived from the questionnaire.
Participants were followed until 2012 (mean
follow-up, 13.4 years). [The Working Group
noted that no distinction was made between
sugar-sweetened and artificially sweetened (low-
calorie) beverages, rendering the extrapolation
to aspartame exposure very limited. According
to Swedish national consumption data, low-cal-
orie soft drinks and “juice” drinks accounted for
9.9% (men) to 19.2% (women) of total soft drink
and “juice” drink consumption in 1997.]

Finally, two prospective studies (Hodge et
al., 2018; Bassett et al., 2020) were conducted in
Australia within the Melbourne Collaborative
Cohort Study (MCCS). The study by Hodge et
al. (2018) examined associations between ASB
consumption and obesity-related cancers, where-
as the study by Bassett et al. (2020) focused on
cancers not related to obesity. All methods of
exposure assessment were the same across the
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two studies. Exposure to artificially sweetened
soft drinks was assessed at baseline only (in
1990-1994) using a self-administered 121-item
FFQ with separate questions on frequency of
consumption of diet (artificially sweetened) soft
drinks. The questionnaire asked respondents to
recall their intake over the previous 12 months.
Intake of ASBs was categorized into five groups
based on frequency of reported consumption
(never or < 1 time/month, 1-3 times/month,
1-6 times/week, 1 time/day, > 1 time/day). [The
Working Group noted that the relative strengths
of this assessment included the semiquantita-
tive assessment for frequency of intake, which
allowed multiple dose levels to be assessed.
Limitations included that the assessment used
for this analysis was conducted at baseline only
(1990-1994), which did not allow the consid-
eration of variations in ASB consumption over
time, bearing in mind that the follow-up was up
to 25 years in Bassett et al. (2020) and 23 years
in Hodge et al. (2018). Hence, non-differential
misclassification with regard to aspartame expo-
sure was likely.]

(i)  Case—control studies

Four case—control studies (Nomura et al.,
1991; Mayne et al., 2006; Chan et al., 2009; Davis
et al., 2023) investigating ASBs were conducted
in the USA.

Davis et al. (2023) conducted a hospital-based
case—control study on pancreatic cancer and
mortality in Buffalo, New York, USA, in which
exposure was assessed between 1982 and 1998
using a 46-item FFQ on general dietary habits
(including daily consumption of diet cola) in
the few years before diagnosis. Participants were
categorized in three groups: never, occasional
(< 1 drink/day), and habitual (= 1 drink/day)
consumers. [The Working Group noted that the
retrospective assessment of ASB consumption
during the few years before diagnosis may cause
misclassification that could be both non-dif-
ferential and differential, according to case or
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control status. In addition, this study included
only diet cola as an ASB and as a potential source
of aspartame, which was a partial assessment
that probably induced some misclassification.
Additionally, for cancers diagnosed at the begin-
ning of the study period (the first half of the
1980s), the assessment of ASB consumption was
not relevant for aspartame exposure since aspar-
tame was not included in ASBs in the USA before
1983). However, for the remaining study period,
ASB consumption was relevant for aspartame
exposure.]

Chan et al. (2009) conducted a popula-
tion-based case-control study of pancreatic
cancer in California, USA, in which exposure
data were collected between 1995 and 1999.
Total ASB consumption during the 12 months
before diagnosis was assessed using a 131-item
food questionnaire via in-person interviews
with questions on low-calorie colas, low-cal-
orie caffeine-free colas, and other low-calorie
carbonated beverages). ASB frequency was cate-
gorized into three groups (0, < 1, > 1 beverage/
day). [The Working Group noted that although
there was no specific estimate of aspartame
exposure and ASBs were used as a proxy, the
timing of exposure assessment was relevant for
aspartame being the major artificial sweetener in
ASBs. However, the retrospective assessment of
diet after diagnosis may have led to differential or
non-differential misclassification of participants
with regard to ASB intake and therefore aspar-
tame exposure.]

Mayne et al. (2006) conducted a popula-
tion-based case-control study of oesophageal
cancer in Connecticut, USA. Exposure was
assessed in 1993-1995 using an in-person struc-
tured questionnaire covering the 3-5 years before
diagnosis. The usual frequency of consumption of
diet soft drinks or soda (per day, week, month, or
year) was then categorized into quartiles, the top
quartile being compared with non-consumers.
[The Working Group noted that the limitations
of the assessment included the retrospective

Advance publication, 29 April 2024

assessment of diet after diagnosis, and that there
was no consideration of lifetime consumption of
ASBs, which made differential and non-differen-
tial misclassification of participants more likely
with regard to ASB intake and therefore aspar-
tame exposure. Nonetheless, ASB intake in this
study was probably very relevant for aspartame
exposure, considering the time frame of dietary
assessment.]

Nomuraetal. (1991) conducted a case—control
study of bladder cancer in Hawaii, USA. Dietary
intake was assessed via a diet history interview of
29 food items consumed during a usual week, or
usual month for less frequently consumed items,
on the basis of the participants’ usual diet in the
year before diagnosis, with assessment between
1977 and 1986. The consumption of ASBs (such
as diet or low-calorie sodas) and frequency of
use of saccharin, cyclamates, and other artificial
sweeteners (but not aspartame) were calculated.
Participants were categorized on the basis of
frequency of consumption of ASBs as a non-user
or user (1-2 can-years, 3+ can-years; can-years
indicate number of servings/day x years). [The
Working Group noted that the time frame of
this study (i.e. cancers diagnosed between 1977
and 1987) was of questionable relevance for
aspartame exposure, considering that the US
authorization of aspartame for use in ASBs was
in 1983. Other limitations were that diet was
assessed retrospectively after diagnosis and that
interviewers were not blinded to case or control
status, both of which increased the potential for
differential exposure misclassification.]

(d)  Other related exposures

Exposures to agents previously evaluated
by IARC that are potentially associated with
the consumption of aspartame, artificial sweet-
eners, and ASBs include alcoholic beverages and
tobacco smoking (both carcinogenic to humans,
IARC Group 1, Volume 100E, IARC, 2012). These
co-exposures were taken into account in almost
all the studies described above. The consumption
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of tabletop artificial sweeteners may also be
associated with the consumption of very hot
beverages (probably carcinogenic to humans,
IARC Group 2A, Volume 116; IARC, 2018a),
but this was rarely considered. Other potential
co-exposures, as part of overall dietary patterns,
include dietary cancer hazards such as red meat
(IARC Group 2A, Volume 114; IARC, 2018b) and
processed meat (IARC Group 1; IARC, 2018b),
or environmental exposures. These factors were
seldom considered in analyses. Other probable
cancer risk factors that were not considered in
analyses include, for instance, night shift work
(IARC Group 2A, Volume 124; TARC, 2020).
Other factors potentially associated with aspar-
tame exposure include coffee intake, food addi-
tives, sugar and sugar-sweetened beverages, body
fatness, and diabetes (which could induce some
bias from reverse causation, whereby individuals
at a higher risk of developing cancer because of
higher body fatness or diabetes are more likely
to consume ASBs and, more generally, artificial
sweeteners).

1.6.2 Quality of exposure assessment in
mechanistic studies in exposed humans

See Table S1.3 (Annex 1, Supplementary mate-
rial for Section 1, Exposure Characterization,
online only, available from: https://publications.
iarc.who.int/627).

This section reviews the exposure assess-
ment methods of mechanistic studies in exposed
humans, evaluated in Section 4 of the present
monograph. Studies included in this section were
a mixture of those that examined mechanistic
responses to: (a) added dose of aspartame (as a
beverage or in capsule form and often investi-
gating the impact of increasing doses); (b) added
dose mixed with other artificial sweeteners (typi-
cally as a beverage); (c) intake of artificial sweet-
eners either from dietary intake of beverages only
or from the total diet assigning intake estimates
for aspartame; and (d) intake of aspartame from
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a commercial beverage but in situations where
this acted as the control arm of interventions
focusing on sugar-sweetened beverages rather
than on aspartame per se.

There was a mix of challenge studies, random-
ized controlled trials, observational studies,
matched control studies and one genome-wide
association study (GWAS). There was a high
degree of heterogeneity, with study participants
including those who were generally healthy,
groups with medical conditions (e.g. HIV infec-
tion), and those who self-selected for adverse
responses to aspartame intake (e.g. headaches or
urticaria).

Where present, dietary assessments typically
used food diaries or records, FFQs, or 24-hour
dietary recalls; associated challenges related
to the accuracy and precision of each tool and
concomitant food composition data for quan-
tifying aspartame intake (see Section 1.6.1 for
a detailed review). Habitual or background
dietary intake was not always assessed, often
because the study focus was on examining the
impact of increasing doses of aspartame. Hence,
habitual intakes were generally poorly character-
ized across all studies; in addition, there was no
clear indication of co-exposure to other agents
that may be carcinogenic. Differential misclas-
sification of exposure among participants was
unlikely in studies in which exposure to aspar-
tame was allocated. However, in studies in which
habitual or background diet was not assessed
or controlled, there was a potential for diluted
treatment effect. All studies are reviewed below
and classified according to exposure and study
design.

(a)  Controlled doses of aspartame added to
the diet

(i)  Crossover challenge studies

Six studies adopted a crossover approach to
investigating the impact of aspartame on health
outcomes (Baraniuk et al., 1988; Garriga et al.,
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1991; Nguyen et al., 1998; EFSA UNO7, 2011;
Ahmad et al., 2020a, b). Two studies were carried
outin the USA (Garrigaetal., 1991; EFSA UNO?7,
2011), one in France (Nguyen et al., 1998), and
one was available only as an abstract with no
information on location (Baraniuk et al., 1988).
[The Working Group assumed that the study was
performed in the USA because of the stated affili-
ation of the authors.] All studies involved adding
doses of aspartame to usual daily intakes but over
different time periods and different doses. The
study populations included those who self-re-
ported headaches related to aspartame ingestion
(Baraniuk et al., 1988), those who self-reported
urticaria related to aspartame ingestion (EFSA
UNO07, 2011), a generally healthy adult popula-
tion (Nguyen et al., 1998), and participants who
had a confirmed positive adverse reaction of any
sort to aspartame that was documented by the
researchers (Garriga et al., 1991). Each study
adopted an approach whereby added doses of
aspartame were included as an acute challenge
study over a single day (single meal approach),
either as a beverage (Nguyen et al., 1998), capsule
(Garriga et al., 1991; EFSA_UNO07, 2011), or not
stated (Baraniuketal., 1988). Sample sizes ranged
from 7 (Nguyen et al., 1998), 12 (Garriga et al.,
1991), and 21 (EFSA_UNO7, 2011), to 40 individ-
uals (Baraniuk et al., 1988). EFSA_UNO07 (2011)
included two children in the study population.
The doses under study ranged from 30 mg/kg bw
(the exact doses administered were not available;
Baraniuk etal., 1988),250 mg per challenge (total
amount) (Nguven et al., 1998), and 950 mg/day
for individuals with a body weight of > 40 kg
(450 mg where body weight was < 40 kg) (EFSA
UNO07, 2011) and 2000 mg per challenge (Garriga
et al., 1991). Given the acute nature of these
studies, there was no background information
on habitual dietary aspartame exposure in any
study. It was not possible to characterize usual
dietary exposure, if any.

[The Working Group noted that, across the
studies, the dose of aspartame was controlled and

Advance publication, 29 April 2024

known, and therefore the certainty of exposure
was high, and risk of misclassification (except for
background exposure) was low.]

Two publications (Ahmad et al., 2020a, b)
reported on primary and secondary outcomes
for a crossover randomized controlled trial in
which participants received a dose of aspartame
of 14% (0.425 g) of the ADI, mixed with water,
every day for 2 weeks. Among the inclusion
criteria for the study was that participants were
not regular users of non-nutritive sweeteners,
i.e. artificial sweeteners (i.e. consuming less than
one can of diet beverages and/or one spoonful
of non-nutritive sweetener or the equivalent per
week in food products, which was confirmed via
screening with a web-based FFQ (Canadian Diet
History Questionnaire II). The FFQ included
questions on the type, quantity, and frequency
of use of artificial sweeteners in tea, coftee, and
other drinks, and on the consumption of diet
beverages (including fruit drinks, diet soda, iced
tea, and flavoured water). Participants were asked
to avoid food or drink products that contained
non-nutritive sweeteners for the study period.
Compliance with this advice and the treatment
was assessed via completion of a 3-day food diary
(2 weekdays, 1 weekend day, during the 2-week
study period), a daily beverage checklist over
the 14-day intervention period, and return of
beverage containers each week. Aspartame was
the specific exposure tested in both studies.

In the EFSA clinical research report (EFSA
UNO1, 2011), 10 participants with type 2 diabetes
and 12 participants without type 2 diabetes
received a single dose of aspartame-containing
beverage (approximately 400 mg of aspar-
tame was added to 300 mL of an unsweetened
beverage, cherry-flavoured reconstituted drink
mix). No measurement of background or usual
diet was conducted in this study, and it was not
reported whether participants were consumers
or non-consumers of artificial sweeteners before
the study. Aspartame was the specific exposure
tested in this study.
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Kashima et al. (2019) conducted a crossover

randomized controlled trial in Japan in which
participants (n = 9) received either 25 mL of
water (control) or a 2.5% solution of Gymnema
sylvestre (a plant that suppresses sweet taste sensa-
tion) as a mouth rinse, followed by 200 g (four
doses of 50 g over 80 minutes) of either 0.09%
aspartame or 15% glucose solution containing
100 mg of *C-labelled sodium acetate. There
was no information provided on time between
administration of each intervention arm. There
was no measurement of background or usual
diet conducted in this study, and it was not
reported whether participants were consumers
or non-consumers of artificial sweeteners before
the study. Aspartame was the specific exposure
tested in this study. There was no information
on the purity of aspartame delivered; however,
a branded commercial product containing
aspartame was used (see Section 1.1.4 for purity
requirements of commercial food products).

(i) Randomized parallel-arm challenge
studies

Six studies adopted a parallel-arm approach
(Okunoetal.,1986;Leonetal.,1989; EFSA UNOS,
2011; Higgins et al., 2018; Higgins and Mattes,
2019; Suez et al., 2022). Four of these were carried
out in the USA (Leon et al., 1989; EFSA UNOS,
2011; Higgins et al., 2018; Higgins and Mattes,
2019), one in Israel (Suez et al., 2022), and one in
Japan (Okuno et al., 1986). [The Working Group
noted for all studies that the dose of aspartame
was controlled over a short period of time during
which there was a high certainty regarding short-
term exposure to aspartame.]

Higgins et al. (2018) completed a three-par-
allel-arm study whereby a total of 93 gener-
ally healthy participants were randomized to
consume one of three doses of aspartame as a
beverage and/or capsule - 0 mg/day (dextrose
capsule), 350 mg/day (beverage) or 1050 mg/day
(350 mg as a beverage plus 700 mg as a capsule)
— over 12 weeks. There was no record of dietary
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intakes of aspartame from any other sources
during this time, although participants were
selected at screening to be low- or non-con-
sumers of low-calorie sweeteners.

In the trial described in EFSA _UNO08 (2011),
108 generally healthy adults were randomizedina
double-blind fashion to consume either a placebo
or a total of 75 mg/kg per day of aspartame over
three doses each day for 24 weeks. This dose was
considered by the authors to be approximately
equivalent to the amount of aspartame in 10 L of
aspartame-sweetened beverage per day fora 70 kg
person at that time (around 1985). Aspartame
was delivered as capsules (300 mg/capsule) and
the placebo was microcrystalline cellulose. No
data were provided on the purity of aspartame
delivered. Use of aspartame-containing prod-
ucts was recorded at each visit, and participants
were encouraged to continue their usual diet
but to avoid aspartame-containing products
(list provided). There was no detailed record of
habitual intakes of aspartame (if any) or of expo-
sure to any other artificial sweetener during the
study period (EFSA UNO8, 2011).

Okuno etal. (1986) described two studies. The
first examined the effect of a single dose of aspar-
tame (500 mg mixed with water) in 7 individuals
without diabetes (controls) and 22 individuals
with untreated diabetes, whereas the second
involved daily intake of aspartame (125 mg/day)
as part of a jelly cake, for 2 weeks, by Japanese
adults living with diabetes but with controlled
glycaemia. There was no record of usual intakes
of aspartame or other low-calorie sweeteners at
baseline or throughout the study period. The
authors reported that in the second study the
administered dose was considered equivalent in
sweetness to mean daily sugar consumption for
Japanese adults (20-30 g of sugar).

Leon et al. (1989) conducted a randomized
controlled trial in the USA in 108 male and
female participants aged 18-62 years; aspartame
delivered in capsule form at a dose of 75 mg/kg
(taken at three times, spread across the day)
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for 24 weeks. A sample of the aspartame was
analysed and found to be 98% pure aspartame.
Compliance was assessed by counting unused
capsules at clinic visits every 3 weeks. In addi-
tion, blood and urine metabolites including the
products of aspartame metabolism, i.e. aspartic
acid, phenylalanine, and methanol, were used to
assess exposure five or six times over the 24-week
intervention. [Measures of compliance were a
strength of this work.]

Higgins and Mattes (2019) conducted a
randomized controlled trial (n = 154) with
aspartame provided as a beverage in one of five
intervention arms (the other arms were sucrose,
saccharin,sucralose,orrebaudioside A),withdaily
consumption for 12 weeks (n = 30). Participants
consumed between 1.25Land 1.75 L ofa coloured,
fruit-flavoured beverage (made from a recon-
stituted drink mix) per day, according to body
weight at baseline (body weight, 60-75 kg, 1.25 L/
day; body weight, 76-90 kg, 1.50 L/day; body
weight, > 91 kg, 1.75 L/day), with 0.58 g of aspar-
tame. Food and energy intake were measured
on 3 days (2 non-consecutive weekdays and
1 weekend day) during baseline and weeks 4, 8,
and 12, using the Automated Self-Administered
24-hour Dietary Assessment Tool (ASA24), a
standardized dietary assessment tool. There was
also a brief questionnaire that measured habitual
beverage intake over the past month, completed
at baseline, and in weeks 4, 8, and 12, which was
used to assess whether participants made other
changes to beverage intake. para-Aminobenzoic
acid was added to the supplied beverages, and
urinary para-aminobenzoic acid was measured
to determine compliance for the intervention
beverages. Urinary concentrations of low-cal-
orie sweeteners were not measured. Background
diet assessments were not used for aspartame
exposure. Blood was sampled to conduct an oral
glucose tolerance test at baseline and week 12. A
single fasting blood draw was collected at week 6
for measurement of whole-blood glycated haemo-
globin (HbAlc) and serum glucose, insulin,
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triacylglycerol, high-density lipoprotein (HDL),
and low-density lipoprotein (LDL) cholesterol.
[Measures of compliance were a strength of this
work.]

Suez et al. (2022) conducted a randomized
controlled trial with aspartame as one inter-
vention arm (2 sachets, three times per day;
total amount per day, 0.24 g) for 3 weeks, in
Israel (120 participants overall, 20 participants
per arm of intervention). Among the inclusion
criteria for the study was being a non-consumer
of non-nutritive sweeteners, which was assessed
through completion of an FFQ based on prod-
ucts containing non-nutritive sweeteners on the
Israeli market. Dietary intake during the trial was
assessed with a smartphone food diary; however,
this was not used to assess aspartame.

(i) Genome-wide association study

Hwangetal. (2019) completed a genome-wide
association study (GWAS) focusing on sugars
and sweeteners, using data from the USA, UK,
and Australia. The aim was to identify asso-
ciations with genes involved in the peripheral
receptor systems relating to human perception of
sweetness, i.e. taste 1 receptor members 2 and 3
(TASIR2 and TASIR3), and G protein subunit
alpha transducing 3 (GNAT3). In the US sample,
aspartame (or any other artificial sweetener) was
not included in the taste test. In the cohort from
the United Kingdom Biobank, only total sugar
and sweets (confectionery) was assessed (not
aspartame, ASBs, or artificial sweeteners). In the
Australian cohort, aspartame was added as an
additional dose as part of a taste test in teenagers.
The taste battery included duplicated presenta-
tions of four sweet solutions (0.60 M glucose,
0.30 M fructose, 8.0 x 10-5 M neohesperidin dihy-
drochalcone, and 1.4 x 103 M aspartame), and
five bitter solutions (propylthiouracil, sucrose
octaacetate, quinine, caffeine, and denatonium
benzoate), plus two water solutions as controls.
[The Working Group noted that there was no
indication of habitual or background intakes of
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the teenagers and no information available for the
other cohorts beyond the Australian teenagers.]

(b)  Controlled doses of aspartame mixed with
other artificial sweeteners added to the diet

Two randomized studies examined the
impact of added doses of aspartame mixed
with other artificial sweeteners on mechanistic
outcomes (Sgrensen et al., 2005; Kim et al., 2020).
One study with a randomized controlled design
was carried out in Denmark (Serensen et al.,
2005) and the second study had a randomized
crossover design and was carried out in Australia
(Kim et al., 2020).

Randomized controlled trial

The study by Serensen et al. (2005) involved
the secondary analysis of an existing random-
ized controlled trial in which the aspartame-con-
suming group acted as a control (Serensen et al.,
2005). For 10 weeks the control group of healthy
adults consumed a mix of artificial sweeteners as
foods and beverages at three different levels based
on energy intakes dependent on body weight
(694 kJ/day, 832 k]/day, or 971 k]/day). Aspartame
was consumed as a mix along with cyclamate,
acesulfame-K, and saccharin (54% aspartame).
Foods containing artificial sweeteners were
listed as soft drinks, fruit juices, yogurt, marma-
lade, ice creams, and stewed fruits, but exact
compositions and intakes were not provided.
There was no quantitative estimate of intakes of
any artificial sweetener, including aspartame,
or of usual dietary exposure. Participants were
advised to continue their usual diet ad libitum.
[The Working Group noted that there was co-in-
gestion of other sweeteners (cyclamate, acesul-
fame-K, saccharin).]

Kimetal. examined theimpact ofadded doses
of water or an artificially sweetened soft drink
(containing a mix of acesulfame-K and aspar-
tame) on glucose metabolism in healthy adults
after consumingeach for 2 weeksinarandomized
crossover fashion (Kim et al., 2020). The dose of
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aspartame was 144 mg/L, which translated as a
daily intake of 86.4 mg of aspartame per 600 mL
of beverage. There was no record of usual dietary
intakes of aspartame (or any other artificial
sweetener) or of intakes during the study period,
although participants were encouraged to keep
diets constant and minimize eating out. Study
participants were recruited on the basis of lack
of use of non-nutritive sweeteners in the previous
2 weeks and, although no results were provided,
changes in dietary intakes or consumption of
soft drinks were recorded (Kim et al., 2020). [The
Working Group noted that there was co-inges-
tion of acesulfame-K.]

(c)  Estimated intake of aspartame from
beverage consumption or total diet

Seven studies focused on intakes of aspartame
or artificial sweeteners either from the total diet
or from beverages only (Auerbach and Garfinkel,
1989; Suez et al., 2014; Frankenfeld et al., 2015;
Halletal.,2017; Hessetal.,2018; Tamezetal.,2018;
Ramne et al., 2021). One study was carried out in
Mexico (Tamez et al., 2018), one in Israel (Suez
et al., 2014), one in Sweden (Ramne et al., 2021),
and four in the USA (Auerbach and Garfinkel,
1989; Frankenfeld et al., 2015; Hall et al., 2017;
Hess et al., 2018). All were cross-sectional and
observational in nature.

[Across the studies, common strengths
included the assessment of habitual diet using a
mix of FFQs, food diaries, and dietary recalls,
and often assessing total dietary intakes of
aspartame from a variety of foods rather than
relying on intakes of specific food groups (e.g.
beverages). However, common limitations also
existed, including the potential for recall bias,
timing of exposure relative to the introduction
of aspartame into the food supply, reliance on
food composition databases that may not reflect
product reformulations and composition changes
for aspartame, and the potential for non-differ-
ential exposure misclassification.]
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Tamezetal. (2018) completedacross-sectional
analysis of beverage intake and biomarkers of
cardiovascular risk among 825 generally healthy
Mexican women. Intakes of sugar and ASBs were
compared over the previous year using a 138-item
FFQ from which three questions were extracted
regarding beverage intake (colas, other sodas,
and diet sodas). Intake of artificial sweeteners
was estimated on the basis of diet soda intake,
with a serving size being 355 mL. The total ques-
tionnaire was previously validated with dietary
histories and dietary recalls for total energy,
carbohydrate, protein, and fat, but not specifi-
cally for sugar or artificial sweeteners. [There was
no specific estimate of aspartame intake avail-
able, and so the study was of limited value since
the focus was on total beverage intakes (sugar
and diet), and it was not possible to determine
aspartame exposure.]

Hess et al. (2018) completed a short-term
assessment of intakes of non-nutritive sweeteners
over a 2-week period and compared intakes with
biomarkers of metabolic syndrome among 125
adults. The participants completed three 24-hour
dietary recalls (2 weekdays and 1 weekend day).
The authors adopted a previously published
approach of identifying consumers as those who
ingested from their total diet a quantity equiva-
lent to that of non-nutritive sweeteners present in
11l 0z [29 mL] of dietary beverages (equivalent to
17 mg of aspartame together with other sweet-
eners, including cyclamate, saccharin and acesul-
fame-K) (Hedrick et al., 2017). The authors used
a nutrition software platform (Nutrition Data
System for Research) that had a publication date
of 2015, indicating that compositions of aspar-
tame (and other sweeteners) may relate to that
time period. The authors aggregated the groups
as either consumers (> 17 mg/day aspartame) or
non-consumers (presumably < 17 mg/day aspar-
tame) to examine the relationship with the meta-
bolic syndrome, but the analysis was limited to
33 aspartame consumers and intake patterns
were not characterized further.

Advance publication, 29 April 2024

Hall et al. (2017) evaluated dietary sweetener
consumption among individuals infected with
HIV and matched healthy controls, assessing
the relationship to immune and inflammatory
markers and coronary plaque characteristics. The
data set focused on a cohort of 36 HIV-infected
participants and 15 non-infected participants
(controls) who consumed aspartame. Dietary
intakes of aspartame were quantified using a
4-day food diary (3 weekdays, 1 weekend day)
and the Nutrition Data System for Research (2012
version). Within the HIV-infected cohort, 29%
were aspartame consumers, with a mean daily
intake of 164 mg/day, whereas in the control
group 27% were consumers, with a mean daily
intake of 89 mg/day. No detail was provided on
food or beverages contributing to these intakes.

Frankenfeld et al. (2015) examined aspar-
tame intake using a paper-based, estimated
(not weighed) 4-day food record, collected over
consecutive days and analysed using appro-
priate food composition databases (Nutrition
Data System for Research for nutrient analysis,
2010 version) for the period when the data were
collected. All sources of aspartame from the diet
were assessed, contingent on the available food
composition data. No data were presented on
completeness of the food records (i.e. whether
participants completed all 4 days). [The Working
Group noted that aspartame intakes were calcu-
lated in milligrams per day; however, for the
analysis, participants were classified as consumer
or non-consumers, with no consideration of
dose.]

Ramne etal. (2021) examined ASB consump-
tion among 1371 participants via two separate
dietary assessment methods that were combined
to reflect habitual consumption using data
collected at baseline between 2013 and 2017.
Participants completed a web-based 4-day food
record and a web-based short FFQ covering
the past 6 months; consumption frequencies
addressed ASB intakes ranging from never or
seldom to several times per day on an eight-level
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scale. Data from each method were grouped into
three levels and cross-tabulated to create a new
classification of participants as non-consumers,
medium consumers, and high consumers of
ASBs. [The Working Group noted that no specific
assessment of aspartame was conducted, and
intakes of ASBs were used as a proxy for aspar-
tame intake. Other artificial sweeteners were
used at the time of intake data collection, which
limited the certainty of the exposure estimate.
No information or reference was provided to be
able to examine the validity of the FFQ, and it
was unclear how many items or questions on the
short FFQ covered ASBs. Completeness of the
food record was not reported.]

Suez et al. (2014) assessed long-term non-ca-
loric artificial sweetener consumption among 381
non-diabetic individuals (males, 44%; females,
56%) from a single question in an FFQ with data
collected in 2013 in Israel. Consumption of any
non-caloric artificial sweetener was assessed,
rather than specifically aspartame. [The Working
Group noted that the dietary assessment was
poorly described, and no further information
on the FFQ was provided (e.g. validity, reference
period, or specific details of the questionnaire).
Furthermore, there was no reference cited from
which these details could be obtained.]

Auerbach and Garfinkel (1989) conducted a
retrospective case analysis of 149 non-smokers
and smokers who had died from various causes
between 1976 and 1984. Frequency of use of arti-
ficial sweeteners in soft drinks or added to coffee
or tea or other beverages or foods was assessed
by retrospective recall by family members of
the cases. Frequency information was collected
in broad categories (regular use, occasional use,
or rarely used). [The Working Group noted that
there was no specific assessment of aspartame,
only of total artificial sweeteners. Given the dates
when the study was conducted, and that aspar-
tame was approved as a tabletop sweetener (rele-
vant for tea and coffee exposure) in 1981 and in
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ASBs in 1983, significant exposure to aspartame
was unlikely in the majority of this cohort.]

Yu et al. (2018) conducted a pooled analysis
from two time points of the NHS and compared
intakes of ASBs with several biomarkers of
cardiometabolic health. Frequency of use of
low-energy beverages or ASBs was assessed as a
cumulative average of intakes from at least two
FFQs, before blood collection, and ranked into
five categories ranging from never/almost never
to > 1 time/day. Time points for collection of
dietary intake were 1986-1990 and 1994-1998,
and for blood biomarkers were 1989-1990 and
2000-2001. [The Working Group noted that
there was no specific assessment of aspartame,
only total artificial sweeteners. However, given
the dates when the study was conducted in the
USA, the timing of exposure was consistent with
aspartame being the major artificial sweetener in
beverages.]

(d) Intake of aspartame from commercial
beverages used as the control arm in
studies focusing on sugar-sweetened
beverages

Randomized controlled trials

Four randomized controlled trials studies
used commercially available beverages contain-
ing aspartame as a control in studies focused on
sugar-sweetened beverages rather than aspar-
tame per se (Hieronimus et al., 2020; Sigala et al.,
2020, 2021, 2022). All studies were involving the
same US study group and used the same aspar-
tame-containing drink mix (fruit-flavoured,
commercial) although the dose of aspartame was
not specified. The study populations of healthy
adults were all matched for sex, body mass index
(BMI), fasting triglyceride, LDL-cholesterol,
HDL-cholesterol, and insulin concentrations.
In each study, 24-hour recalls were taken, but
there was no detail provided on usual intakes of
aspartame or of any other artificial sweetener.
Participants were advised during the studies
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to limit their consumption of sugar-containing
beverages to one serving of 100% fruit juice,
but no such guidance was provided regarding
artificial sweeteners, and it was not possible to
determine whether there were any changes in
intake of aspartame in any of the groups beyond
the beverages provided. [The Working Group
noted that exposure was clearly defined in these
study protocols and therefore there was a high
certainty of aspartame exposure, despite the
amount of aspartame exposure and background
exposure being unknown.]

Bishop et al. (2002) conducted a randomized
controlled trial (n = 6) in the UK comparing a
carbohydrate solution with an artificially sweet-
ened solution (the placebo); however, there was
no information on the type of beverage used for
the placebo. Diet was assessed (but not reported)
for 2 days before the trial, to standardize intakes
before the second trial. There was no assessment
of long-term diet reported.

2. Cancer in Humans

Introduction

This section reviews studies of exposure to
aspartame and to artificial sweetener formu-
lations containing aspartame as the primary
sweetener in relation to cancer incidence or
mortality in humans. A systematic search was
conducted in the PubMed database (NCBI
2023) to identify cohort, case-control, and
nested case—control studies evaluating exposure
to aspartame or artificially sweetened beverages
(ASBs) with cancer as an outcome. The search
terms used and the resulting literature tree
are available online from: https://hawcproject.
iarc.who.int/lit/assessment/680/. Case reports,
studies using ecological designs, and studies that
did not include cancer as an end-point were not
considered further.
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The Working Group considered cohort
and case-control studies with various expo-
sure definitions aimed at capturing aspartame
consumption. All identified studies were nutri-
tional epidemiology studies, and no studies were
identified in occupationally or environmentally
exposed populations. Only a handful of studies
assessed aspartame specifically. Many studies
measured intake of ASBs, which were considered
by the Working Group to be a proxy for aspar-
tame exposure on the basis of the time period
and country in which the study was conducted
(see Section 1.4 and Annex 2, Scientific and
other publicly available data on aspartame use
in artificially sweetened beverages, also available
from: https://publications.iarc.who.int/627). In
addition to ASBs, some studies also measured
consumption of tabletop sweeteners containing
aspartame. Control for confounding, in
particular, body massindex (BMI) and consump-
tion of sugar or sugar-sweetened beverages, was
carefully evaluated, as was effect modification by
diabetes. Several studies provided information
on use of artificial sweeteners that were likely
to be a mix of aspartame and other artificial
sweeteners. The Working Group also considered
meta-analyses of aspartame or ASBs and cancer,
but carefully reviewed whether the summary
results were pertinent to exposure to aspartame
versus exposure to other artificial sweeteners. A
recent systematic review and meta-analysis by
the World Health Organization (WHO) reported
on non-sugar sweeteners and cancer risk (WHO
et al, 2022). It is important to note that this
systematic review was limited to studies with
interventions or exposures within the respec-
tive acceptable daily intakes (ADIs) established
by the Joint FAO/WHO Expert Committee on
Food Additives (JECFA), so may not include
some studies for which it was concluded that
the ADI may have been exceeded. Additionally,
this meta-analysis was focused on all types of
non-sugar sweetener and therefore was only
considered relevant to the present evaluation if
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the summary estimates included studies relevant
to aspartame exposure only (either directly or by
proxy with ASBs).

The studies are presented below in sections
by cancer end-point and are ordered by study
design and then publication year (oldest to
most recent). Cohort studies are described first,
followed by case-control studies and meta-ana-
lyses of potential relevance.

2.1 Cancer of the liver, colon and

rectum, pancreas, and other
organs of the digestive tract

2.1.1 Cancer of the liver

See Table 2.1.

Three prospective cohort studies including
a total of four cohorts examined the association
between aspartame exposure or ASB consump-
tion and risk of liver cancer (Stepien et al., 2016;
Jones et al., 2022; McCullough et al., 2022).

A study in the European Prospective
Investigation into Cancer and Nutrition (EPIC)
cohort (Stepien et al., 2016) examined soft drink
consumption and liver cancer riskamong 477 206
men and women from 10 European countries.
Over a mean follow-up of 11.4 years, 191 cases of
hepatocellular cancer were diagnosed. Usual diet
was assessed at study enrolment between 1992
and 1998 using country-specific diet assessment
instruments. Artificially sweetened soft drink
intake was assessed by asking participants to
recall the number of glasses (approximately
250 mL) of “low-calorie or diet fizzy soft drinks”
per month, week, or day (Mullee et al., 2019). This
quantity was then converted to 330 mL servings
per week for the analysis (Stepien et al., 2016).
In the analysis restricted to the centres with
available information on artificially sweetened
soft drink consumption, each 330 mL serving
of artificially sweetened soft drink per week
was associated with an increased risk of hepato-
cellular cancer (hazard ratio, HR, 1.06; 95% CI,
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1.03-1.09; 151 cases). [The Working Group noted
that a correction to the number of hepatocellular
carcinomas reported in the original paper was
published on 17 April 2024 and the original
paper was updated.] Individuals who were obese
or reported a history of diabetes consumed arti-
ficially sweetened soft drinks more frequently
than sugar-sweetened soft drinks. [Strengths
included prospective analysis of a geographi-
cally heterogeneous population with detailed
and validated dietary instruments specific to
each country (which potentially had its own
products with variable content in aspartame)
during relevant periods of aspartame exposure.
However, towards the end of the follow-up period
for countries that started recruitment later (i.e.
towards 2000), co-exposure to other artificial
sweeteners was likely. The study controlled finely
for BMI (height and weight were measured by
trained investigators), diabetes status, smoking,
lifetime alcohol exposure, physical activity, and
education. The authors also evaluated poten-
tial confounding by total sugar, sugar-sweet-
ened beverages, coffee consumption, and other
dietary factors and noted that these did not
appreciably change risk estimates. The study did
not control for hepatitis B virus/hepatitis C virus
(HBV/HCV) status, which is a strong risk factor
for liver cancer, but whether it was associated
with ASB consumption is unclear. Moreover, the
prevalence of HBV/HCV infection in the EPIC
cohort is very low (around 3%) (Trichopoulos
et al., 2011). A limitation of this study was that
baseline-only assessment of ASB intake may
contribute to non-differential measurement
error and bias risk estimates towards the null.]
Jonesetal.(2022) pooled datafromtwo cohorts
in the USA, the National Institutes of Health-
American Association of Retired Persons Diet
and Health Study (NIH-A ARP) and the Prostate,
Lung, Colorectal and Ovarian (PLCO) Cancer
Screening Trial, which included 553 874 partici-
pants of whom 1060 developed liver cancer (ICD-
0O-3, C22.0 and C22.1, liver and intrahepatic bile
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Table 2.1 Epidemiological studies on consumption of aspartame and cancers of the liver, pancreas, and other digestive

organs
Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor  (95% CI)
enrolment/ exposure assessment  incidence or level deaths
follow-up method mortality
period, study
design
Schernhammer 88 794 women and Pancreas, Frequency of diet soft drink consumption (RR):  Age (years), sex, Exposure assessment
etal. (2005 49 364 men; female incidence < 1/mo 155 1 follow-up cycle, critique:
USA1 regi;tered nurses . 1-12/mo 116 1.08 (0.85-1.38) histiry of diabetes, A key strength was the
Enrolment, aged 30-55 yr in the smoking status, rospective assessment
1976 (NHS), I\?HS and lee health > 3wk e 102 (0.79-1.32) caloric igntake, Ef AgB consumption as
1986 (HPES/ professionals aged Trend-test P value: 0.98 nonvigorous physical ~ a cumulative average
follow-up, 40-75 yr in the HPFS activity, other soft from repeated diet
1980-2000 Exposure assessment drink consumption, assessments (using
(NHS), 1986- method: prospective BMI validated instruments)
2000 (HPES) assessment of ASB Pancreas, Frequency of diet soft drink consumption, Age (years), follow- every 4 yr, the majority
Cohort consumption through jncidence women (RR): up cycle, history of at a very relevant period
repeated FFQs < Vme 77 1 diabetes, smoking for aspartame exposure
between 1980-1986 1-12/mo 62 1.10 (0.78-1.55) status, caloric intake,  from ASBs (the USA
and 2000 nonvigorous physical ~ between 1980-1986
> 3/wk 66 1.12 (0.79-1.59) activity, other soft and 2000) potentially
Trend-test P value: 0.64 drink consumption, capturing lifetime
Pancreas, Frequency of diet soft drink consumption, BMI exposure to aspartame.
incidence men (RR): A key limitation was
< 1/mo 78 1 that other sources of
1-12/mo 54 1.08 (0.76-1.53) aspartame were not
> 3/wk ) 0.89 (0.60-1.33) considered (although
these were more limited).
Trend-test P value: 0.52 Other strengths: updated
Pancreas, Frequency of diet cola consumption (RR): Age (years), sex, smoking and history
incidence < 1/mo 182 1 follow-up cycle, of diabetes covariates,
1-12/mo 105 0.90 (0.67-1.21) history of diabetes, stopped updating

> 3/wk 92
Trend-test P value: 0.39

0.85 (0.59-1.21)

Advance publication, 29 April 2024

smoking status,
caloric intake,
nonvigorous physical
activity, other soft
drink consumption,
BMI

exposure information
with new report of
diabetes mellitus; control
for BMI at baseline.
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor (95% CI)
enrolment/ exposure assessment  incidence or level deaths
follow-up method mortality
period, study
design
Schernhammer Pancreas, Frequency of diet cola consumption, women Age (years), follow- Other limitations:
etal. (2005) incidence (RR): up cycle, history of potential for
(cont.) < 1/mo 83 1 diabetes, smoking confounding from
1-12/mo 63 0.84 (0.49-1.42) status, caloric Lntakei unfltndeasukred fe}:tors; diet
nonvigorous sica soft drink intake was not
> 3/wk 2 0.83 (0.43-1.59) activitgy, othefst))’ft high; limited number of
Trend-test P value: 0.96 drink consumption, cases in some stratified
Pancreas, Frequency of diet cola consumption, men (RR):  BMI analyses resulted in wide
incidence < 1/mo 99 1 confidence intervals.
1-12/mo 42 0.86 (0.58-1.26)
> 3/wk 33 0.85 (0.54-1.32)
Trend-test P value: 0.38
Pancreas, Frequency of other diet soft drink consumption ~ Age (years), sex,
incidence (RR): follow-up cycle,

< 1/mo 211 1

1-12/mo 111 1.14 (0.85-1.53)
> 3/wk 57 1.40 (0.93-2.11)
Trend-test P value: 0.13

Advance publication, 29 April 2024

history of diabetes,
smoking status,
caloric intake,
nonvigorous physical
activity, other soft
drink consumption,
BMI
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor  (95% CI)
enrolment/ exposure assessment incidence or level deaths
follow-up method mortality
period, study
design
Schernhammer Pancreas, Frequency of other diet soft drink consumption,  Age (years), follow-
etal. (2005) incidence women (RR): up cycle, history of
(cont.) < 1/mo 87 1 diabetes, smoking
1-12/mo 74 1.44 (0.85-2.44)  Status, caloric intake,
> 3/wk 44 150 (0.76-2.97) ~ nonvigorous physical
activity, other soft
Trend-test P value: 0.54 drink consumption,
Pancreas, Frequency of other diet soft drink consumption,  BMI
incidence men (RR):
< 1/mo 124 1
1-12/mo 37 0.89 (0.59-1.34)
> 3/wk 13 1.62 (0.88-2.97)
Trend-test P value: 0.15
Pancreas, Frequency of diet soft drink consumption, Age (years), sex,
incidence BMI < 25 kg/m? (RR): follow-up cycle,
< 1/mo 86 1 history of diabetes,
1-12/mo 59 1.24 (0.88-1.74) ~ Smokingstatus,
> 3/wk 37 0195 (0l3-la1)  oricintake,
nonvigorous physical
Trend-test P value: 0.69 activity, other soft
Pancreas, Frequency of diet soft drink consumption, drink consumption
incidence BMI > 25 kg/m? (RR):

Ll

< 1/mo 66 1

1-12/mo 56 0.96 (0.67-1.38)
> 3/wk 67 1.03 (0.72-1.47)
Trend-test P value: 0.88

Advance publication, 29 April 2024
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor (95% CI)
enrolment/ exposure assessment  incidence or level deaths
follow-up method mortality
period, study
design
Schernhammer Pancreas, Frequency of diet soft drink consumption, low Age (years), sex,
etal. (2005) incidence physical activity (men, < 11.5 MET/wk; women,  follow-up cycle,
(cont.) < 7.7 MET/wk) (RR): history of diabetes,
< 1/mo 7D 1 smoking status,
1-12/mo 53 1.07 (0.74-1.54) ~ caloricintake,
> 3wk 51 099 (0.68-1.44)  TOTVEO O Phylftlcal
Trend-test P value: 0.84 3?12711 Z;)?lsu(:l;?ion
Pancreas, Frequency of diet soft drink consumption, high
incidence physical activity (men, > 11.5 MET/wk; women,
> 7.7 MET/wk) (RR):
< 1/mo 83 1
1-12/mo 63 1.07 (0.77-1.50)
> 3/wk 57 1.03 (0.72-1.47)
Trend-test P value: 0.94
Pancreas, Frequency of diet soft drink consumption, Age (years), follow-
incidence women, BMI, < 25 kg/m? (RR): up cycle, history of
< 1/mo 55 1 diabetes, smoking
1-12/mo 34 1.05 (0.68-1.62) Status, caloric intake,
> 3/wk 30 102 (0.64-1.62) n"tr.w.iforot‘}lf Phylftical
Trend-test P value: 0.93 3;2711 Z;gsu(:l;?ion
Pancreas, Frequency of diet soft drink consumption,
incidence women, BMI > 25 kg/m? (RR):

< 1/mo 21 1

1-12/mo 28 1.31 (0.74-2.32)
> 3/wk 34 1.32 (0.75-2.33)
Trend-test P value: 0.62

Advance publication, 29 April 2024
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor  (95% CI)
enrolment/ exposure assessment incidence or level deaths
follow-up method mortality
period, study
design
Schernhammer Pancreas, Frequency of diet soft drink consumption, Age (years), follow-
etal. (2005) incidence women, low physical activity (< 7.7 MET/wk) (RR):  up cycle, history of
(cont.) < 1/mo 24 1 diabetes, smoking
1-12/mo 25 0.72 (0.41-1.28)  Status, caloricintake,
> 3/wk 31 B G ooy eel
activity, other soft
Trend-test P value: 0.38 drink consumption
Pancreas, Frequency of diet soft drink consumption,
incidence women, high physical activity (> 7.7 MET/wk)
(RR):
<1/m 53 1
1-12/mo 37 1.52 (0.98-2.36)
> 3/wk 35 1.21 (0.75-1.94)
Trend-test P value: 0.72
Pancreas, Frequency of diet soft drink consumption, men,
incidence BMI < 25 kg/m? (RR):
< 1/mo 31 1
1-12/mo 25 1.65 (0.96-2.83)
> 3/wk 7 0.68 (0.29-1.57)
Trend-test P value: 0.34
Pancreas, Frequency of diet soft drink consumption, men,
incidence BMI 2 25 kg/m? (RR):
< 1/mo 45 1
1-12/mo 28 0.77 (0.48-1.25)
> 3/wk 33 0.81 (0.55-1.40)
Trend-test P value: 0.74
Pancreas, Frequency of diet soft drink consumption, men,
incidence low physical activity (< 11.5 MET/wKk) (RR):

< 1/mo 48 1

1-12/mo 28 0.94 (0.58-1.52)
> 3/wk 20 0.71 (0.41-1.22)
Trend-test P value: 0.21

Advance publication, 29 April 2024
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor (95% CI)
enrolment/ exposure assessment  incidence or level deaths
follow-up method mortality
period, study
design
Schernhammer Pancreas, Frequency of diet soft drink consumption, men,  Age (years), follow-
etal. (2005) incidence high physical activity (= 11.5 MET/wk) (RR): up cycle, history of
(cont.) < 1/mo 30 1 diabetes, smoking
1-12/mo 26 6@ Sl ke,
> 3/wk 22 119 (0.66-2.12) ~ Donvigorous physical
activity, other soft
Trend-test P value: 0.67 drink consumption
Bao etal. 487 922; NIH- Pancreas Diet soft drink consumption (RR): Sex, age Exposure assessment
2008 AARP Diet and (exocrine, Never drinkers 716 1 critique:
USA Health Study: AARP  adenocarcinoma), (0 g/day) Key strengths were that
Enrolment, members (men incidence 1st quintile 137 1.14 (0.90-1.43) ASB consumption. was
1995-1996/ and women)h aged (0.1-26.3 g/day) assgssed and studied
follow-up ?0—71 yr residing 2nd quintile 86 0.91 (0.70-1.18) dur.mg a very relevant
through 2003 in 8 study areas, (26.4-76.9 g/day) period for aspartame
(mean, 7.2 yr)  excluding those with T 'g Y exposure from ASBs
Cohort prevalent cancer, 3rd quintile 99 0.96 (0.75-1.24) (1995-2003 in the USA);
history of diabetes, (770-2589 g/day) three different types of
proxy respondents, 4th quintile 118 1.17(0.92-1.49) ASB were considered;
and persons reporting (259.0-494.4 and the prospective
extreme energy intake g/day) assessment.
5th quintile 102 1.14 (0.89-1.47)
(494.5-4897.6
g/day)

Trend-test P value: 0.46

Advance publication, 29 April 2024
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor  (95% CI)
enrolment/ exposure assessment incidence or level deaths
follow-up method mortality
period, study
design
Bao etal. Exposure assessment ~ Pancreas Diet soft drink consumption (RR): Sex, age, race, Key limitations were the
(2008) method: FFQ at (exocrine, Never drinkers 716 1 education, BMI, sequential assessment
(cont.) baseline, average gde}nocarcinoma), st quintile 137 1.23 (0.97-1.55) alcohol, smo.k.ing, of first the frf:quency
follow-up qf 7.2yr incidence (0.1-26.3 g/day) physical activity, of consumption of
gonsumptlon 2nd quintile 86 0.97 (0.74-1.27) energy—adjusteq red soft drlnks and then
requency of 3 types _ d meat consumption, that of diet/sugar-free
of soft drink (soda, (264 7_6'9_ g/day) energy-adjusted folate  versions, with imprecise
fruit drinks, and iced 3rd quintile 29 1.03 (0.80-1.33) consumption, total frequencies inducing
tea) + frequency of (77.0-258.9 energy, regular soft inaccuracies; other
consumption of diet g/day) drinks sources of aspartame
vs regular versions + 4th quintile 118 1.23 (0.96-1.56) were not considered
3 portion sizes (259.0-494.4 (although more limited).
g/day) Other strengths: large
5th quintile 102 1.11 (0.86-1.44) study; estimated 90%
(494.5-4897.6 completeness of case
g/day) identification via linkage

Trend-test P value: 0.68

Advance publication, 29 April 2024

with cancer registries,
detailed adjustment for
confounders, including
BMI; control for diabetes
at baseline by exclusion
of participants who
reported having diabetes
at baseline.

Other limitations:
potential for bias

from non-differential
measurement error.

swepedsy



acl

Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor  (95% CI)
enrolment/ exposure assessment incidence or level deaths
follow-up method mortality
period, study
design
Bao etal. Pancreas Diet soft drink consumption, excluding the first ~ Sex, age, race,
2008) (exocrine, 2 yr of follow-up (RR): education, BMI,
(cont.) adenocarcinoma), Never drinkers NR 1 alcohol, smoking,
incidence Ist quintile NR 122 (0.94-1.59)  Physical activity,
(0.1-26.3 g/day) energy—adjusteq red
2nd quintile  NR 100 (0.74-135) ~ meatconsumption,
energy-adjusted folate
(26.4-76.9 g/day) .
o consumption, total
3rd quintile NR 1.00 (0.75-1.34) energy, regular soft
(77.0-258.9 drinks
g/day)
4th quintile NR 1.35 (1.03-1.77)
(259.0-494.4
g/day)
5th quintile NR 1.25 (0.94-1.66)
(494.5-4897.6
g/day)
Trend-test P value: 0.19
Pancreas Diet soft drink consumption, non-obese (BMI, Sex, age, race,
(exocrine, <30 kg/m?) (RR): education, BMI,
adenocarcinoma), st quintile NR 1 alcohol, smoking,
incidence physical activity,

(median, 0 g/day)

2nd quintile NR
(median, 16.2

g/day)

3rd quintile NR
(median, 74.8

g/day)

4th quintile NR
(median,

260.6 g/day)

5th quintile NR
(median,

816.9 g/day)
Trend-test P value: 0.59

1.31 (1.03-1.68)

0.88 (0.67-1.17)

1.20 (0.93-1.56)

1.16 (0.88-1.53)

Advance publication, 29 April 2024

energy-adjusted red
meat consumption,
energy-adjusted folate
consumption, total
energy, regular soft
drinks
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor  (95% CI)
enrolment/ exposure assessment  incidence or level deaths
follow-up method mortality
period, study
design
Bao et al. Pancreas Diet soft drink consumption, obese (BMI, Sex, age, race,
2008) (exocrine, > 30 kg/m?) (RR): education, BMI,
(cont.) adenocarcinoma), st quintile NR 1 alcohol, smoking,
incidence (median, 0 g/day) physical activity,
2nd quintile  NR 091 (0.51-1.63) energy-adjusted red
(median, 16.2 meat consumption,
g/day) energy—adjhusted folate
3rd quintile NR 0.94(0.53-1.64)  consumption, total
(median, 74.8 energy.mtake, regular
soft drinks
g/day)
4th quintile NR 0.93 (0.54-1.61)
(median,
260.6 g/day)
5th quintile NR 0.89 (0.51-1.53)
(median,
816.9 g/day)
Trend-test P value: 0.73
Pancreas Diet soft drink consumption, high physical Sex, age, race,
(exocrine, activity (= 3 times/wk) (RR): education, BMI,
adenocarcinoma), st quintile NR 1 alcohol, smoking,
incidence physical activity,

(median, 0 g/day)

2nd quintile NR
(median, 16.2

g/day)

3rd quintile NR
(median, 74.8

g/day)

4th quintile NR
(median,

260.6 g/day)

5th quintile NR
(median,

816.9 g/day)
Trend-test P value: 0.52

energy-adjusted red
meat consumption,
energy-adjusted folate
consumption, total
energy, regular soft
drinks

1.21 (0.89-1.66)
0.87 (0.61-1.23)
1.01 (0.72-1.41)

1.14 (0.81-1.62)

Advance publication, 29 April 2024

swepedsy



8¢l

Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor (95% CI)
enrolment/ exposure assessment  incidence or level deaths
follow-up method mortality
period, study
design
Bao et al. Pancreas Diet soft drink consumption, low physical Sex, age, race,
2008) (exocrine, activity (< 3 times/week) (RR): education, BMI,
(cont.) adenocarcinoma), st quintile NR 1 alcohol, smoking,
incidence (median, 0 g/day) physical activity,
2nd quintile  NR 1.27 (0.92-1.75) ~ energy-adjusted red
(median, 16.9 meat consumption,
g/day) energy—adjhusted folate
3rd quintile  NR 1.04 (0.74-147) ~ consumption, total
(median, 74.8 energy, regular soft
drinks
g/day)
4th quintile NR 1.27 (0.92-1.76)
(median,
260.6 g/day)
5th quintile NR 112 (0.79-1.57)
(median,
816.9 g/day)
Trend-test P value: 0.84
Pancreas Diet soft drink consumption, never-smoker or Sex, age, race,
(exocrine, quit > 10 yr ago (RR): education, BMI,
adenocarcinoma), st quintile NR 1 alcohol, smoking,
incidence physical activity,

(median, 0 g/day)

2nd quintile NR
(median, 16.2

g/day)

3rd quintile NR
(median, 74.8

g/day)

4th quintile NR
(median,

260.6 g/day)

5th quintile NR
(median,

816.9 g/day)
Trend-test P value: 0.32

1.22 (0.92-1.64)
1.03 (0.76-1.40)
1.11 (0.82-1.49)

1.25 (0.92-1.71)

Advance publication, 29 April 2024

energy-adjusted red
meat consumption,
energy-adjusted folate
consumption, total
energy, regular soft
drinks
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor  (95% CI)
enrolment/ exposure assessment  incidence or level deaths
follow-up method mortality
period, study
design
Bao etal. Pancreas Diet soft drink consumption, current smoker or  Sex, age, race,

2008) (exocrine, quit < 10 yr ago (RR): education, BMI,

(cont.) adenocarcinoma), st quintile NR 1 alcohol, smoking,

incidence physical activity,

(median, 0 g/day)

2nd quintile NR
(median, 16.2

g/day)

3rd quintile NR
(median, 74.8

g/day)

4th quintile NR
(median,

260.6 g/day)

5th quintile NR
(median,

816.9 g/day)
Trend-test P value: 0.45

1.21 (0.81-1.79)
0.80 (0.51-1.27)
1.19 (0.80-1.79)

0.92 (0.60-1.40)

Advance publication, 29 April 2024

energy-adjusted red
meat consumption,
energy-adjusted folate
consumption, total
energy, regular soft
drinks
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor (95% CI)

enrolment/ exposure assessment  incidence or level deaths

follow-up method mortality

period, study

design

Navarrete- 477 199 (142 202 Pancreas Artificially sweetened soft drink consumption Centre, sex, age, Exposure assessment
Muioz et al. men and 334 997 (exocrine, (HR): educational level, critique:

2016) women); EPIC cohort adenocarcinoma), Nondrinker 340 0.88 (0.58-1.35) physical activity, A key strength was
Europe study participants incidence Ist quintile 54 1 smoking status, the prospective
Enrolment, from 23 centres in 10 (0.1-2.0 g/day) alcohol consumption, assessment of ASB
1992-2000/ European countries Dol el 50 1.13 (0.69-1.86) sugar—§weet§n§d consumption (seve}ral
follow-up, (Denmark, France, d soft drinks, juice types of beverage) in
through Germany, Greece, (2'1_9'_9 g./ ay) consumption several western Europe
2004 to 2009 Italy, Norway, Spain, 3rd quintile e 112 (0.71-1.77) countries at a period
(depending on  Sweden, Netherlands, (9.9-28.6 g/day) relevant for aspartame
country) and United 4th quintile 42 1.03 (0.64-1.67) exposure (between 1991
Cohort Kingdom), excluding (28.7-92.2 and 2000).

participants g/day) Key limitations were
with prevalent 5th quintile 47 1.07 (0.67-1.73) that no other sources
cancer other than (>92.2 g/day) of aspartame were
nonmelanoma skin Continuous 586 1.04 (0.98-1.10) considered; uncertainty
cancer at baseline or (per 100 g/day) regarding aspartame

with extreme energy
intake/expenditure;
Additionally, data
from Italy, Spain, and
Umea were excluded
from ASB analyses

Trend-test P value: 0.55

Advance publication, 29 April 2024

content of ASBs in every
country; and there was
only one assessment at
baseline.
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Table 2.1 (continued)

LEL

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor  (95% CI)
enrolment/ exposure assessment incidence or level deaths
follow-up method mortality
period, study
design
Navarrete- Exposure Pancreas Artificially sweetened soft drink consumption Centre, sex, age, Other information:
Muiioz et al. assessment method: (exocrine, (HR): educational level, context of low ASB
2016) questionnaire; adenocarcinoma), Nondrinker 340 0.89 (0.58-1.36) physical activity, consumption in middle-
(cont.) exposure to ASBs incidence Ist quintile 54 1 smoking status, . aged adults; continuous
overall assess.ed (0.1-2.0 g/day) alcohol consumption, gnalyses were per 100 g
once at baseline Dol il 50 112 (0.68-1.84) sugar—sweetgn.ed increment vx.rhlch spans
through country- d soft drinks, juice from nondrinker to
specific validated (2'1_9'_9 g( ay) consumption, energy  the highest quintile;
tools (mainly FFQ) 3rd quintile 53 1.09 (0.69-1.73) intake, diabetes, BMI  analyses across countries
covering the usual (9.9-28.6 g/day) were meta-analysed;
diet over the past 4th quintile 42 0.99 (0.61-1.60) no heterogeneity by
year; no specific (28.7-92.2 country; adjustment set
assessment of g/day) for sex-stratified models
aspartame or AS 5th quintile 47 0.99 (0.61-1.60) by 336 g increment were
content in ASB (>92.2 g/day) confirmed on a personal
Continuous 586 1.02 (0.96-1.08) communication with
(per 100 g/day) authors.
Trend-test P value: 0.81 Other strengths: lelirge
Pancreas Artificially sweetened soft drink consumption, Centre, age, zc.)hort., geoglllfzp hl(clal
(exocrine, women (HR): education, smoking, A T
adenocarcinoma), Continuous 373 0.69 (0.44-1.09) alcohol consumption ARG ENEES, C2IEak
incidence . ' . hysical activit St e el
(per 336 g/day) physica ¥ adjusted for diabetes and
Pancreas Artificially sweetened soft drink consumption, ~ DML diabetes, energy o -
(exocrine, men (HR): intake Other limitations: co-
adenocarcinoma), Continuous 313 1.25 (1.03-1.52) exposure to other ASs
incidence (per 336 g/day) likely towards the end of

Advance publication, 29 April 2024

follow-up for countries
that started recruitment
later.
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor (95% CI)
enrolment/ exposure assessment  incidence or level deaths
follow-up method mortality
period, study
design
Navarrete- Pancreas Artificially sweetened soft drink consumption, Centre, sex, age,
Murioz et al. (exocrine, age < 62 yr at diagnosis (HR): educational level,
2016) adenocarcinoma), Continuous 215 1.00 (0.90-1.10) physical activity,
(cont.) incidence (per 100 g/day) smoking status,
Pancreas Artificially sweetened soft drink consumption, alcohol consumption,
(exocrine, age > 62 yr at diagnosis (HR): sugar-sweetened
adenocarcinoma), Continuous 471 105 (0.98-112)  Soft drinks,juice
incidence (per 100 g/day) consumption
Pancreas Artificially sweetened soft drink consumption,
(exocrine, BMI < 25 kg/m? (HR):
adenocarcinoma), - Continuous 297 0.95 (0.81-1.11)
incidence (per 100 g/day)
Pancreas Artificially sweetened soft drink consumption,
(exocrine, BMI > 25 kg/m? (HR):
adenocarcinoma), Continuous 389 1.05 (0.99-1.12)
incidence (per 100 g/day)

Advance publication, 29 April 2024
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor  (95% CI)
enrolment/ exposure assessment incidence or level deaths
follow-up method mortality
period, study
design
Navarrete- Pancreas Artificially sweetened soft drink consumption, Centre, sex, age,
Muioz et al. (exocrine, waist circumference normal/moderate (HR): educational level,
2016) adenocarcinoma), Continuous 452 1.05 (0.98-1.13) physical activity,
(cont.) incidence (per 100 g/day) smoking status,
alcohol consumption,
sugar-sweetened
soft drinks, juice
consumption
Pancreas Artificially sweetened soft drink consumption, Centre, sex, age,
(exocrine, waist circumference large (HR): education, physical
adenocarcinoma), Continuous 180 1.02 (0.93-1.11) activity, alcohol
incidence (per 100 g/day) consumption, sugar-
sweetened beverage
intake
Pancreas Artificially sweetened soft drink consumption, Centre, sex, age,
(exocrine, low physical activity (HR): educational level,
adenocarcinoma), Continuous 381 1.07 (1.00-1.15) physical activity,
incidence (per 100 g/day) smoking status,
Pancreas Artificially sweetened soft drink consumption, alcohol consumption,
(exocrine, high physical activity (HR): sugar-sweetened
adenocarcinoma), Continuous 268 102 (093-11)  Softdrinks,juice
incidence (per 100 g/day) consumption
Pancreas Artificially sweetened soft drink consumption, Centre, sex, age,
(exocrine, never-smokers (HR): educational level,
adenocarcinoma), Continuous 257 1.00 (0.88-1.14) physical activity,
incidence (per 100 g/day) alcohol consumption,
Pancreas Artificially sweetened soft drink consumption, ~ Sugar-sweetened
(exocrine, former smokers (HR): soft drlnks, JRLICE
adenocarcinoma), Continuous 201 1.05(0.96-1.15) consumption
incidence (per 100 g/day)
Pancreas Artificially sweetened soft drink consumption,
(exocrine, current smokers (HR):
adenocarcinoma), Continuous 213 1.03 (0.93-1.13)
incidence (per 100 g/day)

Advance publication, 29 April 2024

swepedsy



vEL

Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments

location, description, (histopathology), category or casesor  (95% CI)

enrolment/ exposure assessment  incidence or level deaths

follow-up method mortality

period, study

design

Stepien et al. 424 123; EPIC study  Liver (HCC), Artificially sweetened soft drink consumption Sex, age, study centre,  Exposure assessment
(2016) participants from 23 incidence (HR): non-alcoholic energy  critique:

Europe centres in Denmark, Continuous 151 1.06 (1.03-1.09) intake, alcohol at A key strength was the
Enrolment, France, Greece, (per serving of enrolment, lifetime prospective assessment
1992-1998/ Germany, Italy, 330 mL)/ wk alcohol intake, of ASB consumption
follow-up, Netherlands, Norway, smoking status (several types of
through Spain, Sweden, and and intensity, BMI, beverages) in several
2006 to 2010 the United Kingdom physical activity, western European
(depending on  (for artificially education, diabetes countries at a period
country) sweetened soft drinks status relevant for aspartame
Cohort analysis, participants exposure (between 1991

from selected centres
in Italy (north

and Ragusa) and
Sweden (Umed) were
excluded); men and
women generally aged
35-70 yr; excluding
participants

with prevalent
cancer other than
nonmelanoma skin
cancer at baseline or
with extreme energy
intake/expenditure

Advance publication, 29 April 2024

and 2000).

Key limitations were
that no other sources
of aspartame were
considered; uncertainty
regarding aspartame
content in ASBs in each
country; and there was
only one assessment at
baseline.

Other information:
context of low ASB
consumption in
middle-aged adults;

did not present detailed
data by ASB, e.g.
unknown whether
models controlled for
biochemical measures
of hepatitis and liver
enzymes.
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor  (95% CI)
enrolment/ exposure assessment incidence or level deaths
follow-up method mortality
period, study
design
Stepien et al. Exposure [Note: the Working
2016) assessment method: Group noted that a
(cont.) questionnaire; correction to the number
exposure to of hepatocellular
artificially sweetened carcinomas reported in
soft drinks overall the original paper was
assessed once at published on 17 April
baseline through 2024 and the original
country-specific paper was updated.]
validated tools Other strengths:
(mainly FFQ) prospective design;
covering the usual diverse European
diet over the past population; control for
year; no specific multiple confounders,
assessment of including BML
aspartame or AS Other limitations: small
content of the number of cases; co-
artificially sweetened exposure to other ASs
soft drinks likely towards the end of
follow-up for countries
that started recruitment
later; did not control for
HBV/HCV status.
Hodge et al. 35593MCCS - a Stomach cancer,  Artificially sweetened soft drink consumption Age, sex, Exposure assessment
2018) prospective cohort (gastric cardia), (HR): socioeconomic critique:
Australia study of men and incidence Never or < 1/mo 123 1 index, country of Key strengths were that
Enrolment, women .aged 40-69 yr —3Vkine 9 0.86 (0.42-1.73) birth,. alcohol intake, it was a prospective
;990—1994/ at recruitment and. 1—6/wk 23 1.46 (0.92-2.34) smolfmg sta.tu.s, study; asses.sment aft.er
ollow-up free of cancer, angina, physical activity, aspartame introduction
through heart attack, or 2 l/day o 1.03 (0.53-1.98) Mediterranean in diet soft drinks in
30 June 2013 diabetes at baseline; Continuous 165 1.24 (0.70-2.18) diet score, sugar- Australia (1987), and
Cohort participants with (per beverage/ sweetened soft drink  first half of follow-up
extreme baseline day) consumption, waist largely overlapping with

energy intake were
excluded

Trend-test P value: 0.46

Advance publication, 29 April 2024

circumference

period of aspartame use
in Australia.
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments

location, description, (histopathology), category or casesor (95% CI)

enrolment/ exposure assessment  incidence or level deaths

follow-up method mortality

period, study

design

Hodge et al. Exposure assessment  Colon and Artificially sweetened soft drink consumption Age, sex, Key limitations were the
2018 method: self- rectum, incidence (HR): socioeconomic FFQ assessment with
(cont.) administered Never or < 1/mo 802 1 index, country of no specific estimate of

121-item FFQ with 1-3/mo 77 0.87 (0.68-1.11) birth, alcohol intake,  aspartame exposure,

separate questions
on frequency of
consumption in
the past year of
diet (artificially
sweetened) soft
drinks

1-6/wk 125 1.15 (0.95-1.40)
> 1/day 51 0.79 (0.60-1.06)
Continuous 1055 0.91 (0.71-1.17)
(per beverage/

day)

Trend-test P value: 0.46

Advance publication, 29 April 2024

smoking status,
physical activity,
Mediterranean

diet score, sugar-
sweetened soft drink
consumption, waist
circumference

ASBs as a proxy, and
exposure data at baseline
only.

Other information:
other non-colorectal
gastrointestinal cancers
were included in the
“overall obesity-related
cancers” outcome but
were not examined
individually.

Other strengths:
adjustment for key
confounders, including a
measure of obesity (waist
circumference); ability to
examine stomach cancer
subsite.

Other limitations: small
number of consumers;
likely bias from non-
differential exposure
misclassification

given single baseline
assessment and long
follow-up.
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments

location, description, (histopathology), category or casesor  (95% CI)

enrolment/ exposure assessment incidence or level deaths

follow-up method mortality

period, study

design

Chazelasetal. 101 257; NutriNet- Colon and ASB intake (subdistribution HR): Age, sex, energy Exposure assessment
2019 Santé prospective rectum, incidence gt quartile 119 1 intake without critique:

France cohort (web-based); (men, < 2.7 mL/ alcohol, sugar intake A key strength was that

Enrolment, men and women aged day; or women, from other dietary it was a prospective

2009-2017/ > 18 yr < 4.6 mL/day) sources, alcohol, study using repeated

follow-up, Exposure 2nd quartile 29 0.65 (0.37-1.14) sodium, lipid, fruit dietary records.

through assessment method: (men, 2.7 to and vegetable intakes, Key limitations were

11 January 2018  participants were < 4.7 mL/day; BMLI, height, physical ~ that there was no specific

Cohort

asked every 6 mo to
complete a series of
three validated web-
based 24 h dietary
records randomly
assigned over a 2-wk
period (2 weekdays,

1 weekend day); at
least two 24 h dietary
records during the
first 2 yr of follow-up
were considered in
analyses (mean + SD,
5.6 +3.0)

or women, 4.6

to < 7.7 mL/day)

3rd quartile 4
(men, 4.7 to

< 7.9 mL/day; or
women, 7.7 to

< 11.6 mL/day)

4th quartile 14
(men, > 7.9 mL/

day; or women,

> 11.6 mL/day)
Continuous 166
(per 10 mL/day)
Trend-test P value: 0.40

0.84 (0.21-3.42)

0.80 (0.44-1.46)

1.02 (0.94-1.10)

Advance publication, 29 April 2024

activity, smoking
status, number of 24 h
records, family history
of cancer, educational
level, prevalent

type 2 diabetes,
hypertension, major
cardiovascular event
and dyslipidaemia at
baseline

estimate of aspartame
exposure, use of ASBs
as a proxy (includes 12
ASB items, all beverages
containing non-nutritive
sweeteners, such as diet
soft drinks, sugar-free
syrups, and diet milk-
based beverages); and
exposure data at baseline
only.

Other strengths:

large population-

based prospective
study; comprehensive
adjustment for
confounders.

Other limitations: only
166 cases of colorectal
cancer; low level of
consumption of ASB,
with median of

6.9 mL/day; non-
representative
population,
predominantly women,
may limit result
generalizability.
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments

location, description, (histopathology), category or casesor  (95% CI)

enrolment/ exposure assessment  incidence or level deaths

follow-up method mortality

period, study

design

Malik et al. 37 716 men and Colon, mortality ~ ASB intake (HR): Age, race, smoking, Exposure assessment

(2019) 80 647 women; female <1serving/mo NR 1 alcohol intake, critique:

ESA1 t regi;t;;e(;;lurs.esth 1-4 servings/mo  NR 0.97 (0.81-1.16) Eostmenopau(s;lHS) A key stf.ength was thet
nrolment, aged 30-55 yr in the . ormone use ) rospective assessmen

1976 (NHS), I\?HS and lee health 2-6 servings/wk NR 101 (0.86-1.18) physical activity, Ef AEB consumption

1986 (HPFS)/  professionals aged 1to ) NR 111 (0.89-1.37) family history of from repeated diet

follow-up, 40-75 yr in the HPFS, <2 servings/day diabetes; family assessments (using

1980-2014 excluding those with > 2 servings/day NR 1.01 (0.77-1.31) history of myocardial  validated instrument)

(NHS), 1986-  history of diabetes, Continuous NR 1.00 (0.91-1.07) infarction, family every 4 yr, the majority

2014 (HPES) cardiovascular (per serving/ history of cancer, at a very relevant period

Cohort disease, or cancer day) multivitamin for aspartame exposure

at baseline, or with
implausible dietary
intake

Exposure assessment
method: prospective
assessment of ASB
consumption through
repeated FFQs
between 1980-1986
and 2010

Trend-test P value: 0.69

Advance publication, 29 April 2024

use, aspirin use,
baseline history of
hypertension and
hypercholesterolaemia,
intake of whole grains,
fruit, vegetables, or
red and processed
meat, total energy,
BMI, SSB intake

from ASBs (the USA
between the 1980s

and 2010) potentially
capturing lifetime
exposure to aspartame.
Key limitations were
that other sources of
aspartame were not
considered (although
these were more
limited); and uncertainty
regarding aspartame
content in ASBs after the
mid-2000s.

Other strengths: large
cohort with long follow-
up.

Other limitations:

likely bias from
non-differential
misclassifications of
exposure to aspartame;
stratified numbers of
deaths not provided for
specific cancer sites.
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments

location, description, (histopathology), category or casesor  (95% CI)

enrolment/ exposure assessment  incidence or level deaths

follow-up method mortality

period, study

design

Mullee et al. 451 743; EPIC cohort  Colon and Glasses (250 mL) of artificially sweetened soft Age, centre, sex, BMI,  Exposure assessment
2019) study participants rectum, mortality drink consumption (HR): physical activity critique:

Europe from 10 European < 1 glass/mo NR 1 index, educational A key strength was the
Enrolment, countries (Denmark, 1to4 glasses/mo  NR 1.08 (0.91-1.28) status, alcghol prospective assess'ment
;992—2000/ France, Greece, > 1106 glasses/ NR 1.02 (0.85-1.22) consu.mptlon, of ASB consumption
ollow-up, Germany, Italy, K smoking status, (several types of
through Netherlands, Norway, W smoking intensity, beverage) in several
2009-2013 Spain, Sweden, and 2 1 glass/day NR 1.22 (0.91-1.64) smoking duration, western European
(depending on  the United Kingdom); Trend-test P value: 0.21 ever use of countries at a period
study centre, men and women contraceptive relevant for aspartame

mean 16.4 yr)
Cohort

excluding those with
prevalent cancer,
heart disease, stroke,
or diabetes, or with
implausible dietary
intake; for artificially
sweetened soft drinks;
participants from
Italy, Spain, and
Sweden were not
included; 2095
colorectal cancer
deaths

Advance publication, 29 April 2024

pill, menopausal
status, ever use of
menopausal hormone
therapy, intakes of
total energy, red and
processed meat, fruits
and vegetables, coffee,
fruit and vegetable
juice, sugar-sweetened
soft drinks

exposure (between 1991
and 2000).

Key limitations were
that no other sources

of aspartame were
considered; uncertainty
regarding the aspartame
content in ASBs in every
country; and there was
only one assessment at
baseline.

Other information:
context of low ASB
consumption in middle-
aged adults.

Other strengths: large
population-based cohort
spanning multiple
countries with different
behaviours; large
number of cases; results
adjusted for appropriate
potential confounders,
including BML
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Table 2.1 (continued)

Reference, Population size, Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor (95% CI)

enrolment/ exposure assessment level deaths

follow-up method

period, study

design

Mullee et al. Exposure

2019) assessment method:

(cont.) questionnaire;

exposure to
artificially sweetened
soft drinks overall
assessed once at
baseline through
country-specific
validated tools
(mainly FFQ)
covering the usual
diet over the past
year; no specific
assessment of
aspartame or AS
content of the
artificially sweetened
soft drinks

Advance publication, 29 April 2024
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments

location, description, (histopathology), category or casesor  (95% CI)

enrolment/ exposure assessment incidence or level deaths

follow-up method mortality

period, study

design

Hur et al. 95 464; NHS-II Colon and Low-calorie carbonated beverage intake (RR): Age, total energy Exposure assessment

(2021) cohort; female rectum, early < 1serving/wk 32 1 intake, race, height, critique:

USA registered nurses onset (beforeage serving/wk to 33 1.20 (0.73-1.98) BMI, menopausal A key strength was the

Enrolment, aged 25-42 yr at 50yr), incidence  _ ;¢ erving/day status, menopausa_l prospective assessment

1989/follow- enrolmen.t; excluded i A 19 0.86 (0.48-1.54) hf)rmone use, family ~ of ASB consumption as a

up, 1991 women with da history of colorectal cumulative average from

through June  colorectal cancer Y . cancer, pack-years repeated diet assessments

2015 or inflammatory 22 servings/day 25 0.73(0.42-1.27) of smoking, physical ~ every 4 yr (from 1991 to

Cohort bowel disease before Continuous 109 0.93 (0.83-1.04) activity, regular 2015) at a very relevant
baseline, or with (per serving/ aspirin use, regular period for aspartame
implausible energy day) non-steroidal anti- exposure from ASBs

intake

Exposure
assessment method:
semiquantitative
FFQ every 4 yr since
1991 assessing the
frequency of ASB
consumption with
standard serving size;
cumulative average
of intakes updated at
every FFQ cycle

Trend-test P value: 0.11

Advance publication, 29 April 2024

inflammatory use,
current multivitamin
use, intake of alcohol,
intake of red and
processed meat,
dietary fibre, total
folate, total calcium,
Alternative Healthy
Eating Index-2010
without alcohol or
SSB, lower endoscopy
for screening or other
indications in past

10 yr

in the USA, potentially
capturing lifetime
exposure to aspartame.
Key limitations were
that other sources of
aspartame including
non-carbonated ASBs
were not considered
(although these were
more limited); there was
uncertainty regarding
aspartame content in
ASBs after the mid-
2000s; and the repeated
intake data could have
been better used by
analysing as time-
dependent data rather
than just averaging.
Other limitations: rela-
tively small numbers of
cases, only 109 early-onset
colon or rectal cancers,
i.e. diagnosed before age
50 yr.
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments

location, description, (histopathology), category or casesor (95% CI)

enrolment/ exposure assessment  incidence or level deaths

follow-up method mortality

period, study

design

ones et al. 553 874; pooled Liver (HCC), ASB consumption, non-diabetics, < 12 yr follow-  Age, sex, race/ Exposure assessment

(2022) analysis of two incidence up (HR): ethnicity, BMI, critique:

USA cohorts: (i) NIH- Continuous 587 1.01 (0.92-1.11) smoking, alcohol use, A key strength was the

Enrolment, AARP Diet and (per time/day) study, total energy prospective assessment

1995-1996 Health Study - men Liver (HCC), ASB consumption, non-diabetics, 12+ yr follow- intake (kcal/day) of ASB consumption

(NIH-AARP), and women 'ag'ed ' incidence up (HR): (soda and fruit puncllles)

1993-2001 5.0—71 yr residing in Continuous 252 0.99 (0.86-1.15) at a very relevant period

(PLCO)/ six states and two ime/d for aspartame exposure

follow-up, metropolitan areas; . (per. tu‘ne/ ay) . from ASBs (the USA

through 2011 (i) PLCO - men le.er (HCC), A.rtlﬁc‘lally sweetened soda consumption, non- in 1995-1996 and

(NIH-AARP), and women aged incidence diabetics, < 12 yr follow-up (HR): 1998). Similar exposure

1998-2011 55-74 yr randomized Continuous 587 1.00 (0.90-1.11) assessment in both

(PLCO) to screening trial (per time/day) cohorts.

Cohort between 1993-2001 Liver (HCC), Artificially sweetened soda consumption, non- Key limitations were that
across 10 screening incidence diabetics, 12+ yr follow-up (HR): no other sources were
centres in the USA; Continuous 252 0.98 (0.83-1.15) considered (although
all participants were (per time/day) these were more limited);
w}thout prior cancer [ jver (HCC), Artificially sweetened fruit punch consumption, there was only one
diagnoses; proxy incidence non-diabetics, < 12 yr follow-up (HR): assessment at baseline

respondents were

not included; 1060
incident liver cancers.
Exposure

assessment method:
questionnaire;
frequency of
consumption of
ASBs assessed in two
cohorts at baseline

in 1995-1996 and
1998, no indication of
volume consumed

Continuous 587 1.06 (0.80-1.41)

(per time/day)

Advance publication, 29 April 2024

(possible variations over
up to 19 yr of follow-
up); and uncertainty
regarding aspartame
content in ASBs after the
mid-2000s.

Other strengths:
prospective, pooled data
from two large studies
resulted in large sample
size, stratification by
diabetes status.
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Table 2.1 (continued)

134

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor  (95% CI)
enrolment/ exposure assessment incidence or level deaths
follow-up method mortality
period, study
design
ones et al. Liver (HCC), Artificially sweetened fruit punch consumption,  Age, sex, race/ Other limitations:
2022 incidence non-diabetics, 12+ yr follow-up (HR): ethnicity, BMI, single assessment of
(cont.) Continuous 252 1.11 (0.74-1.65) smoking, alcohol use,  covariates; stratification
(per time/day) study, total energy by diabetes status may
Liver (HCC) ASB consumption, diabetics, < 12 yr follow-up intake (kcal/day) be misFlassiﬁed dlfe to
(HR): potential c.hanges in
Continuous 158 1.13 (1.02-1.25) status during follow-up;

the study did not control

(per time/day) for coffee consumption
Liver (HCC), ASB consumption, diabetics, 12+ yr follow-up or HBV/HCV infection
incidence (HR): status.
Continuous 63 0.82 (0.64-1.05)
(per time/day)
Liver (HCC), Artificially sweetened soda consumption,
incidence diabetics, < 12 yr follow-up (HR):
Continuous 158 1.13 (1.01-1.27)
(per time/day)
Liver (HCC) Artificially sweetened soda consumption,
diabetics, 12+ yr follow-up (HR):
Continuous 63 0.78 (0.59-1.03)
(per time/day)
Liver (HCC), Artificially sweetened fruit punch consumption,
incidence diabetics, < 12 yr follow-up (HR):
Continuous 158 1.17 (0.92-1.48)
(per time/day)
Liver (HCCQ), Artificially sweetened fruit punch consumption,
incidence diabetics, 12+ yr follow-up (HR):
Continuous 63 1.01 (0.61-1.69)
(per time/day)

Advance publication, 29 April 2024
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments

location, description, (histopathology), category or casesor (95% CI)

enrolment/ exposure assessment  incidence or level deaths

follow-up method mortality

period, study

design

McCullough 934777 (416 313 men, Larynx?, ASB consumption, BMI adjusted (HR): Age, sex, race/ Exposure assessment

et al. (2022 518 464 women); pharynx, and oral Never NR 1 ethnicity, smoking, critique:

USA CPS-II prospective cavity combined, _, drink/day NR 0.95 (0.79-1.13) marital status, A key strength was the

Enrolment, cohort; adults aged mortalit . education, red and prospective assessment

1982/follow- > 28 yr; exclude%i ! ! drm.k/day NR A processed meat of ASB consumption.

up, through participants with 2 2drinks/day ~ NR 1.13 (0.94-1.37) consumption, Key limitations were

2016 (median,  personal history at Continuous 1852 1.04 (0.99-1.09) fruit and vegetable that there was only one

27.7 yr) baseline of diabetes (per drink/day) consumption, alcohol  dietary assessment at

Cohort or cancer other Trend-test P value: 0.107 consumption, SSB baseline in 1982 that
than nonmelanoma consumption, BMI was before the use of
skin cancer, men Larynx?, ASB consumption, men, BMI adjusted (HR): Age, race/ethnicity, aspartame in ASBs,
aged > 90 yr or pharynx, and oral Never NR 1 smoking, marital hence the relevance to
women aged > 95 yr cavity combined, .| 4rink /day NR 1.23 (0.98-1.53) status, education, aspartame IR
at enrolment, and mortality ] red and processed depends on the stability
those reporting only 1 drink/day NR 1.40 (1.10-1.78) meat consumption, of ASB consumption
prior but not current > 2drinks/day ~ NR 1.13 (0.87-1.48) fruit and vegetable over up to 34 yr of
consumption of either Continuous 1215 1.07 (1.00-1.14) consumption, alcohol ~ follow-up, but such
SSBs or ASBs (per drink/day) consumption, SSB information was not
Exposure Trend-test P value: 0.034 consumption, BMI directly available; no
assessment method: other sources were
questionnaire; considered (although

exposure to ASBs
assessed in 1982
through a question
about number of
drinks per day of diet
soda or ice teas (one
pooled item) and
potential changes
over the past 10 yr; no
specific assessment of
aspartame content in
ASBs

Advance publication, 29 April 2024

these were more
limited); and uncertainty
regarding aspartame
content in ASBs after the
mid-2000s.

Other information:
exclusion of participants
who reported only

prior but not current
consumption of either
SSBs or ASBs at baseline.
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor  (95% CI)
enrolment/ exposure assessment incidence or level deaths
follow-up method mortality
period, study
design
McCullough Larynx?, ASB consumption, women, BMI adjusted (HR):  Age, race/ethnicity, Other strengths: large,
et al. (2022 pharynx, and oral Never NR 1 smoking, marital prospective cohort with
(cont.) cavity combined, < 1 drink/day NR 0.68 (0.51-0.89) status, education, long follow-ups; ability to
mortality | dbsti NR 0.89 (0.66-1.20) red and process.ed examine mpltlple cancer
i meat consumption, types, stratify by sex or
>2drinks/day ~ NR 1.06 (0.80-1.40) fruit and vegetable BMI, and limit to never-
Continuous 637 0.99 (0.91-1.07) consumption, alcohol  smokers; comprehensive
(per drink/day) consumption, SSB adjustment for
Trend-test P value: 0.845 consumption, BMI confounders, including
Oesophagus, ASB consumption, BMI adjusted (HR): Age, sex, race/ SSB consumption.
mortality Never NR 1 ethnicity, smoking, Other limitations:
<ldrinkiday NR  098(0.s5-L1)  Mmarialstatus o ponta e chy
. education, red an
1 drink/day NR 0.89 (0.75-1.05) O unable to distinguish
> 2 drinks/day ~ NR 0.92 (0.78-1.08) consumption, gastric cardia and
Continuous 2727 0.99 (0.94-1.03) fruit and vegetable non-cardia cancers or
(per drink/day) consumption, alcohol ~ oesophageal SCC and
Trend-test P value: 0.155 consumption, SSB adenocarcinoma with
Stomach, ASB consumption, BMI adjusted (HR): consumption, BMI diffirlentt risk fac'{(;r 8
: unable to control liver
mortality Never. NR ! cancer for HBV/HCV
< 1 drink/day NR 0.92 (0.81-1.05) e ien SiEis,
1 drink/day NR 0.92 (0.79-1.09)
> 2 drinks/day ~ NR 1.06 (0.91-1.24)
Continuous 2798 1.00 (0.96-1.05)
(per drink/day)

14’

Trend-test P value: 0.892

Advance publication, 29 April 2024
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor (95% CI)
enrolment/ exposure assessment  incidence or level deaths
follow-up method mortality
period, study
design
McCullough Liver (HCC), ASB consumption, BMI adjusted (HR): Age, sex, race/
et al. (2022 mortality Never NR 1 ethnicity, smoking,
(cont.) <1drink/day ~ NR 1.01 (0.90-1.15) ~ maritalstatus,
1 drink/day NR 1.01 (0.87-117)  Cducation, redand
>2drinks/day  NR 095 (081-110)  Processed meat
= Y ) ) ) consumption,
Continuous 2722 0.98 (0.94-1.02) fruit and vegetable
(per drink/day) consumption, alcohol
Trend-test P value: 0.578 consumption, SSB
consumption, BMI
Liver (HCC), ASB consumption, men, BMI adjusted (HR): Age, race/ethnicity,
mortality Never NR 1 smoking, marital
<1ldrink/day  NR 1.10 (0.92-1.32) status, education,
1 drink/day NR L7 ol i preseEd
. meat consumption,
>2 drlnks/day NR 1.00 (080—124) fruit and vegetable
Continuous 1576 0.99 (0.93-1.05) consumption, alcohol
(per drink/day) consumption, SSB
Trend-test P value: 0.701 consumption, BMI
Liver (HCC), ASB consumption, women, BMI adjusted (HR):
mortality Never NR 1
<1drink/day ~ NR 0.93 (0.79-1.11)
1 drink/day NR 0.94 (0.76-1.16)
> 2 drinks/day =~ NR 0.90 (0.72-1.12)
Continuous 1146 0.97 (0.92-1.04)
(per drink/day)

Trend-test P value: 0.270

Advance publication, 29 April 2024
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor  (95% CI)
enrolment/ exposure assessment incidence or level deaths
follow-up method mortality
period, study
design
McCullough Liver (HCC), ASB consumption, never-smokers, BMI adjusted  Age, sex, race/
etal. (2022 mortality (HR): ethnicity, marital
(cont.) Never NR 1 status, education,
<1ldrink/day  NR 0.98 (0.81-1.20)  redand processed
1 drink/day NR 1.01 (0.80-1.28) Ifnef’t consumptior,
. ruit and vegetable
>2 drlnks/day NR 0.93 (072—120) consumption, alcohol
Continuous 996 0.96 (0.89-1.04) consumption, SSB
(per drink/day) consumption, BMI
Trend-test P value: 0.637
Liver (HCC), ASB consumption, men, never-smokers (HR): Age, race/ethnicity,
mortality Never NR 1 marital status,
<1ldrink/day  NR 1.13 (0.80-1.60) education, red and
1 drink/day NR 117 (0.80-173)  Processed meat
. consumption,
> 2 drinks/day = NR 1.44 (0.99-2.08) fruit and vegetable
Continuous 413 1.08 (0.98-1.19) consumption, alcohol
(per drink/day) consumption, SSB
Trend-test P value: 0.040 consumption
Liver (HCCQ), ASB consumption, men, never-smokers, BMI
mortality adjusted (HR):
Never NR 1
<1drink/day ~ NR 1.03 (0.73-1.47)
1 drink/day NR 1.04 (0.70-1.53)
> 2 drinks/day =~ NR 1.21 (0.83-1.77)
Continuous 413 1.03 (0.93-1.15)
(per drink/day)

Trend-test P value: 0.335

Advance publication, 29 April 2024
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor (95% CI)
enrolment/ exposure assessment  incidence or level deaths
follow-up method mortality
period, study
design
McCullough Liver (HCC), ASB consumption, women, never-smokers, BMI  Age, race/ethnicity,
etal. (2022 mortality adjusted (HR): marital status,
(cont.) Never NR 1 education, red and
<1drink/day  NR 0.96 (0.75-1.21) ~ Processed meat
1 drink/day NR 0.99 (0.74-1.32) Eflﬁit;l:gs:;étable
>2drinks/day ~ NR 0.76 (0.54-1.08) consumption, alcohol
Continuous 583 0.91 (0.81-1.01) consumption, SSB
(per drink/day) consumption, BMI
Trend-test P value: 0.169
Pancreas, ASB consumption (HR): Age, sex, race/
mortality Never NR 1 ethnicity, smoking,
<1ldrink/day  NR 1.03 (0.97-1.11) marital status,
1 drink/day NR 1.09 (1.01-1.18) education, red and
. processed meat
> 2 drinks/day = NR 1.16 (1.07-1.26) consumption,
Continuous 9196 1.04 (1.02-1.06) fruit and vegetable
(per drink/day) consumption, alcohol
Trend-test P value: < 0.0001 consumption, SSB
consumption
Pancreas, ASB consumption, BMI adjusted (HR): Age, sex, race/
mortality Never NR 1 ethnicity, smoking,
<1drink/day ~ NR 1.00 (0.94-1.07) ~ Mmaritalstatus,
1 drink/day NR 106 (09821 14y ucationirediand
. processed meat
> 2 drinks/day =~ NR 1.11 (1.02-1.20) consumption,
Continuous 9196 1.03 (1.01-1.05) fruit and vegetable
(per drink/day) consumption, alcohol

Trend-test P value: 0.008

Advance publication, 29 April 2024

consumption, SSB
consumption, BMI
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor  (95% CI)
enrolment/ exposure assessment incidence or level deaths
follow-up method mortality
period, study
design
McCullough Pancreas, ASB consumption, men, BMI adjusted (HR): Age, race/ethnicity,
et al. (2022 mortality Never NR 1 smoking, marital
(cont.) <1drink/day ~ NR 0.96 (0.86-1,08) Status, education,
1 drink/day NR 1.10 (0.97-1.25) U PITOEEEE
. meat consumption,
> 2 drinks/day  NR 1.15 (1.01-1.30) fruit and vegetable
Continuous 4339 1.04 (1.00-1.08) consumption, alcohol
(per drink/day) consumption, SSB
Trend-test P value: 0.023 consumption, BMI
Pancreas, ASB consumption, women, BMI adjusted (HR):
mortality Never NR 1
<1drink/day ~ NR 1.01 (0.93-1.10)
1 drink/day NR 1.02 (0.92-1.13)
> 2 drinks/day = NR 1.08 (0.97-1.19)
Continuous 4857 1.02 (0.99-1.05)
(per drink/day)
Trend-test P value: 0.167
Pancreas, ASB consumption, never-smokers, BMI adjusted ~ Age, sex, race/
mortality (HR): ethnicity, marital
Never NR 1 status, education,
<1drink/day ~ NR 0.99 (0.90-1.10) ~ redand processed
1 drink/day NR 1.07 (0.95-1.20) ‘fne‘.‘t consumpeion,
. ruit and vegetable
> 2 drinks/day =~ NR 1.19 (1.05-1.34) consumption, alcohol
Continuous 3955 1.05 (1.02-1.09) consumption, SSB
(per drink/day) consumption, BMI

4!

Trend-test P value: 0.005

Advance publication, 29 April 2024
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor (95% CI)
enrolment/ exposure assessment  incidence or level deaths
follow-up method mortality
period, study
design
McCullough Pancreas, ASB consumption, men, never-smokers, BMI Age, race/ethnicity,
etal. (2022 mortality adjusted (HR): marital status,
(cont.) Never NR 1 education, red and
<1drink/day  NR 0.93 (0.77-1.14) processed meat
1 drink/day NR 1.00 (0.81-1.25) Eflﬁit;l:gs:;étable
> 2 drinks/day NR 1.34 (1.10-1.65) consumption, alcohol
Continuous 1456 1.08 (1.02-1.14) consumption, SSB
(per drink/day) consumption, BMI
Trend-test P value: 0.018
Pancreas, ASB consumption, women, never-smokers, BMI
mortality adjusted (HR):
Never NR 1
< 1 drink/day NR 1.01 (0.90-1.13)
1 drink/day NR 1.09 (0.95-1.25)
> 2 drinks/day ~ NR 1.12 (0.96-1.30)
Continuous 2499 1.03 (0.99-1.08)
(per drink/day)
Trend-test P value: 0.089
Pancreas, ASB consumption, normal weight (BMI, 18.5to  Age, sex, race/
mortality < 25 kg/m?) (HR): ethnicity, smoking,

Never

< 1 drink/day
1 drink/day

> 2 drinks/day

Continuous
(per drink/day)

NR
NR
NR
NR
4234

Trend-test P value: 0.432

Advance publication, 29 April 2024

1
0.96 (0.87-1.06)
1.01 (0.89-1.14)
1.07 (0.94-1.22)
1.00 (0.97-1.04)

marital status,
education, red and
processed meat
consumption,

fruit and vegetable
consumption, alcohol
consumption, SSB
consumption, BMI
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor  (95% CI)
enrolment/ exposure assessment incidence or level deaths
follow-up method mortality
period, study
design
McCullough Pancreas, ASB consumption, overweight (BMI, 25 to Age, sex, race/
etal. (2022 mortality <30 kg/m?) (HR): ethnicity, smoking,
(cont.) Never NR 1 marital status,
<1drink/day  NR 1.03 (0.93-1.14) education, red and
1drink/day ~ NR 108 (0.96-127) ~ Processed meat
. consumption,
>2 drlnks/day NR 1.18 (1.04-1.33) fruit and Vegetable
Continuous 3625 1.05 (1.01-1.08) consumption, alcohol
(per drink/day) consumption, SSB
Trend-test P value: 0.006 consumption, BMI
Pancreas, ASB consumption, obese (BMI, > 30 kg/m?)
mortality (HR):

LGl

Bile duct or
gallbladder,
mortality

Never NR 1
< 1 drink/day NR 1.10 (0.92-1.31)

1 drink/day NR 1.02 (0.83-1.26)
> 2 drinks/day NR 0.99 (0.80-1.21)
Continuous 1022 1.01 (0.95-1.07)
(per drink/day)

Trend-test P value: 0.992
ASB consumption (HR):
Continuous 1024
(per drink/day)
Trend-test P value: 0.011

1.07 (1.01-1.14)

Advance publication, 29 April 2024

Age, sex, race/
ethnicity, smoking,
marital status,
education, red and
processed meat
consumption,

fruit and vegetable
consumption, alcohol
consumption, SSB
consumption
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Table 2.1 (continued)

Reference, Population size,
location, description,
enrolment/ exposure assessment
follow-up method

period, study

design

Organ site
(histopathology),
incidence or
mortality

Exposure Exposed Risk estimate
category or casesor  (95% CI)
level deaths

Covariates controlled Comments

McCullough
et al. (2022

(cont.)

Bile duct or
gallbladder,
mortality

Bile duct or
gallbladder,
mortality

Small intestine,
mortality

ASB consumption, BMI adjusted (HR):

Never NR 1

<1drink/day ~ NR 1.12 (0.93-1.36)
1 drink/day NR 1.18 (0.94-1.48)
> 2 drinks/day  NR 1.15 (0.90-1.46)
Continuous 1024 1.05 (0.98-1.11)
(per drink/day)

Trend-test P value: 0.105

ASB consumption, never-smokers, BMI adjusted

(HR):

Never NR 1

< 1 drink/day NR 1.05 (0.80-1.39)
1 drink/day NR 1.14 (0.81-1.60)
> 2 drinks/day =~ NR 1.25 (0.88-1.77)
Continuous 476 1.05 (0.96-1.16)
(per drink/day)

Trend-test P value: 0.170

ASB consumption (HR):

Continuous 324 1.12 (1.01-1.23)
(per drink/day)

Trend-test P value: 0.162

Advance publication, 29 April 2024

Age, sex, race/
ethnicity, smoking,
marital status,
education, red and
processed meat
consumption,

fruit and vegetable
consumption, alcohol
consumption, SSB
consumption, BMI
Age, sex, race/
ethnicity, marital
status, education,

red and processed
meat consumption,
fruit and vegetable
consumption, alcohol
consumption, SSB
consumption, BMI

Age, sex, race/
ethnicity, smoking,
marital status,
education, red and
processed meat
consumption,

fruit and vegetable
consumption, alcohol
consumption, SSB
consumption
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Table 2.1 (continued)

Reference,
location,
enrolment/
follow-up
period, study
design

Population size,
description,
exposure assessment
method

Organ site
(histopathology),
incidence or
mortality

Exposure
category or cases or
level deaths

Exposed Risk estimate

(95% CI)

Covariates controlled

Comments

McCullough
et al. (2022

(cont.)

Small intestine,
mortality

Small intestine,
mortality

Colon and
rectum, mortality

ASB consumption, BMI adjusted (HR):

Never NR
< 1 drink/day NR
1 drink/day NR
>2drinks/day ~ NR
Continuous 324
(per drink/day)

Trend-test P value: 0.244

ASB consumption, never-smokers, BMI adjusted

(HR):

Never NR

< 1 drink/day NR

1 drink/day NR

> 2 drinks/day = NR
Continuous 138
(per drink/day)
Trend-test P value: 0.479
ASB consumption (HR):
Never NR

< 1 drink/day NR

1 drink/day NR

> 2 drinks/day =~ NR
Continuous 13752
(per drink/day)

Trend-test P value: 0.704

Advance publication, 29 April 2024

1
0.98 (0.68-1.42)
1.09 (0.72-1.66)
1.28 (0.85-1.93)
1.11 (1.00-1.22)

1

1.25 (0.75-2.07)
1.13 (0.60-2.13)
1.20 (0.62-2.32)
1.10 (0.94-1.30)

1
0.99 (0.94-1.05)
1.03 (0.97-1.11)
0.97 (0.90-1.04)
1.00 (0.98-1.02)

Age, sex, race/
ethnicity, smoking,
marital status,
education, red and
processed meat
consumption,

fruit and vegetable
consumption, alcohol
consumption, SSB
consumption, BMI
Age, sex, race/
ethnicity, marital
status, education,

red and processed
meat consumption,
fruit and vegetable
consumption, alcohol
consumption, SSB
consumption, BMI

Age, sex, race/
ethnicity, smoking,
marital status,
education, red and
processed meat
consumption,

fruit and vegetable
consumption, alcohol
consumption, SSB
consumption
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments

location, description, (histopathology), category or casesor (95% CI)

enrolment/ exposure assessment  incidence or level deaths

follow-up method mortality

period, study

design

McCullough Colon and ASB consumption, BMI adjusted (HR): Age, sex, race/

et al. (2022 rectum, mortality Never NR 1 ethnicity, smoking,

(cont.) <1drink/day ~ NR 0.96 (0.91-1.02) ~ marital status,
1 drink/day NR 1.00 (0.93-1,07)  Cducation, redand
>2drinks/day  NR 092 (0.86-0.09)  Processed meat
= Y : : : consumption,
Continuous 13 752 0.99 (0.97-1.01) fruit and vegetable
(per drink/day) consumption, alcohol

Colon and
rectum, mortality

Colon and
rectum, mortality

Trend-test P value: 0.034

ASB consumption, men, BMI adjusted (HR):

Never NR 1

< 1drink/day ~ NR 1.01 (0.92-1.11)
1 drink/day NR 0.96 (0.86-1.07)
> 2 drinks/day NR 0.95 (0.84-1.06)
Continuous 6660 0.99 (0.96-1.02)
(per drink/day)

Trend-test P value: 0.276
ASB consumption, women, BMI adjusted (HR):

Never NR 1

<1drink/day ~ NR 0.94 (0.87-1.01)
1 drink/day NR 1.02 (0.93-1.11)
> 2 drinks/day =~ NR 0.90 (0.82-0.99)
Continuous 7092 0.98 (0.96-1.01)
(per drink/day)

Trend-test P value: 0.052

Advance publication, 29 April 2024

consumption, SSB
consumption, BMI
Age, race/ethnicity,
smoking, marital
status, education,
red and processed
meat consumption,
fruit and vegetable
consumption, alcohol
consumption, SSB
consumption, BMI
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor  (95% CI)
enrolment/ exposure assessment  incidence or level deaths
follow-up method mortality
period, study
design
McCullough Colon and ASB consumption, never-smokers, BMI adjusted  Age, sex, race/
et al. (2022 rectum, mortality (HR): ethnicity, marital
(cont.) Never NR 1 status, education,
<1drink/day ~ NR 0.97 (0.89-1.05) ~ redand processed
1 drink/day NR 1.04 (0.94-1.15) Ifnef’t consumption,
. ruit and vegetable
> 2 drinks/day =~ NR 0.92 (0.82-1.03) consumption, alcohol
Continuous 5799 0.98 (0.95-1.01) consumption, SSB
(per drink/day) consumption, BMI

Colon and
rectum, mortality

Colon and
rectum, mortality

Trend-test P value: 0.294

ASB consumption, men, never-smokers, BMI

adjusted (HR):

Never NR
< 1 drink/day NR
1 drink/day NR
> 2 drinks/day = NR
Continuous 2107
(per drink/day)

Trend-test P value: 0.335

ASB consumption, women, never-smokers, BMI

adjusted (HR):

Never NR
< 1 drink/day NR
1 drink/day NR
> 2 drinks/day ~ NR
Continuous 3692
(per drink/day)

Trend-test P value: 0.469

Advance publication, 29 April 2024

1
1.03 (0.88-1.20)
0.95 (0.79-1.16)
0.90 (0.74-1.11)
0.96 (0.90-1.02)

1

0.95 (0.86-1.04)

1.07 (0.95-1.20)

0.92 (0.80-1.06)

0.99 (0.95-1.02)

Age, race/ethnicity,
marital status,
education, red and
processed meat
consumption,

fruit and vegetable
consumption, alcohol
consumption, SSB
consumption, BMI
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor (95% CI)
enrolment/ exposure assessment  incidence or level deaths
follow-up method mortality
period, study
design
Norell et al. Cases, 99; aged 40— Pancreas Use of AS, population controls (RR): Age, sex, parish Exposure assessment
1986) 79 yr diagnosed with  (exocrine), No 78 1 critique:
Sweden cancer of the exocrine incidence Yes 18 1.2 (90% CI, 0.7-2.0) Key limitations were
1982-1984 pancreas at three . ’ . the retrospective recall
. Pancreas Use of AS, hospital controls (RR): Age, sex, hospital . . .
Case-control  surgical departments (exocrine) with a single item
in Stockholm and incidence No 78 ! on use of AS and not
incidaence Yes 18 1.1 (90% CI, 0.6-2.0)

Uppsala; diagnosis
based on resection

or autopsy; of 120
confirmed cases, 21
were lost to the study,
leaving 99 (55 men,
44 women)

Controls: 301 (163
hospital-based, 138
population-based);
population controls
selected from parish
registries, which list
all inhabitants by
date of birth; matched
on sex, closest date

of birth in the same
parish; hospital
controls were selected
as a stratified (age,
sex) random sample
of patients aged
40-79 yr who had a
diagnosis of inguinal
hernia during the
study period from the
same three surgical
departments; survey
completed by proxy
for 16 cases,

Advance publication, 29 April 2024

specifically aspartame;
study participants could
not consume aspartame
before it was approved
in the early 1980s,
therefore, exposure of
participants to AS does
not reflect aspartame.
Other strengths:
population-based
controls should reflect
exposure experience of
the study population
(minimize selection
bias).

Other limitations:
potential for bias

from exposure
misclassification due to
long induction periods
and variable exposure by
time; potential for recall
bias; limited number of
exposed cases; reported
results for ASs did not
control for confounders
other than sex, age, and
hospital/parish.
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor  (95% CI)
enrolment/ exposure assessment  incidence or level deaths
follow-up method mortality
period, study
design
Norell et al. 2 hospital controls,
1986) and 1 population
(cont.) control
Exposure assessment
method: self-
administered
questionnaire
including use of AS;
exposure categorized
as consumers vs non-
consumers only
Mayne et al. Cases: 255 Stomach Diet carbonated soft drink consumption (OR): Age, sex, study Exposure assessment
2006 gastric cardia (gastric cardia, No intake NR 1 centre, race, proxy critique:
USA adenocarcinoma; 352  adenocarcinoma), Top 20% of NR 0.50 (0.31-0.81) interview status, BMI, Key limitations were
1993-1995 noncardia gastric incidence mean caloric intake, the retrospective recall;

Case-control

LSl

adenocarcinoma; 206
oesophageal SCC;
282 oesophageal
adenocarcinoma;
aged 30-79 yr with
incident cancer

in rapid reporting
systems in three areas
(Connecticut, New
Jersey, and western
Washington State);
medical records and
slides reviewed by
study pathologists to
confirm diagnoses

intake

Advance publication, 29 April 2024

consumption (each)
of beer/wine/liquor,
consumption of meat,
cigarettes per day,
education, income,
frequency of reflux
symptoms

the lack of a specific
estimate of aspartame
exposure with ASBs as
a proxy (diet soft drinks
or soda), but timing of
exposure was consistent
for aspartame being
used as the major AS in
beverages; lack of data
on duration of exposure;
the authors repeated
analyses limiting to
those without reflux
symptoms.
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Table 2.1 (continued)

Reference,
location,
enrolment/
follow-up
period, study
design

Population size,
description,
exposure assessment
method

Organ site
(histopathology),
incidence or
mortality

Exposure Exposed Risk estimate
category or casesor  (95% CI)
level deaths

Covariates controlled

Comments

Mayne et al.
2006

(cont.)

Controls: 687;
population-based
controls were
frequency-matched
on the expected
distribution of target
cases by 5-year age
group, sex, and
geographical area
(study site); controls
aged 30-64 yr

were identified by
Waksberg’s random-
digit dialling
method; controls
65-79 yr were
identified by Health
Care Financing
Administration
rosters

Exposure assessment
method: in-

person, structured
questionnaire of
usual frequency

of consumption of
“diet soft drinks or
soda” covering the
period 3-5 yr before
diagnosis

Stomach (gastric
noncardia,
adenocarcinoma),
incidence

Oesophagus
(SCC), incidence

Oesophagus
(adenocarcinoma),
incidence

Diet carbonated soft drink consumption (OR):

No intake NR 1

Top 20% of NR 0.58 (0.38-0.90)
intake

Diet carbonated soft drink consumption (OR):
No intake NR 1

Top 20% of NR 0.43 (0.23-0.82)

intake
Diet carbonated soft drink consumption (OR):
No intake NR 1

Top 20% of NR 0.52 (0.32-0.83)
intake

Advance publication, 29 April 2024

Age, sex, study
centre, race, proxy
interview status, BMI,
mean caloric intake,
consumption (each)
of beer/wine/liquor,
consumption of meat,
cigarettes per day,
education, income,
frequency of reflux
symptoms

Other strengths: large
sample size; separate
cancer histologies

and sites; population-
based; control for key
confounders, including
BMI.

Other limitations:

30% proxy interviews;
potential for recall
bias; reverse causation
(potential to change
behaviours based on
reflux), and unmeasured
confounders; selection
bias due to low
participation rate of
controls (70.2%); use of
random-digit dialling
to identify controls
may result in non-
representative sample.
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments

location, description, (histopathology), category or casesor  (95% CI)

enrolment/ exposure assessment incidence or level deaths

follow-up method mortality

period, study

design

Gallus et al. Cases: 598 (oral or Oral or Consumption of ASs other than saccharin (OR):  Age, sex, study centre, Exposure assessment

(2007) pharyngeal), 304 pharyngeal Non-consumers 586 1 education, tobacco critique:

Ttaly (oesophagus), 1225 combined, > 0 sachets or 12 0.77 (0.39-1.53) smoking, alcohol Key limitations were

1991-2004 (colon), 728 (rectum); incidence tablets/day drinking, BMI, that there was no

Case-control  histologically Oesophagus, Consumption of ASs other than saccharin (OR): total energy intake, specific assessment of
confirmed cancers incid consumption of hot aspartame, aspartame
of oral cavity and tncidence Non-consumers 294 1 beverages was considered as
pharynx (512 men, 86 > 0 sachets or 10 0.77 (0.34-1.75) “other sweeteners”

women; median age,
58 yr), oesophagus
(275 men, 29 women;
median age, 60 yr),
colorectum (1225
colon, 728 rectum;
1125 men, 828
women; median

age, 62 yr); > 95%
participation
Controls: 1491
(oral/pharyngeal),
743 (oesophagus),
4154 (colorectum);
controls admitted

to same network of
general and teaching
hospitals as cases

for acute, non-
neoplastic disorders;
total of 7028 patients
(3301 men and

3727 women; 4838
included in more
than one study);
24% trauma, 31%
other nontraumatic
orthopaedic

Colon, incidence

tablets/day

Consumption of ASs other than saccharin (OR):
Non-consumers

> 0 sachets or
tablets/day

Advance publication, 29 April 2024

1137 1
88 0.90 (0.70-1.16)

Age, sex, study centre,
education, tobacco
smoking, alcohol
drinking, BMI,

total energy intake,
consumption of hot
beverages

but with unclear

actual contribution;
only one source was
considered (tabletop
sweeteners); and the
retrospective assessment
in a case-control study
(potential for differential
misclassification).

Other information:
according to the authors,
limited consumption of
sources of sweeteners
(including ASBs) in the
study population of
middle-aged adults in
Italy between 1991 and
2004).

Other strengths: high
response rates (< 5%
refusals) for cases and
controls reduced the
potential for selection
bias; large sample size
with large case numbers
for rarer cancers; control
for key potential con-

founders, including BMI.
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments

location, description, (histopathology), category or casesor (95% CI)

enrolment/ exposure assessment  incidence or level deaths

follow-up method mortality

period, study

design

Gallus et al. conditions, 17% acute Rectum, Consumption of ASs other than saccharin (OR):  Age, sex, study centre, Other limitations:
2007 surgical disorders, incidence Non-consumers 689 1 education, tobacco potential for recall bias
(cont.) 28% miscellaneous > 0 sachets or 39 0.71 (0.50-1.02) smoking, alcohol and reverse causation;

other diseases;

> 95% participation
Exposure

assessment method:
questionnaire;
assessment of use of
tabletop sweeteners
containing either
saccharin or other
sweeteners as sachets
or tablets per week in
the 2 yr before cancer
diagnosis

tablets/day

Advance publication, 29 April 2024

drinking, BMI,
total energy intake,
consumption of hot
beverages

exposure may have
been related to disease
conditions of controls.
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments

location, description, (histopathology), category or casesor  (95% CI)

enrolment/ exposure assessment incidence or level deaths

follow-up method mortality

period, study

design

Bosetti et al. Cases: 230 (stomach),  Stomach, Consumption of low-calorie sweeteners other Age, sex, study centre, Exposure assessment

(2009) 326 (pancreas); incidence than saccharin (OR): year of interview, critique:

Ttaly hospital-based, Non-users 213 1 education, BMI, Key limitations were

1997-2007 greater Milan U 17 0.86 (0.45-1.67) tobacco smoking, that there was no specific

Case-control  area; cases had P C tion of low-calori " th history of diabetes, assessment of aspartame,
histologically cancreas, onsumption o} ow-calorie sweeteners other consumption of aspartame was included

incidence than saccharin (OR):

confirmed cancer

of the stomach (143
men, 87 women;
median age, 63 yr) or
pancreas (174 men,
152 women; median
age, 63 yr)

Controls: 547
(stomach), 652
(pancreas); controls
selected from same
network of general
and teaching
hospitals as cases

for acute, non-
neoplastic disorders,
frequency-matched
on age, sex, and study
centre; 25% traumas,
32% nontraumatic
orthopaedic
conditions, 15% acute
surgical disorders,
27% miscellaneous
other diseases; > 95%
control participation

Non-users 291 1
Users 35 1.16 (0.66-2.04)

Advance publication, 29 April 2024

hot beverages, total
energy intake

in “other sweeteners”
but with unclear

actual contribution;
only one source was
considered (tabletop
sweeteners); exposure
assessment limited to
USErs Vs NON-users,
which increases the
potential for exposure
misclassification; and the
retrospective assessment
in a case-control study
(potential for differential
misclassification).

Other information:
according to the authors,
low consumption of
sources of sweeteners
(including ASBs) in the
study population of
middle-aged adults in
Italy between 1991 and
2007).

Other strengths: > 95%
participation rate among
controls; adjustment for
several key confounders,
including BMI and
diabetes status.
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor (95% CI)
enrolment/ exposure assessment  incidence or level deaths
follow-up method mortality
period, study
design
Bosetti et al. Exposure Other limitations:
2009 assessment method: potential for reverse
(cont.) questionnaire; causation, recall bias;
assessment of use of exposure may have
tabletop sweeteners been related to disease
containing either conditions of controls;
saccharin or other no distinction by
sweeteners as several stomach cancer subtype.
sachets or tablets
per week in the
2 yr before cancer
diagnosis; exposure
to “other sweeteners”
considered as ever
users vs non-users
only
Chan et al. Cases: 532; menand  Pancreas Daily servings of sugar-free carbonated Age, sex, energy Exposure assessment
(2009) women with incident  (exocrine, beverages (OR): intake, BMI, race, critique:
San Francisco  adenocarcinoma of adenocarcinoma), 310 1 education, smoking, A key strength was the
Bay area, the exocrine pancreas incidence < 1/day 124 0.8 (0.7-1.1) history of diabetes, timing of exposure
California, were identified in 6 > 1/da 9 1.5 (1.1-2.1) physical activity, assessment that was
USA counties of the San . Y T other food groups consistent for aspartame
1995-1999 Francisco Bay Area Trend-test P value: 0.2 (red meat, white meat, as the major AS in

Case-control

using rapid case
ascertainment by the
Northern California
Cancer Center (in-
area); cases verified
by contacting
participants’
physicians and
through SEER
abstracts; eligible
cases were aged
21-85 yr, residents of
one of six counties,

Advance publication, 29 April 2024

vegetable and fruit,
eggs, fish, dairy, whole
grain, refined grain,
and sweets), total
sweetened beverages,
sugar-type carbonated
beverages

beverages.

Key limitations were

the retrospective recall
using an FFQ; and that
there was no specific
estimate of aspartame
exposure, ASBs used as a
proxy (low-calorie colas,
low-calorie caffeine-
free colas, and other
low-calorie carbonated
beverages).
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments

location, description, (histopathology), category or casesor  (95% CI)

enrolment/ exposure assessment incidence or level deaths

follow-up method mortality

period, study

design

Chan et al. alive upon first Pancreas Daily servings of sugar-free carbonated Age, energy intake, Other strengths:

(2009) contact, and could (exocrine, beverages, men (OR): BM]I, race, education,  population-based, large

(cont.) complete a first adenocarcinoma), ( NR 1 smoking, history of number of cases; detailed
;I;tef",iﬁ:lv in Engélish; incidence < 1/day NR 1.2 (0.8-1.7) diabetes, p}lllysiteald in-pereo? inFerviews/(Iilo1

eligible out of area activity, other foo roxy interviews; models

cases%net the same > /day NR 1.8 (1.1-2.8) groupsy(red meat, Edjusyted for BMI and
criteria but were from Trend-test P value: 0.4 white meat, vegetable  history of diabetes.
counties adjacent Pancreas Daily servings of sugar-free carbonated and fruit, eggs, Other limitations:
to the six Bay Area (exocrine, beverages, women (OR): fish, dairy, whole potential for recall bias,
counties adenocarcinoma), 0 NR 1 grain, refined grain, possible selection bias of
Controls: 1701; incidence < 1/day NR 0.6 (0.4-1.0) and sweets), total controls (67% response
control participants > 1/day NR 1.4 (0.9_2.3) sweetened beverages, rate), survivor bias; use
were frequency- Trend-test P value: 0.3 sugar-type carbonated of .rand(?m—dlglt dialling
matched to cases by beverages to identify controls
sex and age within Pancreas Total servings of low-calorie cola (OR): Age, sex, energy may result in non-
5-year categories and  (exocrine, < 1/mo 381 1 intake, BMI, race, representative sample.
were selected fron? adenocarcinoma), 1_3 /mo 34 1.0 (0.7-1.5) education, smoking,
the target population  jncidence history of diabetes,
using random-digit 1-6/wk 54 0.9 (0.7-1.3) physical activity,
dialling; controls > 1/day 57 1.7 1.2-2.4)

€l

aged > 65 yr were
supplemented by
random selection
from Health

Care Finance
Administration lists
(now the Centers
for Medicare and
Medicaid Services);
67% participation
rate; no proxy
interviews

Trend-test P value: 0.06

Advance publication, 29 April 2024

other food groups

(red meat, white meat,
vegetable and fruit,
eggs, fish, dairy, whole
grain, refined grain,
and sweets), total
sweetened beverages,
sugar-type carbonated
beverages
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor (95% CI)
enrolment/ exposure assessment  incidence or level deaths
follow-up method mortality
period, study
design
Chan et al. Exposure assessment ~ Pancreas Total servings of low-calorie cola, men (OR): Age, energy intake,
2009 method: 131-item (exocrine, < 1/mo NR 1 BMI, race, education,
(cont.) food questionnaire adenocarcinoma), |_3/10 NR 1.0 (0.6-1.8) smoking, history of
via in-person incidence 1-6/wk NR 11(0.7-17) diabetes, physical
interviews, previous o activity, other food
12 mo to assess total > 1/day NR 1.8 (1.1-2.9) groups (red meat,
sugar-free carbonated Trend-test P value: 0.06 white meat, vegetable
beverages/day (low- Pancreas Total servings of low-calorie cola, women (OR):  and fruit, eggs,
calorie colas, low- (exocrine, < 1/mo NR 1 fish, dairy, whole
calorie caffeine-free  adenocarcinoma), |_3/;,0 NR 1.0 (0.5-1.9) grain, refined grain,
colasi and other low-  incidence 1—6/wk NR 0.8 (0.4-1.4) and sweets), total
calorie carbonated sweetened beverages,
beverages) 2 1/day NR 16 (09-2.8) sugar-type carbonated
Trend-test P value: 0.4 beverages
Pancreas Total servings of low-calorie caffeine-free cola Age, sex, energy
(exocrine, (OR): intake, BMI, race,
adenocarcinoma), < 1/mo 437 1 education, smoking,
incidence 1-3/mo 24 1.0 (0.6-1.6) history of diabetes,
1-6/wk 43 0.8 (0.5-1.1) physical activity,
other food groups
> 1/day 22 1.1 (0.7-2.0) (red meat, white meat,

Trend-test P value: 0.6

Advance publication, 29 April 2024

vegetable and fruit,
eggs, fish, dairy, whole
grain, refined grain,
and sweets), total
sweetened beverages,
sugar-type carbonated
beverages
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor  (95% CI)
enrolment/ exposure assessment incidence or level deaths
follow-up method mortality
period, study
design
Chan etal. Pancreas Total servings of low-calorie caffeine-free cola, Age, energy intake,
2009 (exocrine, men (OR): BMI, race, education,
(cont.) adenocarcinoma), < 1/mo NR 1 smoking, history of
incidence 1-3/mo NR 1.1(0.5-2.2) diabetes, physical
1—6/wk NR 0.9 (0.5-1.4) activity, other food
AT groups (red meat,
> 1/day NR 1.1(0.5-2.5) white meat, vegetable
Trend-test P value: 0.9 and fruit, eggs,
Pancreas Total servings of low-calorie caffeine-free cola, ﬁSh} dairy, whole
(exocrine, women (OR): grain, refined grain,
adenocarcinoma), < 1/mo NR 1 and sweets), total
incidence 13/mo NR 09 (0.5-1.8) sweetened beverages,
sugar-type carbonated
1-6/wk NR 0.7 (0.4-1.3) beverages
> 1/day NR 1.3 (0.6-2.7)
Trend-test P value: 0.7
Pancreas Total servings of other low-calorie carbonated Age, sex, energy
(exocrine, beverages (OR): intake, BMI, race,
adenocarcinoma), < 1/mo 418 1 education, smoking,
incidence 1-3/mo 40 1.0 (0.7-1.5) history of diabetes,
1-6/wk 47 0.9 (0.6-1.2) physical activity,
other food groups
> 1/day 21 1.4 (0.8-2.5) (red meat, white meat,

ol

Trend-test P value: 0.97

Advance publication, 29 April 2024

vegetable and fruit,
eggs, fish, dairy, whole
grain, refined grain,
and sweets), total
sweetened beverages,
sugar-type carbonated
beverages
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor (95% CI)
enrolment/ exposure assessment  incidence or level deaths
follow-up method mortality
period, study
design
Chan etal. Pancreas Total servings of other low-calorie carbonated Age, energy intake,
2009 (exocrine, beverages, men (OR): BM]I, race, education,
(cont.) adenocarcinoma), < 1/mo NR 1 smoking, history of
incidence 1-3/mo NR 1.5 (0.9-2.5) diabetes, physical
1-6/wk NR 1.0 (0.6-1.6) activity, other food
groups (red meat,
> 1/day NR 1.8 (0.8-3.8) white meat, vegetable
Trend-test P value: 0.2 and fruit, eggs,
Pancreas Total servings of other low-calorie carbonated fish, dairy, whole
(exocrine, beverages, women (OR): grain, refined grain,
adenocarcinoma), < 1/mo NR 1 and sweets), total
incidence 1-3/mo NR 0.7 (0.4-1.3) sweetened beverages,
1-6/wk NR 0.6 (0.4-1.2) sugar-type carbonated
beverages
> 1/day NR 1.2 (0.4-3.2)
Trend-test P value: 0.2
Pancreas Daily servings of sugar-free carbonated Age, sex, energy
(exocrine, beverages, obese (BMI, = 30 kg/m?) (OR): intake, BMI, race,
adenocarcinoma), None NR 1 education, smoking,
incidence > 1/day NR 2.6 (0.9-7.7) history of diabetes,
physical activity,
other food groups

Advance publication, 29 April 2024

(red meat, white meat,
vegetable and fruit,
eggs, fish, dairy, whole
grain, refined grain,
and sweets), total
sweetened beverages,
sugar-type carbonated
beverages
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor  (95% CI)
enrolment/ exposure assessment  incidence or level deaths
follow-up method mortality
period, study
design
Chan etal. Pancreas Daily servings of sugar-free carbonated Age, sex, energy
2009 (exocrine, beverages, overweight (BMI, 25.0-29.9 kg/m?) intake, BMI, race,
(cont.) adenocarcinoma), (OR): education, smoking,
incidence None NR 1 history of diabetes,
> 1/day NR 1.5 (0.9-2.6) physical activity,
Pancreas Daily servings of sugar-free carbonated othder food g;lt?ups
(exocrine, beverages, normal weight (BMI, < 25.0 kg/m?) (red meat, white meat,
adenocarcinoma), (OR): vegetable ancli fruit,
incidence None NR . eggs, fish, dairy, Whole
grain, refined grain,
> 1/day NR 1.3 (0.8-2.1) and sweets), total
Pancreas Daily servings of sugar-free carbonated sweetened beverages,
(exocrine, beverages, non-diabetics (OR): sugar-type carbonated
adenocarcinoma), None NR 1 beverages
incidence > 1/day NR 1.6 (11-2.3)
Pancreas Daily servings of sugar-free carbonated Age, sex, energy
(exocrine, beverages, diabetics (OR): intake, BMI, race,
adenocarcinoma), None NR 1 education, smoking,
incidence > 1/day NR 0.9 (0.3-2.6) physical activity,
other food groups

£91

Advance publication, 29 April 2024

(red meat, white meat,
vegetable and fruit,
eggs, fish, dairy, whole
grain, refined grain,
and sweets), total
sweetened beverages,
sugar-type carbonated
beverages
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments

location, description, (histopathology), category or casesor (95% CI)

enrolment/ exposure assessment  incidence or level deaths

follow-up method mortality

period, study

design

Davis et al. Cases: 213; patients Pancreas, Diet cola consumption (OR): Age, sex, smoking Exposure assessment

(2023) with pancreatic incidence Never 144 1 status, BMI categories, critique:

Buffalo, NY, cancer who Craenderall 36 0.96 (0.62-1.49) total vegetable Key strengths were

USA participated in PEDS; (< 1/day) servings/week, that exposure data

1982-1998 predominantly White Habitual 33 0.92 (0.59-1.43) proc.essed meat were couec.ted during

Case-control ~ (97%) and aged (> 1/day) servings/week, family  the admission process,
30-89 yr at diagnosis B Y history of pancreatic ~ presumably before
Controls: 852; cancer, regular cola diagnosis was known.
patients evaluated consumption, regular  Key limitations were the
for pancreatic cancer non-cola soft drinks retrospective assessment
with non-cancer Pancreas, Diet cola consumption, never-smokers (OR): Age, sex, BMI of ASB consumption in

diagnoses; frequency-  jpcidence
matched to cases by
sex, 5-year categories
of age, and 5-year
categories of year the
survey was completed
Exposure
assessment method:
questionnaire;
exposure to

ASBs assessed
retrospectively

(few years before
diagnosis) between
1982 and 1998;
frequencies of
consumption of

diet cola as ASB; no
specific assessment
of aspartame content
in ASB

Never 48 1

Occasional 15 1.31 (0.65-2.67)
(< 1/day)
Habitual 14 1.23 (0.60-2.52)
(= 1/day)

Advance publication, 29 April 2024

categories, total
vegetable servings/
week, processed meat
servings/week, family
history of pancreatic
cancer, regular cola
consumption, regular
non-cola soft drinks

a case—control study;
the period for diet
assessment (before
cancer diagnosis in
1982-1998) included
early years when no
aspartame was found in
ASBs (partly irrelevant
data for aspartame
exposure) and later
years when ASBs almost
exclusively contained
aspartame (very relevant
data for aspartame
exposure); ascertained
diet cola only (not

other ASBs); no other
sources were considered
(although these were
more limited).
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor  (95% CI)
enrolment/ exposure assessment incidence or level deaths
follow-up method mortality
period, study
design
Davis et al. Pancreas, Diet cola consumption, former smokers (OR): Age, sex, BMI Other comments: in
2023) incidence Never 72 1 categories, total addition to the hospital-
(cont.) Oreeasenall 16 0.69 (0.37-1.30) vegetable servings/ based case—control
(< 1/day) weelf, processed meat study, the authors
Habitual 1 0.54 (0.27-1.10) se.rvmgs/week, fam'lly also condqcted a
(> 1/day) history of pancreatic retrospective cohort
) . cancer, regular cola mortality study among
.Par}creas, Diet cola consumption, current smokers (OR): consumption, regular  the 213 patients with
incidence Never 24 1 non-cola soft drinks pancreatic cancer (203
Occasional 5 2.71 (0.71-10.35) deaths); for this, they
(< 1/day) used clinical follow-up
Habitual 8 3.34 (1.12-9.98) data including vital
(= 1/day) status and date of last
Pancreas, Diet cola consumption, normal weight (BMI, Age, sex, total SamlEEl obtail?ed from
incidence 18.5-24.9 kg/m?) (OR): vegetable servings/ the cancer registry at
Never 60 1 week, processed meat E;:)S(;‘SS Park (last two
Occasional 8 0.61 (0.26-1.44) ;‘i;’:rlgso/;veﬁc rf:::ilcly CrS S —
s 1/.d i cancez regpular cola and controls from
erty U connmpon e TGS
Pancreas, Diet cola consumption, overweight/obese (BMI, ;?lr:)lfi(;l; :;fttudsrmks, hospital for suspected
incidence > 25.0 kg/m?) (OR): malignancy; models

691

Never 79 1

Occasional 28 1.19 (0.70-2.01)
(< 1/day)
Habitual 21 0.89 (0.51-1.54)
(= 1/day)

Advance publication, 29 April 2024

adjusted for BMI.
Other limitations: small
sample size, especially
for stratified analyses,
limiting power to detect
associations; possibility
of selection bias (50%
participation rate in
controls); potential bias
if exposure was related
to disease condition of
controls.
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor (95% CI)
enrolment/ exposure assessment  incidence or level deaths
follow-up method mortality
period, study
design
Davis et al. Pancreas, Diet cola consumption, women (OR): Age, total vegetable
2023) incidence Never 62 1 servings/week,
(o) Occasional 18 105 (eeapy  Peesesdaer
(< 1/day) sgrvmgs/week, famllly
Habitual 18 114 (061-2.14)  listoryof pancreatic
 1/day) cancer, regular cola
) . consumption, regular
Pagcreas, Diet cola consumption, men (OR): non-cola soft drinks,
incidence Never 82 1 smoking status, BMI
Occasional 18 0.84 (0.46-1.53) categories
(< 1/day)
Habitual 15 0.79 (0.42-1.49)
(= 1/day)
Pancreas, Diet cola consumption (HR): Age, sex, smoking
mortality Never 137 1 status, BMI categories,
Occasional 35 @) e
(< 1/day) servmgs/week,.regular
Ll 31 1.05 (0.70-159)  cola consumption,
> 1/day) regular non-cola soft

Advance publication, 29 April 2024

drinks, histology,
stage, surgery status,
radiation status
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments

location, description, (histopathology), category or casesor  (95% CI)

enrolment/ exposure assessment incidence or level deaths

follow-up method mortality

period, study

design

Palomar-Cros  Cases: 351 (stomach  Stomach, Consumption of aspartame-containing products  Age, sex, study centre, Exposure assessment

etal. (2023) cancer), 1881 (colon incidence (OR): education, smoking, critique:

Spain and rectal cancer); Non-consumers 290 1 radiation exposure, A key strength was the

2008-2013 aged 20.—85 yr with Medium intake 42 1.01 (0.69-1.46) total‘WCRF score categorization of intake

Case-control nf:wly dllagnosed (< 3rd quartile continuous, total of ASBs and tabletop
histologically among controls) energy intake, total sweeteners by type
cor?ﬁrmgd cancer, High intake 19 1.09 (0.62-1.83) sugar intake, other (aspartame. vs others)
resided in catchment > 3rd quartil ASs using public data on
area for at least 6 mo; (2 3rd qua le ingredients in food
no prior history of among controls) supply, but it was unclear
their cancer; enrolled Trend-test P value: 0.8 whether the assumption
as soon as possible Stomach, Consumption of aspartame-containing of aspartame content in
after diagnosis; incidence products, participants without diabetes (OR): products was correct.
frequency-matched Non-consumers 251 1 A key limitation was
on age, sex, and Medium intake 28 0.84 (0.53-1.29) that beverages and
region to population (< 3rd quartile tabletop sweeteners were
controls among controls) assessed but there was
Controls: 3629; High intake 12 0.89 (0.43-1.66) no consideration of ASs
randomly .se.lecte(El (> 3rd quartile in the rest of the food
from administrative among controls) supply.
re;ords of selected Trend-test P value: 0.5 Othe.r strengths:
primary health i . relatively large sample
care centres within Stomach, Consumption of aspartame-containing Age, sex, study centre, size; histopathological

incidence products, participants with diabetes (OR): education, smoking,

catchment area
Exposure assessment
method: self-
administered,
semiquantitative
FFQ, 140 food items,
assessing usual
dietary intake during
the previous year

Non-consumers 39 1

Medium intake 14 2.02 (0.92-4.27)
(< 3rd quartile

among controls)

High intake 7

(= 3rd quartile

among controls)
Trend-test P value: 0.05

2.04 (0.70-5.40)

Advance publication, 29 April 2024

radiation exposure,
total WCREF score
continuous, total
energy intake, total
sugar intake, other
ASs

confirmation of

cancer cases; extensive
assessment of
confounding, including
from BMI (captured

in a combined score
based on WCRF/AICR
evidence on lifestyle
factors; Romaguera

et al., 2017); stratification
by diabetes status to
evaluate heterogeneity of
associations.
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor (95% CI)
enrolment/ exposure assessment  incidence or level deaths
follow-up method mortality
period, study
design
Palomar-Cros Stomach, Consumption of low- or no-calorie soft drinks Age, sex, study centre, Other limitations:
etal. (2023) incidence (OR): education, smoking, non-prospective stud
8 prosp Y
(cont.) Non-consumers 295 1 radiation exposure, design (case-control);
Medium intake 36 1.05 (0.70-1.54) total WCREF score selection bias due to low
(< 3rd quartile continuous, total participation among
among controls) energy intake, total cases (participation
L. sugar intake, other rate was 68% for
High ke 2 1.31 (0.74-2.21
(>l§r dl nﬁlaretile 0 3107 ) sources of sweeteners,  colorectal; 57% for
a;non qcontrols) total caloric drinks gastric) and controls
T (f Pvalue: 0.4 (mean participation rate
rend-test P’ value: 0. was 53%); recall bias in
Stomach, Consumption of low- or no-calorie soft drinks, exposure assessment;
incidence participants without diabetes (OR): potential for bias from
Non-consumers 254 1 exposure measurement
Medium intake 25 0.93 (0.57-1.46) error and residual
(< 3rd quartile confounding due to
among controls) other correlates of AS
High intake 12 1.17 (0.57-2.20) use among those with
(> 3rd quartile diabetes; relatively low
among controls) exposure contrasts for
Trend-test P value: 0.9 aspartame-containing
T roducts; potential for
Stomach, Consumption of low- or no-calorie soft drinks, Ishance ﬁn}c)iings due to
incidence participants with diabetes (OR):

Non-consumers 41 1

Medium intake 11 2.01 (0.86-4.46)
(< 3rd quartile

among controls)

High intake 8

(= 3rd quartile

among controls)
Trend-test P value: 0.08

1.86 (0.63-5.01)

Advance publication, 29 April 2024

small number in some
strata.
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor  (95% CI)

enrolment/ exposure assessment incidence or level deaths

follow-up method mortality

period, study

design

Palomar-Cros Colon and Consumption of aspartame-containing products  Age, sex, study centre,

etal. (2023) rectum, incidence (OR): education, smoking,

(cont.) Non-consumers 1620 1 radiation exposure,

Colon and
rectum, incidence

Colon and
rectum, incidence

Medium intake 172
(< 3rd quartile

among controls)

High intake 89
(= 3rd quartile
among controls)
Trend-test P value: 0.1
Consumption of aspartame-containing
products, participants without diabetes (OR):

0.76 (0.62-0.93)

0.94 (0.71-1.25)

Non-consumers 1358 1

Medium intake 127 0.74 (0.59-0.93)
(< 3rd quartile

among controls)

High intake 57
(= 3rd quartile

among controls)
Trend-test P value: 0.04
Consumption of aspartame-containing
products, participants with diabetes (OR):

0.87 (0.61-1.21)

Non-consumers 262 1

Medium intake 45 0.82 (0.52-1.27)
(< 3rd quartile

among controls)

High intake 32
(= 3rd quartile

among controls)
Trend-test P value: 1.0

1.09 (0.63-1.87)
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total WCRF score
continuous, total
energy intake, total
sugar intake, family
history of colorectal
cancer, night shift
work, other ASs
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor  (95% CI)
enrolment/ exposure assessment  incidence or level deaths
follow-up method mortality
period, study
design
Palomar-Cros Colon and Consumption of low- or no-calorie soft drinks Age, sex, study centre,
etal. (2023 rectum, incidence (OR): education, smoking,
(cont.) Non-consumers 1659 1 radiation exposure,
Medium intake 150 0.82 (0.66-1.02)  total WCRF score

Colon and
rectum, incidence

(< 3rd quartile

among controls)

High intake 72 0.77 (0.56-1.05)
(= 3rd quartile

among controls)

Trend-test P value: 0.02

Consumption of low- or no-calorie soft drinks,
participants without diabetes (OR):
Non-consumers 1387 1

Medium intake 107 0.75 (0.58-0.96)
(< 3rd quartile

among controls)

High intake 48 0.71 (0.48-1.01)
(= 3rd quartile

among controls)

Trend-test P value: < 0.01
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continuous, total
energy intake, total
sugar intake, other
sources of sweeteners,
total caloric drinks
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Table 2.1 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), category or casesor  (95% CI)
enrolment/ exposure assessment  incidence or level deaths
follow-up method mortality
period, study
design
Palomar-Cros Colon and Consumption of low- or no-calorie soft drinks, ~ Age, sex, study centre,
etal. (2023 rectum, incidence participants with diabetes (OR): education, smoking,
(cont.) Non-consumers 272 1 radiation exposure,
Medium intake 43 1.07 (0.68-1.69) total WCREF score

(< 3rd quartile

among controls)

High intake 24 0.95 (0.50-1.79)
(= 3rd quartile

among controls)

Trend-test P value: 1.0

continuous, total
energy intake, total
sugar intake, other
sources of sweeteners,
total caloric drinks

AS, artificial sweetener; AICR, American Institute of Cancer Research; ASB, artificially sweetened beverage; BMI, body mass index; CI, confidence interval; CPS-II, Cancer Prevention
Study II; EPIC, European Prospective Investigation into Cancer and Nutrition; FDA, Food and Drug Administration; FFQ, food frequency questionnaire; HBV, hepatitis B virus; HCC,
hepatocellular carcinoma; HCV, hepatitis C virus; HPFS, Health Professionals Follow-up Study; HR, hazard ratio; MCCS, Melbourne Collaborative Cohort Study; MET, metabolic
equivalent tasks; mo, month(s); NHS, Nurses’ Health Study; NHS-II, Nurses’ Health Study IT; NIH-A ARP, National Institutes of Health-American Association of Retired Persons; NR,
not reported; OR, odds ratio; PEDS, Patient Epidemiologic Data System; PLCO, Prostate, Lung, Colorectal and Ovarian Cancer screening trial; RR, relative risk; SCC, squamous cell
carcinoma; SD, standard deviation; SEER, Surveillance, Epidemiology, and End Results; SSB, sugar-sweetened beverage; vs, versus; WCRF, World Cancer Research Fund; wk, week(s);

yr, year(s).

* The larynx is part of the respiratory system but is included here as reported in McCullough et al. (2022).
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duct cancers combined). Results were stratified
by diabetes status, determined a priori, because
of potentially differing dietary behaviours. ASB
consumption of > 2 servings/day was 24% among
participants with diabetes, compared with 8%
among those without diabetes; 19% of partic-
ipants with diabetes reported not consuming
ASBs, compared with 50% of those without
diabetes. The remaining participants reported
a consumption of either 1-2 servings/day or
< 1 serving/day. The authors tested the propor-
tional hazards assumption across the time scale
usedin thestudy (i.e. follow-up time). Because this
assumption was found to be violated, the authors
presented the associations separately by median
follow-up: 0-12 years and > 12 years. Among
participants without diabetes, no association
with ASB consumption was observed, regardless
of follow-up period. Among participants with
diabetes, positive associations with risk of liver
cancer were reported for several exposure types
for < 12 years follow-up (HR per times/day for
ASBs overall, 1.13;95% CI, 1.02-1.25; HR for arti-
ficially sweetened soda, 1.13; 95% CI, 1.01-1.27;
and HR for artificially sweetened fruit punch,
1.17;95% CI, 0.92-1.48). All findings were null for
> 12 years follow-up. [The strengths of this study
included a large sample size from the pooling of
two large cohorts to examine the incidence of this
relatively rare cancer. Another strength was that
the baseline diet assessments in NIH-AARP and
PLCO (1995-1996 and 1998, respectively) and
the subsequent 12 years of follow-up coincided
with a period in which the artificial sweetener
used in ASBs was predominantly aspartame.
Stratification by diabetes status helped to limit
confounding by this important liver cancer risk
factor and permitted examination of higher
levels of diet soda intake. Diabetes appeared to
be an effect modifier of the association, possibly
due to greater ASB exposure in participants with
diabetes; however, it was unclear whether biolog-
ical mechanisms specific to individuals with
diabetes could play a role in explaining these
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findings. The study controlled for multiple liver
cancer risk factors but was unable to control for
coffee consumption (which has been associated
with lower liver cancer risk; IARC, 2018a) or
HBV/HCYV infection status. Exposure misclassi-
fication caused by a single assessment of diet at
baseline was also a possibility but was likely to be
non-differential.]

In the American Cancer Society’s Cancer
Prevention Study II (CPS-II) prospective cohort
comprising 934 777 men and women in the
USA, 2722 deaths from cancers of the liver and
intrahepatic bile duct occurred over a median
follow-up of 27.7 years (McCullough et al., 2022).
A beverage grid on the baseline (1982) question-
naire (which included “diet soda or diet iced
tea”) queried the number of cups, glasses, or
drinks usually consumed per day. If less than
once per day, but at least three times per week,
participants wrote “¥2”. Overall, the frequency of
ASB intake was not associated with liver cancer
mortality risk (ICD-10, C22: cancer of the liver
and intrahepatic bile duct). However, consump-
tion of > 2 drinks/day versus none was associated
with increased risk among non-smoking men
(HR, 1.44; 95% CI, 0.99-2.08; P for trend, 0.040).
This was attenuated when BMI was included
in the model (HR, 1.21; 95% CI, 0.83-1.77; P
for trend, 0.335), suggesting some confounding
by adiposity. [Mortality is a reasonable proxy
for incidence for this cancer, which has a high
fatality rate. The study controlled for BMI and
sugar-sweetened beverages and excluded partic-
ipants with a history of diabetes at baseline.
However, it was unable to control for HBV/HCV
infection status. With only a single baseline
assessment of exposure in 1982, 1 year before
the approval of aspartame use in beverages, and
a median follow-up of 27.7 years, the study had
potential for misclassification, which was likely
to be non-differential and bias risk estimates
towards the null. Although published data from
more than 100 000 participants included in
both CPS-II and the CPS-II nutrition cohort (a
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subcohort of the parent CPS-II mortality cohort)
(McCullough et al., 2014) suggested some
decrease in ASB consumption between 1982 and
1999 in this population over 17 years, the relative
ranking of intake category was consistent during
this period.]

A meta-analysis (Jatho et al., 2021) evaluated
artificially sweetened soft drink consumption
and liver cancer (among other gastrointestinal
tract cancers), but the Working Group judged
this review to be uninformative for the evalua-
tion of aspartame because it included estimates
for regular soft drinks and combined results
from prospective and case—control studies.]

2.1.2 Cancers of the colon and rectum

The Working Group identified six cohort
studies (comprising seven unique cohorts) that
assessed intake of aspartame, by proxy through
ASBs, and its association with colon and/or
rectal cancer incidence or mortality. These
studies included cohorts from the USA (Malik
et al., 2019; Hur et al., 2021; McCullough et al.,
2022), Australia (Hodge et al., 2018), France
(Chazelasetal., 2019), and seven European coun-
tries (Mullee et al., 2019). One case-control study
assessed the association between artificial sweet-
ener consumption and the incidence of colon
and rectal cancer in Italy (Gallus et al., 2007).
Another case-control study in Spain looked at
associations between ASBs and tabletop sweet-
eners other than saccharin to represent aspar-
tame intake (Palomar-Cros et al., 2023). A third
case—control study from Egypt was also identified
(Mahfouz et al., 2014). None of the studies with
cancers of the colon or rectum as the outcome
used specific aspartame intake as the exposure.
[The Working Group noted that all the infor-
mative cohort and case—control studies used
comprehensive adjustment for confounders, in
all cases including adjustment for measures of
obesity.]
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Fouradditional studies were not considered to
be informative since they did not directly inves-
tigate the association between aspartame (or a
proxy) and colorectal cancer, or they measured
dietary information before the commercial use
of aspartame. In the Nurses” Health Study (NHS)
and the Health Professionals Follow-up Study
(HPFS) cohort, Yuan et al. (2022) estimated the
effect of substituting sugar-sweetened beverages
with ASBsontherisk of colorectal cancer, whereas
Wang et al. (2021) and Nguyen et al. (2020)
reported on the association between a dietary
pattern (including low-calorie beverages) that
promoted the proliferation of sulfur-producing
bacteria in the gut and colorectal cancer. Joh
et al. (2021) examined the association between
intake of ASBs in adolescence and incidence of
colorectal adenoma in adult women from the
Nurses’ Health Study II (NHS-II) cohort. The
dietary data for adolescents were retrospectively
collected for the period 1960-1982. [The Working
Group noted that this period pre-dated the use
of aspartame in soft drinks, making the data
of questionable value for this investigation. The
Working Group noted that colorectal adenoma
is a valid outcome as defined in the Preamble to
the IJARC Monographs (see the present volume;
IARC, 2019), which allows the inclusion of
epidemiological studies on benign neoplasms,
preneoplastic lesions, malignant precursors, and
other end-points when they relate to the agents
reviewed.] The case—control study from Egypt
(cases and controls were matched on age and sex)
was considered to be uninformative because of
the small number of cases (n = 150) and unclear
exposure to aspartame (Mahfouz et al., 2014).

No association was seen between frequency
of ASB consumption and colorectal cancer inci-
dence in an Australian cohort (Hodge et al.,
2018), or a French cohort (Chazelas et al., 2019).
The Australian Melbourne Collaborative Cohort
Study (MCCS), a cohort study that included
35 593 men and women followed for cancer inci-
dence until 30 June 2013, used a food frequency
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questionnaire (FFQ) to quantify the frequency
of consumption of diet soft drinks at baseline in
1990-1994, after the approval of aspartame for
use in soft drinks in Australia in 1986 (Hodge
et al., 2018). [The Working Group noted that the
limitations of this study were the nonspecific
exposure and the single baseline assessment
of intake.] The French NutriNet-Santé cohort
included more than 100 000 men and women
enrolled between 2009 to 2017 and followed
until 11 January 2018; estimated consump-
tion of 12 different types of ASB was based on
multiple 24-hour dietary records collected every
6 months (Chazelas et al., 2019). Baseline diet was
the average of all records over the first 2 years of
follow-up, and all included participants had at
least two records over this period (mean * SD,
5.6 £ 3.0). [The Working Group considered the
use of multiple records as a strength of this
study. The inclusion of different beverages with
different levels of aspartame and other artificial
sweeteners was considered a weakness that could
lead to misclassification of aspartame exposure.]

Malik et al. (2019) combined data from
the HPFS (37 716 men) and the NHS (80 647
women) to evaluate ASB consumption and
colon cancer mortality, finding no association.
The main analysis updated ASB consumption
every 4 years, whereas the secondary analysis for
all-cancer mortality (also conducted in both the
NHS and the HPFS) only used the cumulative
average intake over time. Follow-up was from
1986 to the end of 2014 for the HPES, and from
1980 to the end of 2014 for the NHS, thus the first
dietary data in the NHS were collected before
aspartame was approved for use in beverages.
[The Working Group noted that although these
cohorts used low-calorie beverages as a proxy for
aspartame intake, these were the predominant
source of aspartame in the USA, and aspartame
was the predominant sweetener used in ASBs, at
least for the period from the mid-1980s to the
mid-2000s. The updating of exposure over time
was also a strength.]
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In the EPIC cohorts, which included 451 743
men and women from seven countries across
Europe, data on consumption of artificially sweet-
ened soft drinks defined as “low-calorie or diet
fizzy soft drinks” were collected with cohort-spe-
cific dietary instruments between 1992 and 2000
(Mullee etal., 2019). In three additional countries
included in EPIC (Italy, Spain, and Sweden), data
on types of soft drinks were not collected in all
recruiting centres, and data from these countries
were excluded in this analysis. [The Working
Group noted that data were collected during a
relevant period for aspartame use in Europe, but
the collection of intake data at a single time point,
and the variation in products across countries
over time may lead to exposure misclassification,
which would be expected to be non-differential
with respect to cancer outcome.] Cause-specific
mortality follow-up was between baseline and
2009-2013 (depending on the study centre). A
total of 2095 deaths from colorectal cancer were
recorded. The frequency of artificially sweetened
soft drink consumption was not associated with
colorectal cancer mortality, although the hazard
ratio in the group consuming > 1 glasses/day was
elevated (HR, 1.22; 95% CI, 0.91-1.64) relative to
consumption of < 1 glass/month. [The Working
Group noted that the study design, incorporating
cohorts from multiple countries with different
behaviours with standardized data collection
methods, was a strength of this study.]

A study in 95 464 female registered nurses
participating in the United States (US) NHS-II
cohort investigated the association between
consumption of low-calorie carbonated bever-
ages and incidence of early-onset colorectal
cancer (Hur et al, 2021). Participants were
aged 25-42 years at baseline and self-reported
dietary data, including consumption of low-cal-
orie carbonated beverages, using a validated
semiquantitative FFQ every 4 years from 1991
until the end of follow-up in June 2015. The
frequency with which low-calorie carbonated
beverages were consumed during the previous
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12 months was not associated with the incidence
of early-onset (before age 50 years) colorectal
cancer (Hur et al., 2021). This paper also looked
at beverage consumption in adolescence on the
basis of a retrospective questionnaire, but this
intake occurred between 1960 and 1982, before
the approval of aspartame for use in soft drinks.

McCullough et al. (2022) analysed data from
the nationwide US CPS-II cohort, which included
934 777 men and women (aged > 28 years) who
completed a baseline questionnaire on diet,
medical history, and demographic and life-
style characteristics in 1982. Participants were
followed for cause-specific mortality through
2016. Usual daily consumption of ASB, defined
as diet soda or diet iced teas, was ascertained
from the dietary questionnaire at baseline.
Results showed an inverse association between
frequency of consuming ASBs and colorectal
cancer mortality, after adjusting for BMI (HR
for > 2 drinks/day versus never consuming ASBs,
0.92; 95% CI, 0.86-0.99; P for trend, 0.034), but
no association without adjusting for BMI (HR for
> 2 drinks/day versus never consuming ASBs was
0.97; 95% CI, 0.90-1.04; P for trend, 0.704). [Data
collection occurred the year before aspartame
was approved for use in carbonated beverages
in the USA. The Working Group considered that
with only a single baseline assessment of expo-
sure in 1982, 1 year before the approval of aspar-
tame use in beverages, and a median follow-up
of 27.7 years, the study had the potential for
misclassification, which was likely to be non-dit-
ferential and bias risk estimates towards the null.
However, it was noted that the relative ranking of
intake categories of ASB consumption over the
17-year period between 1982 and 1999 among
100 000 participants included in both the CPS-II
and the CPS-II nutrition cohort (McCullough
et al., 2014) was reasonably consistent over time,
such that the reported intakes may partly reflect
aspartame intake over the follow-up, during a
period when ASBs were the predominant source
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of aspartame in the USA and aspartame was
almost the only sweetener used in ASBs.]

Apart from the studies by Hur et al. (2021)
(which used data from the NHS-II cohort)
and Malik et al. (2019) (which used data from
the combined NHS/HPES cohort, updating or
averaging intake from surveys repeated every
4 years), most other studies assessed intake on
only one occasion. Chazelas et al. (2019) used
multiple (at least two) 24-hour records to assess
intake, but their assessment was based on a
single value averaged over the first 2 years. [The
Working Group noted that this could contribute
to non-differential exposure misclassification if
intake had changed over follow-up, and thus bias
the results towards the null.]

Three case-control studies reported on the
association between artificial sweetener con-
sumption and colorectal cancer. [The Working
Group noted important limitations common to
all case-control studies: the risk of recall bias
and the lack of temporal sequence, which may
result in reverse causation. The direction of
bias was unclear.] Data from a hospital-based
unmatched case—control study across four areas
of Italy indicated no association between use of
artificial sweeteners and either colon (n = 1225)
or rectal cancer (n = 728) (Gallus et al., 2007). In
contrast to most of the cohort studies that used
artificially sweetened soft drinks as the exposure,
this study examined use of artificial sweeteners
in sachets or as tablets as the exposure (Gallus
et al., 2007). The data were collected between
1991 and 2004, as “saccharin” or “other sweet-
eners’ . On the basis of a study of Italian teenagers
in 1996 (Leclercq et al., 1999) (which showed
that most participants who consumed foods or
beverages containing artificial sweeteners were
consuming items containing aspartame), “other
sweeteners” in the case—control study by Gallus
et al. (2007) were assumed to be mainly aspar-
tame. [The Working Group noted that it was not
clear how valid this assumption was with regard
to sweeteners consumed in this form, although
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this would not be considered to create a spurious
positive association.]

The Spanish multicase-control (MCC-Spain)
study (Palomar-Cros et al., 2023) recruited 10 106
people aged 20-85 years with recently diagnosed
cancer of the colorectum, breast, stomach, and
prostate, and chronic lymphocytic leukaemia
(CLL). Cases were frequency-matched to the
population controls on age, sex, and region.
Recruitment occurred from 2008 through 2013.
Controls were randomly selected from primary
care centres within the study centre catchment
area. Dietary intake data were collected using
a validated self-completed FFQ. After exclusion
of participants who did not complete the FFQ
(n = 1354), or who had missing covariate data
(n=29), or cases of CLL diagnosed > 1 year before
the interview ([n = 271; personal communica-
tion with the authors]), 8452 cases and controls
(including 1881 colorectal cancer cases and 3629
controls) remained across all studied outcomes.
[The Working Group noted that exclusion rates
by cancer type were not provided.] Aspartame
intake was assessed as portions/day of low- or
no-calorie soft drinks and tabletop sweeteners
that were not saccharin. In a sensitivity analysis,
low- or no-calorie soft drinks alone were eval-
uated. [The Working Group noted that it was
unclear how valid was the assumption that it was
aspartame that was used in all low- or no-calorie
soft drinks and in tabletop sweeteners other than
saccharin. Non-differential exposure misclas-
sification was likely.] Intake of aspartame was
modelled as non-consumers (reference group),
moderate consumers (below the third quartile),
and high consumers (third quartile or above). All
modelswereadjusted forascore combiningasetof
modifiablelifestyle factors, including BMI, which
have been established as risk factors for cancer
by the World Cancer Research Fund/American
Institute of Cancer Research (WCRF/AICR)
(Romaguera et al., 2017). Analyses stratified by
diabetes status were also performed. Compared
with the non-consumers group, the overall odds
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ratio (OR) for colorectal cancer was 0.76 (95%
CI, 0.62-0.93) for the moderate consumers and
0.94 (95% CI, 0.71-1.25) for the high consumers.
[The Working Group noted that the results in the
moderate consumers group were suggestive of a
protective effect.] After stratification by diabetes,
the odds ratio for high consumers was 0.87 (95%
CI, 0.61-1.21) for people without diabetes and
1.09 (95% CI, 0.63-1.87) in people with diabetes.
When only low- or no-calorie soft drinks were
used as the exposure, the odds ratio for moderate
consumers was 0.82 (95% CI, 0.66-1.02) and that
for high consumers was 0.77 (95% CI, 0.56-1.05).
[The Working Group noted the wide confidence
intervals for most estimates. Limitationsincluded
low intake of products potentially containing
aspartame, with a mean of 0.12 portions/day,
which led to a relatively low exposure contrast,
as well as uncertainty about how well these prod-
ucts reflected aspartame consumption. Strengths
included the large number of cases and stratifica-
tion by diabetes status.]

Three meta-analyses that examined the asso-
ciation between colorectal cancer and artificial
sweetener consumption were considered unin-
formative (Jatho et al., 2021; Llaha et al., 2021;
Tepler et al., 2021). This was because the expo-
sures studied were not all appropriate proxies for
aspartame intake [the Working Group noted,
for example, that one study included in the
meta-analysis by Jatho et al. (2021) did not sepa-
rate artificially sweetened and sugar-sweetened
beverages]; because the meta-analyses incor-
rectly combined outcomes from case-control
and prospective studies with both cancer inci-
dence and mortality as outcomes (Jatho et al.,
2021); because they did not report results for
colorectal cancer separately from other gastric
luminal cancers (Tepler et al., 2021); or because
an insufficient number of studies were identified
to perform meta-analysis for colorectal cancer as
an outcome (Llaha et al., 2021). A fourth meta-
analysis (Yin et al., 2022), which included data
from three cohort studies, reported an overall
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inverse association between ASB consumption
and cancer of the colon and rectum (relative
risk, RR for highest versus lowest intake cate-
gory, 0.78; 95% CI, 0.62-0.99, P = 0.037), with low
heterogeneity between studies. [The Working
Group noted that, although the title suggested
that this meta-analysis was focused on artifi-
cially sweetened soft drinks as the exposure,
studies in which the exposure was low-calorie
sweeteners were also included. However, the
colorectal cancer meta-analysis included only
three cohorts (Hodge et al., 2018; Chazelas et al.,
2019; Hur et al., 2021), for which the exposure
was ASBs alone. The Working Group noted that
data collection for these cohorts occurred over
different time periods and did not always coin-
cide with ASBs being the predominant source of
aspartame, or with aspartame being the predom-
inant type of artificial sweetener, most notably
for the NutriNet-Santé report that did not specif-
ically identify aspartame exposure (Chazelas
et al., 2019).] The meta-analysis of ASB intake
and colorectal cancer by Pan et al. (2023), which
included two studies described above (Hodge
etal., 2018; Chazelas et al., 2019) was not consid-
ered informative.

2.1.3 Cancers of the pancreas and other
digestive system organs (excluding liver
and colorectum)

See Table 2.1.

Five prospective cohort studies examined
the association between consumption of ASBs
or diet soft drinks and risk of cancers of the
pancreas (Schernhammer et al., 2005; Bao et al.,
2008; Navarrete-Mufoz et al., 2016; Hodge et al.,
2018; McCullough et al., 2022) or other digestive
organs (Hodge et al., 2018; McCullough et al.,
2022). Seven case-control studies examined the
association between aspartame exposure or ASB
consumption and risk of cancers of the pancreas
(Norell et al., 1986; Bosetti et al., 2009; Chan
et al., 2009; Davis et al., 2023) or other digestive
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organs (Mayne et al., 2006; Gallus et al., 2007;
Bosetti et al., 2009; Palomar-Cros et al., 2023).
Four case-control studies (Norell et al., 1986;
Gallus et al., 2007; Bosetti et al., 2009; Palomar-
Cros et al., 2023) examined use of tabletop arti-
ficial sweetener; two of these studies specifically
examined the category of “artificial sweeteners
other than saccharin” (Gallus et al., 2007; Bosetti
et al., 2009); Norell et al. (1986) examined arti-
ficial sweetener users/non-users, and Palomar-
Cros et al. (2023) examined tabletop artificial
sweeteners other than saccharin together with
ASBs as “consumption of aspartame-containing
products”. The other three case-control studies
(Mayne etal., 2006; Chan etal., 2009; Davis etal.,
2023) assessed frequency of consumption of diet
cola, sugar-free carbonated beverages, and diet
carbonated soft drinks, respectively. The study
by Larsson et al. (2016) was not considered infor-
mative as it was unable to separate consumption
of sugar and ASBs.

[After the first small case-control study in
1986, in which artificial sweetener use was cate-
gorized as “yes/no” (Norell et al., 1986), advances
in study design have included studies with larger
sample sizes, prospective design, information on
cancer subsite or histological subtype, estima-
tion of ASB intake via repeated exposure assess-
ments over time (one study, Schernhammer etal.,
2005), and quantitative assessment of exposure
using frequency and dose instead of “yes/no”
user. None of the studies presented aspartame
separately or estimated aspartame intake from
all sources.]

In a study in two USA-based cohorts, the
NHS cohort of 88 794 female nurses and the
HPES cohort of 49 364 male health profes-
sionals (Schernhammer et al., 2005), 379 cases
of pancreatic cancer occurred during the 14-20-
year follow-up period beginning in 1980 or 1986,
respectively. The study assessed usual consump-
tion of three types of diet soda (diet cola with
caffeine, diet cola without caffeine, and other diet
soda), repeatedly every 4 years using a ~130-item
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FFQ, and the diet assessment was cumulatively
updated. The exposure contrast was diet soft
drink consumption of > 3 times/week versus
< 1 time/month (median, 1.6 versus 0 drinks/day
in women and 1.5 versus 0 drinks/day in men).
No association with greater consumption of diet
soft drinks was observed among men, women,
men and women combined, or when stratified
by BMI or physical activity. When examined
separately by type of diet soda, neither diet cola
nor other diet soft drinks was associated with
pancreatic cancer risk. [A major strength of this
study was the cumulatively updated diet assess-
ment from the time of introduction of aspartame
in beverages for up to two decades, potentially
capturing lifetime exposure to aspartame from
sodas. The study controlled for BMI at base-
line and updated diabetes diagnoses during
follow-up. Limitations were that diet soft drink
intake was not high (highest category, > 3 times/
week), and the number of cases was limited in
some stratified analyses, with wide confidence
intervals, suggesting limited statistical power for
some subgroups.]

Bao et al. (2008) followed 487 922 men and
women in the NIH-AARP cohort in the USA
for a mean of 7.2 years, during which time 1258
participants developed pancreatic cancer. Usual
diet in the past 12 months was assessed at base-
line between 1995 and 1996 when participants
completed a 124-item FFQ. Participants were
queried about frequency of consumption of bever-
ages (ranging from “never” to “> 6 times per day”)
and whether they usually drank the sugar-free
(diet) or the regular-calorie type of a particular
beverage. Beverage consumption was expressed
in gram weight. Compared with non-consumers
of diet soft drinks, higher quintile consumption
at baseline (fifth quintile, median, 816.9 g/day,
versus non-consumers) was not associated with
pancreatic cancer risk overall in minimally or
tully adjusted models, or when stratifying by sex
(data not provided), BMI, physical activity, or
smoking status. Increased risk was observed only
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after excluding the first 2 years of follow-up in
the fourth quintile (HR, 1.35; 95% CI, 1.03-1.77)
and, with wider confidence intervals, in the fifth
quintile (HR, 1.25; 95% CI, 0.94-1.66) versus
non-consumers (P for trend, 0.19). [The strengths
of this analysis included its large size and 90%
completeness of case identification via linkage
with cancer registries. The study controlled for
BMI and excluded participants who reported
having diabetes at baseline. The period of
follow-up was relevant for diet soft drinks being
a major contributor to aspartame in the diet,
and for ASB intake reflecting aspartame, since
aspartame was almost the only sweetener used in
ASBs at that time. The main limitation was the
potential for measurement error with the type of
sequential assessment of frequency of consump-
tion used in the study (i.e. whether the diet or
regular version was usually consumed, instead of
asking about beverage types individually), which
was likely to result in non-differential exposure
misclassification of participants.]

A study in the EPIC cohort (Navarrete-
Munoz et al., 2016) was conducted for seven
European countries with information on arti-
ficially sweetened soft drink intake at baseline
(ie. it did not include Italy, Spain, and Sweden
since some recruitment centres in these coun-
tries did not collect this information). Usual diet
was assessed at study enrolment between 1992
and 2000 using country-specific diet assessment
instruments. Artificially sweetened soft drink
intake was assessed asking participants to recall
the number of glasses (approximately 250 mL) of
“low-calorie or diet fizzy soft drinks” per month,
week, or day (Mullee et al., 2019). This quantity
was then converted to 330 mL servings per week
for the analysis (Navarrete-Muoz et al., 2016).
During a median follow-up of 11.6 years, 586
adenocarcinomas of the exocrine pancreas were
verified (follow-up was reported for the whole
EPIC cohort, not for the subset with information
on ASB consumption). No association between
artificially sweetened soft drink consumption
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of > 92.2 g/day versus 0.1-2.0 g/day and pancre-
atic cancer risk was reported for models of men
and women combined. However, a 25% increase
in risk was observed in continuous models
(per 336 g/day) among men but not women (P
for interaction by sex, 0.004). [Personal commu-
nication with the authors confirmed that the
correct sex-stratified model was that reported in
supplemental Table 5 of their paper (Navarrete-
Murfoz et al., 2016), which is the one reported in
the text and tables of the present monograph.]
Associations did not vary among strata defined
by age of diagnosis, BMI, waist circumference,
physical activity, and smoking status. [Strengths
included the geographically heterogeneous
populations with information on cancer subtype,
and control for diabetes and BMI. Limitations
included the low intake of diet soft drinks (the
highest consumption category was > 92.2 g/day).
EPIC combined data from multiple European
countries, each with its own country-specific
dietary questionnaire and potentially its own
products with variable aspartame content, largely
during a period relevant for aspartame exposure.
However, towards the end of the follow-up period
for countries that started recruitment later (i.e.
towards 2000), co-exposure to other artificial
sweeteners was likely. Baseline-only assessment
of dietary intake may contribute to non-differ-
ential measurement error and bias risk estimates
towards the null.]

In the MCCS in Australia, 165 cases of cancer
of the gastric cardia occurred among 35 593
participants enrolled between 1990-1994 with
up to 23 years of follow-up (Hodge et al., 2018).
For artificially sweetened soft drink consump-
tion of > 1 drink/day versus never or < 1 drink/
month, there was no association between arti-
ficially sweetened soft drink intake and risk of
gastric cardia cancer. [Strengths included that the
assessment was carried out after the introduction
of aspartame into diet soft drinks in Australia
(1987) and that the first half of follow-up largely
overlapped with the period of aspartame use in
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Australia). The single baseline assessment and
long follow-up probably resulted in non-differ-
ential measurement error that could bias results
towards the null; the small number of cases
(n = 10) among the most-exposed participants
limited the model stability and ability to detect
associations (e.g. the 95% confidence interval was
wide; 95% CI, 0.53-1.98). BMI was not adjusted
in the model because the study operated on the
assumption that the association was mediated
by BMI; however, adjustment for waist circum-
ference, a measure of abdominal obesity, was
performed.]

In the CPS-II prospective cohort comprising
934 777 men and women in the USA, there were
9196, 1024, 2798, 2727, and 324 deaths from
pancreatic, gallbladder, stomach, oesophageal,
and small intestine cancer, respectively, over
a median follow-up of 27.7 years (McCullough
et al., 2022). Deaths from oral, pharyngeal, and
laryngeal cancers were combined, making a total
of 1852. [The larynx is part of the respiratory
system and, in the present monograph, laryngeal
cancers are included in Section 2.4 (under “other
solid cancers”). The grouping of data on oral,
pharyngeal, and laryngeal cancers, as used in this
study, was less informative than the individual
cancer site-specific results.] ASB consumption
of > 2 drinks/day versus never was associated
with a 16% increase in risk (95% CI, 1.07-1.26)
of death from pancreatic cancer when there was
no control for BMI, and an 11% increase in risk
(95% CI, 1.02-1.20) when BMI was included in
the multivariable-adjusted model. Overall, an
increased risk of pancreatic cancer mortality
was observed among both men and women,
and no interaction with BMI was found (P for
interaction, 0.678). For > 2 drinks/day of ASB,
risk was elevated among never-smokers for men,
women, and both combined (HR for men, 1.34;
95% CI, 1.10-1.65; HR for women, 1.12; 95% CI,
0.96-1.30;and HR for men and women combined,
1.19; 95% CI, 1.05-1.34). [These estimates were
provided by personal communication with the
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author, after the estimates in the original publi-
cation (McCullough et al., 2022) were found to be
incorrect.] No association was observed between
ASB consumption and mortality from cancers
of the oesophagus or stomach in categorical or
continuous models. This study was unable to
distinguish cancers of the gastric cardia from
non-cardia cancers, or oesophageal squamous
cell carcinoma from adenocarcinoma. [The
Working Group noted that the absence of these
cancer subtypes may mask associations, since
risk factors are known to vary for gastric cardia
and non-cardia cancers and for oesophageal
squamous cell carcinoma and adenocarcinoma.]
A 7% increase in risk was reported for gallbladder
cancer mortality only in continuous models (HR
per drink/day, 1.07; 95% CI, 1.01-1.14), which
was attenuated after controlling for BMI (HR,
1.05; 95% CI, 0.98-1.11), with largely overlapping
confidence intervals. Among never-smokers, the
point estimate was the same, with slightly wider
confidence intervals due to smaller numbers (HR,
1.05; 95% CI, 0.96-1.16; 476 deaths). The hazard
ratio for the association between ASBs and small
intestine cancer mortality in a continuous model
(per drink/day) was 1.12 (95% CI, 1.01-1.23)
and was similar when BMI was included in the
model (HR, 1.11; 95% CI, 1.00-1.22). Among
never-smokers, controlling for BMI, the associ-
ation of ASB consumption with small intestine
cancer mortality was similar, with wider confi-
dence intervals (HR, 1.10; 95% CI, 0.94-1.30;
138 deaths). Among men, the association with
mortality from oral, pharyngeal, and laryngeal
cancers combined was 1.07 (95% CI, 1.00-1.14)
per drink/day, controlling for BMI. The associ-
ations for women only and for men and women
combined were null in the BMI-adjusted model.
[Mortality is a reasonable proxy for incidence
for these cancers that have a high fatality rate
(pancreas, gallbladder, stomach, and oesoph-
agus). The study controlled for BMI and excluded
participants with a history of diabetes at base-
line, minimizing confounding. However, with
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only baseline assessment of exposures and a
median follow-up of 27.7 years, the study had the
potential for misclassification and confounding,
which was likely to be non-differential and bias
risk estimates towards the null. A limitation was
that aspartame was not approved in the USA
for use in beverages until 1983, 1 year after the
baseline exposure assessment for this cohort. The
assessment of beverage intake 1 year before the
approval of aspartame for addition to beverages
increased the possibility of measurement error
and confounding, which would most likely bias
risk estimates towards the null. As noted above,
published data for the 100 000 participants in-
cluded in both the CPS-II and the CPS-II nutri-
tion cohort (McCullough et al., 2014) suggested
that there was some decrease in ASB consump-
tion over the 17 years between 1982 and 1999 in
this population, but that the relative ranking of
intakes was consistent during this period.]

In a small case-control study conducted in
Sweden in 1982-1984 that included 99 cases of
cancer of the pancreas and 163 hospital-based
and 138 population-based controls, null findings
were reported for use of low-calorie sweeteners
(sachets) and generic use of artificial sweeteners,
respectively (Norell et al., 1986). [Limitations
included the assessment of exposure as “use
of artificial sweeteners” with non-quantita-
tive responses of “yes” or “no” for past expo-
sure. Participants were asked to recall intake
before their illness, if they had changed their
diet because of their illness. As aspartame was
approved as a tabletop sweetener in Sweden in
1983, it was unlikely that prediagnostic intake
reflected aspartame consumption.]

A population-based case-control study in
the USA identified 255 cases of gastric cardia
adenocarcinoma, 352 cases of non-cardia gastric
adenocarcinoma, 206 cases of oesophageal squa-
mous cell carcinoma, 282 cases of oesophageal
adenocarcinoma, and 687 population-based
controls (Mayne et al., 2006). Participants were
asked about the usual frequency with which
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they consumed diet soft drinks or soda (per
day, week, month, or year) during the 3-5 years
before diagnosis (cases) or interview (controls).
High (top 20% of intake) versus no consump-
tion of diet carbonated soft drinks was inversely
associated with gastric cardia adenocarcinoma
(OR, 0.50; 95% CI, 0.31-0.81), non-cardia gastric
adenocarcinoma (OR, 0.58; 95% CI, 0.38-0.90),
oesophageal adenocarcinoma (OR, 0.52; 95%
CL, 0.32-0.83), and oesophageal squamous
cell carcinoma (OR, 0.43; 95% CI, 0.23-0.82).
Quantile cut-points were not provided for diet
carbonated soft drinks. The authors controlled
for frequency of reflux symptoms. [A strength
of this analysis was the focus on gastric cancer
subtype. The limitations included lack of data
on duration of exposure. The patients diagnosed
with cancer (cases) may have reduced their intake
of carbonated beverages because of prediagnostic
symptoms; therefore, their recall of their diet
3-5 years before diagnosis may not reflect intake
in the distant past.]

In a hospital-based case—control study of 304
cases of oesophageal cancer and 743 controls
in Italy (Gallus et al., 2007), no association was
found between weekly consumption of sachets
or tablets of “sweeteners other than saccharin”
(assumed by the authors of the study to be mainly
aspartame) and oesophageal cancer. The study
also included 598 cases of oral and pharyngeal
cancers and 1491 hospital-based controls; no
evidence of an association between consumption
of sachets or tablets of “sweeteners other than
saccharin”) andrisk of these cancers was provided
(Gallus et al., 2007). [The Working Group noted
that only for 10 cases of oesophageal cancer and
12 cases of oral or pharyngeal cancer was any
use of sachets or tablets per day reported, thus
limiting study power. The exposure assessment
of > 0 tablets or sachets per day versus non-daily
use of tabletop sweeteners had the potential for
exposure misclassification, which would tend to
bias results towards the null.]
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Another hospital-based case-control study
based in northern Italy included 230 cases of
gastric cancer matched to 547 hospital-based
controls and 326 cases of pancreatic cancer
matched to 652 controls (Bosetti et al., 2009).
No association with increased risk of gastric or
pancreatic cancer was observed for users versus
non-users of sachets or tablets of “sweeteners
other than saccharin”, presumed by the author
of the study to be mostly aspartame (17 and 35
cases of gastric and pancreatic cancer, respec-
tively, reported use of tablets of “sweeteners other
than saccharin”); the other sweetener assessed
was saccharin. [Although the cases were histo-
logically confirmed, the analysis presented all
histological types combined, probably because of
the small sample size. The exposure assessment
of users versus non-users of other sweeteners
increased the potential for exposure misclassifi-
cation, which would tend to bias results towards
the null.]

A population-based case—control study in the
San Francisco Bay Area, USA, which included
532 cases with adenocarcinoma of the exocrine
pancreas and 1701 controls, assessed sugar-free
carbonated beverages overall and specific types
(Chan et al., 2009). Diet was assessed using
the Harvard FFQ instrument described above
(Schernhammer et al., 2005). Among women and
men combined, a higher risk of pancreatic cancer
was found among consumers of > 1 drink/day
versus none (OR, 1.5; 95% CI, 1.1-2.1; P for trend,
0.2). For specific beverage types, risk was highest
for low-calorie cola, with an 80% increase in risk
(OR, 1.8; 95% CI, 1.1-2.9) among men, and a
70% increase in risk (OR, 1.7; 95% CI, 1.2-2.4)
in men and women combined. Effect modifica-
tion by diabetes history was reported: risk was
elevated among participants without diabetes
(OR, 1.6; 95% CI, 1.1-2.3) but not among those
with diabetes (OR, 0.9; 95% CI, 0.3-2.6).

A hospital-based case-control study in
Buffalo, New York, USA, which included 213
cases of pancreatic cancer and 852 cancer-free
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controls, reported null associations between diet
cola consumption and pancreatic cancer risk
(Davis et al., 2023). Furthermore, no associa-
tion between prediagnostic diet cola consump-
tion and mortality from pancreatic cancer was
observed in a retrospective cohort analysis of
the 213 pancreatic cancer cases (203 pancreatic
cancer deaths).

The MCC-Spain study enrolled 351 cases
of stomach cancer and 3629 population-based
controls between 2008 and 2013 and assessed
consumption of aspartame-containing products
as low- or no-calorie soft drinks and tabletop
sweeteners other than saccharin (Palomar-Cros
et al., 2023). Overall, there was no association
between aspartame-containing products and the
risk of stomach cancer. However, among partici-
pants with diabetes, high consumption of aspar-
tame-containing products (sex-specific third
quartile or above among controls) compared with
non-consumers was associated with a higher risk
of stomach cancer (OR, 2.04; 95% CI, 0.70-5.40;
P for trend, 0.05), as was consumption of low-
or no-calorie soft drinks (OR, 1.86; 95% CI,
0.63-5.01; P for trend, 0.08). [The limitations of
the study by Palomar-Cros et al. (2023) included
that the assumption that aspartame was used
during this time period was questionable, since
a mix of sweeteners may have been represented.]

[The strengths of these case—control studies
included adjustment for BMI (Mayne et al.,
2006; Gallus et al., 2007; Bosetti et al., 2009;
Chan et al., 2009; Davis et al., 2023; Palomar-
Cros et al., 2023) and adjustment or control for
diabetes (Bosetti et al., 2009; Chan et al., 2009;
Palomar-Cros et al., 2023) in some studies. A
potential limitation of all included case-control
studies was recall bias, which would be expected
to bias estimates upward if cases were more
likely than controls to recall artificial sweetener
consumption, or downward if controls were more
health-conscious and artificial sweetener use
was viewed as healthy. Some of the case-control
studies may have been subject to selection bias
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because of the low participation rate for controls
- 67% in Chan et al. (2009); 50% in Davis et al.
(2023); 70.2% in Mayne et al. (2006) (reported
in Gammon et al., 1997); 53% in Palomar-Cros
et al. (2023) (reported in Castafio-Vinyals et al.,
2015) - if those who chose to participate varied
from the source population in terms of sweet-
ener use. Use of random-digit dialling to identify
controls may result in a population that is not
representative of the source population (Mayne
et al., 2006; Chan et al., 2009). Cases were iden-
tified from population-based tumour registries
(Mayne et al., 2006) or from patients admitted
to specific hospitals or cancer centres (Norell
etal., 1986; Gallus et al., 2007; Bosetti et al., 2009;
Chan et al., 2009; Davis et al., 2023; Palomar-
Cros et al., 2023) Artificial sweetener intake may
have been enriched in the cases if diabetes status
influenced hospital admission; however, diabetes
status did not vary by case or control status in the
study by Chan et al. (2009). In the hospital-based
studies (Gallus et al., 2007; Bosetti et al., 2009;
Davis et al., 2023), any potential associations
between artificial sweetener use and the medical
conditions of controls may lead to underestima-
tion in associations with cancer if sweetener use
(as a marker of diabetes or excess body weight, or
other conditions) were higher in the controls (for
example, non-traumatic orthopaedic conditions
potentially related to excess body weight) than
in the cases. The use of only tabletop sweeteners
as potential sources of aspartame in the studies
by Gallus et al. (2007), Bosetti et al. (2009), and
Norelletal. (1986), maylead to misclassification of
participants with regard to aspartame exposure.
In the studies of Bosetti et al. (2009) and Gallus
et al. (2007), diet soft drinks were not included,
but the low frequency of consumption of diet
soft drinks in middle-aged and elderly Italian
participants at that time made their contribution
less likely. Davis et al. (2023) examined only diet
cola, which may have led to misclassification of
exposure.]
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Six meta-analyses of the association between
ASBs and risk of cancers of the pancreas and
other parts of the digestive tract were published
(Jatho et al., 2021; Llaha et al., 2021; Tepler et al.,
2021; Yin et al., 2022; and Pan et al., 2023). None
reported a positive association with cancers of
the digestive tract (excluding colorectal cancer).

One meta-analysis (Tepler et al., 2021) eval-
uated separately the associations between arti-
ficial sweeteners and risk of gastrointestinal
luminal (i.e. organs with a lumen, an internal
tubular channel, such as the intestine) and
non-luminal (i.e. pancreatic) cancers. The study
used the guidelines of the Cochrane Handbook
(Higgins et al., 2023) and Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA), and evaluated study quality using the
Newcastle-Ottawa Scale for quality and risk of
bias assessment (all included studies were rated
as “good”). The authors identified eight studies
(four prospective, four case—control) of arti-
ficial sweetener consumption (exposed) or no
consumption (non-exposed) in relation to gastro-
intestinal luminal or non-luminal cancers. The
meta-analysis for non-luminal cancers included
estimations only for pancreatic cancer, which
was not associated with “artificial sweetener”
consumption. This included three prospective
studies and six case—control estimates (four esti-
mates from the same case-control study). [The
Working Group judged this meta-analysis to be
uninformative because it included estimates for
saccharin (Bosetti et al., 2009), which limited
relevance for the agent under consideration, and
it included four separate estimates of different
and overlapping categories of ASB consumption
from the same study (Chan et al., 2009) in the
meta-analysis.]

Another meta-analysis (Jatho et al., 2021)
that evaluated artificially sweetened soft drink
consumption and gastrointestinal cancer in-
cluded 38 studies (21 case—control and 17 cohort
studies). [The Working Group judged this
review to be uninformative for the evaluation of
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aspartame because all meta-analyses included
estimates for regular soft drinks and combined
results from prospective and case-control
studies.]

A meta-analysis of sweetened beverages and
cancer risk by Llaha et al. (2021) was conducted
according to PRISMA guidelines. The only
digestive cancer meta-analysed was pancreatic
cancer (three cohort studies, two case-control
studies). For high versus low intake of ASB,
the relative risk was 1.07 (95% CI, 0.77-1.48).
The I? (43.6) and P = 0.13 from the Cochran
Q-test suggested between-study heterogeneity.
In stratified analyses, estimates remained null
by study type (RR for cohort studies, 1.05; 95%
CI, 0.92-1.21; RR for case—control studies, 0.66;
95% CI, 0.37-1.17); by region [RR for USA, 1.08;
95% CI, 0.67-1.74; RR for Europe, 0.99; 95% CI,
0.61-1.60]; and by reference intake category (RR
for high versus low, 0.93; 95% CI, 0.55-1.56; RR
for high versus none, 1.27; 95% CI, 0.19-8.50).
[The Working Group noted that not all studies
included in the pancreatic cancer meta-analysis
met the definition of the exposure in this mono-
graph (one case-control study conducted in the
1970s assessed diet soda consumption before
aspartame approval in the USA; Gold et al.
1985), limiting its informativeness.]

A dose-response meta-analysis of ASB
consumption and cancer risk from prospective
studies (Yin et al., 2022) used the Grading of
Recommendations, Assessment, Development
and Evaluation (GRADE) approach to assess
certainty of evidence. The only digestive
cancer meta-analysed separately was pancre-
atic cancer (four cohorts, RR, 1.10; 95% CI,
0.92-1.31; P = 0.307; I* = 0.0%), with no linear or
nonlinear relation suggested. The four cohorts,
including EPIC (Navarrete-Mufoz et al., 2016),
NIH-AARP (Bao et al., 2008), and NHS and
HPES (Schernhammer etal., 2005), were assigned
as having moderate risk of bias, with the most
common reason beinglack of direct measurement
of exposure (e.g. questionnaires). [Measurement
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error from use of an FFQ would be expected to
bias associations towards the null.]

A meta-analysis by Pan et al (2023)
included three cohort studies (HPEFS, NHS,
and NIH-AARP) on pancreatic cancer and did
not report an association (RR, 1.03; 95% CI,
0.96-1.10). The authors did not detect a linear
dose-response relation between ASB intake per
250 mL and pancreatic cancer risk. [The meta-
analysis did not include all available studies.
The authors used GRADE criteria to rate the
certainty of evidence for pancreatic cancer as
“low” primarily due to observational design and
wide confidence intervals.]

2.2 Cancers of the urinary tract

See Table 2.2.

Four cohort and four case-control studies
investigating the role of artificial sweetener
consumption and cancers of the urinary tractare
presented below according to the main type of
exposure under study, and separately for kidney
cancer, bladder cancer, and lower urinary tract
cancers combined. Most studies focused on
overall consumption of ASBs without specific
assessment of aspartame (Hodge et al., 2018;
Heath etal., 2021; McCullough et al., 2022; Ringel
etal.,2023),and only two studies considered dura-
tion of use (Nomura et al., 1991; Andreatta et al.,
2008). One small, hospital-based case-control
study in men (54 cases only) was conducted in
2002-2008 in Lebanon and examined frequency
of use of artificial sweeteners and bladder cancer
risk (Kobeissi et al., 2013). [The Working Group
noted that the study was subject to several poten-
tial biases, including selection bias (only 23% of
the eligible cases participated), unclear exposure
assessment, and a very small number of cases
(n = 54), and was therefore considered to be
uninformative (results were null).]

[The main development in the design of the
studies was the evolution from case-control
studies to cohort studies. There was little change,
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however, with regard to use of ASB consump-
tion as a proxy for aspartame consumption
(most studies), to more detailed assessments of
surrogate definitions of aspartame use (i.e. ASB
consumption, or consumption of sachets or
tablets/week of artificial sweeteners) including
duration of use, which was more common in the
case—control studies (Nomura et al., 1991; Gallus
et al., 2007; Andreatta et al., 2008).]

Four recent cohort studies, two from the USA
(McCullough et al., 2022; Ringel et al., 2023), one
from Australia (Hodge et al., 2018), and the other
from Europe (Heath et al., 2021), provided infor-
mation on ASB consumption and risk of kidney
cancer. Both US studies (McCullough et al.,
2022; Ringel et al., 2023) also assessed bladder
cancer. Whereas McCullough et al. (2022) exam-
ined mortality only, Heath et al. (2021) presented
results for both cancer mortality and incidence.

The cohort study from Australia, the MCCS,
included 35 593 participants and 146 incident
kidney cancer cases (Hodge et al., 2018). Baseline
consumption of artificially sweetened soft drinks
was assessed using FFQs. The results demon-
strated lack of a positive association between
consumption of artificially sweetened soft drinks
and incident kidney cancer (linear model for
increasing daily frequency of consumption, HR,
0.78; 95% CI, 0.40-1.55; P for trend, 0.48). [The
Working Group noted that a weakness of the
study was the small proportion of individuals
consuming artificially sweetened soft drinks at
least once daily (5.8%).]

The EPIC cohort study was conducted in
10 European countries and comprised 521 000
baseline participants and a mean follow-up of
15 years (for cancer incidence) and 16 years
(for mortality) (Heath et al., 2021). Analyses
on sugar-sweetened soft drinks and ASBs were
restricted to 281 483 baseline participants with
available information on types of soft drink,
including 589 incident cases of renal cell carci-
noma and 265 deaths from renal cell carcinoma
(participantsfromItaly,Spain,and Umea, Sweden

Advance publication, 29 April 2024



681

Table 2.2 Epidemiological studies on consumption of aspartame and cancers of the urinary tract

Reference, Population size, Organsite Exposure Exposed Risk estimate Covariates Comments

location, description, exposure (histopathology), categoryor casesor (95% CI) controlled

enrolment/ assessment method incidence or level deaths

follow-up mortality

period, study

design

Hodge et al. 35593; MCCS - a Kidney, incidence  Artificially sweetened soft drink Age, sex, Exposure assessment critique:

2018) prospective cohort consumption (HR): socioeconomic Key strengths were that it

Australia study of men and Neveror 114 1 index, country was a prospective study, that

Enrolment, women aged 40-69 yr < 1/mo of birth, assessment was after aspartame

;930—1994/ " ?t rec;uitment anq —2Vksie 1 0.71 (0.38-1.36) alcoEol inttal:e, %nt;odttlct;f)n(ilr;gl;;:t socfltiritnks

ollow-up unti ree of cancer, angina, smoking status, in Australia , and tha

30 June 5013 heart attack, or ¢ TS 12 066 (0.36-1.22) physicaigactivity, first half of follow-up largely

Cohort diabetes at baseline; 2 1/day 9 0.92 (0.46-1.84)  Mediterranean overlapped with period of
participants with Continuous 146 0.78 (0.40-1.55)  diet score, aspartame use in Australia.
extreme baseline (per sugar-sweetened  Key limitations were the FFQ
energy intake were beverage/ soft drink assessment with no specific
excluded day) consumption, estimate of aspartame exposure,
Exposure assessment Trend-test P value: 0.48 waist ASB as a proxy, and exposure
method: self- circumference data at baseline only; small

administered 121-item
FFQ with separate
questions on frequency
of consumption in

the past year of diet
(artificially sweetened)
soft drinks
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number of consumers.

Other strengths: adjustment
for key confounders, including
a measure of obesity (waist
circumference).

Other limitations: Likely bias
from non-differential exposure
misclassification given single
baseline assessment and long
follow-up.
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Table 2.2 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure (histopathology), categoryor casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
Heath et al. 281 483; members of Kidney (RCC), Artificially sweetened soft drink intake Sex, country, Exposure assessment critique:
(2021) the EPIC prospective  incidence (HR): age, education, A key strength was the
10 European cohort study Continuous 589 1.02 (0.96-1.08) smoking prospective assessment of ASB
countries (> 520 000 participants (per 100 status, alcohol consumption (several types of
Enrolment, aged 30-70 yr) g/day) consumption, beverages) in several western
1991-2000/ with complete Trend-test P value: 0.61 physical activity, =~ Europe countries at a period
follow-up, data (389 220) and juice intake and  relevant for aspartame exposure
mean, 15 yr excluding participants sugar-sweetened  (between 1991 and 2000).
(incidence), from Italy, Spain, and soda intake, BMI, Key limitations were that no
16 yr (mortality) Umed (Sweden). energy intake other sources of aspartame
Cohort Exposure Kidney (RCC), Artificially sweetened soft drink intake Sex, country, were considered; uncertainty
assessment method: incidence (HR): age, education, regarding aspartame content
questionnaire; Continuous 589 1.02 (0.96-1.08) smoking in ASBs in every country; and
exposure to ASB soft (per 100 status, alcohol there was only one assessment at
drinks overall assessed g/day) consumption, baseline.
once at baseline Trend-test P value: 0.59 physical activity, Other 1nf0rmat10n:' cogtext ,Of
between 1991 and juice intake and low ASB consumption in middle-
2000 through country- sugar-sweetened ~ aged adults.
specific validated soda intake, Other strengths: large cohort
tools (mainly FFQ) BMI, energy study; results adjusted for BMI;
covering the usual diet intake, fruitand  several relevant sensitivity
over the past year; no vegetable intake analyses were considered.
specific assessment Kidney (RCC), Artificially sweetened soft drink intake, Sex, country, cher llmztat.u?n.s: power was low
of aspartame or AS incidence excluding the first 2 yr of follow-up (HR):  age, education, in some sensitivity analyses.

content of ASB

Continuous 528

(per 100

g/day)

Trend-test P value: 0.87

0.99 (0.93-1.06)

Advance publication, 29 April 2024

smoking

status, alcohol
consumption,
physical activity,
juice intake and
sugar-sweetened
soda intake, BMI,
energy intake
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Table 2.2 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure (histopathology), categoryor casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
Heath et al. Kidney (RCC), Artificially sweetened soft drink intake, Sex, country,
2021) incidence excluding participants with self-reported  age, education,
(cont.) diabetes at baseline (HR): smoking
Continuous 562 1.02 (0.96-1.09)  status, alcohol
(per 100 consumption,
g/day) physical activity,
Trend-test P value: 0.46 juice intake and
sugar-sweetened
soda intake, BMI,
energy intake
Kidney (RCC), Artificially sweetened soft drink intake, Country, age,
incidence men (HR): education,
Continuous 347 0.99 (0.91-1.08)  smoking
(per 100 status, alcohol
g/day) consumption,
Trend-test P value: 0.85 PhysiFal activity,
Kidney (RCC), Artificially sweetened soft drink intake, juice intake and
incidence women (HR): sugar.—sweetened
; soda intake, BMI,
Continuous 242 1.05 (0.96-1.14) energy intake
(per 100
g/day)
Trend-test P value: 0.28
Kidney (RCC), Artificially sweetened soft drink intake Sex, country,
mortality (HR): age, education,

Advance publication, 29 April 2024

Continuous 265 1.06 (0.99-1.14)
(per 100
g/day)

Trend-test P value: 0.11

smoking

status, alcohol
consumption,
physical activity,
juice intake and
sugar-sweetened
soda intake, BMI,
energy intake
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Table 2.2 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure (histopathology), categoryor casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
Heath et al. Kidney (RCC), Artificially sweetened soft drink intake Sex, country,
2021) mortality (HR): age, education,
(cont.) Continuous 265 1.06 (0.99-1.14) ~ smoking
(per 100 status, alcohol
g/day) consumption,
Trend-test P value: 0.10 physical activity,
juice intake and
sugar-sweetened
soda intake,
BMI, energy
intake, fruit and
vegetable intake
Kidney (RCC), Artificially sweetened soft drink intake, Sex, country,
mortality excluding the first 2 yr of follow-up (HR):  age, education,
Continuous 256 1.05(0.97-1.13)  smoking
(per 100 status, alcohol
g/day) consumption,
Trend-test P value: 0.26 Physi;al akCtiVitg’
Kidney (RCC), Artificially sweetened soft drink intake, Juice Intake an
. . . . sugar-sweetened
mortality excluding participants with self-reported .
. . soda intake, BMI,
diabetes at baseline (HR): .
] energy intake
Continuous 256 1.06 (0.99-1.15)
(per 100
g/day)
Trend-test P value: 0.10
Kidney (RCC), Artificially sweetened soft drink intake, Country, age,
mortality men (HR): education,
Continuous 142 1.04 (0.93-1.15)  smoking
(per 100 status, alcohol
g/day) consumption,
Trend-test P value: 0.49 physical activity,

Advance publication, 29 April 2024

juice intake and
sugar-sweetened
soda intake, BMI,
energy intake
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Table 2.2 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure (histopathology), categoryor casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
Heath et al. Kidney (RCC), Artificially sweetened soft drink intake, Country, age,
2021) mortality women (HR): education,
(cont.) Continuous 123 1.08 (0.98-1.19)  smoking
(per 100 status, alcohol
g/day) consumption,
Trend-test P value: 0.11 physical activity,
juice intake and
sugar-sweetened
soda intake, BMI,
energy intake
Kidney (RCC), Artificially sweetened soft drink intake Sex, country,
incidence (HR): age, education,
0 g/day NR 1 smoking
50g/day ~ NR 118 (0.99-1.41)  Status, alcohol
100g/day  NR 128 (0.98-1.66) Comsumption,
physical activity,
200 g/day NR 1.29 (0.98-1.69) juice intake and
300 g/day NR 1.25(0.95-1.63) sugar-sweetened
400 g/day  NR 1.21 (0.91-1.61)  soda intake, BMI,
Kidney (RCC), Artificially sweetened soft drink intake energy intake
mortality (HR):

€6l
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0 g/day NR 1

50 g/day NR 1.13 (0.87-1.46)
100 g/day ~ NR 1.21 (0.82-1.78)
200 g/day  NR 1.28 (0.85-1.93)
300 g/day NR 1.33 (0.90-1.96)
400 g/day NR 1.38 (0.93-2.05)

aweyedsy



761

Table 2.2 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments

location, description, exposure (histopathology), categoryor casesor (95% CI) controlled

enrolment/ assessment method incidence or level deaths

follow-up mortality

period, study

design

McCullough 934 777 (416 313 men,  Kidney, mortality ~ASB consumption (HR): Age, sex, race/ Exposure assessment critique:
etal. (2022) 518 464 women); CPS- Never NR 1 ethnicity, A key strength was the

USA II prospective cohort; <1drink/ NR 0.98 (0.87-1.11) smoking, marital  prospective assessment of ASB
Enrol;nelnt, adullts aged > 28 yr; day status, education, consumption.

1982/follow-up,  excluded participants . red and Key limitations included a single
through 2016 ’ with persgnal hi};tory L dletaldidy D 1.08 (0.94-1.24) processed meat die{ary assessment at baselineg

(median, 27.7 yr)
Cohort

at baseline of diabetes
or cancer other than
nonmelanoma skin
cancer, men aged

> 90 yr or women aged

> 95 yr at enrolment,
and those reporting
only prior but not
current consumption
of either SSBs or ASBs
Exposure

assessment method:
questionnaire;
exposure to ASB
assessed in 1982
through a question
about the number

of drinks/day of diet
soda or ice teas (one
pooled item) and
potential changes
over the past 10 yr; no
specific assessment of
aspartame content in
ASB

Kidney, mortality

Advance publication, 29 April 2024

>2drinks/ NR
day
Continuous
(per drink/
day)
Trend-test P value: 0.412

1.04 (0.90-1.20)

3129 1.01 (0.97-1.05)

ASB consumption, BMI adjusted (HR):
Never NR 1

<ldrink/ NR 0.92 (0.82-1.04)
day

1 drink/day NR

>2drinks/ NR
day

1.01 (0.88-1.16)
0.95 (0.82-1.10)
Continuous 3129

(per drink/

day)

Trend-test P value: 0.468

0.99 (0.95-1.03)

consumption,
fruit and
vegetable
consumption,
alcohol
consumption,
SSB consumption
Age, sex, race/
ethnicity,
smoking, marital
status, education,
red and
processed meat
consumption,
fruit and
vegetable
consumption,
alcohol
consumption, SSB
consumption,
BMI

in 1982 that was before the use
of aspartame in ASBs, hence the
relevance regarding aspartame
exposure depends on the stability
of ASB consumption over up

to 34 yr of follow-up, but such
information was not directly
available; no other sources were
considered (although these were
more limited); and uncertainty
regarding aspartame content in
ASBs after the mid-2000s.
Other comments: exclusion

of participants who reported
only prior but not current
consumption of either SSBs or
ASBs at baseline.

Other strengths: large cohort
with long follow-up; ability to
examine multiple cancer types,
stratify by sex or BMI, and limit
to never-smokers; comprehensive
adjustment for confounders,
including SSB consumption.
Other limitations: likely bias
from non-differential exposure
misclassification.

€L - SHAdV4OONOW DyVI



S6l

Table 2.2 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure (histopathology), categoryor casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
McCullough Urinary bladder, ~ ASB consumption (HR): Age, sex, race/
et al. (2022 mortality Never NR 1 ethnicity,
o) <1drink/  NR 0.94 (0.83-1.06) Smoking, marital
day status, education,
1 drink/day NR 099 (0.86-1.14) redand
>2drinks/ NR 1.04 (0.90-1.20) processed'meat
= . . . consumption,
day fruit and
Continuous 3419 1.00 (0.95-1.04)  vegetable
(per drink/ consumption,
day) alcohol
Trend-test P value: 0.794 consumption,
SSB consumption
Urinary bladder, ~ ASB consumption, BMI adjusted (HR): Age, sex, race/
mortality Never NR 1 ethnicity,
<1drink/  NR 0.93 (0.82-1.05) Smoking, marital
day status, education,

Advance publication, 29 April 2024

1 drink/day NR
>2drinks/ NR
day

Continuous 3419
(per drink/

day)

Trend-test P value: 0.922

0.98 (0.85-1.13)
1.02 (0.88-1.18)

0.99 (0.95-1.03)

red and
processed meat
consumption,
fruit and
vegetable
consumption,
alcohol
consumption, SSB
consumption,
BMI
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Table 2.2 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments

location, description, exposure (histopathology), categoryor casesor (95% CI) controlled

enrolment/ assessment method incidence or level deaths

follow-up mortality

period, study

design

Ringel et al. 80 388; Women’s Kidney (RCC), ASB consumption (HR): Age, race, Exposure assessment critique:

(2023 Health Initiative incidence Never or 188 1 ethnicity, A key strength was the

USA Observational Study < 1 serving/ neighbourhood prospective assessment of ASB

Enrolment, participants (aged wk SES (used as a consumption at a relevant period

1993-1998/ 50-79 yr at enrolment) 1-6 91 1.34 (1.03-1.75)  Proxy for the for aspartame exposure from

follow-up, until ~ who completed servings/wk likelihood of | ASBs (the USA between 1996 and

28 February a questionnaire . environmenta 2001).

2020 regarding ASBs and jal serving/ 48 1.14(0.80-1.62) exposures), Key limitations were that no

Cohort did not self-report Y smoking, BMI, other sources were considered
a prior diagnosis of history of (although these were more
urinary tract cancer hypertension, and limited); there was only one
Exposure diet quality dietary assessment at baseline
assessment method: Urinary bladder, ~ ASB consumption (HR): Age, race, and no consideration of potential
questionnaire; incidence Never or 295 1 ethnicity, variations of ASB consumption
exposure to < 1serving/ neighbourhood over up to 24 yr of follow-up);
ASB assessed in wk SES (used as a and uncertainty regarding
1?96—2001 thljough -6 106 0.99 (0.78-1.26) PTOXY for the aspart‘ame content in ASBs after
nine frequencies ings/wk likelihood of the mid-2000s.
of consumption servmgs. w environmental Other strengths: prospective large
of diet drinks; no 2 1serving/ 47 0.75 (0.53-1.06) exposures), cohort study, detailed outcome
specific assessment of day smoking, water ~ assessment, long follow-up
aspartame content in consumption period.

ASB

Advance publication, 29 April 2024

Other limitations: potential for
residual confounding.
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Table 2.2 (continued)

Reference,
location,
enrolment/
follow-up
period, study
design

Population size,
description, exposure
assessment method

Organsite
(histopathology),
incidence or
mortality

Exposure
category or cases or
level deaths

Exposed Risk estimate

(95% CI)

Covariates
controlled

Comments

Nomura et al.

1991
USA, Hawaii

(Oahu)
1977-1986
Case—control

Cases: 261; population-
based, identified

at seven largest
community hospitals
on Oahu that capture
96% of diagnosed cases
(235 urinary bladder,
19 renal pelvis, 7
ureter)

Controls: 522;
population-based,
identified from state
survey; matched to
cases by age (within

5 yr), sex, ethnic group
(Caucasian [White] or
Japanese), residence on
Oahu; 1:2 ratio
Exposure

assessment method:
questionnaire; diet
history of 29 food
items consumed
during a usual week,
usual diet 1 yr before
diagnosis. assessing
ASBs, such as diet or
low-calorie sodas

Lower urinary
tract (urinary
bladder, renal
pelvis, ureter),
incidence
Lower urinary
tract (urinary
bladder, renal
pelvis, ureter),
incidence

Lower urinary
tract (urinary
bladder, renal
pelvis, ureter),
incidence
Lower urinary
tract (urinary
bladder, renal
pelvis, ureter),
incidence

Advance publication, 29 April 2024

Use of ASs from diet beverages, men (OR):

Non-users 151
Users 44

Use of ASs from diet beverages, men (OR):

Non-users 151

1-2 can- 25
years
3+ can- 19
years

Trend-test P value: 0.29

Use of ASs from diet beverages, women

Use of ASs from diet beverages, women

(OR):

Non-users 52
Users 14
(OR):

Non-users 52
1-2 can- 10
years

3+ can- 4
years

Trend-test P value: 0.31

1
1.4 (0.9-2.2)

1
1.5 (0.8-2.6)

1.3 (0.7-2.5)

1
1.2 (0.5-2.7)

1
2.0 (0.8-5.2)

0.4 (0.1-1.7)

Age, current
residence on
Oahu, ethnicity,
pack-years of

cigarette smoking

Exposure assessment critique:
Key limitations were the
retrospective recall; that there
was no specific estimate of
aspartame exposure, and ASBs as
a proxy only (diet or low-calorie
sodas).

Limited value as exposure was
collected in 1977-1986, but study
participants could not have
consumed aspartame before it
was approved in 1983.

Other strengths: captured almost
all cases in catchment area
(Oahu).

Other limitations: adjustment
only for pack-years of cigarette
smoking (but used conditional
logistic regression to account

for matching factors);potential
for bias from differential
misclassification, as interviewers
were not blinded to case—control
status.
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Table 2.2 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure (histopathology), categoryor casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
Gallus et al. Cases: 767; multiple Kidney (RCC), Consumption of ASs other than saccharin  Age, sex, study Exposure assessment critique:
2007 hospital-based case— incidence (OR): centre, education, Key limitations were that there
Ttaly control studies Non- 710 1 alcohol use, was no specific assessment
1991-2004 Controls: 1534; consumers tobacco smoking, of aspartame, aspartame was
Case-control patients admitted to > 0sachets 57 1.03 (0.73-1.46) BMLI, total considered as “other sweeteners”
the same hospitals for or tablets/ energy intake, but with unclear actual
acute, non-neoplastic day consumption of contribution; only one source

disorders

Exposure

assessment method:
questionnaire;
assessment of use of
tabletop sweeteners
containing either
saccharin or other
sweeteners as sachets
or tablets per week in
the 2 yr before cancer
diagnosis

Advance publication, 29 April 2024

hot beverages

considered (tabletop sweeteners);
retrospective assessment in a
case—control study (potential for
differential misclassification).
Other information: according

to the authors, there was low
consumption of sources of
sweeteners (including ASBs) in
the study population, middle-
aged adults in Italy between 1991
and 2004).

Other strengths: high response
rates (< 5% refusals) for cases and
controls reduce the potential for
selection bias; large sample size
with large case numbers for rarer
cancers; control for key potential
confounders, including BMI.
Other limitations: potential for
recall bias and reverse causation;
low statistical power.
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Table 2.2 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments

location, description, exposure (histopathology), categoryor casesor (95% CI) controlled

enrolment/ assessment method incidence or level deaths

follow-up mortality

period, study

design

Andreattaetal.  Cases: 197; incident Urinary tract Duration of AS consumption (OR): Age, sex, BMI, Exposure assessment critique:

(2008) cases of histologically  (urinary bladder,
Argentina confirmed urinary renal pelvis,
1999-2006 tract tumours of ureter), incidence

Case-control

transitional-cell types
of the renal pelvis,
ureter, and/or urinary
bladder admitted to
10 public and private

hospitals in the greater

Cordoba region
Controls: 397; with
acute, non-neoplastic,
and non-urinary tract
diseases, selected
from the respective
hospital’s admission
registry at the same
time as the case
diagnosis

Exposure

assessment method:
questionnaire;
assessment of ever
use and duration of
use of AS in infusions
(tea, coffee, mate) in
Argentina between
1999 and 2006

(5 yr before cancer
diagnosis)

Never 146 1

Short-term 21 1.10 (0.61-2.00)
(1-9 yr)

Long-term 30 2.18 (1.22-3.89)
(= 10yr)

Trend-test P value: < 0.02

social status,
years of tobacco
use

Key limitations were that there
was no specific assessment of
aspartame; only one source of
exposure was considered (ASs
added to infusions) and limited
use of aspartame; no quantitative
assessment (ever use and
duration of use); retrospective
assessment in a case—control
study (potential for differential
misclassification).

Other strengths: both men and
women enrolled; large catchment
area in Argentina.

Other limitations: AS varieties
were classified into two
subgroups (according to
prevalence of sale at time of
assessment period): saccharin/
cyclamate and aspartame/
acesulfame-K; results on
duration of use were mainly
driven by saccharin/cyclamate
users and may not reflect
exposure to aspartame.

AS, artificial sweetener; ASB, artificially sweetened beverage; BMI, body mass index; CI, confidence interval; CPS-II, Cancer Prevention Study II; EPIC, European Prospective
Investigation into Cancer and Nutrition; FDA, Food and Drug Administration; FFQ, food frequency questionnaire; HR, hazard ratio; MCCS, Melbourne Collaborative Cohort Study;
mo, month(s); NR, not reported; OR, odds ratio; RCC, renal cell carcinoma; SES, socioeconomic status; SSB, sugar-sweetened beverage; vs, versus; wk, week(s); yr, year(s).
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were excluded). Statistical analyses were adjusted
for a large number of potential confounders
(age, sex, country, educational attainment,
smoking status, alcohol consumption, physical
activity, juice intake, sugar-sweetened soft drink
consumption) and additionally for energy intake
and BMI. Consumption of artificially sweetened
soft drinks was not associated with the risk of
either being diagnosed with renal cell carcinoma
(HR, 1.02;95% CI, 0.96-1.08) or dying from renal
cell carcinoma (HR per 100 g/day, 1.06; 95%
CI, 0.99-1.14). Analyses using restricted cubic
splines that evaluated artificially sweetened soft
drink consumption of 400 g/day versus 0 g/day
did not suggest an elevated risk of renal cell carci-
noma incidence (HR, 1.21; 95% CI, 0.91-1.61) or
renal cell carcinoma mortality (HR, 1.38; 95%
CI, 0.93-2.05). [The Working Group noted that
power was low in some of the sensitivity analyses.
Noted strengths were that sensitivity analyses
were conducted, additionally adjusting for fruit
and vegetable consumption, excluding the first
2 years of follow-up, and excluding participants
with self-reported diabetes at baseline; none of
these produced different results. The Working
Group further noted that adjustment for BMI
attenuated the findings, leaving the confidence
intervals in the cubic spline graph (in the orig-
inal publication, supplementary Fig. 2, bottom
right) overlapping with 1. No distinction was
made between aspartame and other types of
artificial sweetener in ASBs, probably increasing
non-differential exposure misclassification and
leading to bias towards the null.]

A cohort study using data from the CPS-II
in the USA included 934 777 participants
and investigated the association between ASB
consumption, measured at baseline via an FFQ,
and subsequent cancer risk (McCullough et al.,
2022). During follow-up (median, 27.7 years),
3129 kidney cancer deaths and 3419 bladder
cancer deaths were recorded. Overall, the study
found no association between ASB consump-
tion and kidney cancer deaths. Results of

200

multivariable-adjusted analyses (including age,
sex, race/ethnicity, smoking, marital status,
education, consumption of red and processed
meat, fruit and vegetables, alcohol, sugar-sweet-
ened beverage consumption) were presented
without adjustment for BMI (RR for > 2 drinks/
day versus never, 1.04; 95% CI, 0.90-1.20) and
with further adjustment for BMI (RR for > 2
drinks/day versus never, 0.95; 95% CI, 0.82-1.10).
Similar to the results for kidney cancer, no asso-
ciation was found between ASB consumption
and risk of bladder cancer (HR for > 2 ASBs/day
versus never, 1.02; 95% CI, 0.88-1.18). [With only
a single baseline assessment of exposure in 1982,
1 year before the approval of aspartame use in
beverages, and a median follow-up of 27.7 years,
the study had the potential for misclassifica-
tion, which was likely to be non-differential and
bias risk estimates towards the null. Although
published data from more than 100 000 partici-
pants included in both the CPS-II and the CPS-II
nutrition cohort (McCullough et al., 2014)
suggested some decrease in ASB consumption
over the 17 years between 1982 and 1999 in this
population, the relative ranking of intake cate-
gory was consistent during this period.]

The Women’s Health Initiative Observational
Study (WHI-OS) accrued a total of 804 cancers
of the urinary tract among 80 388 eligible women
in the USA (Ringel et al., 2023). Consumption
of ASBs was assessed once, 3 years after enrol-
ment, which took place between 1993 and 1998.
Compared with no or < 1 serving/week, no
increased risk for urinary bladder cancer (total
of 448 cases) was noted for higher consumption
of ASBs (HR for 1-6 servings/week, 0.99; 95% CI,
0.78-1.26; and HR for > 1 serving/day, 0.75; 95%
CI, 0.53-1.06), whereas for kidney cancer (total
of 327 cases), an increased risk was observed in
the 1-6 servings/week group (HR, 1.34; 95% CI,
1.03-1.75), but not in the > 1 serving/day group
(HR, 1.14; 95% CI, 0.80-1.62). [The Working
Group noted as weaknesses of the study the
one-time assessment of beverage consumption,
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potential for residual confounding, and measure-
ment error in the exposure assessment, which
probably biased estimates towards the null.
Strengths pertained to its large size and long
follow-up.]

A case—control study conducted in Hawaii,
USA, by Nomura et al. (1991) investigated the
association between diet beverages and cancers
of the lower urinary tract. In men, the odds ratio
for any diet beverage consumption was 1.4 (95%
CI, 0.9-2.2; 44 cases), compared with non-con-
sumers, and an exposure-response relation
(cumulative use) was not observed (P for trend,
0.29). Similarly, in women, an odds ratio of 1.2
(95% CI, 0.5-2.7; P for trend, 0.31; 14 cases) was
reported when consumers were compared with
non-consumers. [The Working Group noted that
the time frame of this study (which included
cancers diagnosed between 1977 and 1987) was
of questionable relevance for aspartame expo-
sure, considering that aspartame use in ASBs
was authorized in the USA in 1983. Besides the
retrospective assessment of diet after diagnosis,
interviewers were not blinded to case-control
status, which increased the potential for differ-
ential exposure misclassification.]

One hospital-based case-control study was
conducted in 1991-2004 in four areas in Italy
and combined cases of cancer at multiple organ
sites with a selection of controls from the same
overall pool of controls (Gallus et al., 2007).
The study examined weekly consumption of
saccharin and sweeteners other than saccharin,
expressed in sachets or tablets/week. The authors
stated that the consumption of “sweeteners other
than saccharin” mainly comprised aspartame
consumption. The study included 767 cases of
kidney cancer and 1534 controls. After adjust-
ment for a large number of potential confounders
(including sex, age, alcohol, tobacco, BMI, energy
intake, and hot beverages), there was no associ-
ation between exposure to artificial sweeteners
other than saccharin (> 0 sachets or tablets/
day) and renal cell carcinoma risk (OR, 1.03;

Advance publication, 29 April 2024

95% CI, 0.73-1.46). Results were not presented
separately by sex. [The Working Group noted as
key limitations the uncertainty surrounding the
authors’ assumption with regard to aspartame
intake, defined as “other sweeteners” (not distin-
guishing between aspartame and other artificial
sweeteners other than saccharin); low power; and
the low consumption of sweeteners in this Italian
population. These limitations affected precision
and probably introduced bias towards the null.
A strength of this case-control study was the
relatively high participation rates: fewer than 5%
of both cases and controls who were contacted
refused to participate.]

One case-control study, conducted in 1999-
2006 in Argentina, examined the association
between several definitions of aspartame use
and (lower) urinary tract tumours (Andreatta
et al., 2008). Compared with non-users, long-
term (> 10 years) artificial sweetener consump-
tion referring exclusively to use as an additive in
infusions (tea, coffee, mate), without consider-
ation of consumption from other sources such
as soft drinks or dietetic foods, was associated
with an increased risk of urinary tract tumours
(OR, 2.18; 95% CI, 1.22-3.89). [The Working
Group noted that the assessment of artificial
sweetener consumption distinguished between
saccharin/cyclamate and aspartame/acesul-
fame-K, but most artificial sweetener consumers
were saccharin/cyclamate users, with 40 cases
occurring in the saccharin/cyclamate group,
and only 11 cases in the aspartame/acesulfame-K
group. Results on duration of use, which did not
distinguish between saccharin/cyclamate and
aspartame/acesulfame-K, were therefore mainly
driven by saccharin/cyclamate users and the
results may not reflect exposure to aspartame.]

One meta-analysis on non-sugar sweet-
eners and health outcomes, which summarized
eight studies (one of which was included twice)
with a variety of types of non-sugar sweetener
including but not limited to aspartame, reported
a combined estimate (odds ratio) for bladder
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cancer risk of 1.03 (95% CI, 0.84-1.25) (Toews
et al., 2019). [The Working Group considered
this meta-analysis to be uninformative, because
the most recent study included was from 1994
(Momas et al., 1994), and the exposure assess-
ment was unclear for the inclusion of any type of
non-sugar sweetener.]

2.3 Cancers of the breast and
prostate

See Table 2.3.

Six cohort studies (Hodge et al., 2018; Malik
et al, 2019; Mullee et al., 2019; Romanos-
Nanclares et al., 2021; Debras et al., 2022b;
McCullough et al., 2022) investigating the asso-
ciation between consumption of aspartame and
artificial sweeteners primarily containing aspar-
tame and cancer of the breast are presented below
according to main type of exposure under study.
Results are presented separately for post- and
premenopausal versus overall breast cancer. Five
of these cohort studies also reported on prostate
cancer outcomes (Hodge et al., 2018; Malik et al.,
2019; Mullee et al., 2019; Debras et al., 2022b;
McCullough et al., 2022). Whereas McCullough
et al. (2022), Malik et al. (2019), and Mullee et al.
(2019) examined mortality only, all other studies
reported on breast or prostate cancer incidence.

Most studies focused on overall consump-
tion of ASBs without separately assessing aspar-
tame consumption. In addition to the cohort
studies, three case—control studies on breast
cancer (Ewertz and Gill, 1990; Gallus et al., 2007;
Palomar-Cros et al., 2023) and two on prostate
cancer (Gallus et al., 2007; Palomar-Cros et al.,
2023) are described below.

[The main development in the design of the
studies was the evolution from case-control
studies to cohort studies. There has been little
advancement, however, on the exposure assess-
ment of aspartame intake, since most studies
evaluated consumption of ASBs.]

202

The Australian MCCS cohort study included
946 incident postmenopausal breast cancer cases
among 21 492 women and 433 aggressive prostate
cancer cases among 14 101 men (Hodge et al.,
2018). The study had up to 23 years of follow-up
from 1990-1994 until 30 June 2013. Consumption
of artificially sweetened soft drinks was classi-
fied into four categories, from < 1 drink/month
to > 1 drink/day. Overall, the study reported no
association between consumption of artificially
sweetened soft drinks and breast cancer risk
(HR for > 1 drink/day compared with < 1 drink/
month, 0.95; 95% CI, 0.73-1.25). There was no
association between consumption of artificially
sweetened soft drinks and prostate cancer risk
(HR for > 1 drink/day compared with < 1 drink/
month, 0.81; 95% CI, 0.49-1.33). [The Working
Group noted that a potential limitation of this
study was thata verylarge proportion of the study
population reported no consumption of artifi-
cially sweetened soft drinks or < 1 drink/month
(74.9%), and only 5.8% reported consuming arti-
ficially sweetened soft drinks at least daily. The
single baseline assessment of beverage consump-
tion, given the long follow-up, was likely to have
introduced bias towards the null. The Working
Group also noted that the same cohort was used
to examine the association between consump-
tion of artificially sweetened soft drinks and
premenopausal breast cancer risk (181 cases)
(Bassett et al., 2020). The results were presented
combined for all “non-obesity-related cancers”,
but not for premenopausal breast cancer sepa-
rately, and the study was therefore not informa-
tive for the evaluation of breast cancer risk.]

Malik et al. (2019) reported results from the
NHS cohort, which included 121 700 women
aged 30-55 years at study entry (1976), and
found no association between consumption
of ASBs and breast cancer mortality (HR for
> 2 servings/day versus < 1 serving/month,
1.14; 95% CI, 0.92-1.40). Additionally, Malik
et al. (2019) reported results from the prospec-
tive HPES cohort, which comprised 37 716 men
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Table 2.3 Epidemiological studies on consumption of aspartame and cancers of the breast and prostate
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Reference, Population size, ~ Organ site Exposure Exposed Risk estimate Covariates controlled Comments

location, description, (histopathology), categoryorlevel casesor (95% CI)

enrolment/ exposure incidence or deaths

follow-up assessment mortality

period, study method

design

Hodge et al. 35593 (14 101 Breast Artificially sweetened soft drink consumption Age, socioeconomic Exposure assessment

2018) men, 21 492 (postmenopausal,  (HR): index, country of critique:

Australia women); MCCS invasive only), Never or < 1/mo 716 1 birth, alcohol intake, Key strengths were that it

Enrolment, — a prospective incidence 1-3/mo 69 0.94 (0.73-1.22) smoking status, was a prospective study,

;990—1994/ . cohort study of 1-6/wk 101 0.90 (0.72-1.12) thS}cal activity, that assessment was e}fter

ollow-up until  men and women Mediterranean aspartame introduction

30 June 2013 aged 40-69 yr at 2 1/day o 0.95(0.73-1.25)  gjet score, sugar- in diet soft drinks in

Cohort recruitment and Continuous (per 946 0.92 (0.71-1.18) sweetened soft drink ~ Australia (1987), and that
free of cancer, beverage/day) consumption, waist first half of follow-up
angina, heart Trend-test P value: 0.51 circumference largely overlapped with
attack, or diabetes  prostate Artificially sweetened soft drink consumption period of aspartame use
at baseline; (aggressive/ (HR): in Australia.
participants with  advanced), Newrer< Ume 558 1 Key limitations were the
extrem§ baseline  jncidence 1-3/mo 33 0.94 (0.65-1.36) FFQ asgessmept with
energy intake no specific estimate of
were excluded 1-6/wk = 1.09 (0.80-1.48) aspartame exposure,
Exposure > 1/day 17 0.81 (0.49-1.33) ASBs as a proxy, and
assessment Continuous (per 433 0.91 (0.60-1.38) exposure data at baseline
method: self- beverage/day) only; small number of

administered 121-
item FFQ with
separate questions
on frequency of
consumption in
the past year of
diet (artificially
sweetened) soft
drinks

Trend-test P value: 0.66
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consumers.
Other strengths:
adjustment for key
confounders, including a
measure of obesity (waist
circumference).

Other limitations:

Likely bias from non-
differential exposure
misclassification

given single baseline
assessment and long
follow-up.

swepedsy



¥0¢

Table 2.3 (continued)

Reference, Population size, = Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), categoryorlevel casesor (95% CI)
enrolment/ exposure incidence or deaths
follow-up assessment mortality
period, study method
design
Malik et al. 37 716 men and Breast, mortality ASB intake, women (NHS) (HR): Age, race, smoking, Exposure assessment
(2019) 80 647 women; < 1 serving/mo NR 1 alcohol intake, critique:
ESA1 Lo female regidst;éed 1-4 servings/mo  NR 1.06 (0.91-1.23) Eostmenopausa}ll - A key sttr.ength was thet
nrolment, nurses aged 30— . ormone use, physica rospective assessmen
(NHS), 1986 55yrin ?he NHS 2-6 servmgs./wk NR 090 (0.78-1.05) activity, famil)lr) § Ef ASB consumption
(HPFS/follow- and male health lto <2servings/ NR 0.92(0.76-1.13) history of diabetes; from repeated, validated
up, 1980-2014 professionals aged day family history of diet assessments every
(NHS), 1986- 40-75 yr in the > 2 servings/day ~ NR 1.14 (0.92-1.40) myocardial infarction, 4 yr, the majority at a
2014 (HPES) HPEFS; excluding Continuous (per NR 1.01 (0.95-1.08) family history of very relevant period for
Cohort those with history serving/day) cancer, multivitamin ~ aspartame exposure
of diabetes, Trend-test P value: 0.57 use, aspirin use, from ASBs (the USA
cardiovascular baseline history of between the 1980s

disease, or cancer
at baseline, or
with implausible
dietary intake
Exposure
assessment
method:
prospective
assessment of
ASB consumption
through repeated
FFQs between
1980-1986 and
2010

Advance publication, 29 April 2024

hypertension and
hypercholesterolemia,
intake of whole grains,
fruit, vegetables, or red
and processed meat,
total energy, BMI, SSB
intake

and 2010) potentially
capturing lifetime
exposure to aspartame.
Key limitations were
that other sources of
aspartame were not
considered (although
these were more
limited); and uncertainty
regarding aspartame
content in ASBs after the
mid-2000s.

Other strengths: large
cohort with long follow-
up.

Other limitations:

likely bias from
non-differential
misclassification of
exposure to aspartame;
stratified numbers of
deaths not provided for
specific cancer sites.

€L - SHAdV4OONOW DyVI



S0¢

Table 2.3 (continued)

Reference, Population size,
location, description,
enrolment/ exposure
follow-up assessment

period, study method
design

Organ site
(histopathology),
incidence or
mortality

Exposure Exposed Risk estimate
category or level casesor (95% CI)
deaths

Covariates controlled

Comments

Malik et al.
2019)

(cont.)

Prostate, mortality

ASB intake, men (HPFS) (HR):

<1 serving/mo NR 1

1-4 servings/mo  NR 0.80 (0.61-1.06)
2-6 servings/wk ~ NR 1.02 (0.84-1.25)
1to<2servings/ NR 0.93 (0.66-1.32)
day

>2servings/day NR 1.01 (0.67-1.52)
Continuous (per NR 1.02 (0.91-1.14)
serving/day)

Trend-test P value: 0.92

Advance publication, 29 April 2024

Age, race, smoking,
alcohol intake,
physical activity,
family history of
diabetes; family
history of myocardial
infarction, family
history of cancer,
multivitamin

use, aspirin use,
baseline history of
hypertension and
hypercholesterolemia,
intake of whole grains,
fruit, vegetables, or red
and processed meat,
total energy, BMI, SSB
intake

aweyedsy
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Table 2.3 (continued)

Reference,
location,
enrolment/
follow-up
period, study
design

Population size,
description,
exposure
assessment
method

Organ site
(histopathology),
incidence or
mortality

Exposure
category or level
deaths

Exposed Risk estimate
cases or

(95% CI)

Covariates controlled

Comments

Mullee et al.
2019)
Europe
Enrolment,
1992-2000/
follow-up,
through 2009-
2013 (depending
on study centre;
mean, 16.4 yr)
Cohort

451 743 (321 081
women, 130 662
men); EPIC cohort
study participants
from 10 European
countries
(Denmark,
France, Greece,
Germany, Italy,
Netherlands,
Norway, Spain,
Sweden, and the
United Kingdom);
men and women
excluding those
with prevalent
cancer, heart
disease, stroke,

or diabetes or
with implausible
dietary intake;

for artificially
sweetened

soft drinks,
participants from
Italy, Spain, and
Sweden were not
included; 1402
breast cancer
deaths; 907
prostate cancer
deaths

Breast, mortality

Prostate, mortality

Consumption of artificially sweetened soft drink

(glass, 250 mL) (HR):
<1 glass/mo NR
1-4 glasses/mo NR

>1to 6 glasses/  NR
wk

> 1 glass/day NR
Trend-test P value: 0.38

Consumption of artificially sweetened soft drink

(glass, 250 mL) (HR):
<1 glass/mo NR
1-4 glasses/mo NR

>1to6glasses/ NR
wk

> 1 glass/day NR
Trend-test P value: 0.53

Advance publication, 29 April 2024

1
0.79 (0.63-0.98)
0.90 (0.74-1.10)

0.85 (0.59-1.22)

1
1.23 (0.95-1.60)
1.36 (1.05-1.78)

1.05 (0.64-1.75)

Age, centre, BMI,
physical activity index,
educational status,
alcohol consumption,
smoking status,
smoking intensity,
smoking duration, ever
use of contraceptive
pill, menopausal
status, ever use of
menopausal hormone
therapy, intakes of
total energy, red and
processed meat, fruits
and vegetables, coffee,
fruit and vegetable
juice, sugar-sweetened
soft drinks

Age, centre, BMI,
physical activity index,
educational status,
alcohol consumption,
smoking status,
smoking intensity,
smoking duration,
intakes of total energy,
red and processed
meat, fruits and
vegetables, coffee, fruit
and vegetable juice,
sugar-sweetened soft
drinks

Exposure assessment
critique:

A key strength was the
prospective assessment
of ASB consumption
(several types of
beverage) in several
western Europe countries
at a period relevant for
aspartame exposure
(between 1991 and 2000).
Key limitations were
that no other sources

of aspartame were
considered; uncertainty
regarding aspartame
content in ASBs in every
country; and there was
only one assessment at
baseline.

Other information:
context of low ASB
consumption in middle-
aged adults.

Other comments: in this
study, total soft drink
consumption (regardless
of type of sweetener) was
associated with higher
(overall) mortality.
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Table 2.3 (continued)

Reference, Population size,  Organ site Exposure Exposed Risk estimate Covariates controlled Comments

location, description, (histopathology), categoryorlevel casesor (95% CI)

enrolment/ exposure incidence or deaths

follow-up assessment mortality

period, study method

design

Mullee et al. Exposure Other strengths:

(2019) assessment population-based cohort

(cont.) method: spanning multiple
questionnaire; countries with different
exposure to behaviours; large number
artificially of cases; results adjusted

sweetened soft
drinks overall
assessed once at
baseline through
country-specific
validated tools
(mainly FFQ)

covering the usual
diet over the past

year; no specific
assessment of
aspartame or
AS content of
the artificially
sweetened soft
drinks

Advance publication, 29 April 2024

for appropriate potential
confounders, including
BMIL.
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Table 2.3 (continued)

Reference, Population size, = Organ site Exposure Exposed Risk estimate Covariates controlled Comments

location, description, (histopathology), categoryorlevel casesor (95% CI)

enrolment/ exposure incidence or deaths

follow-up assessment mortality

period, study method

design

Romanos- 82713 (NHS) and  Breast, incidence Cumulative average intake of ASBs (HR): Age, calendar year, Exposure assessment
Nanclaresetal. 93 085 (NHS-II); <1/mo 3177 1 SSB intake, race, critique:

(2021) NHS and NHS-II > 1 to < 4/mo 1531 1.01 (0.95-1.07) age at menarche, A key strength was the
USA participants; > 1 to < 7/wk 4197 0.98 (0.94-1.03) age at menopause, prospective assess.ment
Enrolment, female nurses postmenopausal of ASB consumption as
1976 (NHS), aged 30-55 yr 2 1/day 2474 0.96 (0.91-1.02) hormone use, oral a cumulative average
1989 (NHS- (NHS) or Continuous (per 11379 0.99 (0.97-1.01) contraceptive use, from repeated, validated
II)/follow-up, 25-42 yr (NHS- 1 serving/day) parity and age at first  diet assessments every
1980-2016 II) at enrolment; Trend-test P value: 0.08 birth, breastfeeding 4 yr, the majority at a
(NHS), 1991- excluding women history, family history  very relevant period for

2017 (NHS-II)
Cohort

with prevalent
cancer or
implausible total
energy intake
Exposure
assessment
method:
prospective and
repeated FFQs
assessing ASB
consumption
between
1980-1991 and
2016-2017

Advance publication, 29 April 2024

of breast cancer,
history of benign
breast disease, height,
cumulatively updated
alcohol and total
caloric intake, physical
activity, BMI at age

18 yr, modified AHEI
score (with SSBs and
alcohol removed), SES,
change in weight since
age 18 yr, cohort

aspartame exposure
from ASBs, potentially
capturing lifetime
exposure to aspartame.
Key limitations were
that other sources of
aspartame were not
considered although
these were more
limited); and uncertainty
regarding aspartame
content in ASBs after the
mid-2000s.
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Table 2.3 (continued)

Reference, Population size,  Organ site Exposure Exposed Risk estimate Covariates controlled Comments

location, description, (histopathology), categoryorlevel casesor (95% CI)

enrolment/ exposure incidence or deaths

follow-up assessment mortality

period, study method

design

Romanos- Breast, incidence ~ Cumulative average intake of ASBs, NHS (HR): ~ Age, calendar year, Other strengths: long-

Nanclares et al. < 1/mo 2242 1 SSB intake, race, running, large cohort

2021) > 1 to < 4/mo 1123 1.00 (0.93-1.08) age at menarche, studies, complete

(cont.) > 1to < 7wk 2870 0.97 (0.92-1.03) age at menopause, assessment and 4

postmenopausal control for potential

= 1/day 1260 0.99 (0.92-1.07) hormone use, oral confounders, including
Continuous (per 7495 1.00 (0.97-1.04) contraceptive use, weight changes.
serving/day) parity and age at first  Other limitations: relative

60¢

Trend-test P value: 0.87

Advance publication, 29 April 2024

birth, breastfeeding
history, family history
of breast cancer,
history of benign
breast disease, height,
cumulatively updated
alcohol and total
caloric intake, physical
activity, BMI at age

18 yr, modified AHEI
score (with SSBs and
alcohol removed), SES,
change in weight since
age 18 yr

lack of statistical power
in certain substrata;
potential for bias from
non-differential exposure
misclassification.
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Table 2.3 (continued)

Reference, Population size, = Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), categoryorlevel casesor (95% CI)
enrolment/ exposure incidence or deaths
follow-up assessment mortality
period, study method
design
Romanos- Breast, incidence Cumulative average intake of ASBs, NHS-II, Age, calendar year,
Nanclares et al. without adjustment for change in weight since SSB intake, race,
2021) age 18 yr (HR): age at menarche,
(cont.) < 1/mo 935 1 age at menopause,
>1to < 4/mo 408 1.03 (0.91-1.16) postmenopausal
> 1to < 7/wk 1327 0.99 (0.91-10g)  hormone use, oral
contraceptive use,
> 1/day 1214 093084-10)  Luvivnd ae at first
Continuous (per 3884 0.98 (0.95-1.01) birth, breastfeeding
1 serving/day) history, family history

Trend-test P value: 0.04

Advance publication, 29 April 2024

of breast cancer,
history of benign
breast disease, height,
cumulatively updated
alcohol and total
caloric intake, physical
activity, BMI at age

18 yr, modified AHEI
score (with SSBs and
alcohol removed), SES
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Table 2.3 (continued)

Reference, Population size,  Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), categoryorlevel casesor (95% CI)
enrolment/ exposure incidence or deaths
follow-up assessment mortality
period, study method
design
Romanos- Breast, incidence ~ Cumulative average intake of ASBs, NHS-II Age, calendar year,
Nanclares et al. (HR): SSB intake, race,
2021) < 1/mo 935 1 age at menarche,
(cont,) > 1 to < 4/mo 408 1.02 (0.91-1.15)  2ge at menopause,
> 1to < 7/wk 1327 0.98 (0.89-1,07)  Postmenopausal
hormone use, oral
> 1/day 1214 0.91 (0.83-1.00)

Lie

Continuous (per 3884
1 serving/day)
Trend-test P value: 0.02

Advance publication, 29 April 2024

0.98 (0.95-1.00)

contraceptive use,
parity and age at first
birth, breastfeeding
history, family history
of breast cancer,
history of benign
breast disease, height,
cumulatively updated
alcohol and total
caloric intake, physical
activity, BMI at age

18 yr, modified AHEI
score (with SSBs and
alcohol removed), SES,
change in weight since
age 18 yr
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Table 2.3 (continued)

Reference, Population size, = Organ site Exposure Exposed Risk estimate Covariates controlled Comments

location, description, (histopathology), categoryorlevel casesor (95% CI)

enrolment/ exposure incidence or deaths

follow-up assessment mortality

period, study method

design

Debras et al. 102 865 (80 711 Breast: incidence Aspartame intake (HR): Age, BMI, height, Exposure assessment

(2022b) women, 22 154 Non-consumers 647 1 percentage weight critique:

France men); population- e 176 1.09 (0.92-1.29) gain during follow- A key strength was

Enrolment, based cohort A up, physical activity, it was a prospective

2009-2021/ . NutriNet-Santé (< 15.39 mg/day) smoking status, study usin'g dietaljy

follow-up until ~ (web-based); men . number of smoked records with detailed,

Higher 156 1.22 (1.01-1.48) . . o
22 January 2021 and women aged cigarettes in pack- quantitative assessment
. consumers :

(median, 7.8 yr) > 18yr (> 15.39 mg/day) years, educational of aspartame based on

Cohort Exposure - g/day level, number of 24 h food composition data
assessment Trend-test P value: 0.036 dietary records, family updates for food supply
method: history of cancer, changes over time.
questionnaire; prevalent diabetes, A key limitation was the

participants are
asked every 6 mo
to complete a
series of three
validated web-
based 24 h dietary
records randomly
assigned over

a 2-wk period

(2 weekdays,

1 weekend day);
at least two 24 h
dietary records
during the first

2 yr of follow-up
considered in
analyses (mean +
SD, 5.6 + 3.0)

Advance publication, 29 April 2024

energy intake without
alcohol, daily intakes
of alcohol, sodium,
saturated fatty acids,
fibre, sugar, fruit and
vegetables, whole-
grain foods, and
dairy products, other
AS intake, age at
menarche, age at first
childbirth, number of
biological children,
baseline menopausal
status, and oral
contraceptive use and
hormonal treatment
for menopause at
baseline and during
follow-up

baseline assessment in
the main analysis, but a
sensitivity analysis was
conducted using all 24 h
dietary records available
during follow-up.

Other strengths: large
cohort; large number of
cases; sensitivity analyses
excluded prevalent
diabetes or used all
available 24 h dietary
records throughout
follow-up; explored
menopause-related
heterogeneity for breast
cancer.
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Table 2.3 (continued)

Organ site
(histopathology),
incidence or
mortality

Exposure
category or level

Exposed Risk estimate
cases or
deaths

(95% CI)

Covariates controlled

Comments

Reference, Population size,
location, description,
enrolment/ exposure
follow-up assessment
period, study method

design

Debras et al.

2022b)

(cont.)

€le

Breast, incidence

Aspartame intake, participants without diabetes

(HR):
Non-consumers 457

Lower 170
consumers

(< 15.39 mg/day)

Higher 147
consumers

(= 15.39 mg/day)
Trend-test P value: 0.052

Advance publication, 29 April 2024

1
1.09 (0.91-1.29)

1.21 (0.99-1.46)

Age, BML height,
percentage weight
gain during follow-
up, physical activity,
smoking status,
number of smoked
cigarettes in pack-
years, educational
level, number of

24 h dietary records,
family history of
cancer, energy intake
without alcohol, daily
intakes of alcohol,
sodium, saturated
fatty acids, fibre, sugar,
fruit and vegetables,
whole-grain foods,
and dairy products,
other AS intake, age at
menarche, age at first
childbirth, number of
biological children,
baseline menopausal
status, and oral
contraceptive use and
hormonal treatment
for menopause at
baseline and during
follow-up

Other limitations:

low aspartame use

in the cohort (28%);
self-selection may
limit generalizability;
potential for bias from
residual confounding
and reverse causation.
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Table 2.3 (continued)

Reference, Population size,
location, description,
enrolment/ exposure
follow-up assessment

period, study method
design

Organ site
(histopathology),
incidence or
mortality

Exposure Exposed Risk estimate
category or level casesor (95% CI)
deaths

Covariates controlled Comments

Debras et al.

(2022b)

(cont.)

Breast, incidence

Aspartame intake (time-dependent) (HR):

Non-consumers 647 1

Lower 176 1.05 (0.89-1.23)
consumers

(< 15.39 mg/day)

Higher 156 1.18 (0.97-1.42)
consumers

(= 15.39 mg/day)
Trend-test P value: 0.106

Advance publication, 29 April 2024

Age, BML height,
percentage weight
gain during follow-
up, physical activity,
smoking status,
number of smoked
cigarettes in pack-
years, educational
level, number of 24 h
dietary records, family
history of cancer,
prevalent diabetes,
energy intake without
alcohol, daily intakes
of alcohol, sodium,
saturated fatty acids,
fibre, sugar, fruit and
vegetables, whole-
grain foods, and
dairy products, other
AS intake, age at
menarche, age at first
childbirth, number of
biological children,
baseline menopausal
status, and oral
contraceptive use and
hormonal treatment
for menopause at
baseline and during
follow-up
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Table 2.3 (continued)

Reference, Population size,  Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), categoryorlevel casesor (95% CI)
enrolment/ exposure incidence or deaths
follow-up assessment mortality
period, study method
design
Debras et al. Breast Aspartame intake (HR): Age, BMI, height,
2022b) (premenopausal),  Non-consumers 261 1 percentage weight
(cont.) incidence T 73 1.08 (0.83-1.42) gain during follow-
GTTTET up, physical activity,
(< 16.44 mg/day) smoking status,
Higher 61 07 (L) | e aiaeled
cigarettes in pack-
consumers years, educational
(> 16.44 mg/day) level, number of 24 h
Trend-test P value: 0.564 dietary records, family
Breast Aspartame intake (HR): history of cancer,
(postmenopausal),  Non-consumers 386 1 prevalent diabetes,
incidence Lower 100 113 (0.91-1.42)  energy intake without
consumers alcohol, daily intakes
(< 12.16 mg/day) of alcohol, sodium,
Higher 98 LA @O ey S ey
TR fibre, sugar, fruit and

(= 12.16 mg/day)
Trend-test P value: 0.060
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vegetables, whole-
grain foods, and
dairy products, other
AS intake, age at
menarche, age at first
childbirth, number of
biological children,
baseline menopausal
status, and oral
contraceptive use and
hormonal treatment
for menopause at
baseline and during
follow-up
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Table 2.3 (continued)

Reference, Population size, = Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), categoryorlevel casesor (95% CI)

enrolment/ exposure incidence or deaths

follow-up assessment mortality

period, study method
design

Debras et al.

2022b)

(cont.)

Prostate, incidence

Aspartame intake (HR):
Non-consumers 310

Lower 49
consumers

(< 14.45 mg/day)
Higher 44
consumers

(= 14.45 mg/day)
Trend-test P value: 0.280

Advance publication, 29 April 2024

1
0.95 (0.70-1.30)

1.28 (0.91-1.79)

Age, BML height,
percentage weight
gain during follow-
up, physical activity,
smoking status,
number of smoked
cigarettes in pack-
years, educational
level, number of 24 h
dietary records, family
history of cancer,
prevalent diabetes,
energy intake without
alcohol, daily intakes
of alcohol, sodium,
saturated fatty acids,
fibre, sugar, fruit and
vegetables, whole-
grain foods, and dairy
products, other AS
intake
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Table 2.3 (continued)

Reference,
location,
enrolment/
follow-up
period, study
design

Population size,
description,
exposure
assessment
method

Organ site
(histopathology),
incidence or
mortality

Exposure Exposed Risk estimate
category or level casesor (95% CI)
deaths

Covariates controlled

Comments

Debras et al.

2022b)

(cont.)

McCullough
etal. (2022)
USA
Enrolment,
1982/follow-
up, through
2016 (median,
27.7 yr)
Cohort

934 777 (416 313
men, 518 464
women); CPS-

IT prospective
cohort; adults
aged > 28 yr;
excluded
participants

with personal
history at baseline
of diabetes or
cancer other than
nonmelanoma
skin cancer, men
aged > 90 yr or

Prostate, incidence

Prostate, incidence

Breast
(postmenopausal),
mortality

Aspartame intake, participants without diabetes

(HR):

Non-consumers 297 1

Lower 46 0.97 (0.71-1.33)
consumers

(< 14.45 mg/day)
Higher 37
consumers

(= 14.45 mg/day)

Trend-test P value: 0.367
Aspartame intake (time-dependent) (HR):
310 1

1.24 (0.87-1.77)

Non-consumers

Lower 49 1.12 (0.87-1.45)
consumers

(< 14.45 mg/day)

Higher 44 1.21 (0.87-1.71)
consumers

(= 14.45 mg/day)
Trend-test P value: 0.194

ASB consumption (HR):

Never NR 1

<1 drink/day NR 1.02 (0.94-1.10)
1 drink/day NR 0.97 (0.88-1.06)

1.10 (1.00-1.20)
1.03 (1.00-1.06)

> 2 drinks/day NR

Continuous (per 6074
drink/day)
Trend-test P value: 0.153

Advance publication, 29 April 2024

Age, BMI height,
percentage weight
gain during follow-
up, physical activity,
smoking status,
number of smoked
cigarettes in pack-
years, educational
level, number of 24 h
dietary records, family
history of cancer,
energy intake without
alcohol, daily intakes
of alcohol, sodium,
saturated fatty acids,
fibre, sugar, fruit and
vegetables, whole-
grain foods, and dairy
products, other AS
intake

Age, race/ethnicity,
smoking, marital
status, education,
red and processed
meat consumption,
fruit and vegetable
consumption, alcohol
consumption, SSB
consumption, parity,
age at menarche,
estrogen use, oral
contraceptive use,
age at first live birth,
menopausal status

Exposure assessment
critique:

A key strength was the
prospective assessment
of ASB consumption.
Key limitations were
that only one dietary
assessment was
conducted at baseline
in 1982 that was before
the use of aspartame
in ASBs, hence the
relevance regarding
aspartame exposure
depends on the stability
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Table 2.3 (continued)

Reference, Population size, = Organ site Exposure Exposed Risk estimate Covariates controlled Comments

location, description, (histopathology), categoryorlevel casesor (95% CI)

enrolment/ exposure incidence or deaths

follow-up assessment mortality

period, study method

design

McCullough women aged Breast ASB consumption, BMI adjusted (HR): Age, race/ethnicity, of ASB consumption over

etal. (2022) >95yrat (postmenopausal), Never NR 1 smoking, marital up to 34 yr of follow-up,

(cont.) enrolment, a.nd mortality < 1 drink/day NR 0.97 (0.90-1.05) status, education, but st}ch inform’ation was
those reporting 1 drink/day NR 0.92 (0.84-1.01) red and process?d not directly available;
only prior but . meat consumption, no other sources were
not current 2 2 drinks/day NR 1.03 (0.94-1.13) fruit and vegetable considered (although
consumption Continuous (per 6074 1.01 (0.98-1.04) consumption, alcohol  these were more
of either SSBs drink/day) consumption, SSB limited); and uncertainty
or ASBs; breast Trend-test P value: 0.838 consumption, parity, regarding aspartame
cancer results age at menarche, content in ASBs after the
limited to women estrogen use, oral mid-2000s.
postmenopausal contraceptive use, Other comments:
at baseline age at first live birth, exclusion of participants
(367 978) menopausal status, who reported only
Exposure BMI prior but not current
assessment Prostate, mortality ~ASB consumption (HR): Age, race/ethnicity, consumption of either
method: Never NR 1 smoking, marital SSBs or ASBs at baseline.
questionnaire; <1 drink/day NR 0.99 (0.92-1.07) status, education, Other str?ngths: large
exposure to ] red and processed cohort with long follow-
ASB assessed in 1 drink/day NR 0.91 (0.83-1.00) meat consumption, up; ability to examine
1982 through a 2 2drinks/day ~ NR 0.98 (0.89-1.08)  fitand vegetable multiple cancer types,

question about
the number of
drinks per day

of diet soda or
ice teas (one
pooled item) and
potential changes
over the past

10 yr; no specific
assessment of
aspartame content
in ASB

Continuous (per 9381
drink/day)
Trend-test P value: 0.258

Advance publication, 29 April 2024

0.99 (0.96-1.02)

consumption, alcohol
consumption, SSB
consumption

stratify by sex or BMI,
and limit to never-
smokers; comprehensive
adjustment for
confounders, including
SSB consumption.
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Table 2.3 (continued)

Reference, Population size,  Organ site Exposure Exposed Risk estimate Covariates controlled Comments

location, description, (histopathology), categoryorlevel casesor (95% CI)

enrolment/ exposure incidence or deaths

follow-up assessment mortality

period, study method

design

McCullough Prostate, mortality ~ASB consumption, BMI adjusted (HR): Age, race/ethnicity, Other limitations:

et al. (2022 Never NR 1 smoking, marital likely bias from non-

(cont.) < 1 drink/day NR 0.99 (0.92-1.07) status, education, differential exposure
1 drink/day NR 0.91 (0.83-1.00) red and processed misclassification.

6l¢C

Prostate, mortality

Prostate, mortality

> 2 drinks/day NR

Continuous (per 9381
drink/day)
Trend-test P value: 0.258

ASB consumption, normal weight (BMI, 18.5 to

< 25kg/m?) (HR):

Never NR
< 1 drink/day NR
1 drink/day NR

> 2 drinks/day NR

Continuous (per 3461
drink/day)
Trend-test P value: 0.022

0.98 (0.89-1.08)
0.99 (0.96-1.02)

1
0.94 (0.81-1.08)

0.78 (0.64-0.95)

0.88 (0.71-1.08)
0.96 (0.91-1.02)

ASB consumption, overweight (BMI, 25 to

< 30 kg/m?) (HR):

Never NR
< 1drink/day NR
1 drink/day NR

> 2 drinks/day NR

Continuous (per 4781
drink/day)
Trend-test P value: 0.062

Advance publication, 29 April 2024

1
0.99 (0.90-1.10)

0.88 (0.78-1.00)

0.92 (0.81-1.05)

0.96 (0.93-1.00)

meat consumption,
fruit and vegetable
consumption, alcohol
consumption, SSB
consumption, BMI
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Table 2.3 (continued)

Reference, Population size,  Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), categoryorlevel casesor (95% CI)
enrolment/ exposure incidence or deaths
follow-up assessment mortality
period, study method
design
McCullough Prostate, mortality ~ASB consumption, obese (BMI, > 30 kg/m?) Age, race/ethnicity,
etal. (2022) (HR): smoking, marital
(cont.) Never NR 1 status, education,

<ldrink/day  NR 1.01 (0.81-1.26) ~ redand processed

1 drink/day NR 115(0.90-148) it CONUMPHOn,

. ruit and vegetable

> 2 drinks/day NR 1.23 (0.98-1.53) consumption, alcohol

Continuous (per 861 1.06 (1.00-1.12) consumption, SSB

drink/day) consumption, BMI

Trend-test P value: 0.052
Ewertz and Gill ~ Cases: 1474; Breast, incidence ~ AS intake in coffee or tea (OR): Age at diagnosis and Exposure assessment
(1990) women aged No 1216 1 place of residence critique:
Denmark <70 yr with Yes 147 0.94 (0.73-1.20) Key limitations were

1983-1984 (1 yr) incident breast

population- cancer identified

based from the

Case—control Danish Cancer
Registry and

the nationwide
clinical trial

of the Danish
Breast Cancer
Cooperative
Group

Controls: 1322;
age-stratified
random sample of
the general female
population,
selected from

the Central
Population
Register,
excluding those
with a prior breast
cancer diagnosis

Advance publication, 29 April 2024

the retrospective

recall using an FFQ;

no specific estimate of
aspartame exposure,
only sweetener use in
tea and coffee as proxy;
limited value due to
timing of exposures; the
assessment period was
March 1982 to February
1983; aspartame was
approved in Denmark
in 1983 but whether it
was available in January
and February was
questionable; saccharin
and cyclamate were
mainly used, therefore
the likelihood that this
reflects aspartame use
was limited.

Other strengths: large
sample size.
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Table 2.3 (continued)

Reference, Population size,  Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), categoryorlevel casesor (95% CI)
enrolment/ exposure incidence or deaths
follow-up assessment mortality
period, study method
design
Ewertzand Gill Exposure
1990 assessment
(cont.) method: self-
administered,
semiquantitative
FFQ with
additional
questions on
consumption of
tea, coffee, sugar,
and AS
Gallus et al. Cases: 2569 Breast, incidence Consumption of AS other than saccharin, Age, study centre, Exposure assessment
2007) (female breast), women (OR): education, alcohol use,  critique:
Ttaly 1294 (prostate); Non-consumers 2350 1 tobacco smoking, BMI, Key limitations were
1991-2004 hospital-based; > 0 sachets or 219 0.80 (0.65-0.97) total energy intake, that there was no

Case-control median age, 55 yr
(female breast) or
66 yr (prostate)
Controls: 2588
(female breast),
1451 (prostate);
patients admitted
to the same
hospitals as the
cases, though

for acute,
non-neoplastic
disorders; median
age, 56 yr (female
breast) or 63 yr
(prostate)

Lee

Prostate, incidence

tablets/day

Consumption of AS other than saccharin (OR):

Non-consumers 1217 1

> 0 sachets/ 77 1.23 (0.86-1.76)
tablets per day

Advance publication, 29 April 2024

consumption of hot
beverages, parity, and
menopausal status/age
at menopause

Age, study centre,
education, alcohol use,
tobacco smoking, BMI,
total energy intake,
consumption of hot
beverages

specific assessment of
aspartame, aspartame
was considered as

“other sweeteners” but
with unclear actual
contribution; only one
source was considered
(tabletop sweeteners); the
retrospective assessment
in a case—control study
(potential for differential
misclassification).

Other information:
according to the authors,
there was limited
consumption of sources
of sweeteners (including
ASBs) in the study
population (middle-aged
adults in Italy between
1991 and 2004).
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Table 2.3 (continued)

Reference, Population size, = Organ site Exposure Exposed Risk estimate Covariates controlled Comments

location, description, (histopathology), categoryorlevel casesor (95% CI)

enrolment/ exposure incidence or deaths

follow-up assessment mortality

period, study method

design

Gallus et al. Exposure Other strengths: high

2007 assessment response rates (< 5%

(cont.) method: refusals) for cases and
questionnaire; controls reduced the

assessment of

use of tabletop
sweeteners
containing either
saccharin or other
sweeteners as
sachets or tablets
per week in the

2 yr before cancer
diagnosis

Advance publication, 29 April 2024

potential for selection
bias; large sample size
with large case numbers
for rarer cancers;

control for key potential
confounders, including
BMI.

Other limitations:
somewhat limited
adjustment for
confounders as far as
breast cancer risk factors
are concerned (e.g. age
at menarche, hormone
use, family history of
breast cancer); potential
for recall bias and reverse
causation.
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Table 2.3 (continued)

Reference, Population size, ~ Organ site Exposure Exposed Risk estimate Covariates controlled Comments

location, description, (histopathology), categoryorlevel casesor (95% CI)

enrolment/ exposure incidence or deaths

follow-up assessment mortality

period, study method

design

Palomar-Cros Cases: 1510 Breast, incidence Consumption of aspartame-containing products  Age, study centre, Exposure assessment
et al. (2023) (breast cancer), (OR): education, smoking, critique:

Spain 972 (prostate Non-consumers 1146 1 radiation exposure, A key strength was the
2008-2013 cancer); aged Niadim fialke 26 0.82 (0.67-1.01) total WCREF score categorization of intake
Case-control 20-85 yr with continuous, total of ASBs and tabletop

newly diagnosed
histologically
confirmed
cancer, resided
in catchment
area for at least
6 mo; no prior
history of their
cancer; enrolled

as soon as possible

after diagnosis;
frequency-
matched on age,
sex, and region
to population
controls

Breast, incidence

(< 3rd quartile

among controls)

High intake 99
(= 3rd quartile

among controls)
Trend-test P value: 0.2

0.94 (0.69-1.28)

Consumption of aspartame-containing
products, participants without diabetes (OR):

Non-consumers 1065
Medium intake 242
(< 3rd quartile

among controls)

High intake 91
(= 3rd quartile

among controls)
Trend-test P value: 0.4

Advance publication, 29 April 2024

1
0.81 (0.66-1.01)

1.04 (0.75-1.45)

energy intake, total
sugar intake, family
history of breast
cancer, night shift
work, menopause,
nulliparous, age at
first child, use of
contraceptive, other
AS

sweeteners by type
(aspartame vs others)
using public data on
ingredients in food
supply, but it was unclear
whether the assumption
of aspartame content in
products was correct.

A key limitation was
that the study assessed
beverages and tabletop
sweeteners but there was
no consideration of ASs
in the rest of the food

supply.
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Table 2.3 (continued)

Reference, Population size, = Organ site Exposure Exposed Risk estimate Covariates controlled Comments

location, description, (histopathology), categoryorlevel casesor (95% CI)

enrolment/ exposure incidence or deaths

follow-up assessment mortality

period, study method

design

Palomar-Cros Controls: 3629 Breast, incidence Consumption of aspartame-containing Age, study centre, Other strengths:

etal. (2023) (1674 for breast products, participants with diabetes (OR): education, smoking, large sample size

(cont.) cancer, 1308 Non-consumers 81 1 radiation exposure, for some outcomes;
for prostate Niadhurm fitele 28 0.73 (0.33-1.57) total WCREF score histopathological

cancer); randomly
selected from
administrative
records of selected
primary health
care centres
within catchment
area

Exposure
assessment
method: self-
administered,
semiquantitative
FFQ, 140 food
items, assessing
usual dietary
intake during the
previous year

Prostate, incidence

(< 3rd quartile

among controls)

High intake 8
(= 3rd quartile

among controls)
Trend-test P value: 0.03

0.28 (0.08-0.83)

Consumption of aspartame-containing products
(OR):

Non-consumers 814 1

Medium intake 110 0.81 (0.61-1.07)
(< 3rd quartile

among controls)

High intake 48
(= 3rd quartile

among controls)
Trend-test P value: 0.4

0.96 (0.63-1.46)

Advance publication, 29 April 2024

continuous, total
energy intake, total
sugar intake, family
history of breast
cancer, night shift
work, menopause,
nulliparous, age at
first child, use of
contraceptive, other
AS

Age, study centre,
education, smoking,
radiation exposure,
total WCRE score
continuous, total
energy intake, total
sugar intake, family
history of prostate
cancer, night shift
work, other AS

confirmation of

cancer cases; extensive
assessment of
confounding, including
from BMI (captured

in a combined score
based on WCRF/AICR
evidence on lifestyle
factors; Romaguera
etal., 2017); stratification
by diabetes status to
evaluate heterogeneity of
associations.
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Table 2.3 (continued)

Reference, Population size,  Organ site Exposure Exposed Risk estimate Covariates controlled Comments

location, description, (histopathology), categoryorlevel casesor (95% CI)

enrolment/ exposure incidence or deaths

follow-up assessment mortality

period, study method

design

Palomar-Cros Prostate, incidence Consumption of aspartame-containing Age, study centre, Other limitations:
etal. (2023) products, participants without diabetes (OR): education, smoking, non-prospective study
(cont.) Non-consumers 704 1 radiation exposure, design (case—control);

Prostate, incidence

Prostate (low
grade; Gleason
score, < 7),
incidence

Medium intake 87
(< 3rd quartile

among controls)

High intake 30
(= 3rd quartile

among controls)
Trend-test P value: 0.2
Consumption of aspartame-containing
products, participants with diabetes (OR):

0.84 (0.61-1.15)

0.82 (0.48-1.36)

Non-consumers 110 1

Medium intake 23 0.85 (0.45-1.56)
(< 3rd quartile

among controls)

High intake 18
(= 3rd quartile

among controls)
Trend-test P value: 0.3
Consumption of aspartame-containing products
(OR):

Non-consumers 374 1

Medium intake 49 0.8 (0.55-1.15)

(< 3rd quartile

among controls)

High intake 22
(= 3rd quartile

among controls)
Trend-test P value: 0.4

1.91 (0.87-4.2)

0.97 (0.55-1.65)

Advance publication, 29 April 2024

total WCRF score
continuous, total
energy intake, total
sugar intake, family
history of prostate
cancer, night shift
work, other AS

selection bias due to low
participation among
cases (participation rate
was 71% for breast, 72%
for prostate) and controls
(mean participation

rate, 53%); recall bias in
exposure assessment;
potential for exposure
measurement error and
residual confounding
due to other correlates of
AS use among those with
diabetes; relatively low
exposure contrasts for
aspartame-containing
products; potential for
chance findings due to
small number in some
strata.

swepedsy



9¢c

Table 2.3 (continued)

Reference, Population size,
location, description,
enrolment/ exposure
follow-up assessment

period, study method
design

Organ site

(histopathology),

incidence or
mortality

Exposure Exposed Risk estimate Covariates controlled Comments
category or level casesor (95% CI)
deaths

Palomar-Cros

et al. (2023)

(cont.)

Prostate (low
grade; Gleason
score, < 7),
incidence

Prostate (low
grade, Gleason
score, < 7),
incidence

Prostate (high
grade, Gleason
score, > 7),
incidence

Consumption of aspartame-containing
products, participants without diabetes (OR):

Age, study centre,
education, smoking,
Non-consumers 332 1 radiation exposure,

Medium intake 44 0.95 (0.63-1.40) total.WCRF score
(< 3rd quartile continuous, total

among controls) energy 1ntlike%totil
High intake 12 sugar Intake, family
. history of prostate
(= 3rd quartile . .
cancer, night shift
among controls)

work, other AS
Trend-test P value: 0.3
Consumption of aspartame-containing
products, participants with diabetes (OR):
Non-consumers 42 1
Medium intake 5 0.47 (0.15-1.24)
(< 3rd quartile
among controls)
High intake 10
(= 3rd quartile
among controls)
Trend-test P value: 0.3
Consumption of aspartame-containing products
(OR):
Non-consumers  [428] 1
Medium intake [58] 0.83 (0.59-1.17)
(< 3rd quartile
among controls)
High intake [26]
(= 3rd quartile
among controls)
Trend-test P value: 0.7

0.68 (0.32-1.35)

2.46 (0.93-6.38)

1.07 (0.64-1.76)

Advance publication, 29 April 2024
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Table 2.3 (continued)

Reference, Population size,  Organ site Exposure Exposed Risk estimate Covariates controlled Comments
location, description, (histopathology), categoryorlevel casesor (95% CI)

enrolment/ exposure incidence or deaths

follow-up assessment mortality

period, study method

design

Palomar-Cros

Prostate (high

Consumption of aspartame-containing

Age, study centre,

et al. (2023) grade; Gleason products, participants without diabetes (OR): education, smoking,
(cont.) score, > 7), Non-consumers 361 1 radiation exposure,
incidence total WCRE score

Prostate (high
grade, Gleason
score, > 7),
incidence

Medium intake 41
(< 3rd quartile

among controls)

High intake 18
(= 3rd quartile

among controls)
Trend-test P value: 0.5
Consumption of aspartame-containing
products, participants with diabetes (OR):
Non-consumers 67 1

Medium intake 17 1.11 (0.54-2.24)
(< 3rd quartile

among controls)

High intake 8
(= 3rd quartile

among controls)
Trend-test P value: 0.4

0.77 (0.51-1.16)

1.00 (0.53-1.81)

1.56 (0.54-4.19)

continuous, total
energy intake, total
sugar intake, family
history of prostate
cancer, night shift
work, other AS

AHEI, Alternate Healthy Eating Index; AICR, American Institute of Cancer Research; AS, artificial sweetener; ASB, artificially sweetened beverage; BMI, body mass index; CI,
confidence interval; CPS-II, Cancer Prevention Study II; EPIC, European Prospective Investigation into Cancer and Nutrition; FDA, Food and Drug Administration; FFQ, food
frequency questionnaire; HPFS, Health Professionals Follow-up Study; HR, hazard ratio; MCCS, Melbourne Collaborative Cohort Study; mo, month(s); NHS, Nurses’ Health Study;
NHS-II, Nurses’ Health Study II; NR, not reported; OR, odds ratio; SD, standard deviation; SES, socioeconomic status; SSB, sugar-sweetened beverage; vs, versus; WCRF, World Cancer
Research Fund; wk, week(s); yr, year(s).

Advance publication, 29 April 2024
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aged 40-75 years at baseline in 1986, and found
no association between consumption of ASBs
and prostate cancer mortality (HR for > 2 serv-
ings/day versus < 1 serving/month, 1.01; 95% ClI,
0.67-1.52). [The Working Group noted that the
main strengths of the study were the repeated
exposure assessments during a time when aspar-
tame had already been approved for use in ASBs
(follow-up started between 1980 (NHS) and 1986
(HPFS), and continued through 2014); the focus
on lethal prostate cancers; and the complete
control for potential confounders. Nonetheless,
the potential for residual confounding could not
be ruled out. A weakness of note was the poten-
tial for measurement error, which would result in
a bias towards the null.]

The EPIC cohort study was conducted in 10
European countries and at baseline included
321 081 female and 130 662 male participants,
among whom 1402 breast cancer and 907 prostate
cancer deaths were diagnosed during follow-up
(mean follow-up, 16.4 years) (Mullee et al., 2019).
The statistical analyses (which excluded partic-
ipants from Italy, Spain, and Sweden because
information on type of soft drink consumption
was not collected in all participating centres)
did not report a positive association between
consumption of artificially sweetened soft drinks
and breast cancer mortality (HR for > 1 glass/
day of artificially sweetened soft drink compared
with < 1 glass/month, 0.85; 95% CI, 0.59-1.22;
P for trend, 0.38). The findings were null for
prostate cancer mortality. [The Working Group
noted that a major strength of the cohort was its
large size and that it spanned several European
countries. A main limitation of the analyses was
the single, baseline-only assessment of beverage
consumption, which took place between 1992
and 2000. Exposure misclassification was likely
to be non-differential, biasing results towards the
null.]

Another study based in the USA was con-
ducted in two long-running prospective cohort
studies (NHS and NHS-II), with repeated diet

228

exposure updates throughout follow-up, and
reported on breast cancer incidence (Romanos-
Nanclaresetal.,2021). The NHS cohort comprises
121 700 registered nurses who have been followed
for major disease outcomes via biennial ques-
tionnaires since study inception in 1976; the
NHS-II cohort comprises 116 429 registered
nurses who have been similarly followed since
its establishment in 1986. In both cohort studies,
diet was assessed with a validated FFQ (admin-
istered in the NHS in 1980, 1984, 1986, and every
4 years thereafter, and in the NHS-II in 1991 and
every 4 years thereafter). ASBs were defined as
caffeinated, noncaffeinated, and noncarbonated
low-calorie or diet beverages. Questions included
the frequency of consumption over the past year
forastandard 355 mL (12 0z) serving (1 glass/can/
bottle) of each beverage. Cumulative averages of
dietary data were based on repeated measures
from FFQs. During follow-up (1980-2016 for
NHS and 1991-2017 for NHS-II), 11 379 incident
breast cancer cases were documented across both
cohorts (among 82 713 NHS and 93 085 NHS-II
participants free of cancer at baseline and with
valid data). The pooled hazard ratio comparing
extreme categories of ASB consumption (= 1/day
compared with < 1/month) was 0.96 (95% CI,
0.91-1.02). Although no association with ASB
consumption was observed in the NHS, intake
was inversely associated with the risk of breast
cancer in the NHS-II (HR for > 1/day compared
with < 1/month, 0.93; 95% CI, 0.84-1.01; P for
trend, 0.04; and HR with additional adjustment
for weight change since age 18 years, 0.91; 95%
CI, 0.83-1.00; P for trend, 0.02). Overall, the find-
ings were not suggestive of an increase in breast
cancer riskamong women with higher consump-
tion of ASBs. [The Working Group noted that
the strengths of the NHS and NHS-II cohort
studies outweighed their weaknesses; strengths
included the cohorts’ large size, repeated expo-
sure assessment over a long follow-up period,
and complete assessment and control for poten-
tial confounders. Main weaknesses pertained to
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the relative lack of power in certain substrata. It
was also noted that the findings from the breast
cancer incidence analyses were consistent with
those from the breast cancer mortality analyses
(Malik et al., 2019). The potential for non-differ-
ential exposure misclassification also existed,
probably attenuating results.]

NutriNet-Santé, a very detailed and large
population-based cohort study in France,
included 80 711 women and 979 total incident
breast cancer cases (median follow-up, 7.8 years;
156 cases among the higher-consumers of aspar-
tame) (Debras et al., 2022b; reported earlier in
Chazelas et al., 2019 for ASB consumption).
Among 22 154 men, a total of 403 incident
prostate cancer cases (same follow-up; 44
cases among the higher-consumers of aspar-
tame) were also included. The NutriNet-Santé
cohort is a web-based cohort that started in
2009 and included 102 865 participants who
are followed every 6 months by three non-con-
secutive web-based 24-hour dietary records,
randomly assigned over 15 days (2 weekdays and
1 weekend day). Artificial sweetener intake was
assessed through 24-hour dietary records, in
which brands and commercial names of indus-
trial products were routinely collected with
the aim of assessing exposure to food additives
(Chazelas et al., 2021). The study assessed expo-
sure to several artificial sweeteners: acesulfame-K
(European food additive identification number
E950), aspartame (E951), cyclamates (E952),
saccharin (E954), sucralose (E955), thaumatin
(E957), dihydrochalcone (E959), steviol glyco-
sides (E960), and salt of aspartame-acesulfame
(E962); the quantities consumed of all these arti-
ficial sweeteners were summed to calculate the
variable “total artificial sweeteners”. The study
reported on the association between cancer risk
and exposure to total artificial sweeteners, aspar-
tame, acesulfame-K and sucralose. In the main
analysis, the study used the average of all avail-
able (up to 15) 24-hour dietary records during
the first 2 years of follow-up (sensitivity analyses

Advance publication, 29 April 2024

were also presented using all available dietary
records during the whole follow-up period). The
definition of aspartame intake accounted for all
dietary sources, and the study also reported on
other most frequently consumed artificial sweet-
eners. Among artificial sweetener consumers,
higher-consumers (above the sex-specific median
consumption for total sweeteners) had a mean
aspartame intake of 47.42 mg/day versus only
3.24 mg/day for lower-consumers, illustrating
the interindividual variability in intake in this
cohort. Results were reported overall and for pre-
and postmenopausal breast cancer separately.
The results suggested an increased risk of breast
cancer overall (HR, 1.22; 95% CI, 1.01-1.48; P for
trend, 0.036) for women with higher consump-
tion of aspartame, i.e. above the sex-specific
median among aspartame users compared
with non-users. Hazard ratios for pre- and
postmenopausal women were as follows, with
no statistical heterogeneity detected (formally
tested): for premenopausal women, 1.07 (95% CI,
0.79-1.46; P for trend, 0.564); and for postmeno-
pausal women, 1.24 (95% CI, 0.98-1.57; P for
trend, 0.060). The study found no significantly
increased risk of prostate cancer associated with
higher consumption of aspartame, i.e. above
the median among male aspartame users versus
non-users (multivariable-adjusted HR, 1.28; 95%
CI, 0.91-1.79; P for trend, 0.280) although the
hazard ratio point estimate was quantitatively
similar to that reported for breast cancer risk in
the same cohort. Similar results were observed in
sensitivity analyses of breast and prostate cancer
excluding participants with a history of diabetes
at baseline. No interaction between aspartame
and BMI was detected for breast (P for interac-
tion, 0.796) or prostate (P for interaction, 0.884)
cancer. The study provided additional informa-
tion, including whether differences in risk were
observed between sugar or artificial sweeteners.
[The Working Group noted that the investigators
for the NutriNet-Santé cohort study had planned
before the data-collection phase to investigate
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several food additives and consequently made a
special, and so far quite unique, investment in
collecting detailed food consumption informa-
tion on the type, and where possible the brand,
of many foods and drinks, and building a data-
base on the food additive content of hundreds of
foods. To date, the NutriNet-Santé study seemed
to be the only cohort study that had built the
methodology required for separating with some
level of precision the consumption of foods and
drinks specifically containing aspartame. The
main analysis also considered intake over the first
2 years of follow-up, and additional analysis used
repeated assessments throughout the follow-up
period. Nonetheless, the potential for non-differ-
ential exposure misclassification remained.]

The CPS-II cohort study in the USA assessed
the association between ASB consumption eval-
uated at baseline in 1982 (median follow-up,
27.7 years) and mortality from postmenopausal
breast cancer and prostate cancer (McCullough
et al., 2022). For breast cancer, among the large
cohort comprising 367 978 postmenopausal
(at baseline) women and 6074 postmenopausal
breast cancer deaths, multivariable-adjusted
analyses were conducted considering BMI sepa-
rately, and reported no association after adjust-
ment for several potential confounders and BMI;
the results were compatible with a 3% increase
in risk (HR, 1.03; 95% CI, 1.00-1.06) of breast
cancer mortality per 1 drink/day of ASBs, before
adjusting for BMI. For prostate cancer, among
the cohort comprising 416 313 men and 9381
prostate cancer deaths, multivariable-adjusted
analyses were conducted considering BMI sepa-
rately, and described a null finding before and
after adjustment for BMI. There was a sugges-
tive interaction with BMI and the consumption
of ASBs (P for interaction, 0.013), with a posi-
tive association only among obese participants
(= 2 drinks/day versus never: HR for individuals
with BMI of 18.5 to < 25 kg/m?, 0.88; 95% CI,
0.71-1.08; HR for BMI 25-30 kg/m?, 0.92; 95%
CIL 0.81-1.05; HR for BMI > 30 kg/m?, 1.23;
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95% CI, 0.98-1.53). [The Working Group noted
that the dietary assessment preceded by 1 year
the approval of aspartame for use in bever-
ages in the USA; therefore, over the 27 years of
follow-up, non-differential misclassification was
likely, which would be expected to bias results
towards the null. However, published data
among participants included in both the CPS-II
and the CPS-II nutrition cohort (McCullough
et al., 2014) suggested that the relative ranking
of intake category was consistent during the first
17-year period.]

Three case—control studies reported on the
association between artificial sweetener use and
breast cancer risk (two of these also reported on
prostate cancer risk).

One population-based case—control study in
Denmark examined associations between breast
cancer and artificial sweetener consumption in
coffee or tea (Ewertz and Gill, 1990). This study
was fairly large, with 1474 breast cancer cases and
1322 controls, and reported a null finding. [The
Working Group noted that the questionnaire
assessment of artificial sweetener consumption
referred to the period March 1982 to February
1983, and that aspartame was only approved for
use in Denmark in 1983; therefore, this study was
considered to be uninformative.]

One hospital-based case-control study,
which combined multiple hospital-based case-
control studies conducted in 1991-2004 across
four areas in Italy, examined weekly consump-
tion of sachets/tablets of “sweeteners other
than saccharin” (assumed by the study authors
to mainly comprise aspartame) and breast
and prostate cancer risk (Gallus et al., 2007).
This large study (2569 breast cancer cases and
2588 controls) reported an inverse association
between breast cancer and consumption of
artificial sweeteners other than saccharin. The
overall association for prostate cancer was null
in this study, which included 1294 prostate cases
and 1451 controls. [The Working Group noted
that a strength of this case-control study was the
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relative high participation rates: fewer than 5%
of both cases and controls contacted for partic-
ipation refused; weaknesses pertained to the
exposure assessment, which did not distinguish
between aspartame and artificial sweeteners
other than saccharin, probably leading to a bias
towards the null; and recall bias, given its case-
control design.]

The MCC-Spain study, a case-control study
considering multiple cancer sites and conducted
between 2008 and 2013 (Palomar-Cros et al.,
2023), investigated associations between use
of artificial sweeteners (assessed via FFQ),
separated into aspartame and other artificial
sweeteners both derived from ASBs, tabletop
sweeteners, and consumption of “gaseosa” (an
artificially sweetened soft drink commonly
consumed in Spain), and their association with
risk of breast (1510 cases) and prostate (972 cases)
cancer, using 3629 population controls. Overall,
no increased risk of breast or prostate cancer
was observed among those with high aspartame
consumption (defined as third quartile or above).
For breast cancer, among the study participants
with diabetes, compared with non-consumers,
there was an inverse association(OR, 0.28; 95%
CI, 0.08-0.83; P for trend, 0.03), whereas for
prostate cancer, the odds ratio was 1.91 (95%
CI, 0.87-4.20; P for trend, 0.3). [The Working
Group noted that the study’s strengths were its
size and ability to adjust for a large variety of
potential confounders, including BMI, captured
in the WCFR/AICR score (Romaguera et al.,
2017), and that it stratified by diabetes status. A
further strength was that prostate cancer cases
were stratified by low-grade (Gleason score, < 7)
versus high-grade aggressive prostate cancer
(Gleason score, > 7). Limitations included the
incomplete exposure assessment and the uncer-
tainty of the assumption that all low-calorie or
no-calorie sweetened beverages contained aspar-
tame only, as well as the potential for recall bias
that is inherent to case—control studies.]
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A recent meta-analysis (Yin et al., 2022)
included four studies on ASB use (Hodge et al.,
2018; Chazelas et al., 2019; Romanos-Nanclares
et al.,, 2021; Debras et al., 2022b) and breast
cancer risk, with a combined estimate of 0.99
(95% CI, 0.90-1.08; P = 0.75; I* = 50.3%) for
highest versus lowest category of ASB consump-
tion, although these four studies were deemed of
very low certainty (using the risk of bias in non-
randomized studies of exposures, ROBINS-E,
grading scheme). This assessment was mainly
based on the criterion “indirectness”, the “incon-
sistency” of the results of these four studies, and
a “moderate” risk of bias. No dose-response
analyses were carried out for breast cancer sepa-
rately. Two studies (Chazelas et al., 2019; Debras
et al., 2022b), both with overlapping data from
the NutriNet-Santé cohort, were included in
a meta-analysis for prostate and breast cancer
risk (Yin et al., 2022) that showed no association
with ASB consumption. [One additional meta-
analysis also reported on ASB consumption
and prostate cancer risk (Llaha et al., 2021), but
because of the incomplete summary of studies
and small body of evidence considered, it was
not considered informative by the Working
Group.] The most recent meta-analysis, by Pan
etal. (2023), examined the combined association
between ASBs and breast and prostate cancer
risk, reporting no association between higher
consumption of ASBs (per increase of 250 mL/
day) versus none, and breast cancer risk (HR,
0.95; 95% CI, 0.80-1.12) or prostate cancer risk
(HR, 0.93; 95% CI, 0.69-1.26). [The Working
Group noted that in this meta-analysis (Pan
et al., 2023) only three studies contributed to the
breast cancer findings and two studies to prostate
cancer findings, and they determined that this
study did not contribute additional information.]
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2.4 Cancers of the brain, thyroid,
and uterus, and other solid
cancers

See Table 2.4.

Seven cohort studies (including eight cohorts)
reported on aspartame or ASBs and cancers of
the brain (Lim et al., 2006; McCullough et al.,
2022), uterus (Inoue-Choi et al., 2013; Hodge
et al., 2018; McCullough et al., 2022), thyroid
(Zamora-Ros et al., 2022), ovary (Hodge et al.,
2018; McCullough et al., 2022), or lung (Malik
et al., 2019; McCullough et al., 2022; You et al.,
2022).

Five case—control studies reported on ASBs
or tabletop sweeteners and cancers of the brain
(Gurney et al., 1997; Cabaniols et al., 2011), uterus
(Bosetti et al., 2009), thyroid (Singh et al., 2020),
larynx (Gallus et al., 2007), and ovary (Gallus
et al., 2007).

One cohort (Lim et al., 2006) and two case-
control studies (Gurney et al., 1997; Cabaniols
et al., 2011) described their exposure assessment
as being specific to aspartame intake, indi-
cating that it was derived from data on aspar-
tame contained in or added to drinks and foods.
[Although the methodology described in the
two publications left some uncertainty about
the actual specificity of the reported exposure
to aspartame, which could have resulted in
exposure misclassification, the Working Group
considered that the assessment of aspartame
consumption from ASBs and tabletop sweeteners
in Lim etal. (2006) covered a time period that was
highly relevant for aspartame exposure from this
source in the USA.] All other studies reported
on the exposure to artificially sweetened drinks
and foods and the use of sweeteners in sachet and
tablet form, but without any further specification
of the type of artificial sweetener to which the
study participants had been exposed.

All studies estimated average daily consump-
tion of aspartame or artificial sweeteners as part
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of usual diet. In cohort studies, the estimate
referred to the time of participant enrolment
in the study, whereas in case-control studies,
it referred to a period of time preceding cancer
diagnoses for cancer cases and to an equiva-
lent period for controls. One study additionally
considered age at start of consumption (Gurney
et al., 1997).

Although most of the studies were not
specifically designed to investigate the possible
carcinogenic effect of aspartame, all the studies
included in this section measured artificial
sweetener consumption in the general context of
measuring usual diet and included questions to
separately identify sugar-sweetened and artifi-
cially sweetened drinks.

Within the USA-based NIH-AARP cohort,
Limetal. (2006) analysed data from 473 984 study
participants with baseline validated 124-item
FFQ and reported the association between aspar-
tame consumption and brain cancer risk. In this
study, particular attention was paid to improve
the measurement of diet by requesting that all
participants fill in an FFQ that included specific
questions on the consumption of beverages, from
which aspartame content was later estimated.
The 124-item FFQ included questions on three
beverages that potentially contained aspartame:
soda (“soft drinks, soda, pop”), fruit drinks
(“such as Hi-C, lemonade, and Kool-Aid”),
and iced tea; it had additional questions on the
consumption of artificial sweeteners, including
aspartame, in the form of sachets and tablets
added to cups of coffee or hot tea. From these
responses, a “daily consumption of aspartame”
was computed, taking into account aspartame
content, portion size, and intake frequency of
each beverage. The aspartame content per 100 g
beverage was estimated to be 50 mg for diet soda
(i.e. 180 mg/12 oz can), 14.95 mg for diet fruit
drink, 25.55 mg for diet iced tea, and 35 mg per
tabletop packet added to each cup of coffee/
hot tea, based on the information provided by
the Nutrition Data System for Research of the
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Table 2.4 Epidemiological studies on consumption of aspartame and cancers of the brain, thyroid, and uterus, and other

solid cancers

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments

location, description, exposure (histopathology), categoryorlevel casesor (95% CI) controlled

enrolment/ assessment method incidence or deaths

follow-up mortality

period, study

design

Lim et al. 473 984 (285 079 men Brain (glioma), Aspartame intake (RR): Age at entry, sex, Exposure assessment

2006 and 188 905 women); incidence None 162 1 ethnicity, BMI, critique:

USA NIH-AARP Diet and > 0to 83 0.99 (0.75-1.29) history of diabetes A key streng.th was

Enrolment, Health Study: AARP < 100 mg/day the pr9sp§ctlve and

1995-1996/ me.m.bers. aged 50-71 yr > 100 to 3 0.70 (0.48-1.03) quantitative assessment

follow-up, residing in the study <200 me/da of aspartame exposure

through 2000 area (California, iaay from various ASBs

Cohort Florida, Pennsylvania, 2200to 16 0.66 (0.39-1.12) and tabletop packets
New Jersey, North <400 mg/day in a relevant period for

Carolina, Louisiana,
Atlanta, Detroit)
excluding those with
prevalent cancer, invalid
BMI data, outliers on
reported energy intake,
and proxy responders;
315 gliomas including
231 glioblastomas
Exposure assessment
method: FFQ at
baseline, 5 yr of follow-
up; consumption
frequency of three types
of soft drink (soda,
fruit drinks, and iced
tea) + frequency of
consumption of diet

vs regular versions +
three portion sizes; use
of tabletop sweetener
packets; standard doses
of aspartame assigned
to beverages and
packets

Brain (glioma:
glioblastoma),
incidence

> 400 mg/day 22
Trend-test P value: 0.05
Aspartame intake (RR):

None NR
>0to NR
< 100 mg/day
=100 to NR
<200 mg/day
>200 to NR
<400 mg/day

> 400 mg/day NR
Trend-test P value: 0.05

0.73 (0.46-1.15)

1
NR

NR
NR

0.64 (0.37-1.10)
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Age at entry, sex,
ethnicity, BMI,
history of diabetes

aspartame (1995-1996
in the USA).

Key limitations were the
sequential assessment
of the frequency of
consumption firstly

of soft drinks and

then of diet/sugar-free
versions with imprecise
frequencies inducing
inaccuracies; other
sources of aspartame
were not considered
(although these were
more limited); exposure
misclassification due to
older age at enrolment
and a lack of data before
study entry (aspartame
in beverages introduced
in the USA 10 yr before
baseline).
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Table 2.4 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments

location, description, exposure  (histopathology), category orlevel casesor (95% CI) controlled

enrolment/ assessment method incidence or deaths

follow-up mortality

period, study

design

Lim et al. Other strengths: large

2006 prospective cohort; case

(cont.) ascertainment based
on cancer registries
with high (> 90%)
completeness; large
numbers of cases.
Other limitations:
likely bias from non-
differential exposure
misclassification.

Inoue-Choi 23 039; women aged Uterus/uterine Consumption of sugar-free beverages (HR): Age, smoking Exposure assessment

etal. (2013)
USA (Iowa
Women’s
Health Study)
Enrolment,
1986/follow-up,
through 2010
Cohort

55-69 yr randomly
selected from Iowa
drivers’ licence list
who responded to a
mailed questionnaire
in 1986 (42% response
rate); women with a
history of cancer except
nonmelanoma skin
cancer, who were not
postmenopausal, or
who reported extreme
dietary intake were
excluded

Exposure

assessment method:
semiquantitative FFQ
at baseline in 1986
assessing sugar-free
beverage consumption
with standard serving
size

corpus (type
I endometrial
cancer), incidence

0 servings/wk 152 1

>0-0.0002 36 0.69 (0.48-1.00)
servings/wk

0.0003-0.4 93 0.85 (0.65-1.11)
servings/wk

0.5-2.8 125 1.03 (0.80-1.32)
servings/wk

2.8-64.1 100 0.77 (0.59-1.01)
servings/wk

Trend-test P value: 0.31
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status, physical
activity, estrogen
use, alcohol use, age
at menarche, age at
menopause, number
of live births, history
of diabetes, coffee
intake, BMI

critique:

A key strength was the
prospective assessment
of ASB consumption at
a very relevant period
for aspartame exposure
from ASBs (1986 in the
USA).

Key limitations were
that no other sources
were considered
(although these were
more limited); there was
only one assessment at
baseline, not considering
potential variations in
consumption over up
to 24 yr of follow-up;
and uncertainty of
aspartame content in
ASBs after the mid-
2000s.
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Table 2.4 (continued)

GEC

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments

location, description, exposure  (histopathology), category orlevel casesor (95% CI) controlled

enrolment/ assessment method incidence or deaths

follow-up mortality

period, study

design

Inoue-Choi Uterus/uterine Consumption of sugar-free beverages, Age, smoking status,  Other strengths: sample
etal. (2013) corpus (type excluding women with a history of diabetes physical activity, size, prospective design,
(cont.) I endometrial (HR): estrogen use, alcohol  cancer registry linkage

cancer), incidence

Uterus/uterine
corpus (type

IT endometrial
cancer), incidence

0 servings/wk NR 1

> 0-0.0002 NR 0.73 (0.50-1.06)
servings/wk

0.0003-0.4 NR 0.86 (0.65-1.13)
servings/wk

0.5-2.8 NR 0.99 (0.76-1.28)
servings/wk

2.8-64.1 NR 0.80 (0.60-1.06)
servings/wk

Trend-test P value: 0.35
Consumption of sugar-free beverages (HR):

0 servings/wk 27 1

>0-0.0002 8 0.78 (0.34-1.79)
servings/wk

0.0003-0.4 13 0.66 (0.33-1.30)
servings/wk

0.5-2.8 21 1.09 (0.61-1.95)
servings/wk

2.8-64.1 17 0.89 (0.48-1.68)
servings/wk

Trend-test P value: 0.95
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use, age at menarche,
age at menopause,
number of live
births, coffee intake,
BMI

Age, smoking

status, physical
activity, estrogen
use, alcohol use, age
at menarche, age at
menopause, number
of live births, history
of diabetes, coffee
intake, BMI

for outcome assessment,
adjustment for BMI

and other relevant
confounders.

Other limitations:

likely bias from non-
differential exposure
misclassification.
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Table 2.4 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure  (histopathology), category orlevel casesor (95% CI) controlled
enrolment/ assessment method incidence or deaths
follow-up mortality
period, study
design
Inoue-Choi Uterus/uterine Consumption of sugar-free beverages Age, smoking status,
etal. (2013) corpus (type (serving/week), excluding women with a physical activity,
(cont.) IT endometrial history of diabetes (HR): estrogen use, alcohol
cancer), incidence  ( servings/wk NR 1 use, age at menarche,
> 0-0.0002 NR 0.81 (0.35-1.86) 8¢ at menopause,
servings/wk n}lmber ofllvg
0.0003-0.4 NR 0.63 (0.31-1.28) Dirths, coffee intake,
. BMI
servings/wk
0.5-2.8 NR 1.16 (0.64-2.09)
servings/wk
2.8-64.1 NR 0.87 (0.45-1.69)
servings/wk
Trend-test P value: 0.97
Hodge et al. 35593 (21 492 women);  Uterus/ Artificially sweetened soft drink consumption  Age, socioeconomic  Exposure assessment
2018 MCCS - a prospective uterine corpus: (HR): index, country of critique:
Australia cohort study of men and endometrium, Never or < 1/mo 125 1 birth, alcohol intake, ~Key strengths were that
Enrolment, women :aged 40-69 yr incidence 1-3/mo 9 0.58 (0.29-1.16) smol?ing status, it was a prospective
1990-1994/ _ atrecruitment and free 1-6/wk 23 1.1 (0.70-1.77) phys;cal activity, study, that assessment
follow-up until  of cancer, angina, heart Mediterranean was after aspartame
30 June 2013 attack, or diabetes at > 1/day 10 0.81(042-1.55) et score, sugar- introduction in diet
Cohort baseline; participants Continuous (per 167 0.92 (0.52-1.65)  sweetened soft drink  soft drinks in Australia
with extreme baseline beverage/day) consumption, waist (1987), and that first

energy intake were
excluded

Trend-test P value: 0.78
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circumference

half of follow-up largely
overlapped with period
of aspartame use in
Australia.
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Table 2.4 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments

location, description, exposure  (histopathology), category orlevel casesor (95% CI) controlled

enrolment/ assessment method incidence or deaths

follow-up mortality

period, study

design

Hodge et al. Exposure assessment Ovary, incidence  Artificially sweetened soft drink consumption  Age, socioeconomic  Key limitations were the

2018 method: self- (HR): index, country of FFQ assessment with

(cont.) administered 121-item Neveror < 1/mo 75 1 birth, alcohol intake, no specific estimate of
FFQ With separate 123/mo 20 0.80 (0.38-1.69) smoking sta.tu.s, aspartame exposure,
questions on.frec.luency 1-6/wk 24 139 (0.83-2.34) phys;cal activity, ASBs used as a proxy,
of consumption in Mediterranean and exposure data at
the past year of diet 2 /day L 137 (0.72-2.61) et score, sugar- baseline only; small
(artificially sweetened) Continuous (per 130 1.51(0.84-2.73)  sweetened soft drink number of consumers.
soft drinks beverage/day) consumption, waist  Other strengths:

Trend-test P value: 0.17
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circumference

adjustment for key
confounders, including
a measure of obesity
(waist circumference).
Other limitations:
likely bias from non-
differential exposure
misclassification
given single baseline
assessment and long
follow-up.
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Table 2.4 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments

location, description, exposure  (histopathology), category orlevel casesor (95% CI) controlled

enrolment/ assessment method incidence or deaths

follow-up mortality

period, study

design

Malik et al. 37 716 men and Lung, mortality ~ ASB intake (HR): Age, race, smoking,  Exposure assessment

(2019) 80 647 women; female <lserving/mo  NR 1 alcohol intake, critique:

ESA1 t reglgt;(r)e(;;lurs.esth 1-4 servings/mo NR 0.96 (0.85-1.08) Eostmenopau(sla\IlHS) A key stff:ngth was thet
nrolment, aged 30-55 yr in the . ormone use ,  prospective assessmen

1976 (NHS), I\?HS and lee health 2-6 servings/wk  NR 085 (0.76-0.95) physical activity, Ef AEB consumption

1986 (HPFES/ professionals aged l'to < 2 NR 0.93 (0.80-1.08) family history of from repeated diet

follow-up, 40-75 yr in the HPFS; servings/day diabetes; family assessments every 4 yr,

1980-2014 excluding those with > 2 servings/day  NR 0.92(0.77-1.09) " history of myocardial the majority at a very

(NHS), 1986- history of diabetes, Continuous (per NR 0.98 (0.92-1.08)  infarction, family relevant period for

2014 (HPES) cardiovascular disease, serving/day) history of cancer, aspartame exposure

Cohort or cancer at baseline, or Trend-test P value: 0.20 multivitamin from ASBs (the USA

with implausible dietary
intake

Exposure assessment
method: prospective
assessment of ASB
consumption through
repeated FFQs between
1980-1986 and 2010
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use, aspirin use,
baseline history of
hypertension and
hypercholesterolemia,
intake of whole
grains, fruit,
vegetables, or red
and processed meat,
total energy, BMI,
SSB intake

between the 1980s
and 2010) potentially
capturing lifetime
exposure to aspartame.
A key limitation was
that other sources

of aspartame were

not considered
(although these

were more limited);
and uncertainty of
aspartame content in
ASBs after the mid-
2000s.

Other strengths: large,
prospective cohort
with long follow-up;
detailed and validated
assessments were
updated at each survey
round to account for
changes in intake over
time.
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Table 2.4 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments

location, description, exposure  (histopathology), category orlevel casesor (95% CI) controlled

enrolment/ assessment method incidence or deaths

follow-up mortality

period, study

design

Malik et al. Other limitations: bias

2019) from non-differential

(cont.) misclassifications of
exposure to aspartame
likely; stratified
numbers of deaths not
provided for specific
cancer sites.

McCullough 934 777 (416 313 men, Uterus/uterine ASB consumption (HR): Age, race/ethnicity,  Exposure assessment

etal. (2022) 518 464 women); CPS-II  corpus, mortality  Never NR 1 smoking, marital critique:

USA prospective cohort; < 1 drink/day NR 1.04 (0.90-1.19)  Status, education, A key strength was the

Enrolment, adults aged > 28 yrI; | sl ey NR 1.07 (0.90-1.26) red and processgd prospective assess'ment

1982/follow- excluded participants . meat consumption,  of ASB consumption.

up, through with personal history 22drinks/day  NR 118 (1.00-140)  fryjt and vegetable Key limitations were

2016 (median,  at baseline of diabetes Continuous (per 1693 1.04 (0.99-1.09)  consumption, that only one dietary

27.7 yr) or cancer other than drink/day) alcohol assessment was carried

Cohort nonmelanoma skin Trend-test P value: 0.049 consumption, SSB out at baseline in 1982

cancer, men aged

> 90 yr or women aged
> 95 yr at enrolment,
and those reporting
only prior but not
current consumption
of either SSBs or ASBs;
uterine/ovarian cancer
results exclude women
with a history of
hysterectomy, uterine
surgery, surgically
induced menopause, or
oophorectomy (ovarian
cancer only)
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consumption, parity,
age at menarche,
estrogen use, oral
contraceptive use,
age at first live birth,
menopausal status

that was before the use
of aspartame in ASBs,
hence the relevance
regarding aspartame
exposure depends on
the stability of ASB
consumption over up
to 34 yr of follow-up,
but such information
was not directly
available; no other
sources were considered
(although these

were more limited);
and uncertainty of
aspartame content in
ASBs after the mid-
2000s.
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Table 2.4 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments

location, description, exposure (histopathology), category orlevel casesor (95% CI) controlled

enrolment/ assessment method incidence or deaths

follow-up mortality

period, study

design

McCullough Exposure assessment Uterus/uterine ASB consumption, BMI-adjusted (HR): Age, race/ethnicity, ~ Other information:

et al. (2022 method: questionnaire;  corpus, mortality  Never NR 1 smoking, marital exclusion of participants

(cont.) exposure to ASBs < 1 drink/day NR 0.93 (0.81-1,07)  Status, education, wl}o reported only
assessed in 1982 | dhstlay NR 0.95 (0.80-1.13) red and processed prior but not current

through a question
about the number

of drinks/day of diet
soda or ice teas (one
pooled item) and
potential changes
over the past 10 yr; no
specific assessment of
aspartame content in
ASBs

Uterus/uterine
corpus, mortality

>2drinks/day ~ NR

Continuous (per 1693
drink/day)
Trend-test P value: 0.878

1.01 (0.85-1.21)
0.99 (0.95-1.05)

ASB consumption, never-smokers (HR):

Never NR
< 1 drink/day NR
1 drink/day NR

>2drinks/day ~ NR

Continuous (per 1025
drink/day)
Trend-test P value: 0.167

1
1.14 (0.96-1.36)
1.07 (0.85-1.33)
1.15 (0.91-1.45)
1.02 (0.95-1.05)

Advance publication, 29 April 2024

meat consumption,
fruit and vegetable
consumption,
alcohol
consumption, SSB
consumption, parity,
age at menarche,
estrogen use, oral
contraceptive use,
age at first live birth,
menopausal status,
BMI

Age, race/ethnicity,
smoking, marital
status, education,
red and processed
meat consumption,
fruit and vegetable
consumption,
alcohol
consumption, SSB
consumption, parity,
age at menarche,
estrogen use, oral
contraceptive use,
age at first live birth,
menopausal status

consumption of either

SSBs or ASBs at baseline.

Other strengths: large,
prospective cohort with
long follow-ups; ability to
examine multiple cancer
types, stratify by sex or
BMI, and limit to never-
smokers; comprehensive
adjustment for
confounders, including
SSB consumption.
Other limitations:

likely bias from non-
differential exposure
misclassification.
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Table 2.4 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments

location, description, exposure  (histopathology), category orlevel casesor (95% CI) controlled

enrolment/ assessment method incidence or deaths

follow-up mortality

period, study

design

McCullough Uterus/uterine ASB consumption, never-smokers, BMI- Age, race/ethnicity,

etal. (2022 corpus, mortality  adjusted (HR): smoking, marital

(cont.) Never NR 1 status, education,
<1drink/day ~ NR 1.03 (0.86-1.22) redand processed
1 drink/day NR 0.95 (0.76-1.18)  meatconsumption,

L¥¢

>2drinks/day ~ NR

Continuous (per 1025
drink/day)

Trend-test P value: 0.781

0.98 (0.77-1.24)
0.97 (0.91-1.04)

Uterus/uterine ASB consumption, BMI, 18.5 to < 25 kg/m2
corpus, mortality  (HR):
Never NR 1
< 1 drink/day NR 0.89 (0.72-1.11)
1 drink/day NR 0.93 (0.71-1.21)
>2 drinks/day ~ NR 1.03 (0.78-1.37)
Continuous (per 762 1.00 (0.93-1.09)
drink/day)
Trend-test P value: 0.883
Uterus/uterine ASB consumption, BMI, 25 to < 30 kg/m?
corpus, mortality  (HR):
Never NR 1
< 1drink/day NR 1.07 (0.85-1.36)

1 drink/day NR
>2drinks/day ~ NR

Continuous (per 520
drink/day)

Trend-test P value: 0.316

0.97 (0.72-1.32)
1.19 (0.89-1.59)
1.00 (0.92-1.1)

Advance publication, 29 April 2024

fruit and vegetable
consumption,
alcohol
consumption, SSB
consumption, parity,
age at menarche,
estrogen use, oral
contraceptive use,
age at first live birth,
menopausal status,
BMI
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Table 2.4 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure  (histopathology), category orlevel casesor (95% CI) controlled
enrolment/ assessment method incidence or deaths
follow-up mortality
period, study
design
McCullough Uterus/uterine ASB consumption, BMI, > 30 kg/m? (HR): Age, race/ethnicity,
et al. (2022 corpus, mortality  Never NR 1 smoking, marital
(cont.) <1ldrink/day ~ NR 0.84 (0.61-1.14)  Status, education,
1 drink/day NR DO () | ol P
. meat consumption,
> 2 drinks/day NR 0.78 (0.54-1.14) fruit and vegetable
Continuous (per 325 0.96 (0.86-1.07) consumption,
drink/day) alcohol

Brain, mortality

Trend-test P value: 0.183

ASB consumption, BMI-adjusted (HR):

Never

< 1 drink/day
1 drink/day

> 2 drinks/day

Continuous (per
drink/day)

NR 1
NR 1.06 (0.96-1.18)
NR 0.99 (0.87-1.12)
NR 0.97 (0.84-1.11)
3402 0.98 (0.95-1.02)

Trend-test P value: 0.737

Advance publication, 29 April 2024

consumption, SSB
consumption, parity,
age at menarche,
estrogen use, oral
contraceptive use,
age at first live birth,
menopausal status,
BMI

Age, sex, race/
ethnicity, smoking,
marital status,
education, red and
processed meat
consumption,

fruit and vegetable
consumption,
alcohol
consumption, SSB
consumption, BMI
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Table 2.4 (continued)

Reference,
location,
enrolment/
follow-up
period, study
design

Population size,

description, exposure

assessment method

Organ site

Exposure Exposed Risk estimate

(histopathology), category orlevel casesor (95% CI)

incidence or
mortality

deaths

Covariates
controlled

Comments

McCullough
et al. (2022

(cont.)

Brain, mortality

Brain, mortality

Lung, mortality

ASB consumption, men, BMI-adjusted (HR):
Never NR 1

<1drink/day ~ NR 1.02 (0.86-1.21)
1 drink/day NR 1.06 (0.87-1.29)
> 2 drinks/day NR 0.96 (0.77-1.18)

Continuous (per 1772 0.99 (0.93-1.05)
drink/day)

Trend-test P value: 0.928

ASB consumption, women, BMI-adjusted
(HR):

Never NR 1

<1drink/day ~ NR 1.10 (0.96-1.26)
1 drink/day NR 0.95 (0.79-1.13)
> 2 drinks/day NR 0.98 (0.82-1.18)
Continuous (per 1630 0.98 (0.93-1.04)
drink/day)

Trend-test P value: 0.805

ASB consumption, BMI-adjusted (HR):

Never NR 1

<1drink/day ~ NR 0.92 (0.88-0.95)
1 drink/day NR 0.91 (0.86-0.95)
> 2 drinks/day NR 0.90 (0.86-0.95)

Continuous (per 34 381 0.97 (0.96-0.99)
drink/day)
Trend-test P value: < 0.0001

Advance publication, 29 April 2024

Age, race/ethnicity,
smoking, marital
status, education,
red and processed
meat consumption,
fruit and vegetable
consumption,
alcohol
consumption, SSB
consumption, BMI

Age, sex, race/
ethnicity, smoking,
marital status,
education, red and
processed meat
consumption,
fruit and vegetable
consumption,
alcohol
consumption, SSB
consumption, BMI
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Table 2.4 (continued)

Reference,
location,
enrolment/
follow-up
period, study
design

Population size,
description, exposure
assessment method

Organ site
(histopathology),
incidence or
mortality

Exposure

Exposed Risk estimate

category or level casesor (95% CI)

deaths

Covariates Comments

controlled

McCullough
et al. (2022

(cont.)

Lung, mortality

Lung, mortality

Lung, mortality

ASB consumption, men, BMI-adjusted (HR):

Never

< 1 drink/day
1 drink/day

> 2 drinks/day

Continuous (per
drink/day)

NR 1
NR 0.93 (0.88-0.99)
NR 0.91 (0.85-0.98)
NR 0.93 (0.87-1.00)

20121 0.98 (0.96-1.00)

Trend-test P value: 0.002
ASB consumption, women, BMI-adjusted

(HR):

Never

< 1 drink/day
1 drink/day

> 2 drinks/day

Continuous (per
drink/day)

NR 1

NR 0.89 (0.85-0.94)
NR 0.88 (0.83-0.94)
NR 0.84 (0.79-0.90)

14 260 0.95 (0.94-0.97)

Trend-test P value: < 0.0001
ASB consumption, never-smokers, BMI-

adjusted (HR):
Never

< 1 drink/day

1 drink/day

> 2 drinks/day

Continuous (per
drink/day)

NR 1

NR 0.92 (0.82-1.03)
NR 1.01 (0.89-1.16)
NR 0.99 (0.86-1.14)
3546 1.00 (0.96-1.04)

Trend-test P value: 0.775

Advance publication, 29 April 2024

Age, race/ethnicity,
smoking, marital
status, education,
red and processed
meat consumption,
fruit and vegetable
consumption,
alcohol
consumption, SSB
consumption, BMI

Age, sex, race/
ethnicity, marital
status, education,
red and processed
meat consumption,
fruit and vegetable
consumption,
alcohol
consumption, SSB
consumption, BMI
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Table 2.4 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure  (histopathology), category orlevel casesor (95% CI) controlled
enrolment/ assessment method incidence or deaths
follow-up mortality
period, study
design
McCullough Lung, mortality ~ ASB consumption, men, never-smokers, BMI-  Age, race/ethnicity,
etal. (2022 adjusted (HR): marital status,
(cont.) Never NR 1 education, red and
<1drink/day ~ NR 0.95 (0.78-1.16) Pfocessedt meat
. B consumption,
1 drm.k/day NR 1.06 (0.85-1.31) Frvst vl veible
> 2 drinks/day NR 1.08 (0.86-1.36) consumption,
Continuous (per 1545 1.02 (0.96-1.09)  alcohol

Lung, mortality

drink/day)

Trend-test P value: 0.519

ASB consumption, women, never-smokers,
BMI-adjusted (HR):

Never NR 1

< 1 drink/day NR 0.89 (0.78-1.02)
1 drink/day NR 0.98 (0.83-1.15)
> 2 drinks/day NR 0.92 (0.76-1.11)

Continuous (per 2001 0.98 (0.93-1.04)
drink/day)
Trend-test P value: 0.276

Advance publication, 29 April 2024

consumption, SSB
consumption, BMI
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Table 2.4 (continued)

Reference,
location,
enrolment/
follow-up
period, study
design

Population size,
description, exposure
assessment method

Organ site

(histopathology),

incidence or
mortality

Exposure

category or level cases or
deaths

Exposed Risk estimate

(95% CI)

Covariates
controlled

Comments

McCullough
et al. (2022

(cont.)

You et al. (2022

USA
Enrolment,
1993-2001/
follow-up
through 2009
(median,

11.3 yr)
Cohort

92 997; PLCO cancer
screening trial
participants, men and
women aged 55-74 yr
in 10 study centres;
participants with
history of cancer or
diabetes were excluded
Exposure assessment
method: diet history

questionnaire: FFQ with

156 items

Ovary, mortality

Lung, incidence

ASB consumption, women, BMI-adjusted

(HR):

Never NR
< 1drink/day NR
1 drink/day NR

>2drinks/day ~ NR

Continuous (per 3225

drink/day)

Trend-test P value: 0.284

1
1.05 (0.95-1.16)
1.16 (1.03-1.30)
1.01 (0.89-1.15)
1.00 (0.97-1.04)

Type of soft drink consumption (HR):

No soft drink 173

consumption

Regular only 657
Diet only 487
Both 200

1

0.87 (0.73-1.03)
0.89 (0.75-1.07)

0.79 (0.64-0.97)

Advance publication, 29 April 2024

Age, race/ethnicity,
smoking, marital
status, education,
red and processed
meat consumption,
fruit and vegetable
consumption,
alcohol
consumption, SSB
consumption, parity,
age at menarche,
estrogen use, oral
contraceptive use,
age at first live birth,
menopausal status,
BMI

Age, sex, race,

study centre,

arm, total energy
intake, alcohol
consumption,
smoking status, BMI
categories (baseline),
physical activity,
education, red meat
intake, amounts of
fruits and vegetables,
coffee, family history
of lung cancer

Exposure assessment
critique:

A key strength

was the timing of
exposure consistent

for aspartame as major
AS in beverages; ASBs
were major source

of aspartame in this
country and time frame.
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Table 2.4 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments

location, description, exposure  (histopathology), category orlevel casesor (95% CI) controlled

enrolment/ assessment method incidence or deaths

follow-up mortality

period, study

design

You et al. (2022) Lung, incidence ~ Type of soft drink consumption, men (HR): Age, race, study Key limitations were

(cont.) No soft drink 77 1 centre, arm, that there was no
consumption total energy specific estimate of
Regular only 431 0.98 (0.76-1.26) intake, alcohol aspartame exposure,

Lung, incidence

1.08 (0.82-1.42)
0.96 (0.72-1.28)

Diet only 234
Both 140

Type of soft drink consumption, women (HR):

No soft drink [96] 1

consumption

Regular only [226] 0.80 (0.62-1.02)
Diet only [253] 0.78 (0.61-0.99)
Both [60] 0.62 (0.45-0.87)

Advance publication, 29 April 2024

consumption,
smoking status, BMI
categories (baseline),
physical activity,
education, red meat
intake, amounts of
fruits and vegetables,
coffee, family history
of lung cancer

Age, race, study
centre, arm,

total energy

intake, alcohol
consumption,
smoking status, BMI
categories (baseline),
physical activity,
education, red meat
intake, amounts of
fruits and vegetables,
coffee, family history
of lung cancer,
estrogen use

ASBs were used

as a proxy; only
consumption vs non-
consumption was
considered (not dose),
and exposure data were
reported at baseline
only.

Other information:
PLCO is a trial of

lung cancer screening
but in this study was
considered a prospective
cohort; allocation to
control or intervention
arms was not associated
with soft drink choice.
Other strengths:
prospective analysis.
Other limitations:
likely bias from non-
differential exposure
misclassification.
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Table 2.4 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure  (histopathology), category orlevel casesor (95% CI) controlled

enrolment/ assessment method incidence or deaths

follow-up mortality

period, study

design

You et al. (2022) Lung, incidence Type of soft drink consumption, never- Age, sex, race,

(cont.) smokers (HR): study centre,

Lung, incidence

Lung (small
cell/oat cell),
incidence

No soft drink 17 1

consumption

Regular only 47 0.79 (0.45-1.40)
Diet only 37 0.65 (0.36-1.18)
Both 24 0.85 (0.45-1.61)

Type of soft drink consumption, ever/current
smokers (HR):

No soft drink 156 1
consumption

Regular only 610 0.90 (0.75-1.08)

Diet only 450 0.82 (0.68-0.99)
Both 176 0.71 (0.57-0.89)
Type of soft drink consumption (HR):

No soft drink 26 1

consumption

0.78 (0.49-1.22)
0.91 (0.57-1.46)
0.71 (0.40-1.24)

Regular only 91
Diet only 72
Both 25

Advance publication, 29 April 2024

arm, total energy
intake, alcohol
consumption, BMI
categories (baseline),
physical activity,
education, red meat
intake, amounts of
fruits and vegetables,
coffee, family history
of lung cancer

Age, sex, race,

study centre,

arm, total energy
intake, alcohol
consumption,
smoking status, BMI
categories (baseline),
physical activity,
education, red meat
intake, amounts of
fruits and vegetables,
coffee, family history
of lung cancer

€L - SHAdV4OONOW DyVI



6¥¢

Table 2.4 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments

location, description, exposure  (histopathology), category orlevel casesor (95% CI) controlled

enrolment/ assessment method incidence or deaths

follow-up mortality

period, study

design

Zamora-Ros 450 064; EPIC study Thyroid ASB consumption (HR): Sex, centre, age at Exposure assessment

et al. (2022 participants, men and (differentiated: Non-consumers 392 1 recruitment, BMI, critique:

Europe women, mostly aged 35— papillary, (0 mL/day) smoking status, A key strength was the

Enrolment, 70 yr, from 9 European  follicular, 1st tertile 29 0.88 (0.53-1.46) physical activity, prospective assessment

1992-2000/ countries (Denmark, otherwise), (> 0-5.8 mL/day) educational level, of ASB consumption

follow-up, France, Germany, Italy, incidence nd tertile 0 0.83 (0.55-1.24) filcohol and.energy (several types of

mean * SD, Netherlands, Norway, intake, and in beverages) in several

. (5.9-42.9 mL/

13.9+4.0 yr Spain, Sweden, and day) women also for western European

Cohort the United Kingdom); Y . menopausal status, countries at a period
excluding participants 3rd tertile = 116 (0.80-1.69) contraceptive relevant for aspartame
with prevalent (43.0-3389.5 mL/ use, and infertility exposure (between 1991
cancer other than day) problems and 2000).
nonmelanoma skin Continuous (per 495 1.00 (0.91-1.11) Key limitations were
cancer at baseline or 100 mL/day) that no other sources

with extreme energy
intake/expenditure;
those with missing
date of follow-up or
lack information on
lifestyle factors (Greece
did not provided data
for this study); data on
ASBs was not available
for participants from
Florence, Ragusa, Turin,
Umed, and Varese;
overall 712 thyroid
cancers (573 papillary,
108 follicular, 31
otherwise specified)

Trend-test P value: 0.26

Advance publication, 29 April 2024

of aspartame were
considered; uncertainty
regarding the aspartame
content in ASBs in every
country; and there was
only one assessment at
baseline.

Other information:
context of low ASB
consumption in middle-
aged adults.

Other strengths:
prospective large study.
Other limitations:

likely bias from non-
differential exposure
misclassification.
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Table 2.4 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure  (histopathology), category orlevel casesor (95% CI) controlled
enrolment/ assessment method incidence or deaths
follow-up mortality
period, study
design
Zamora-Ros Exposure assessment Thyroid ASB consumption (HR): Sex, centre, age at
et al. (2022 method: questionnaire;  (papillary), Non-consumers 385 1 recruitment, BMI,
(cont.) exposure to artificially  incidence (0 mL/day) smoking status,
sweetened soft drinks et filte 22 0.95 (0.54-1.67) physical activity,
asline through {005 omtida ool and ener
roug 2nd tertile 20 0.73 (0.44-1.19) 2.conoand energy
country-specific intake, and in
. . (6.7-42.9 mL/
validated tools (mainly day) women also for
FFQ) covering the usual Y ) menopausal status,
diet over the past year; 3rd tertile = 151 (1.04-2.19)  4pa] contraceptive
no specific assessment (43.0-3389.5 mL/ use, and infertility
of aspartame or day) problems
AS content of the Continuous (per 469 1.05 (0.95-1.15)
artificially sweetened 100 mL/day)

Gurney et al.
1997

USA (Los

Angeles, San

Francisco)
1984-1991

Case—control

soft drinks

Cases: 56; age > 19 yr;
born in 1981 or after,
primary brain tumour
diagnosed in 1984-1991
Controls: 94; age

>19 yr; born in 1981 or
after, control subjects
were recruited using
random-digit dialling,
frequency-matched on
age at diagnosis, year of
birth, sex, and study site

Brain, incidence

Brain, incidence

Brain, incidence

Trend-test P value: 0.16

Consumption of aspartame in any food or

1
1.1 (0.5-2.6)

Age at first consumption of aspartame in any

1
1.0 (0.3-3.1)
1.2 (0.4-3.6)

Duration of consumption of aspartame in any

drink (OR):

No consumption 39
Any 17
consumption

food or drink (OR):
No consumption NR
<3yr 7
3-7yr 10
food or drink (OR):
No consumption NR
<2yr 9
22yr 8

1
1.2 (0.4-3.3)
1.1 (0.3-3.4)

Advance publication, 29 April 2024

Sex, age at diagnosis,
study site, birth year

Sex, age at diagnosis,
study site, birth year

Sex, age at diagnosis,
study site, birth year

Exposure assessment
critique:

A key strength was the
lifetime exposure of
children captured in

a relevant period for
aspartame (1981-1991 in
the USA).

Key limitations were the
retrospective assessment
in a case-control study;
only frequency and
duration of exposure
were assessed (no dose);
and unclear sources of
aspartame.
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Table 2.4 (continued)

Reference, Population size,
location, description, exposure
enrolment/ assessment method
follow-up

period, study

design

Organ site

(histopathology),

incidence or
mortality

Exposed Risk estimate
(95% CI)

Exposure
category or level cases or
deaths

Covariates
controlled

Comments

Gurney et al. Exposure assessment

1997 method: questionnaire;
(cont.) retrospective

assessment through
in-person interviews of
mothers regarding the
period and frequency of
consumption by their
children/during their
pregnancy of several
sources of aspartame

Brain, incidence

Brain, incidence

Brain, incidence

Brain, incidence

Brain, incidence

Frequency of consumption of aspartame in

any food or drink (OR):

No consumption NR 1

<1 time/wk 7 1.6 (0.5-5.2)
> 1 time/wk 10 0.9 (0.3-2.4)

Consumption of aspartame in diet drinks
(OR):

No consumption 47 1
Any 9 0.9 (0.3-2.4)
consumption

Age at first consumption of aspartame in diet
drinks (OR):

No consumption NR 1
<3yr 4 0.8 (0.2-3.1)
>3yr 5 1.0 (0.3-3.4)

Duration of consumption of aspartame in diet
drinks (OR):

No consumption NR 1
<2yr 4 0.8 (0.2-3.1)
>2yr 5 0.9 (0.3-3.4)

Frequency of consumption of aspartame in
diet drinks (OR):

No consumption NR 1
<1 time/wk 5 1.2 (0.3-4.5)
> 1 time/wk 4 0.6 (0.2-2.3)

Advance publication, 29 April 2024

Sex, age at diagnosis,
study site, birth year

Other strengths: data
from food questionnaire;
dose-response analysis;
in utero exposure.

Other limitations:

small sample size;
potential for bias from
differential exposure
misclassification.
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Table 2.4 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure  (histopathology), category orlevel casesor (95% CI) controlled
enrolment/ assessment method incidence or deaths
follow-up mortality
period, study
design
Gurney et al. Brain, incidence Consumption of aspartame in any food or Sex, age at diagnosis,
1997 drink during pregnancy or breastfeeding study site, birth year

(cont.) (effect in offspring, OR):

No consumption 40 1

Any 9 0.7 (0.3-1.7)

consumption

Brain, incidence

Brain, incidence

Brain, incidence

Brain, incidence

Brain, incidence

Consumption of aspartame in any food or drink
during pregnancy (effect in oftspring, OR):

No consumption NR 1
Any 7 0.6 (0.2-1.7)
consumption

Consumption of aspartame in any food or
drink during breastfeeding (effect in offspring,

OR):

No consumption NR 1

Any 5 0.7 (0.2-2.0)
consumption

Consumption of aspartame in diet drinks
during pregnancy or breastfeeding (effect in
offspring, OR):

No consumption 44 1
Any 5 0.9 (0.3-2.8)
consumption

Consumption of aspartame in diet drinks
during pregnancy (effect in offspring, OR):

No consumption NR 1
Any 3 0.7 (0.2-2.7)
consumption

Consumption of aspartame in diet drinks
during breastfeeding (effect in offspring, OR):

No consumption NR 1
Any 4 1.1 (0.3-4.0)
consumption

Advance publication, 29 April 2024
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Table 2.4 (continued)

Reference,
location,
enrolment/
follow-up
period, study
design

Population size,
description, exposure
assessment method

Organ site Exposure Exposed Risk estimate
(histopathology), category orlevel casesor (95% CI)
incidence or deaths

mortality

Covariates
controlled

Comments

Gallus et al.
(2007)

Italy
1991-2004
Case-control

Cases: 460 (larynx),
1031 (ovary);
histologically confirmed
cancers of larynx

(415 men, 45 women;
median age, 61 yr), or
ovary (1031; median
age, 55 yr); > 95%
participation

Controls: 1088 (larynx),
2411 (ovary); controls
admitted to same
network of general and
teaching hospitals as
cases for acute, non-
neoplastic disorders;
total of 7028 patients
(3301 men and 3727
women; 4838 included
in more than one
study); 24% trauma,
31% other nontraumatic
orthopaedic conditions,
17% acute surgical
disorders, 28%
miscellaneous other
diseases; > 95%
participation

Larynx, incidence Consumption of ASs other than saccharin

(OR):

Non-consumers 439 1

> 0 sachets or 21 1.62 (0.84-3.14)
tablets/day

Ovary, incidence ~ Consumption of ASs other than saccharin

(OR):

Non-consumers 958 1

> 0 sachets or 73 0.75 (0.56-1.00)
tablets/day
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Age, sex, study
centre, education,
tobacco smoking,
alcohol drinking,
BM]I, total energy
intake, consumption
of hot beverages
Age, study centre,
education, tobacco
smoking, alcohol
drinking, BMI,
total energy intake,
consumption of hot
beverages, parity,
menopausal status/
age at menopause

Exposure assessment
critique:

Key limitations were
that there was no
specific assessment of
aspartame, aspartame
was considered as
“other sweeteners” but
with unclear actual
contribution; only

one source considered
(tabletop sweeteners);
retrospective assessment
in a case—control study.
Other information:
according to the authors,
limited consumption of
sources of sweeteners
(including ASBs) in

the study population
(middle-aged adults in
Italy between 1991 and
2004).

Other strengths: high
response rates (< 5%
refusals) for cases and
controls reduce the
potential for selection
bias; large sample size
with large case numbers
for rarer cancers;
control for key potential
confounders, including
BMI.
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Table 2.4 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure  (histopathology), category orlevel casesor (95% CI) controlled
enrolment/ assessment method incidence or deaths
follow-up mortality
period, study
design
Gallus et al. Exposure assessment Other limitations: low
2007) method: questionnaire; AS use; potential for
(cont.) assessment of use of recall bias and reverse
tabletop sweeteners causation.
containing either
saccharin or other
sweeteners as sachets
or tablets per week in
the 2 yr before cancer
diagnosis
Bosetti et al. Cases: 454; hospital- Uterus/ Consumption of low-calorie sweeteners other ~ Age, study centre Exposure assessment
2009 based, greater Milan uterine corpus than saccharin (OR): critique:
Ttaly area; cases had (endometrium), Non-users 394 1 Key limitations were
1997-2007 histologicglly confirmed incidence Users 58 1.37 (0.96-1.95) that .there was no
Case-control endorpetrlal cancer Uterus/ Consumption of low-calorie sweeteners other ~ Age, study centre, specific assessment of
(median age, 60 yr) . h harin (OR): fintervi aspartame, aspartame
Controls: 908; controls uterine corpus than saccharin (OR): year ot tnter view, was included “other
selected from same (endometrium),  Non-users 394 ! education, BMI, sweeteners” but
network of general and incidence Users 58 1.07 (0.71-1.61) ;qbacco sm(?klng, with unclear actual
istory of diabetes,

teaching hospitals as
cases for acute, non-
neoplastic disorders,
frequency-matched

on age, sex, and study
centre; 25% traumas,
32% nontraumatic
orthopaedic conditions,
15% acute surgical
disorders, 27%
miscellaneous other
diseases; > 95% control
participation

Advance publication, 29 April 2024

consumption of
hot beverages, total
energy intake

contribution; only

one source considered
(tabletop sweeteners);
retrospective assessment
in a case—control study
(potential for differential
misclassification).

Other information:
according to the authors,
limited consumption of
sources of sweeteners
(including ASBs) in

the study population
(middle-aged adults in
Italy between 1991 and
2007).
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Table 2.4 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments

location, description, exposure  (histopathology), category orlevel casesor (95% CI) controlled

enrolment/ assessment method incidence or deaths

follow-up mortality

period, study

design

Bosetti et al. Exposure assessment Other strengths: > 95%
2009 method: questionnaire; participation rate among
(cont.) assessment of use of controls; adjustment for

tabletop sweeteners
containing either
saccharin or other
sweeteners as several
sachets or tablets per
week in the 2 yr before
cancer diagnosis;
exposure to “other
sweeteners” considered
as ever users vs non-
users only

Advance publication, 29 April 2024

several key confounders,
including BMI and
diabetes status.

Other limitations:
exposure assessment
limited to users vs
non-users which
increases the

potential for exposure
misclassification; low
frequency of consumers;
potential for reverse
causation, recall bias.
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Table 2.4 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments

location, description, exposure  (histopathology), category orlevel casesor (95% CI) controlled

enrolment/ assessment method incidence or deaths

follow-up mortality

period, study

design

Cabaniolsetal.  Cases: 122; recruitment  Brain (glioma, Aspartame consumption (OR): Age, sex Exposure assessment
2011) of consecutive new cases grades II-1V), < 1 time/wk 92 1 critique:

France of primary malignant incidence > 1 sk 30 1.02 (0.57-1.85) Key limitations were
(Marseilleand  brain (glioma grades II- the retrospective recall

Toulon) IV) tumour in patients using an unknown

2005 aged > 18 yr question on frequency

Case—control

Controls: 122; controls,
matched on age (+ 5 yr)
and sex, randomly
selected from patients
hospitalized for reasons
unrelated to cancer

in the neurosurgery
department

Exposure assessment
method: self-
administered
questionnaire with
question on aspartame
consumption frequency
for the past 5 yr

Advance publication, 29 April 2024

of aspartame use
(question and validity
not reported); unclear
sources considered.
Other limitations: small
sample size, recall bias;
study methodology not
well described.
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Table 2.4 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments

location, description, exposure  (histopathology), category orlevel casesor (95% CI) controlled

enrolment/ assessment method incidence or deaths

follow-up mortality

period, study

design

Singh et al. Cases: 50; hospital- Thyroid (well- AS consumption (OR): None Exposure assessment
2020) based study (Mount differentiated), None 12 1 critique:

USA Sinai, Queens hospital incidence Any 38 10.1 (4.01-25.10) Key limitations were

2004-2014 centre, Elmhurst the retrospective recall

Case-control

hospital centre);

cases were patients
undergoing total
thyroidectomy for well-
differentiated thyroid
cancer; all were aged

> 18 yr

Controls: 50; controls
(aged > 18 yr) chosen
among patients
diagnosed with thyroid
nodules through needle
aspiration; matching
and control recruitment
not mentioned
Exposure assessment
method: telephone
based, self-report
questionnaire on use of
ASs before diagnosis

consumption

using a questionnaire.
no specific assessment
of aspartame, only
total ASs and only in
beverages, multiple
sweeteners in products,
with aspartame a
major contributor but
contribution could not
be quantified).

Other limitations:
small sample size, the
exposure period was
unclear with respect to
the diagnosis, unclear
control selection,
control for confounders
not reported, control
group participants had
thyroid nodules; study
methodology not well
described; statistical
methods appear to be
non-standard.

AS, artificial sweetener; ASB, artificially sweetened beverage; BMI, body mass index; CI, confidence interval; CPS-II, Cancer Prevention Study-II; EPIC, European Prospective
Investigation into Cancer and Nutrition; FDA, Food and Drug Administration; FFQ, food frequency questionnaire; HPFS, Health Professionals Follow-up Study; HR, hazard ratio;
MCCS, Melbourne Collaborative Cohort Study; mo, month(s); NHS, Nurses’ Health Study; NIH-A ARP, National Institutes of Health-American Association of Retired Persons; NR,
not reported; OR, odds ratio; PLCO, Prostate, Lung, Colorectal and Ovarian Cancer screening trial; SD, standard deviation; SSB, sugar-sweetened beverage; vs, versus; wk, week(s); yr,

year(s).

Advance publication, 29 April 2024

swepedsy



IARC MONOGRAPHS - 134

University of Minnesota (Nutrition Coordinat-
ing Center, 2023). The multivariable data analyses
on incident cancer cases accumulated during
follow-up (1995-1996 to 2000) found that aspar-
tame was not positively associated with glioma
overall (RR for > 400 mg/day versus none, 0.73;
95% CI, 0.46-1.15; P for trend, 0.05) or with glio-
blastoma, the largest subtype of brain tumours
(RR for > 400 mg/day versus none, 0.64; 95% CI,
0.37-1.10; P for trend, 0.05; 231 cases). The asso-
ciations were null when the lowest level of aspar-
tame intake was set as the reference category
(data not reported in Table 2.4). [The Working
Group noted that, although the researchers
applied exposure assessment methods aimed
at more specifically estimating consumption of
aspartame (separately from that of other arti-
ficial sweeteners) and the period of assessment
coincided with a relevant period of aspartame
exposure from ASBs in the USA, aspartame in
beverages in the USA was introduced 10 years
before the baseline questionnaire administration;
therefore, a certain degree of exposure misclas-
sification may have been introduced by the lack
of data before study entry periods. As in other
prospective studies, participants were potentially
exposed to various and changing types of artifi-
cial sweetener during adulthood in the 1980s to
2000s, depending on the evolution of drinks and
food products on the market, and these variations
were not measured. Therefore, some random
measurement error leading to underestimation
of a potential association between aspartame and
cancer risk was likely. Additionally, this study
was limited by a rather short follow-up (5 years).]

The Iowa Women’s Health Study Cohort
included 23 039 women aged 55-69 years in 1986,
who were randomly selected from driver’s licence
listsin Iowa, USA, and who responded to a mailed
questionnaire (Inoue-Choi et al., 2013). During
follow-up (1986-2010), 592 cases of endometrial
cancer (type I, 506; type II, 86) were diagnosed.
The article reported the BMI-adjusted associ-
ation between quintiles of sugar-free beverage
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consumption and risk of endometrial cancer
(type I and II separately), before and after exclu-
sion of participants with a history of diabetes.
There was no association for endometrial cancer
risk in all women or in women without history
of diabetes. [The Working Group noted that
there was no specific assessment of aspartame,
since only ASB consumption was measured. The
assessment of ASB consumption (1986) covered
arelevant period in the USA for the use of aspar-
tame in beverages. In addition, ASB consumption
may have varied at the individual level over time,
thus the study was limited by the single baseline
assessment. All these uncertainties in exposure
assessment were likely to result in non-differen-
tial misclassification of aspartame exposure.]
The MCCS included 35 593 participants
(14 101 men and 21 492 women) aged 40-69 years
(Hodge et al., 2018). The baseline diet question-
naire, with 121 drinks and food items, included
questions about consumption of diet soft drinks
(artificially sweetened) by number of times per
day or per week. During follow-up (1990-1994 to
2013), 167 cancers of the endometrium and 130
cancers of the ovary were identified. No associa-
tion was found between frequency of consump-
tion of artificially sweetened soft drinks and risk
of endometrial cancer (HR for > 1/day versus
< 1/month, 0.81; 95% CI, 0.42-1.55). Risk of
ovarian cancer was positively associated with
artificially sweetened soft drink consumption;
however, with a wide confidence interval (HR for
> 1/dayversus < 1/month, 1.37;95% CI, 0.72-2.61).
In the combined cohort of the NHS (follow-up,
1980-2014) and the HPES (follow-up, 1986-
2014), there was no association between ASB
consumption and lung cancer mortality (HR per
1 serving/day increment, 0.98; 95% CI, 0.92-1.08)
(Malik et al., 2019). [The Working Group noted
that the study provided no specific estimate of
aspartame exposure. Only ASB consumption
was investigated, which was considered by the
Working Group as a proxy for aspartame. Malik
etal. (2019) assessed ASB exposure during a time
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period that was relevant for aspartame being
used as the main artificial sweetener in the USA,
although there was more uncertainty about the
use of aspartame as the only artificial sweetener
in beverages between the mid-2000s and 2010.
The dietary questionnaire collected information
on consumption frequency only, without portion
sizes. Therefore, non-differential misclassifica-
tion of the exposure to aspartame was likely.]

The CPS-II cohort study included 416 313
men and 518 464 women aged > 28 years at base-
line (follow-up, 1982-2016) (McCullough et al.,
2022). The baseline questionnaire included a grid
that asked how many cups, glasses, or drinks of
ASBs were usually drunk per day and for how
many years, with write-in reporting by frequency
and duration. Diet soda and diet iced teas were
considered as ASB, whereas “non-diet colas” and
“other non-diet soft drinks” were considered
sugar-sweetened beverages. The CPS-II cohort
study used cancer mortality as the end-point.
The multivariable-adjusted analysis additionally
adjusting for BMI found no association between
intake of artificial sweeteners and risk of dying
from cancer of the brain (HR for > 2 drinks/
day versus none, 0.97; 95% CI, 0.84-1.11) or the
lung (for the entire cohort, HR per drink of ASB
consumed per day, 0.97; 95% CI, 0.96-0.99; and
for never-smokers, HR per drink per day, 1.00;
95% CI, 0.96-1.04). The cohort also included
1693 deaths from cancer of the uterus and 3225
deaths from cancer of the ovary. No association
was found with the consumption of ASBs after
adjustment for BMI. For uterine cancer, the HR
for > 2 drinks/day versus never was 1.18 (95%
CI, 1.00-1.40; P for trend, 0.049) in the model
without adjustment for BMI, and 1.01 (95%
CI, 0.85-1.21; P for trend, 0.878) in the model
controlling for BMI. The BMI-adjusted overall
relative risk expressed per drink per day was 0.99
(95% CI, 0.95-1.05) for endometrial cancer and
1.00 (95% CI, 0.97-1.04) for ovarian cancer.

Advance publication, 29 April 2024

[The Working Group noted that the exposure
assessment took place in 1982, 1 year before the
approval of aspartame use in food or beverages
in the USA. The Working Group considered that
this study was relevant for aspartame exposure,
given the published data on the participants of the
CPS-II cohort who were also in the CPS-II nutri-
tion cohort, which showed consistent relative
ranking of consumption of ASBs over 17 years
of follow-up (McCullough et al., 2014). However,
there was large potential for random error in the
exposure measurement and in confounders, with
only one exposure measurement at baseline and
a median follow-up of 27.7 years.]

The PLCO cohort (follow-up, 1993-2001
to 2009) reported on diet soft drink consump-
tion without further specification of the type
of artificial sweetener or type of drink, using
an FFQ containing 156 items (You et al., 2022).
The overall analyses (including both men and
women, and both smokers and never-smokers,
adjusted for smoking, sex, and other potential
confounders) found a hazard ratio of 0.89 (95%
CIL, 0.75-1.07) for consuming only diet soft
drink compared with no consumption of any
soft drink. [The Working Group noted that the
relative risk for consumption of only regular soft
drinks versus no consumption of any soft drinks
was very similar (RR, 0.87; 95% ClI, 0.73-1.03).]
Separate analyses restricted to never-smokers, to
men only, and to women only, found similar esti-
mates of relative risk, all close to or below 1 (see
Table 2.4), suggesting no association between
lung cancer risk and the consumption of diet soft
drinks compared with no soft drink consump-
tion. [The Working Group noted that the assess-
ment of consumption of ASBs in this study was
consistent with a period when aspartame was
used as the major sweetener in ASBs in the USA;
however, the lack of information on intake before
baseline may result in potential non-differential
exposure misclassification. The lack of assess-
ment of consumption of drinks and foods poten-
tially containing aspartame and other artificial
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sweeteners may also result in non-differential
exposure misclassification.]

The EPIC study examined the association
between artificial sweeteners and thyroid cancer
(Zamora-Ros et al., 2022). The investigation
included 450 064 adults from 10 European coun-
tries. Dietary intake was assessed using validated
country-specific dietary questionnaires. After a
mean follow-up time of 14 years, 712 first primary
differentiated thyroid cancers were diagnosed,
but the analysis on ASBs included 495 thyroid
cancer cases, because data on ASB consumption
were not available in some centres. The main
purpose of this study was to analyse the asso-
ciation between dietary patterns and thyroid
cancer risk. In addition, results were presented
for specific food groups, including sugar-sweet-
ened beverages and ASBs. Overall, the study
found little evidence of an association between
consumption of ASBs and thyroid cancer risk.
The hazard ratio comparing the higher tertile of
consumption of ASBs with no consumption was
1.16 (95% CI, 0.80-1.69).

[The Working Group noted that the study
measured ASBs, but there was no specific meth-
odology aimed at the assessment of aspartame
consumption. However, despite uncertainty
regarding the aspartame content of artificially
sweetened soft drinks, the study was conducted
during a time period that was relevant for aspar-
tame exposure from ASBs. Potential variations
in the aspartame content of available artifi-
cially sweetened soft drinks over time was not
measured, since the assessment was performed
at baseline only; therefore, there was potential for
non-differential misclassification of aspartame
exposure.]

One case-control study from USA inves-
tigated the risk of brain tumours in childhood
in relation to consumption of aspartame during
infancy and childhood (Gurney et al., 1997).
Information was collected from the biological
mothers of the cases and the matched controls.
The study also investigated the association
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between consumption of aspartame during preg-
nancy and subsequent risk of brain tumours in
the offspring. Overall, the results indicated no
association between aspartame consumption
and brain tumour risk in childhood (OR, 1.1;95%
CI, 0.5-2.6), or between aspartame consump-
tion during pregnancy and brain tumour risk
in the offspring (OR, 0.7; 95% CI, 0.3-1.7). [The
Working Group noted that only information
on frequency of consumption and duration of
exposure was ascertained, but portion sizes were
not collected. Exposure referred to the period
between 1981 and 1991 in the USA, potentially
capturing lifetime exposure to aspartame in the
USA. However, the lack of specificity regarding
food source and the retrospective assessment may
have resulted in measurement errors. Therefore,
there was potential for inadequate extrapolation
to exposure to aspartame, and possible differ-
ential misclassification because of retrospective
assessment in a case—control study.]

A case—control study of 460 cases of laryn-
geal cancer and 1031 cases of ovarian cancer were
conducted in 1991-2004 in Italy, with controls
selected from the same network of general and
teaching hospitals (Gallus et al., 2007). After
adjustment for age, sex, study centre, education,
tobacco smoking, alcohol drinking, BMI, total
energy intake, and consumption of hot bever-
ages, the study found a positive but imprecise
association between the consumption of artificial
sweeteners other than saccharin and laryngeal
cancer risk (OR, 1.62; 95% CI, 0.84-3.14), and
an inverse association with ovarian cancer risk
(OR, 0.75; 95% CI, 0.56-1.00) in models further
adjusted for parity, menopausal status, and age
at menopause).

Another case-control study was conducted in
Italy (Bosetti et al., 2009), similarly to the hospi-
tal-based case-control research programme
described above (Gallus et al., 2007). The study
included 454 cases of histologically confirmed
endometrial cancer and 908 controls with acute,
non-neoplastic disorders and selected from same
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network of general and teaching hospitals as the
cases. Statistical analyses adjusting for age, study
centre, year of interview, education, BMI, tobacco
smoking, history of diabetes, consumption of hot
beverages, and total energy intake found no asso-
ciation between use of artificial sweeteners other
than saccharin and endometrial cancer risk (OR,
1.07; 95% CI, 0.71-1.61). [The Working Group
noted that for both studies, Bosetti et al. (2009)

and 12 controls who reported consumption of
artificial sweetener. [The Working Group noted
that the description of the study methodology
was very limited, and it appeared that it was
not analysed according to the epidemiological
standards for case—control studies, i.e. the covar-
iates used in the analysis were not specified and
controls were not matched.]

and Gallus et al. (2007), aspartame intake was
estimated on the basis of use of tabletop sweet-
ener sachets or tablets other than saccharin. The
assumption that these sweeteners were actually
aspartame was based on data from teenagers in
2000 (Arcella et al., 2004) and 1996 (Leclercq
et al, 1999) that may not be valid, since the
consumption of foods by adults and teenagers
may differ. In addition, it was not clear whether
aspartame was widely used in Italy over the
whole data collection period, and there was no
consideration of exposure from ASBs, although
the authors claimed that such exposure was
limited in middle-aged elderly Italian people at
the time of study assessment.]

A small case-control study on brain cancer,
conducted in France in 2005, was primarily
focused on personal habits and psychological
stress (Cabaniols et al., 2011). The study reported
no association with aspartame. [The Working
Group noted that the overall methodology of
the study was only very briefly described in the
article, and it did not specify how aspartame
exposure was measured or how it was separated
from generic exposure to artificial sweeteners.]

A small case-control study carried out in
2004-2014 in the USA included 50 patients
diagnosed with well-differentiated thyroid
cancer and 50 control patients diagnosed with
benign thyroid nodules (Singh et al., 2020).
Artificial sweetener consumption was assessed
by a telephone interview and included questions
on amount and duration of artificial sweetener
consumption. A crude odds ratio was reported
(OR, 10.1; 95% CI, 4.01-25.10) based on 38 cases
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Yin et al. (2022) reported a meta-analysis of
studies evaluating ASBs (without restriction to
time during which aspartame was used) and risk
of glioma or cancers of the endometrium, ovary,
and thyroid. [The Working Group determined
that this meta-analysis did not contribute useful
information, since its aim was to study the associ-
ation between ASBs and cancer, without specific
consideration of aspartame. Also, only one study
on glioma and ovarian and thyroid cancers was
included, and only two studies on endometrial
cancer (Inoue-Choi et al., 2013; Hodge et al.,
2018)]

2.5 Cancers of lymphatic and
haematopoietic tissues

See Table 2.5.

A total of four original prospective cohort
studies conducted in the USA (Lim et al., 2006;
Schernhammer et al., 2012; McCullough et al.,
2014, 2022), one case—control study in Spain
(Palomar-Cros et al., 2023), and four meta-ana-
lyses (Toews et al., 2019; WHO et al., 2022; Yin
et al., 2022; Pan et al., 2023) reported results on
the association between proxies of aspartame
exposure and risk of lymphatic and haematopoi-
etic cancers.

The NIH-AARP Diet and Health Study
cohortincluded 285 079 men and 188 905 women
in the USA (Lim et al., 2006). During follow-up
(1995-2000), 1888 haematopoietic cancers were
ascertained by cancer registries. Estimated daily
aspartame intake was derived from responses
to a limited baseline self-administered FFQ on
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Table 2.5 Epidemiological studies on consumption of aspartame and cancers of lymphatic and haematopoietic tissues

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments

location, description, exposure  (histopathology), category or casesor (95% CI) controlled

enrolment/ assessment method incidence or level deaths

follow-up mortality

period, study

design

Lim et al. 473984 (285079 men  All Aspartame intake (RR): Age at entry, Exposure assessment critique:

P 8 Y P 9

2006 and 188 905 women); haematopoietic None 869 1 sex, ethnicity, A key strength was the

USA NIH-AARP Diet and cancers, >0, 432 0.91 (0.81-1.03) BMI, history of ~ prospective and quantitative

113;19rsolr;19e9n6t; Healtgl Study:1 lzngP incidence < 100 mg/day diabetes assessmenft of aspa}rtamz o

e members aged >0 > 100, 280 110 (0.96-1.26) CXpoSUTe from Varions As5s

ollow-up, 71 yr residing in the < 200 mg/day and tabletop packets in a

through 2000 study area (California, relevant period for aspartame

Cohort Florida, Pennsylvania, =200, 137 1.01 (0.84-1.21) (1995-1996 in the USA).
New Jersey, North <400 mg/day Key limitations were the
Carolina, Louisiana, 2 400, 104 1.05 (0.85-1.29) sequential assessment of first
Atlanta, Detroit) <600 mg/day the frequency of consumption
excluding those with > 600 mg/day 66 0.98 (0.76-1.27) of soft drinks and then of
prevalent cancer, Trend-test P value: 0.56 diet/sugar-free versions
1nva.11d BMI data, All Aspartame intake, men (RR): Age at entry, Wlth imprecise freq_uenaes
outhers. on 1r(eport(id haematopoietic  None 615 1 ethnicity, BMI, inducing ;naccuraqes; other
energy intake, an cancer, incidence 50 204 0.95 (0.83-1.10) history of sources (? aspartame were
proxy responders 0 i Felbtias not considered (although
Exposure assessment g/aay these were more limited).
method: FFQ at 2100, 187 1.09 (0.92-1.29) Other strengths: large cohort;
baseline, 5 yr of follow- <200 mg/day case ascertainment based on
up; consumption =200, 95 1.03 (0.83-1.29) cancer registries with high
frequency of three < 400 mg/day (>90%) completeness; large
types of soft drinks > 400, 76 1.07 (0.84-1.36) numbers of cases.
(soda, fruit drinks, and < 600 mg/day Other limitations: potential

iced tea) + frequency
of consumption of diet
vs regular versions +
three portion sizes; use
of tabletop sweetener
packets; standard
doses of aspartame
assigned to beverages
and packets

> 600 mg/day 51
Trend-test P value: 0.42
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1.06 (0.79-1.42)
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for bias from non-differential
exposure misclassification
due to older age at enrolment
and a lack of data before
study entry (aspartame in
beverages introduced in the
USA 10 yr before baseline).
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Table 2.5 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure (histopathology), category or casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
Lim et al. All Aspartame intake, women (RR): Age at entry,
2006 haematopoietic None 254 1 ethnicity, BMI,
(cont.) cancers, >0, 138 0.83 (0.67-1.02) history of
incidence < 100 mg/day diabetes
> 100, 93 1.11 (0.87-1.41)
<200 mg/day
> 200, 42 0.95 (0.68-1.32)
<400 mg/day
> 400, 28 1.02 (0.69-1.51)
< 600 mg/day
> 600 mg/day 15 0.80 (0.47-1.35)
Trend-test P value: 0.87
Hodgkin Aspartame intake (RR):
lymphoma, None 29 1
incidence > 0 mg/day 28 0.77 (0.44-1.32)
Trend-test P value: 0.34
Multiple Aspartame intake (RR):
myeloma, None 127 1
incidence >0, 57 0.85 (0.62-1.17)
< 100 mg/day
> 100, 48 1.39 (0.99-1.96)
<200 mg/day
> 200, 20 1.13 (0.70-1.83)
< 400 mg/day

> 400 mg/day 21
Trend-test P value: 0.40
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1.03 (0.64-1.66)
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Table 2.5 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure (histopathology), category or casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
Lim et al. NHL, overall, Aspartame intake (RR): Age at entry,
2006 incidence None 592 1 sex, ethnicity,

(cont.) >0, 300 0.93 (0.81-1.07)  BML history of

< 100 mg/day diabetes

> 100, 177 1.01 (0.85-1.19)

<200 mg/day

> 200, 92 0.98 (0.78-1.22)

<400 mg/day

> 400, 73 1.06 (0.82-1.35)

< 600 mg/day

> 600 mg/day 45 0.95 (0.70-1.29)

Trend-test P value: 0.91

NHL (SLL and Aspartame intake (RR):
CLL), incidence  None 109 1

>0, 60 1.03 (0.75-1.41)

< 100 mg/day

> 100, 36 1.16 (0.79-1.71)

<200 mg/day

NHL
(immunoblastic
lymphoma and
lymphoblastic
lymphoma/
leukaemia),
incidence

> 200 mg/day 36
Trend-test P value: 0.84
Aspartame intake (RR):
None 23
>0 mg/day 22
Trend-test P value: 0.40

1.02 (0.69-1.52)

1
0.77 (0.42-1.42)
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Table 2.5 (continued)

S9¢

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure (histopathology), category or casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
Lim et al. Non-lymphoid Aspartame intake (RR): Age at entry,
2006 leukaemia), None 121 1 sex, ethnicity,
(cont.) incidence >0, 62 0.93 (0.68-1.27) BMI, history of
< 100 mg/day diabetes
> 100, 47 1.31 (0.93-1.85)
<200 mg/day
> 200, 20 1.05 (0.65-1.70)
<400 mg/day
> 400 mg/day 29 1.25 (0.82-1.91)
Trend-test P value: 0.19
Schernhammer 125028 (77 218 women NHL, incidence  Frequency of diet soda consumption, men (RR): Age, Exposure assessment critique:
etal. (2012 and 47 810 men). 1324 None 172 1 questionnaire A key strength was the
gSA1 t NHIIJ, 285 mljlltgée <1serving/wk 122 1.12 (0.88-1.43) cycle, sug;r— . prospective qfuantitative
nrolment, myeloma, an . sweetened soda assessment ot aspartame
1976 (NHS), leukaemia; Women of 1_1(3'9 servings/ 124 1.06 (0.83-1.34) consumption, exposure as a cumulative
1986 (HPFES)/ the NHS were included W . fruit and average from repeated diet
follow-up, in 1976: registered 4-6.9 servings/ 53 0.96 (0.69-1.32) vegetable assessments every 4 yr;
1984-2006 nurses, aged 30-55 yr; wk consumption, aspartame was assessed from
(NHS), 1986- men of the HPFS were = 1 serving/day 100 131 (1.01-1.72)  multivitamin diet sodas and aspartame
2006 (HPFS included in 1986: Trend-test P value: 0.11 use, intakes of packets using assigned
Cohort dentists, veterinarians, alcohol, saturated aspartame content at a very
pharmacists, fat, animal relevant period for aspartame
optometrists, protein, and total exposure from ASBs (the

podiatrists, and
osteopaths, aged
40-75 yr; participants
reporting any previous
diagnosis of cancer
were excluded

Advance publication, 29 April 2024

energy; race,
BM]J, height,
discretionary
physical activity,
smoking history

USA between 1984 and 2006)
potentially capturing lifetime
exposure to aspartame.

A key limitation was that
other sources of aspartame
including non-soda ASBs
were not considered
(although these were more
limited).

swepedsy



99¢

Table 2.5 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments

location, description, exposure (histopathology), category or casesor (95% CI) controlled

enrolment/ assessment method incidence or level deaths

follow-up mortality

period, study

design

Schernhammer  Exposure assessment ~ NHL, incidence  Frequency of diet soda consumption, Age, Other strengths: length of
etal. (2012) method: assessment of women (RR): questionnaire follow-up; large number of
(cont.) aspartame exposure None 189 1 cycle, sugar- haematopoietic cancer cases

from diet soda and
sachets of aspartame
through repeated FFQ
(every 4 yr); assigned
values of aspartame
for packets and sodas
(weighted average of
representative sodas)

NHL, incidence

< lserving/wk 167

1-3.9 servings/ 173
wk

4-6.9 servings/ 87
wk

> 1serving/day 137
Trend-test P value: 0.999

0.98 (0.79-1.22)
0.90 (0.72-1.11)

0.85 (0.65-1.10)

1.00 (0.78-1.26)

Frequency of diet soda consumption (RR):

None 361
< 1serving/wk 289

1-3.9 servings/ 297
wk

4-6.9 servings/ 140
wk

> 1 serving/day 237
Trend-test P value: 0.28

1
1.04 (0.89-1.22)
0.96 (0.82-1.13)

0.89 (0.72-1.09)

1.13 (0.94-1.34)

Advance publication, 29 April 2024

sweetened soda
consumption,
fruit and
vegetable
consumption,
multivitamin
use, intakes of
alcohol, saturated
fat, animal
protein, and total
energy; race,
BM]I, height,
discretionary
physical activity,
smoking history,
menopausal
status and use

of HRT (women
only)

overall.

Other limitations: potential
for bias from non-differential
exposure misclassification.
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Table 2.5 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure (histopathology), category or casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
Schernhammer NHL, incidence ~ Aspartame intake, men, follow-up 1994-2006  Age,
etal. (2012 (RR): questionnaire
(cont.) None 95 1 cycle, sugar-
< 19 mg/day 55 0.92 (0.65-1.29) Sweetene‘tl.wda
consumption,
19-59 mg/day 65 L13 (0.82-157) ¢ ang
60-142 mg/day 49 0.98 (0.68-1.40) vegetable
> 143 mg/day 69 1.64 (1.17-2.29)  consumption,
Trend-test P value: 0.002 multivitamin

Advance publication, 29 April 2024

use, intakes of
alcohol, saturated
fat, animal
protein, and total
energy, race,
BMI; height;
discretionary
physical activity,
smoking history
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Table 2.5 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure (histopathology), category or casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
Schernhammer NHL, incidence Aspartame intake, women, follow-up 1994- Age,
etal. (2012 2006 (RR): questionnaire
(cont.) None 172 1 cycle, total sugar
< 19 mg/day 114 0.94 (0.74-1.20)  intake, fruit

NHL, incidence

19-55 mg/day 110
56-128 mg/day 91
> 129 mg/day 86

Trend-test P value: 0.48

0.96 (0.75-1.22)
0.83 (0.64-1.08)
0.91 (0.69-1.20)

Aspartame intake, follow-up 1994-2006 (RR):

None 267
< 19 mg/day 169
19-59 mg/day 175
(men),

19-55 mg/day
(women)

60-142 mg/day 140
(men),

56-128 mg/day
(women)

> 143 mg/day 155
(men),

> 129 mg/day
(women)

Trend-test P value: 0.12

1
0.93 (0.76-1.13)
1.02 (0.83-1.24)

0.88 (0.71-1.09)

1.16 (0.93-1.43)

Advance publication, 29 April 2024

and vegetable
consumption,
multivitamin
use, intakes of
alcohol, saturated
fat, animal
protein, and total
energy, race,
BMLI, height,
discretionary
physical activity,
smoking history,
menopausal
status and use

of HRT (women
only)
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Table 2.5 (continued)

69¢

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure (histopathology), category or casesor (95% CI) controlled

enrolment/ assessment method incidence or level deaths

follow-up mortality

period, study

design

Schernhammer NHL, incidence ~ Frequency of diet soda consumption, men, low  Age,

etal. (2012 alcohol intake (< 6 g/day) (RR): questionnaire

(cont.) None 82 1 cycle, sugar-

NHL, incidence

0.99 (0.69-1.43)
1.27 (0.90-1.79)

< lserving/wk 51
1-3.9 servings/ 66

wk
4-6.9 servings/ 22 0.85 (0.52-1.39)
wk
1-1.9 servings/ 27 1.02 (0.64-1.61)
day

> 2 servings/day 29 2.34 (1.46-3.76)
Trend-test P value: 0.004

Frequency of diet soda consumption, men,

high alcohol intake (> 6 g/day) (RR):

None 90 1
<1serving/wk 71 1.20 (0.86-1.67)
1-3.9 servings/ 58 0.84 (0.59-1.2)
wk

4-6.9 serving/ 31 0.99 (0.64-1.52)
wk

1-1.9 servings/ 34 1.19 (0.77-1.82)
day

>2serving/day 10 0.96 (0.48-1.90)

Trend-test P value: 0.98

Advance publication, 29 April 2024

sweetened soda
consumption,
fruit and
vegetable
consumption,
multivitamin
use, intakes of
alcohol, saturated
fat, animal
protein and total
energy, race,
BMJ, height,
discretional
physical activity,
and smoking
history

aweyedsy



04¢

Table 2.5 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure (histopathology), category or casesor (95% CI) controlled

enrolment/ assessment method incidence or level deaths

follow-up mortality

period, study

design

Schernhammer Multiple Frequency of diet soda consumption, men Age,

etal. (2012 myeloma, (RR): questionnaire

(cont.) incidence None 40 1 cycle, sugar-

< 1serving/wk 27

1-3.9 servings/ 23
wk

4-6.9 servings/ 12
wk

> 1 serving/day 29
Trend-test P value: 0.01

1.17 (0.70-1.96)
1.04 (0.61-1.78)

1.08 (0.55-2.12)

2.02 (1.20-3.40)

Advance publication, 29 April 2024

sweetened soda
consumption,
fruit and
vegetable
consumption,
multivitamin
use, intakes of
alcohol, saturated
fat, animal
protein, and total
energy, race,
BM]J, height,
discretionary
physical activity,
smoking history
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Table 2.5 (continued)

L/L¢

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure (histopathology), category or casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
Schernhammer Multiple Frequency of diet soda consumption, women Age,
etal. (2012 myeloma, (RR): questionnaire
(cont.) incidence None 39 1 cycle, sugar-
<1serving/wk 28 0.71 (0.43-1.17) ~ Sweetened soda
1-3.9 servings/ 40 0.86(0.54-1.37)  poreambHon:
wk ruit and
. vegetable
4-6.9 servings/ 23 0.95 (0.55-1.63) consumption,
wk multivitamin
>1 SerVing/day 24 0.79 (0.45—1.36) use, intakes of
Trend-test P value: 0.79 alcohol, saturated
Multiple Frequency of diet soda consumption (RR): fat, animal
myeloma, None 79 1 protein, and total
incidence : energy, race,
<1serving/wk 55 0.91 (0.63-1.30) BMI?}yleight,
1-3.9 servings/ 63 0.94 (0.66-1.33) discretionary
wk physical activity,
4-6.9 servings/ 35 1.00 (0.65-1.52)  smoking history,
wk menopausal
> 1serving/day 53 1.29 (0.89-1.89)  status and use

Trend-test P value: 0.10

Advance publication, 29 April 2024

of HRT (women
only)
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Table 2.5 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure (histopathology), category or casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
Schernhammer Multiple Aspartame intake, men, follow-up 1994-2006:  Age,
etal. (2012 myeloma, (RR): questionnaire
(cont.) incidence None 10 1 cycle, sugar-
< 19 mg/day 17 3.33 (1.48-7.49)  Sweetened soda

19-59 mg/day 11
60-142 mg/day 14
> 143 mg/day 13
Trend-test P value: 0.05

1.70 (0.68-4.23)
2.96 (1.25-6.96)
3.36 (1.38-8.19)

Advance publication, 29 April 2024

consumption,
fruit and
vegetable
consumption,
multivitamin
use, intakes of
alcohol, saturated
fat, animal
protein, and total
energy, race,
BM]J, height,
discretionary
physical activity,
smoking history
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Table 2.5 (continued)

€LC

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure (histopathology), category or casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
Schernhammer Multiple Aspartame intake, women, follow-up 1994- Age,
etal. (2012 myeloma, 2006 (RR): questionnaire
(cont.) incidence None 45 1 cycle, total sugar
< 19 mg/day 14 0.40 (0.22-0.74) ~ intake, fruit
19-55 mg/day 25 076 (0.46-1.27) ~ 2nd vegetable
consumption,
56-128 mg/day 25 0.83 (0.50-1.39) multivitamin
>129 mg/day 15 0.59 (0.32-1.09)  yse, intakes of
Trend-test P value: 0.48 alcohol, saturated
Multiple Aspartame intake, follow-up 1994-2006 (RR): ~ fat, animal
myeloma, None 55 1 protein, and total
incidence energy, race,

<19 mg/day 31
19-59 mg/day 36
(men),

19-55 mg/day
(women)

60-142 mg/day 39
(men),

56-128 mg/day
(women)

> 143 mg/day 28
(men),

> 129 mg/day
(women)

Trend-test P value: 0.44

0.86 (0.53-1.41)
0.92 (0.59-1.44)

1.16 (0.75-1.81)

1.03 (0.62-1.72)

Advance publication, 29 April 2024

BM]I, height,
discretionary
physical activity,
smoking history,
menopausal
status and use
of HRT (women
only)
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Table 2.5 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure (histopathology), category or casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
Schernhammer Multiple Frequency of diet soda consumption, men, low  Age,
etal. (2012 myeloma, alcohol intake (< 6 g/day) (RR): questionnaire
(cont.) incidence None 17 1 cycle, sugar-
<1servings/wk 17 1.98 (0.95-4.11) ~ Sweetened soda
1-3.9 servings/ 10 1.38 (0.60-3.17) ~ consumption,
fruit and
wk
. vegetable
4-6.9 servings/ 6 1.51 (0.56-4.08) consumption
wk multivitamin
> 1serving/day 19 3.79 (1.80-8.00)  yse, intakes of
Trend-test P value: 0.002 alcohol, saturated
Multiple Frequency of diet soda consumption, men, fat, animal
myeloma, high alcohol intake (= 6 g/day) (RR): protein and total
incidence None 23 1 energy, race,
<1serving/wk 10 063 (0.27-1.48) ML heisht,
€ discretional
1-3.9 servings/ 13 0.86 (0.41-1.79) physical activity
wk and smoking
4-6.9 servings/ 6 0.73 (0.28-1.89) history
wk
>1serving/day 10 0.98 (0.43-2.23)
Trend-test P value: 0.85
Leukaemia, Frequency of diet soda consumption, men
incidence (RR):

None 52 1
1.07 (0.68-1.68)
1.51 (1.00-2.28)

< 1serving/wk 33

1-3.9 servings/ 49
wk

4-6.9 servings/ 19
wk

>1serving/day 33
Trend-test P value: 0.13

1.29 (0.75-2.24)

1.47 (0.92-2.35)

Advance publication, 29 April 2024
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Table 2.5 (continued)

S/LC

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure (histopathology), category or casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
Schernhammer Leukaemia, Frequency of diet soda consumption, women Age,
etal. (2012 incidence (RR): questionnaire
(cont.) None 33 1 cycle, sugar-
<1serving/wk 31 1.04 (0.63-1.73)  Sweetened soda
1-3.9 servings/ 37 105(0.64-172)  poreumation
wk ruit and
. vegetable
4-6.9 servings/ 21 1.21 (0.68-2.17) consumption,
wk multivitamin
> 1serving/day 31 1.36 (0.80-2.31)  yge, intakes of
Trend-test P value: 0.20 alcohol, saturated
Leukaemia, Frequency of diet soda consumption (RR): fat, animal
incidence None 85 1 protein, and total
. energy, race,
<1serving/wk 64 1.06 (0.75-1.48) BMI,g%,leight,
1-3.9 servings/ 86 1.30 (0.95-1.78) discretionary
wk physical activity,
4-6.9 servings/ 40 1.26 (0.84-1.87)  smoking history,
wk menopausal
> 1serving/day 64 1.42 (1.00-2.02)  status, and use

Trend-test P value: 0.05

Advance publication, 29 April 2024

of HRT (women
only)
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Table 2.5 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure (histopathology), category or casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
Schernhammer Leukaemia, Aspartame intake, men, follow-up 1994-2006 Age,
etal. (2012 incidence (RR): questionnaire
(cont.) None 23 1 cycle, sugar-
< 19 mg/day 14 0.89 (0.45-1.77) ~ Sweetened soda
19-59 mg/day 23 1.69 (0.91-3.12) Eﬁii‘::g tion,
60-142 mg/day 19 1.55 (0.81-2.94) vegetable
> 143 mg/day 18 156 (0.79-3.06)  consumption,
Trend-test P value: 0.17 multivitamin

Advance publication, 29 April 2024

use, intakes of
alcohol, saturated
fat, animal
protein, and total
energy, race,
BM]J, height,
discretionary
physical activity,
smoking history
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Table 2.5 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure (histopathology), category or casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
Schernhammer Leukaemia, Aspartame intake, women, follow-up 1994- Age,
etal. (2012 incidence 2006 (RR): questionnaire
(cont.) None 34 1 cycle, total sugar
< 19 mg/day 21 0.85 (0.48-1.58)  intake, fruit
19-55 mg/day 32 1.34(0.81-2.21)  ond vegetadle
consumption,
56-128 mg/day 21 0.95 (0.54-1.66) multivitamin
>129 mg/day 21 1.04 (058—185) use, intakes of
Trend-test P value: 0.94 alcohol, saturated
Leukaemia, Aspartame intake, follow-up 1994-2006 (RR): ~ fat, animal
incidence None 57 1 protein, and total

LLT

< 19 mg/day 35
19-59 mg/day 55
(men),

19-55 mg/day
(women)

60-142 mg/day 40
(men),

56-128 mg/day
(women)

> 143 mg/day 39
(men),

> 129 mg/day
(women)

Trend-test P value: 0.31

0.86 (0.56-1.33)
1.47 (1.00-2.17)

1.17 (0.77-1.79)

1.23 (0.80-1.91)

Advance publication, 29 April 2024

energy, race,
BM]I, height,
discretionary
physical activity,
smoking history,
menopausal
status and use
of HRT (women
only)
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Table 2.5 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure  (histopathology), category or casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
Schernhammer Leukaemia, Frequency of diet soda consumption, men, low  Age,
etal. (2012) incidence alcohol intake (< 6 g/day) (RR): questionnaire
(cont.) None 20 1 cycle, sugar-
< lserving/wk 21 1.76 (0.91-3.37)  sweetened soda
1-39 servings/ 25 204 (L13-407)  consumption.
wk ruit and
. vegetable
4-6.9 servings/ 6 1.09 (0.41-2.88) consumption,
wk multivitamin
> 1 serving/day 20 1.83 (0.91-3.67)  yse, intakes of
Trend-test P value: 0.38 alcohol, saturated
Leukaemia, Frequency of diet soda consumption, men, fat, animal
incidence high alcohol intake (= 6 g/day) (RR): protein and total

None 32 1
0.58 (0.29-1.17)
1.11 (0.63-1.97)

< 1serving/wk 12

1-3.9 servings/ 24
wk

4-6.9 servings/ 13
wk

>1serving/day 13
Trend-test P value: 0.40

1.44 (0.72-1.90)

1.05 (0.52-2.10)

Advance publication, 29 April 2024

energy, race,
BMLI, height,
discretional
physical activity,
and smoking
history
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Table 2.5 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure (histopathology), category or casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
McCullough 100 442 men and NHL, all Aspartame intake quintile (RR): Age at baseline,  Exposure assessment critique:
et al. (2014) women; participants (including 1st quintile 230 1 sex, history of Key strengths were the
USA were adults (aged 47-  multiple (median, diabetes, BMI, prospective quantitative
Enrolment, 95 yr) from the CPS-II  myeloma), 0 mg/day) smoking status,  assessment of aspartame
1999/follow- nutrition cohort who  incidence 2nd quintile 266 1.29 (1.08-1.54)  energy intake, intake from carbonated ASBs
up, until returned the 1999 FFQ (median, sugar-sweetened  (aspartame values assigned by
30 June 2009 Exposure assessment 3.6 mg/day) carbonated type of ASB) and aspartame
Cohort method: aspartame g. .Y beverage intake  packets; and that exposure
3rd quintile 260 1.27 (1.06-1.52) ’ .
exposure assessed (median was assessed twice at a very
quantitatively through 12.6 m /’ day) relevant period for aspartame
an FFQ in 1999 and ) g i Y exposure through ASBs (the
updated in 2003 4th quintile 234 110 (0.91-1.32) USA in 1999 and 2003).
for consumption of (median, A key limitation was that
artificially sweetened 35.8 mg/day) other sources were not
carbonated beverage 5th quintile 206 1.02 (0.84-1.24) considered (although these
and aspartame packet; (median, were more limited).
aspartame content 145 mg/day) Other strengths: large number
values assigned by Continuous (per 1196 0.99 (0.95-1.03) of NHL cases.
type for all carbonated 50 mg/day) Other limitations: potential
beverages Trend-test P value: 0.69 for bias from non-differential
NHL, all Aspartame intake quintile, men (RR): Age at baseline, ~ €Xposure misclassification.
(including 1st quintile 114 1 history of
multiple (median, diabetes, BMI,
myeloma), 0 mg/day) smoking status,
feiitznes 2nd quintile 141 136 (1.05-1.74) ~ energy intake,
(median, sugar-sweetened
4.9 mg/day) carbonated
3rd quintile 136 143 (L11-184) ~ Deverageintake
(median,
14.4 mg/day)
4th quintile 122 1.17 (0.90-1.52)
(median,
47.6 mg/day)

Advance publication, 29 April 2024
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Table 2.5 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure  (histopathology), category or casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
McCullough 5th quintile 120 1.23 (0.94-1.61)
et al. (2014) (median,
(cont.) 155 mg/day)
Continuous (per 633 1.01 (0.97-1.06)
50 mg/day)
Trend-test P value: 0.38
NHL, all Aspartame intake quintile, women (RR): Age at baseline,
(including Ist quintile 116 1 history of
multiple (median, diabetes, BMI,
myeloma), 0 mg/day) smoking status,
incidence 2nd quintile 125 1.21 (0.93-1.56)  energy intake,
(median, sugar-sweetened
3.6 mg/day) carbonatefd
3rd quintile 124 I1\(0i86o144) CeycEagemtake
(median,
9.8 mg/day)
4th quintile 112 1.02 (0.78-1.33)
(median,
31.9 mg/day)
5th quintile 86 0.82 (0.61-1.10)
(median,
127 mg/day)
Continuous (per 563 0.94 (0.88-1.01)
50 mg/day)

Trend-test P value: 0.12

Advance publication, 29 April 2024
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Table 2.5 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure (histopathology), category or casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
McCullough NHL, all Artificially sweetened carbonated beverage Age at baseline,
et al. (2014) (including intake (RR): sex, history of
(cont.) multiple Nondrinkers 331 1 diabetes, BMI,
myeloma), >0-3cans/mo 424 114 (0.98-1.32)  smoking status,
incidence 1-4 cans/wk 303 097 (0.82-1.14)  Cnersy intake,
sugar-sweetened
5-6 cans/wk 40 0.77 (0.56-1.08) T -
> 1 can/day 98 0.92 (0.73-1.17) beverage intake
Continuous (per 1196 1.00 (0.98-1.01)
1 can/day)

L8¢

NHL, incidence

Trend-test P value: 0.14

Long-term artificially sweetened carbonated
beverage intake, men (RR):

No past & no 61 1

current

Low past & low 135 1.08 (0.79-1.48)
current

High past &low 56 1.25 (0.84-1.87)
current

Low past & high 25 0.87 (0.54-1.41)
current

High past & 37 1.17 (0.74-1.83)

high current

Advance publication, 29 April 2024

Age at baseline,
sex, smoking
status, BMI,
weight change
from 1982 to
1999, history
of diabetes,
energy, long-
term intake of
sugar-sweetened
carbonated
beverage
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Table 2.5 (continued)

Reference, Population size,
location, description, exposure
assessment method

enrolment/
follow-up
period, study
design

Organ site
(histopathology),
incidence or
mortality

Exposure Exposed Risk estimate
category or casesor (95% CI)
level deaths

Covariates Comments
controlled

McCullough
et al. (2014)

(cont.)

NHL, incidence

NHL, excluding
multiple
myeloma,
incidence

Long-term artificially sweetened carbonated
beverage intake, women (RR):

No past & no 68 1

current

Low past & low 141 0.82 (0.61-1.11)

current

High past &low 90 0.94 (0.67-1.33)
current

Low past & high 21 0.77 (0.46-1.27)
current

High past & 24 0.53 (0.32-0.87)

high current

Aspartame intake quintile (RR):
1st quintile 187 1
(median,

0 mg/day)

2nd quintile 221
(median,

3.6 mg/day)

3rd quintile 215
(median,

12.6 mg/day)

4th quintile 203
(median,

35.8 mg/day)

5th quintile 172
(median,

145 mg/day)
Continuous (per 998
50 mg/day)

Trend-test P value: 0.83

1.31 (1.08-1.60)

1.29 (1.06-1.58)

1.18 (0.96-1.45)

1.07 (0.86-1.33)

1.00 (0.96-1.04)

Advance publication, 29 April 2024

Age at baseline,
sex, smoking
status, BMI,
weight change
from 1982 to
1999, history
of diabetes,
energy, long-
term intake of
sugar-sweetened
carbonated
beverage

Age at baseline,
sex, history of
diabetes, BMI,
smoking status,
energy intake,
sugar-sweetened
carbonated
beverage intake
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Table 2.5 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure (histopathology), category or casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
McCullough NHL, excluding  Artificially sweetened carbonated beverage Age at baseline,
etal. (2014) multiple intake (RR): sex, history of
(cont.) myeloma, Nondrinkers 272 1 diabetes, BMI,
incidence >0-3 cans/mo 349 113 (0.96-1.33)  Smokingstatus,
1-4 cans/wk 261 102 (0.86-1.22) cnersyintake,
sugar-sweetened
5-6 cans/wk 33 0.79 (0.55-1.14) canbenaiad
> 1 can/day 83 0.97 (0.75-1.26) beverage intake
Continuous (per 998 1.00 (0.98-1.02)
1 can/day)
Trend-test P value: 0.45
Multiple Aspartame intake quintile (RR):
myeloma, 1st quintile 43 1
incidence (median,
0 mg/day)
2nd quintile 45 1.18 (0.77-1.81)
(median,
3.6 mg/day)
3rd quintile 45 1.18 (0.77-1.81)
(median,
12.6 mg/day)
4th quintile 31 0.74 (0.46-1.20)
(median,
35.8 mg/day)
5th quintile 34 0.83 (0.51-1.33)
(median,
145 mg/day)
Continuous (per 198 0.93 (0.84-1.04)
50 mg/day)

€8¢

Trend-test P value: 0.14

Advance publication, 29 April 2024
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Table 2.5 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure (histopathology), category or casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
McCullough Multiple Artificially sweetened carbonated beverage Age at baseline,
et al. (2014) myeloma, intake (RR): sex, history of
(cont.) incidence Nondrinkers 59 1 diabetes, BMI,

>0-3 cans/mo 75 115 (0.81-1.63)  smoking status,

1-4 cans/wk 42 071 (0.47-107)  cnergy intake,

sugar-sweetened

> 5 cans/wk 22 0.70 (0.42-1.17) I N

Continuous (per 198 0.97 (0.92-1.01) beverage intake

1 can/day)

Trend-test P value: 0.05

NHL (DLBCL), Aspartame intake quintile (RR):
incidence Ist quintile 40 1

(median,

0 mg/day)

2nd quintile 63 1.82 (1.22-2.72)

(median,

3.6 mg/day)

3rd quintile 56 1.62 (1.07-2.45)

(median,

12.6 mg/day)

4th quintile 50 1.38 (0.90-2.11)

(median,

35.8 mg/day)

5th quintile 49 1.39 (0.90-2.16)

(median,

145 mg/day)

Continuous (per 258 1.02 (0.94-1.10)

50 mg/day)

Trend-test P value: 0.51

Advance publication, 29 April 2024
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Table 2.5 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure (histopathology), category or casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
McCullough NHL (DLBCL),  Artificially sweetened carbonated beverage Age at baseline,
et al. (2014) incidence intake (RR): sex, history of
(cont.) Nondrinkers 67 1 diabetes, BMI,
>0-3 cans/mo 90 1.23 (0.89-1.70) ~ smoking status,
1-4 cans/wk 71 112 (0.80-1,59)  cnersy intake,
sugar-sweetened
> 5 cans/wk 30 0.92 (0.59-1.45) N ——
Continuous (per 258 1.01 (0.98-1.04) beverage intake
1 can/day)
Trend-test P value: 0.89
NHL (CLL and Aspartame intake quintile (RR):

S8¢C

SLL), incidence

Ist quintile 59
(median,

0 mg/day)

2nd quintile 58
(median,

3.6 mg/day)

3rd quintile 55
(median,

12.6 mg/day)

4th quintile 52
(median,

35.8 mg/day)

5th quintile 43
(median,

145 mg/day)
Continuous (per 267
50 mg/day)

Trend-test P value: 0.40

1

1.05 (0.73-1.52)

1.02 (0.70-1.48)

0.95 (0.65-1.39)

0.85 (0.56-1.29)

0.96 (0.88-1.05)

Advance publication, 29 April 2024
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Table 2.5 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure (histopathology), category or casesor (95% CI) controlled

enrolment/ assessment method incidence or level deaths

follow-up mortality

period, study

design

McCullough NHL (CLL and Artificially sweetened carbonated beverage Age at baseline,

et al. (2014) SLL), incidence intake (RR): sex, history of

(cont.) Nondrinkers 80 1 diabetes, BMI,

NHL (follicular
lymphoma),
incidence

> 0-3 cans/mo 92

1-4 cans/wk 68
> 5 cans/wk 27
Continuous (per 267
1 can/day)

Trend-test P value: 0.15

0.97 (0.72-1.32)
0.89 (0.64-1.23)
0.71 (0.45-1.12)
0.99 (0.95-1.02)

Aspartame intake quintile (RR):

Ist quintile 27
(median,

0 mg/day)

2nd quintile 31
(median,

3.6 mg/day)

3rd quintile 27
(median,

12.6 mg/day)

4th quintile 29
(median,

35.8 mg/day)

5th quintile 28
(median,

145 mg/day)
Continuous (per 142
50 mg/day)

Trend-test P value: 0.72

1

1.41 (0.84-2.39)

1.22 (0.71-2.10)

1.21 (0.71-2.09)

1.20 (0.69-2.11)

1.03 (0.94-1.13)

Advance publication, 29 April 2024

smoking status,
energy intake,
sugar-sweetened
carbonated
beverage intake
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Table 2.5 (continued)

Reference,
location,
enrolment/
follow-up
period, study
design

Population size,
description, exposure
assessment method

Organ site
(histopathology),
incidence or
mortality

Exposure Exposed Risk estimate
category or casesor (95% CI)
level deaths

Covariates
controlled

Comments

McCullough
et al. (2014)

(cont.)

L8¢C

NHL (follicular
lymphoma),
incidence

NHL (other
B-cell
lymphoma),
incidence

Artificially sweetened carbonated beverage
intake (RR):
Nondrinkers 41 1

> 0-3 cans/mo 46 1.08 (0.70-1.66)

1-4 cans/wk 36 0.97 (0.61-1.54)
> 5 cans/wk 19 0.98 (0.55-1.74)
Continuous (per 142 1.00 (0.96-1.04)
1 can/day)

Trend-test P value: 0.85
Aspartame intake quintile (RR):
Ist quintile 35 1
(0 mg/day)

2nd quintile 37
(median,

3.6 mg/day)

3rd quintile 48
(median,

12.6 mg/day)

4th quintile 43
(median,

35.8 mg/day)

5th quintile 29
(median,

145 mg/day)
Continuous (per 192
50 mg/day)

Trend-test P value: 0.63

1.18 (0.74-1.89)

1.58 (1.01-2.46)

1.39 (0.88-2.20)

1.01 (0.60-1.68)

0.94 (0.85-1.05)

Advance publication, 29 April 2024

Age at baseline,
sex, history of
diabetes, BMI,
smoking status,
energy intake,
sugar-sweetened
carbonated
beverage intake
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Table 2.5 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure (histopathology), category or casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
McCullough NHL (other Artificially sweetened carbonated beverage Age at baseline,
et al. (2014) B-cell intake (RR): sex, history of
(cont.) lymphoma), Nondrinkers 46 1 diabetes, BMI,
incidence >0-3cans/mo 72 1.41 (0.97-2.06) ~ Smoking status,
-4 cans/wk 51 124(0.82-188)  Cnersy intake,
sugar-sweetened
> 5 cans/wk 23 1.13 (0.67-1.91) I N
Continuous (per 192 1.00 (0.96-1.04)  beverage intake
1 can/day)
Trend-test P value: 0.59
McCullough 934777 (416 313 men,  NHL, mortality =~ ASB consumption (HR): Age, sex, race/ Exposure assessment critique:
etal. (2022 518 464 women); CPS- Never NR 1 ethnicity, A key strength was the
ESAl t Hdpllr:)spec(tli\;ezcg)hort; < 1 drink/day NR 0.97 (0.89-1.05) sin;)king(i matr.ital grsogpective as:essment of
nrolment, adults aged > 1; . status, education, consumption.
1982/follow- exclude§ participyants ! drln.k/day NR 097 (0.88-1.07) red and Key limitatiollj;s were that
up, through with personal history 2 2drinks/day ~ NR 1.01 (0.92-1.12) processed meat there was only one dietary
2016 (median,  at baseline of diabetes Continuous (per 6600 1.00 (0.98-1.03)  consumption, assessment at baseline in
27.7 yr) or cancer other than drink/day) fruit and 1982 that was before the use
Cohort nonmelanoma skin Trend-test P value: 0.870 vegetable of aspartame in ASB, hence
cancer, men aged NHL, mortality ~ ASB consumption, men (HR): consumption, the relevance to aspartame
>90 yr or women aged Never NR 1 alcohol ‘ exposure depends on the _
>95 yr at enrolm'ent, <1 drink/day NR 1.01 (0.89-1.15) consumption, stability of ASB consumption
and those reporting ] SSB over up to 34 yr of follow-up,
only prior but not 1 drink/day NR 0.9 {0.85-1.14) consumption, but such information was not
current consumption 2 2drinks/day ~ NR 0.97(0.83-1.13)  BMI directly available; no other

of either SSBs or ASBs

Continuous (per 3409
drink/day)
Trend-test P value: 0.714

1.00 (0.95-1.04)

Advance publication, 29 April 2024

sources were considered
(although these were more
limited); and uncertainty
regarding aspartame content
in ASBs after the mid-2000s.
Other information: exclusion
of participants who reported
only prior but not current
consumption of either SSBs
or ASBs at baseline.
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Table 2.5 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments

location, description, exposure (histopathology), category or casesor (95% CI) controlled

enrolment/ assessment method incidence or level deaths

follow-up mortality

period, study

design

McCullough Exposure assessment ~ NHL, mortality =~ ASB consumption, women (HR): Age, race/ Other strengths: large cohort

etal. (2022 method: questionnaire; Never NR 1 ethnicity, with long follow-up; ability

(cont.) exposure to ASBs < 1 drink/day NR 0.94 (0.85-1.04) smoking, marital to examine multiple cancer
assessed in 1982 1 drink/day NR 0.95 (0.84-1.08) status, education, types, stratify by sex or BMI,

through a question
about the number

of drinks/day of diet
soda or ice teas (one
pooled item) and
potential changes
over the past 10 yr; no
specific assessment of
aspartame content in
ASB

NHL, mortality

NHL, mortality

>2drinks/day ~ NR

Continuous (per 3191
drink/day)
Trend-test P value: 0.916

1.04 (0.91-1.18)
1.01 (0.97-1.05)

ASB consumption, BMI, 18.5 to < 25 kg/m?

(HR):

Never NR
< 1 drink/day NR
1 drink/day NR

>2drinks/day ~ NR

Continuous (per 2970
drink/day)
Trend-test P value: 0.035

ASB consumption, BMI, 25 to < 30 kg/m? (HR):

Never NR
< 1 drink/day NR
1 drink/day NR

>2drinks/day =~ NR

Continuous (per 2689
drink/day)
Trend-test P value: 0.274

1
0.96 (0.85-1.08)
0.84 (0.71-0.98)
0.89 (0.75-1.06)
0.96 (0.91-1.01)

1
1.00 (0.88-1.13)
1.05 (0.91-1.21)
1.08 (0.93-1.25)
1.02 (0.98-1.06)

Advance publication, 29 April 2024

red and
processed meat
consumption,
fruit and
vegetable
consumption,
alcohol
consumption,
SSB
consumption,
BMI

Age, sex, race/
ethnicity,
smoking, marital
status, education,
red and
processed meat
consumption,
fruit and
vegetable
consumption,
alcohol
consumption,
SSB
consumption,
BMI

and limit to never-smokers;
comprehensive adjustment
for confounders, including
SSB consumption.

Other limitations: potential
for bias from non-differential
exposure misclassification.
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Table 2.5 (continued)

Reference,
location,
enrolment/
follow-up
period, study
design

Population size,
description, exposure
assessment method

Organ site
(histopathology),
incidence or
mortality

Exposure
category or cases or
level deaths

Exposed Risk estimate

(95% CI)

Covariates Comments

controlled

McCullough
et al. (2022

(cont.)

NHL, mortality

Multiple
myeloma,
mortality

Multiple
myeloma,
mortality

ASB consumption, BMI, > 30 kg/m? (HR):

Never NR
< 1 drink/day NR
1 drink/day NR

>2drinks/day =~ NR

Continuous (per 721
drink/day)

Trend-test P value: 0.896
ASB consumption (HR):

Never NR
< 1 drink/day NR
1 drink/day NR

> 2 drink/day NR

Continuous (per 3511
drink/day)

Trend-test P value: 0.707

ASB consumption, men (HR):

Never NR
<1 drink/day NR
1 drink/day NR

>2drinks/day ~ NR

Continuous (per 1791
drink/day)
Trend-test P value: 0.802

1
0.89 (0.71-1.11)
1.06 (0.83-1.36)
1.00 (0.79-1.27)
1.02 (0.95-1.08)

1
1.00 (0.90-1.11)
1.01 (0.89-1.15)
1.03 (0.90-1.17)
1.02 (0.98-1.06)

1
1.02 (0.86-1.22)
0.98 (0.80-1.20)
1.04 (0.84-1.27)
1.02 (0.96-1.07)

Advance publication, 29 April 2024

Age, sex, race/
ethnicity,
smoking, marital
status, education,
red and
processed meat
consumption,
fruit and
vegetable
consumption,
alcohol
consumption,
SSB
consumption,
BMI

Age, race/
ethnicity,
smoking, marital
status, education,
red and
processed meat
consumption,
fruit and
vegetable
consumption,
alcohol
consumption,
SSB
consumption,
BMI
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Table 2.5 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure (histopathology), category or casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
McCullough Multiple ASB consumption, women (HR): Age, race/
etal. (2022 myeloma, Never NR 1 ethnicity,
(cont.) mortality < 1 drink/day NR 0.98 (0.85-1.12) smoking, marital
ldrink/day ~ NR 103 (0.87-1.21)  Status. education,
i red and
>2drinks/day ~ NR 1.01 (0.85-1.21) processed meat
Continuous (per 1720 1.02 (0.97-1.07) consumption,
drink/day) fruit and
Trend-test P value: 0.841 vegetable
consumption,
alcohol
consumption,
SSB
consumption,
BMI
Multiple ASB consumption, BMI, 18.5 to < 25 kg/m? Age, sex, race/
myeloma, (HR): ethnicity,
mortality Never NR 1 smoking, marital
<1drink/day ~ NR 112 (0.95-1.31)  Status, education,

L6¢

1.10 (0.91-1.34)
1.16 (0.94-1.43)
1.07 (1.01-1.13)

1 drink/day NR
> 2 drink/day NR

Continuous (per 1603
drink/day)
Trend-test P value: 0.079

Advance publication, 29 April 2024

red and
processed meat
consumption,
fruit and
vegetable
consumption,
alcohol
consumption,
SSB
consumption,
BMI

aweyedsy



6¢

Table 2.5 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure (histopathology), category or casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
McCullough Multiple ASB consumption, BMI, 25 to < 30 kg/m? (HR): Age, sex, race/
et al. (2022 myeloma, Never NR 1 ethnicity,
(cont.) mortality < 1 drink/day NR 0.92 (0.77-1.09) smoking, marital
1 drink/day NR 0.95 (0.77-11¢)  Status, education,
. red and
> 2 drinks/day NR 1.04 (0.85-1.27) processed meat
Continuous (per 1402 1.00 (0.95-1.06) consumption,
drink/day) fruit and
Trend-test P value: 0.997 vegetable
Multiple ASB consumption, BMI, > 30 kg/m? (HR): consumption,
myeloma, Never NR 1 alcohol
mortality <ldrink/day ~ NR 0.93 (0.70-1.26) ggll;s“mp“on’
1 drink/day NR 1.01 (0.72-1.41) consumption,
>2drinks/day ~ NR 0.76 (0.53-1.09)  BMI
Continuous (per 391 0.94 (0.85-1.04)
drink/day)
Trend-test P value: 0.181
Leukaemia, ASB consumption (HR):
mortality Never NR 1
<1drink/day ~ NR 0.95 (0.88-1.04)
1 drink/day NR 0.99 (0.90-1.10)

> 2 drinks/day ~ NR

Continuous (per 6319
drink/day)
Trend-test P value: 0.444

0.97 (0.87-1.07)
0.99 (0.96-1.02)

Advance publication, 29 April 2024
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Table 2.5 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure (histopathology), category or casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
McCullough Leukaemia, ASB consumption, men (HR): Age, race/
etal. (2022) mortality Never NR 1 ethnicity,
(cont.) <ldrink/day ~ NR 0.94 (0.83-1.07) ~ Smoking, marital
ldrink/day ~ NR 106 (092-121)  Status. education,
. red and
> 2 drink/day NR 0.96 (0.83-1.12) processed meat
Continuous (per 3551 0.99 (0.95-1.04) consumption,
drink/day) fruit and
Trend-test P value: 0.797 vegetable
Leukaemia, ASB consumption, women (HR): consumption,
mortality Never NR 1 alcohol
<ldrink/day ~ NR 0.96 (0.86-1.07) ;‘;ﬁsumpt“’n’
1 drink/day NR 094 (0.82-108)  _oncumbtion,
>2drinks/day =~ NR 0.96 (0.84-1.11)  BMI
Continuous (per 2768 0.98 (0.94-1.03)
drink/day)
Trend-test P value: 0.417
Leukaemia, ASB consumption, BMI, 18.5 to < 25 kg/m? Age, sex, race/
mortality (HR): ethnicity,

Never NR 1
< 1drink/day NR
1 drink/day NR
>2drinks/day ~ NR

Continuous (per 2769
drink/day)
Trend-test P value: 0.373

Advance publication, 29 April 2024

1.05 (0.93-1.19)
0.99 (0.85-1.16)
0.90 (0.75-1.08)
0.96 (0.91-1.02)

smoking, marital
status, education,
red and
processed meat
consumption,
fruit and
vegetable
consumption,
alcohol
consumption,
SSB
consumption,
BMI

swepedsy



¥6¢

Table 2.5 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments

location, description, exposure (histopathology), category or casesor (95% CI) controlled

enrolment/ assessment method incidence or level deaths

follow-up mortality

period, study

design

McCullough Leukaemia, ASB consumption, BMI, 25 to < 30 kg/m? (HR): Age, sex, race/

et al. (2022 mortality Never NR 1 ethnicity,

(cont)) <ldrink/day ~ NR 0.88 (0.77-1.00) ~ Smoking, marital
1 drink/day NR 1.01 (0.87-1.16)  Status, education,

. red and
> 2 drink/day NR 1.04 (0.90-1.21) processed meat
Continuous (per 2688 1.01 (0.96-1.05) consumption,
drink/day) fruit and
Trend-test P value: 0.783 vegetable
Leukaemia, ASB consumption, BMI > 30 kg/m?) (HR): consumption,
mortality Never NR 1 alcohol

<1ldrink/day ~ NR 0.92 (0.73-1.16) ggll;s“mp“on’
1 drink/day NR 097 (0.74-1.26)  Concumption,
>2drinks/day ~ NR 0.79 (0.60-1.04)  BM]

Continuous (per 656
drink/day)
Trend-test P value: 0.108

0.96 (0.89-1.04)

Advance publication, 29 April 2024
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Table 2.5 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure (histopathology), category or casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
Palomar-Cros Cases: 109; aged NHL (CLL, Consumption of aspartame-containing Age, sex, Exposure assessment critique:
etal. (2023) 20-85 yr with newly ICD-10 C91.1), products (OR): study centre, A key strength was the
Spain diagnosed histologi- incidence Non-consumers 89 1 education, categorization of intake of
2008-2013 cally confirmed cancer N e—r 0.56 (0.25-1.08) smoking, ASBs and tabletop sweeteners
Case-control (prevalent CLL.cases (< 3rd quartile radiation by type (a'spartamfz Vs
were also recruited and among controls) exposure, total others) using public data on
were retained for this WCREF score ingredients in food supply,

analysis if diagnosis
was done 1 yr before
the interview), resided
in catchment area for
at least 6 mo; no prior
history of their cancer;
enrolled as soon as
possible after diagnosis;
frequency-matched on
age, sex, and region to
population controls.
Controls: 3629;
randomly selected
from administrative
records of selected
primary health

care centres within
catchment area.
Exposure assessment
method: self-
administered,
semiquantitative

FFQ, 140 food items,
assessing usual dietary
intake during the
previous year

High intake 11
(= 3rd quartile

among controls)
Trend-test P value: 0.6

1.76 (0.84-3.41)

Advance publication, 29 April 2024

continuous, total
energy intake,
total sugar
intake, other ASs

but it was unclear whether
the assumption of aspartame
content in products was
correct.

A key limitation was that
beverages and tabletop
sweeteners were assessed, but
there was no consideration
of ASs in the rest of the food
supply.

Other strengths: large

sample size for some
outcomes; histopathological
confirmation of cancer
cases; extensive assessment
of confounding, including
from BMI (captured in a
combined score based on
WCRF/AICR evidence on
lifestyle factors; Romaguera
et al.. 2017); stratification by
diabetes status to evaluate
heterogeneity of associations.
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Table 2.5 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate Covariates Comments
location, description, exposure (histopathology), category or casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
Palomar-Cros NHL (CLL, Consumption of aspartame-containing Age, sex, Other limitations: non-
et al. (2023) ICD-10 C91.1), products, participants without diabetes (OR): study centre, prospective study design
(cont.) incidence Non-consumers 75 1 education, (case—control); selection
Niedhom falke . 7 0.56 (0.23-1.18) smoking, bias due to low participation
(< 3rd quartile radiation among controls (mean
among controls) exposure, total participation rate, 53%);
Sz el 9 2.15 (0.93-4.51) WCRF score recall bias in exposure
S - continuous, total assessment; potential for
A —E energy intake, exposure measurement error
total sugar and residual confounding due
Trend-test P value: 0.4 intake, other ASs to other correlates of AS use
NHL (CLL, Consumption of aspartame-containing among those with diabetes;
ICD-10 C91.1), products, participants with diabetes (OR): relatively low exposure
incidence Non-consumers 14 1

Medium intake 2
(< 3rd quartile

among controls)

High intake 2
(= 3rd quartile

among controls)
Trend-test P value: 0.6

0.55 (0.08-2.37)

0.63 (0.06-3.41)

contrasts for aspartame-
containing products;
potential for chance findings
due to small number in some
strata.

AICR, American Institute of Cancer Research; AS, artificial sweetener; ASB, artificially sweetened beverage; BMI, body mass index; CI, confidence interval; CLL, chronic lymphocytic
leukaemia; CPS-II, Cancer Prevention Study-1I; DLBCL, diffuse large B-cell lymphoma; FDA, Food and Drug Administration; FFQ, food frequency questionnaire; HPFS, Health
Professionals Follow-up Study; HR, hazard ratio; HRT, hormone replacement therapy; ICD-10, International Classification of Diseases 10th revision; mo, month(s); NHL, non-Hodgkin
lymphoma; NHS, Nurses’ Health Study; NIH-AARP, National Institutes of Health-American Association of Retired Persons; NR, not reported; OR, odds ratio; RR, relative risk; SLL,
small lymphocytic lymphoma; SSB, sugar-sweetened beverage; vs, versus; WCRF, World Cancer Research Fund; wk, week(s); yr, year(s).
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four aspartame-containing beverages and aspar-
tame added to hot coffee and tea during the past
year. No association with aspartame intake was
detected for all haematopoietic cancers, overall
or in either men or women, or for Hodgkin
lymphoma, multiple myeloma, non-Hodgkin
lymphoma (NHL) overall or two of its subtypes
(small lymphocytic lymphoma and CLL;
immunoblastic lymphoma and lymphoblastic
lymphoma/leukaemia) and  non-lymphoid
leukaemia. [This prospective cohort included a
large sample of participants and a substantial
number of incident cases ascertained by regis-
tries. Another strength was the prospective and
quantitative assessment of aspartame exposure
from various ASBs and tabletop packets between
1995 and 1996, a relevant period for aspartame
use in beverages in the USA. However, the length
of follow-up was relatively limited, and the age
at enrolment was relatively high (average age
of cohort at baseline, 62 years, with no assess-
ment of aspartame intake from younger ages).
Additional weaknesses were that the question-
naire used to estimate aspartame exposure was
limited and prone to exposure misclassification,
only focusing on beverage and tabletop sweet-
ener sources (there was no information on other
dietary sources of aspartame — although these
would be expected to be less common); that the
question on the frequency of the type of sweet-
ener in a beverage (regular versus diet) followed
the question on the frequency of consumption
by type of beverage (soda, fruit drinks, or iced
tea); and the minimally specific assessment of
the type of sweetener ingested (the questionnaire
asked about whether sweetener added to coffee
or tea was “Equal or aspartame” or “Sweet’N Low
or saccharin”). All these factors may have limited
the ability of the authors to detect an association.]

The association between aspartame-con-
taining soda and incidence of haematopoi-
etic cancers was investigated in the NHS
(77 218 women) and the HPFS (47 810 men)
(Schernhammer et al., 2012). Over 22 years of
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follow-up (1984-2006 for the NHS and 1986-
2006 for the HPFS), 1324 NHL, 285 multiple
myeloma, and 339 leukaemia cases were ascer-
tained. In men, > 1 daily serving of diet soda was
associated with increased risk of NHL (RR, 1.31;
95% CI, 1.01-1.72; P for trend, 0.11) and multiple
myeloma (RR, 2.02; 95% CI, 1.20-3.40; P for
trend, 0.01) compared with men who did not
consume diet soda. No association was observed
for women for NHL (RR, 1.00; 95% CI, 0.78-1.26;
P for trend, 0.999) or for multiple myeloma (RR,
0.79; 95% CI, 0.45-1.36; P for trend, 0.79). When
data from the two cohorts were combined in a
pooled analysis to maximize statistical precision,
diet soda intake was associated with increased
risk of leukaemia (RR, 1.42; 95% CI, 1.00-2.02;
P for trend, 0.05). Since aspartame became most
broadly used in the USA in soda in 1992 when
its patent expired and the price dropped substan-
tially (so the aspartame measure using diet soda
consumption probably became more precise after
that date), and since the questionnaires started
to include tabletop sweeteners after that date,
a secondary analysis was conducted, starting
follow-up from 1994. In that analysis, among
men, an association was observed between
aspartame exposure (estimated from diet soda
and aspartame packets consumed) and increased
risk of NHL (RR for > 143 mg/day versus none,
1.64; 95% CI, 1.17-2.29; P for trend, 0.002) and
multiple myeloma (RR for > 143 mg/day versus
none, 3.36; 95% CI, 1.38-8.19; P for trend, 0.05);
these associations were not observed in women.
For leukaemia, the RR for > 143 mg/day versus
none was 1.56 (95% CI, 0.79-3.06; P for trend,
0.17) in men. For NHL, an interaction (P = 0.03)
with alcohol was detected among men: compared
with no consumption, > 2 servings of diet soda/
day was associated with increased risk (RR, 2.34;
95% CI, 1.46-3.76; P for trend, 0.004) in men who
consumed < 6 g alcohol/day (median intake)
but not in men with a higher alcohol consump-
tion (RR, 0.96; 95% CI, 0.48-1.90; P for trend,
0.98). Risks of multiple myeloma and leukaemia
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associated with diet soda at > 1 serving/day were
also higher in men with a lower alcohol intake.
In contrast, for women, risks associated with
diet soda did not differ by alcohol consumption
for any of the outcomes [data not provided],
although few women in this cohort consumed
high amounts of alcohol. The authors hypothe-
sized that these sex-specific differences may have
been due to the recognized higher enzymatic
activity of alcohol dehydrogenase type I in men,
which possibly induced higher conversion rates
from methanol to the carcinogenic substrate
formaldehyde. Because the concurrent ingestion
of ethanol inhibits methanol metabolism (Lee
et al., 2011), they conducted analyses stratified
by alcohol intake. [The Working Group noted
that these results supported the authors’ initial
hypothesis that men with lower regular alcohol
consumption would have more unbound alcohol
dehydrogenase activity (Frezza et al., 1990) and
thus higher formaldehyde conversion rates if
they consumed large amounts of diet soda and,
consequently, higher cancer risk. The length
of follow-up, large number of haematopoietic
cancer cases, prospective design, and updating
of dietary intake data every 4 years at a relevant
period for aspartame exposure from ASBs in
the USA (between the early to mid-1980s and
mid-2000s) constituted important strengths of
this study. The main limitation related to poten-
tial measurement error in aspartame exposure,
which was derived only from diet soda and
packets used at the table assessed by FFQ (other
sources of aspartame including non-soda ASBs
were not considered, although these would be
expected to be less common), without brand
information for products other than tabletop
sweeteners, and thus no data on the specific type
of sweetener ingested. The secondary analyses
starting in 1994 suggested that more precise
measures might strengthen the results.]

Two studies were conducted within the
CPS-II prospective cohort to investigate the asso-
ciation between ASBs and aspartame and risk
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of lymphoid neoplasm incidence (McCullough
et al., 2014) and mortality (McCullough et al.,
2022). The first study (McCullough et al., 2014),
in the CPS-II nutrition cohort (a subcohort of
the parent CPS-II mortality cohort), included
100 442 men and women who completed a
modified Willett FFQ in 1999 (which was
re-administered in 2003). Mean consumption
of artificially sweetened carbonated bever-
ages [“1 glass, bottle, or can (355 mL)”] during
the past year was queried (categories ranging
from “never” to “> 4 per day”). Reported intake
of specific artificially and sugar-sweetened
carbonated beverage types listed (i.e. cola with
caffeine, other carbonated beverages with or
without caffeine) were summed. Participants
were asked about “use of NutraSweet or Equal
(1 packet) (not Sweet’'N Low)” (from “never” to
“> 6 per day”). Total aspartame intake was calcu-
lated using the following values: 180 mg/355 mL
(1 serving) of low-calorie cola with caffeine,
90 mg/355 mL of other low-calorie soda with
caffeine, and 70 mg/355 mL of other low-calorie
soda without caffeine; and 20 mg of aspartame
per packet of artificial sweetener reported. Over
a 10-year follow-up, 1196 cases of NHL were
ascertained and verified by medical records or
by linkage with cancer registries. No association
was detected between consumption of artificially
sweetened carbonated beverages or aspartame
and NHL risk overall or by subtype (multiple
myeloma, diffuse large B-cell lymphoma, CLL/
small lymphocytic lymphoma, and follicular and
other B-cell lymphoma). No heterogeneity in the
association was suggested by sex. A secondary
analysis was conducted to examine “long-term”
past consumption patterns by incorporating
participant responses from a questionnaire
completed 10 years before baseline (as part of the
parent cohort). In 1982, participants were asked
about usual consumption of artificially sweet-
ened carbonated beverages per day as “cups,
glasses, or drinks” (responses ranged from none
to 10 servings/day, assuming 355 mL per serving).
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Aspartame consumption was not specifically
calculated for this exposure assessment. This
analysis suggested an inverse association between
“long-term” regular consumption of artificially
sweetened carbonated beverages and NHL in
women (RR versus long-term non-consumers,
0.53; 95% CI, 0.32-0.87). These inverse associa-
tions were however interpreted by the authors as
potentially caused by chance or confounding by
other unknown exposures. [This study benefited
from the large number of haematopoietic cancer
cases, the prospective design, and the quantitative
assessment of aspartame intake from carbonated
ASBs (aspartame values assigned by type of ASB
— although not brand-specific) and aspartame
packets. Exposure was assessed twice in 1999
and 2003, at a relevant period for aspartame
exposure through ASBs in the USA. Limitations
pertained to the level of detail in the aspartame
exposure assessment and the fact that no other
sources were considered (although these would
be expected to be less important), thus resulting
in potential misclassification. Although the
direction of the potential bias cannot be defin-
itively determined, these non-differential classi-
fication errors were more likely to bias observed
associations towards the null. Regarding the
“long-term” analysis, although aspartame was
not quantified, the consumption of ASBs was
considered to be an informative proxy for aspar-
tame exposure, since aspartame had just been
authorized in the USA in 1983, i.e. 1 year after
the measurement of exposure in 1982.]

In the second investigation in the CPS-II
cohort, analyses were conducted on 934 777
cancer-free men and women who provided
answers to the 1982 questionnaire about their
usual consumption of ASBs (McCullough

1989 onwards by linkage to the National Death
Index). No association was detected for any of
these outcomes in men, women, or sex-com-
bined analyses. An interaction with BMI was
detected for NHL (P for interaction, 0.029): the
hazard ratio estimates for > 2 drinks/day of ASBs
versus non-consumers were 0.89 (95% CI, 0.75,
1.06) for normal weight (18.5 to < 25 kg/m?),
1.08 (95% CI, 0.93, 1.25) for overweight (25 to
<30kg/m?),and 1.00 (95% CI,0.79, 1.27) for obese
(= 30 kg/m?) participants. [This study was based
on a very large number of cases, long follow-up,
and prospective design. The main limitation lay
in the evaluation of the exposure, which was
based on a unique baseline frequency question,
“How many cups, glasses, or drinks of diet soda
or diet iced teas do you usually drink a day, and
for how many years?”, focused only on beverage
sources, with no specific assessment of the type
of sweetener ingested and no brand-specific data.
As mentioned above, aspartame had only been
authorized in the USA in 1983, i.e. 1 year after
exposure was assessed. However, combining data
from McCullough et al. (2014, 2022) indicated
some stability in ASB consumption ranking over
years; hence, the Working Group concluded that
ASB consumption assessed in 1982 may reflect
later consumption, when aspartame became the
predominant sweetener in ASBs. These misclas-
sification errors probably limited the ability to
detect associations (although not systematically,
so that non-differential classification errors
probably biased associations towards the null).]
The MCC-Spain study conducted in 2008-
2013 included 109 cases of CLL with no prior his-
tory of disease and a total of 3629 controls (1631
controls for CLL-specific analyses) (Palomar-
Cros et al., 2023). Consumption of products

etal., 2022). From 1982 through 2016 (follow-up,
34 years), 135 093 cancer deaths occurred, of
which6600werefrom NHL, 6319 fromleukaemia,
and 3511 from multiple myeloma (ascertained by
personal inquiries to participants or their rela-
tives and verified by death certificates, and from
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containing artificial sweeteners was estimated
for tabletop sweeteners and ASB, assessed
through a self-administered validated FFQ. No
association was observed between exposure to
“aspartame-containing products” and CLL risk
either in all participants or in analyses stratified
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by diabetes status. [The main limitation of this
study related to its non-prospective design (case-
control). Another limitation related to the preci-
sion of the aspartame exposure estimate, which
was derived only from ASBs and tabletop sweet-
eners assessed by FFQ, without brand infor-
mation, and thus with few data on the specific
type of sweetener ingested and relying on the
assumption that all low- or no-calorie beverages
contained aspartame, which may not be realistic
considering the time period for this case—control
study in the Spanish context. In addition, the
numbers of cases overall and in diabetes strata
were small, and results should be interpreted
cautiously.]

Four meta-analyses presented results on
aspartame and/or ASBs and haematopoietic
cancer risk.

In 2019, Toews et al. performed a meta-
analysis of randomized and non-randomized
controlled trials and observational studies on the
association between intake of non-sugar sweet-
eners and health outcomes, following a PRISMA
flow chart of included studies and the Cochrane
Collaboration methodology for the systematic
literature review and meta-analysis (Toews et al.
2019). Of individual studies finally included in
this review, two related to haematopoietic cancers
(i.e. Lim et al., 2006, and McCullough et al., 2014,
presented above). Results of the meta-analyses
showed no association between higher consump-
tion of aspartame and incidence of the main
subtypes of lymphoid cancers, NHL subtypes, or
non-lymphoid leukaemia. However, the study by
Schernhammer et al. (2012) was not included in
the review [no specific explanation found in the
article], nor was the study by McCullough et al.
(2022) (which was published later).

In 2022, WHO published a report (coor-
dinated by Rios-Leyvraz and Montez) on the
health effects of use of non-sugar sweeteners that
included a systematic review and meta-analyses
of studies published through July 2021 (WHO et
al., 2022). Although this overall report did not
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focus only on aspartame, for the specific cancer
location studied here (haematopoietic cancers)
the four prospective cohort studies (NIH-AARP,
NHS, HPFS, CPS-II) from the three articles
published at that time (i.e. all those described
previously in this section except for the study
by McCullough et al., 2022) were those deemed
relevant for the present monograph (Lim et al.
2006; Schernhammer et al., 2012; McCullough
et al., 2014). The results of these meta-analyses
found little evidence of positive associations,
but the number of included studies remained
low: leukaemia, three cohorts, RR, 1.24; 95%
CL, 0.92-1.69, I* = 0%; multiple myeloma, four
cohorts, RR, 1.05; 95% CI, 0.70-1.59, I* = 70%;
Hodgkin lymphoma, one cohort, RR, 0.77; 95%
CI, 0.44-1.33; NHL, four cohorts, RR, 1.08; 95%
CI, 0.87-1.34, I*> = 64%.

Also in 2022, Yin et al. published a meta-
analysis of prospective studies on ASB consump-
tion and cancer risk (Yin et al., 2022). The same
studies as in the WHO report (WHO et al., 2022)
were those included for haematopoietic cancers
(Lim et al., 2006; Schernhammer et al., 2012;
McCullough et al., 2014) (although the overall
publication did not focus only on aspartame and
also included studies conducted before 1980). In
contrast to the WHO meta-analysis, Yin et al.
found that high intake of ASBs was associated
with elevated risk of non-lymphoid leukaemia
(for three studies, RR, 1.35; 95% CI, 1.03-1.77;
P = 0.030, with evidence of low heterogeneity
across studies). Dose-response analysis indicated
a positive linear association between ASB intake
and the risk of leukaemia (P for a linear relation,
0.027). The risk associated with daily ASB intake
increased by 15% per increment of one serving
(355 mL) (RR, 1.15; 95% CI, 1.02-1.30). [The
Working Group noted that the three cohorts
included in the WHO report (WHO et al., 2022)
andinthestudyby Yinetal. (2022) for the analysis
of leukaemia were the same, i.e. Lim et al. (2006)

for NIH-AARP, and Schernhammer et al. (2012)
for NHS and HPFS. However, the estimates used
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for NHS and HPES differed, since Yin et al. used
estimates from models of ASB intake, whereas
WHO used models of “total aspartame”.] The
results of Yin et al. were consistent with those
of the WHO report in that no association was
found between ASB intake and multiple myeloma
(RR for highest versus lowest category, 1.18; 95%
CL, 0.69-2.02; P = 0.537; I = 68.9%), NHL (RR
for highest versus lowest category, 1.05; 95% CI,
0.91-1.21; P = 0.506; I> = 16.3%), or Hodgkin
lymphoma (RR for highest versus lowest cate-
gory, 0.77;95% CI, 0.45-1.33; P = 0.351; I>= 0.0%).

Pan et al. (2023) published a dose-response
meta-analysis of prospective cohort studies
(from inception to June 2022) on ASB intake and
several cancer types, including haematopoietic
cancers. The publications by Schernhammer
et al. (2012) and McCullough et al. (2014) were
included, but that by Lim et al. (2006) was
omitted. The authors reported that an increment
of ASBs of 250 mL/day was associated with a 16%
increase in risk of leukaemia (RR, 1.16; 95% CI,
1.00-1.35; I> = 0%), but only the publication of
Schernhammer et al. (2012) (considering two
estimates, one from the US NHS cohort and one
from the US HPES cohort) was included in this
meta-analysis. No association was observed for
NHL or multiple myeloma, but the number of
included studies was very small (Schernhammer
et al., 2012; McCullough et al., 2014).

2.6 Obesity-related cancers and
other groupings

See Table 2.6.

Overall, three cohort studies reported on
aspartame or ASB consumption and the risk of
developing or dying from obesity-related cancers.
A separate analysis in one of these cohorts eval-
uated the association between artificially sweet-
ened soft drinks and non-obesity-related cancers.

Advance publication, 29 April 2024

The MCCS included 35 593 men and women
aged 40-69 years and enrolled between 1990
and 1994 (Hodge et al., 2018). The baseline
diet questionnaire, with 121 drink and food
items, included questions about the number of
times that diet soft drinks (artificially sweet-
ened) were consumed per day, per week or per
month. During follow-up, 3283 cases of obesi-
ty-related cancers were diagnosed, including
cancers of the liver, prostate (aggressive), ovary,
gallbladder, kidney, colorectum, oesophagus
(adenocarcinoma), breast (postmenopausal),
pancreas, endometrium, and gastric cardia.
Proportional hazard models were adjusted for
age and other potential confounders, including
socioeconomic position, alcohol intake, country
of birth, Mediterranean diet index, physical
activity, sex, smoking, frequency of sugar-sweet-
ened soft drink consumption, and waist circum-
ference. Using no consumption or consumption
of < 1 time/month as the reference category, the
study did not find a positive association with
increasing consumption of artificial sweeteners.
The hazard ratios were 0.87 (95% CI, 0.76-1.00)
for consumption of 1-3 times/month, 1.04 (95%
CI, 0.93-1.17) for 1-6 times/week, 0.81 (95%
CIL, 0.66-0.99) for 1 time/day, and 1.00 (95%
CIL, 0.79-1.27) for > 1 time/day. The analyses of
the association using soft drink consumption
expressed as a continuous variable using the
median daily equivalent frequency to each of
the five categories of consumption also found
no positive association with the risk of devel-
oping obesity-related cancers (HR, 0.98; 95% CI,
0.90-1.07).

Data from the MCCS were also used to eval-
uate the associations between consumption of
artificially sweetened soft drinks and non-obe-
sity-related cancers (Bassett at al., 2020). Over
19 years of follow-up, 4789 cancers not related to
obesity occurred among 35 109 eligible partic-
ipants. After adjusting for age, alcohol intake,
country of birth, Mediterranean diet score,
physical activity, socioeconomic position, sex,
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Table 2.6 Epidemiological studies on consumption of aspartame and obesity-related cancers and other groupings

Reference, Population size, Organ site Exposure Exposed Riskestimate  Covariates Comments

location, description, exposure (histopathology), category or casesor (95% CI) controlled

enrolment/ assessment method incidence or level deaths

follow-up mortality

period, study

design

Hodge et al. 35593; MCCS - a Obesity- Artificially sweetened soft drink Age, sex, Exposure assessment

2018) prospective cohort study related cancers: consumption (HR): socioeconomic critique:

Australia of men and women aged liver, prostate Never or 2498 1 index, country Key strengths were that

Enrolment, 40-69 yr at recruitment (aggressive), < 1/mo of birth, it was a prospective

1990-1994/ and free of cancer, angina,  ovary, gallbladder, ; 3, 233 0.87 (0.76-1.00) alcohol intake, study, that assessment

follow-up until  heart attack, and diabetes at kidney, _6/wk 376 1.04 (0.93-1.17) smoking status, was after aspartame

30 June 2013 baseline; participants with  colorectum, LAz ’ ’ ’ physical activity, introduction in diet

Cohort extreme baseline energy oesophagus 1/day 102 0.81(0.66-0.99)  Mediterranean soft drinks in Australia
intake were excluded; (adenocarcinoma), > 1/day 74 1.00 (0.79-1.27)  diet score, sugar- (1987), and that first
obesity-related cancers breast Continuous 3283 0.98 (0.90-1.07) sweetened soft drink half of follow-up largely
according to the WCRF/ (postmenopausal), (per beverage/ consumption, waist  overlapped with period
AICR (WCRF/AICR, 2018)  pancreas, uterus/  day) circumference of aspartame use in

Exposure assessment

method: self-administered
121-item FFQ with separate
questions on frequency of

consumption in the past
year of diet (artificially
sweetened) soft drinks

uterine corpus
(endometrium),
stomach (gastric
cardia), incidence

Trend-test P value: 0.61
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Australia.

A key limitation was
the FFQ assessment
with no specific
estimate of aspartame
exposure, ASBs as a
proxy and exposure
data at baseline only;
small number of
consumers.

Other strengths:
adjustment for key
confounders, including
a measure of obesity
(waist circumference).
Other limitations:
likely bias from non-
differential exposure
misclassification
given single baseline
assessment and long
follow-up.
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Table 2.6 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate  Covariates Comments

location, description, exposure (histopathology), category or casesor (95% CI) controlled

enrolment/ assessment method incidence or level deaths

follow-up mortality

period, study

design

Bassett et al. 35109; MCCS - a Non-obesity- Artificially sweetened soft drink Age, sex, Exposure assessment

2020) prospective cohort study of  related cancers: consumption (HR): alcohol intake, critique:

Australia men and women aged 27— sites other than Neveror< 1/mo 3625 1 country of birth, A key strength was

Enrolment, 76 yr at recruitment (99% oesophagus 1-3/mo 371 0.96 (0.86-1.07) Mediterranean that it was prospective

1990-1994/ aged between 40 and 70 yr)  (adenocarcinoma), 1-6/wk 490 0.96 (0.87-1.06) diet score, study. o

follow-up, and free of cancer, heart pancreas, physical activity, A key limitation was

30 June 2015 attack, angina and diabetes  colorectum, breast 1/day 189 1.23 (1.06-1.43) socioeconomic the FFQ assessment

Cohort at baseline; participants (postmenopausal), > 1/day 114 1.23 (1.02-1.48)  position, smoking with no specific
with extreme energy intake uterus/ Continuous 4789 1.10 (1.03-1.17)  status, sugar- estimate of aspartame
were excluded uterine corpus (per 1 serving/ sweetened soft drink exposure, ASBs were
Exposure assessment (endometrium), day) consumption used as a proxy, and
method: self-administered  kidney, ovary, Trend-test P value: 0.006 exposure data were
121-item FFQ with separate  gallbladder, reported at baseline

questions on frequency of
consumption in the past
year of diet (artificially
sweetened) soft drinks

liver, stomach
(gastric cardia),
meningioma,
thyroid, multiple
myeloma,
incidence
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only.

Other strengths: large
cohort.

Other limitations:
heterogeneous group
(combined different
cancer types with
different etiology,
hence difficult
controlling for all
potential confounders);
likely bias from non-
differential exposure
misclassification.
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Table 2.6 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate  Covariates Comments
location, description, exposure (histopathology), category or casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
Debras et al. 102 865; population-based  Obesity- Aspartame intake (HR): Age, sex, BMI, Exposure assessment
(2022b) cohort NutriNet-Santé related cancers: Non- 1401 1 height, percentage critique:
France (web-based); men and colorectum, consumers weight gain during A key strength
Enrolment, women aged > 18 yr stomach, — 337 1.08 (0.96-1.22) follow-up, physical ~ was that it was a
2009-2021/ Exposure assessment liver, mouth, - activity, smoking prospective study using
follow-up until  method: records; pharynx, larynx, (men status, number of dietary records and
22 January 2021  participants are asked every oesophagus, < 14.45 mg/day; smoked cigarettes quantitative assessment
(median, 7.8 yr) 6 mo to complete a series breast, ovary, TG in pack-years, of aspartame based on
Cohort of three validated web- uterus/ <15.39 ;ng/day) educational level, food composition data
based 24 h dietary records  uterine corpus . number of 24 h updates for food supply
. . Higher 285 1.15 (1.01-1.32) . .
randomly assigned over a (endometrium), dietary records, changes over time.
! consumers Lo g o
2-wk period (2 weekdays, and prostate, (men family history of A key limitation was
1 weekend day); at least two  incidence > cancer, prevalent the baseline assessment
. . > 14.45 mg/day; . . . .
24 h dietary records during women diabetes, energy in the main analysis,
the first 2 yr of follow-up > 15.30 mg/day) intake without but sensitivity analysis

considered in analyses
(mean * SD, 5.6 +3.0)

Trend-test P value: 0.026
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alcohol, daily
intakes of alcohol,
sodium, saturated
fatty acids, fibre,
sugar, fruit and
vegetables, whole-
grain foods, and
dairy products,
other AS intake

conducted using all
24 h dietary records
available during follow-
up.

Other strengths: large
cohort; large number
of cases; sensitivity
analyses excluded
prevalent diabetes

or used all available
24 h dietary records
throughout follow-up.
Other limitations:

low aspartame use

in the cohort (28%);
self-selection may
limit generalizability;
potential for residual
confounding and
reverse causation.
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Reference, Population size, Organ site Exposure Exposed Risk estimate  Covariates Comments
location, description, exposure (histopathology), category or casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
Debras et al. Obesity- Aspartame intake, participants without Age, sex, BMI,
2022b) related cancers diabetes (HR): height, percentage
(cont.) colorectum, Non- 1360 1 weight gain during
stomach, consumers follow-up, physical
liver, mouth, Lower 318 1.09 (0.96-1.23) activity, smoking
pharynx, larynx, TS status, number of
oesophagus, (men, smoked cigarettes
breast, ovary, < 14.45 mg/day; in pack-years,
uterus/ women, educational level,
uterine corpus < 15.39 mg/day) n}lmber of 24 h
(amdlome x wim)), Higher 260 1.16 (1.01-134) dietary records,
and prostate, family history of
o consumers
incidence (men, Fanc;r, e.n;:lrgy
intake without
2 14.45 mg/day; alcohol, daily
women, .
> 15.30 mg/day) intakes of alcohol,

Trend-test P value: 0.024
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sodium, saturated
fatty acids, fibre,
sugar, fruit and
vegetables, whole-
grain foods, and
dairy products,
other AS intake

swepedsy



90¢€

Table 2.6 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate  Covariates Comments
location, description, exposure (histopathology), category or casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
Debras et al. Obesity- Aspartame intake (time-dependent) (HR): Age, sex, BMI,
2022b) related cancers: Non- 1401 1 height, percentage
(cont.) colorectum, consumers weight gain during
TS Lower 337 L0y (SG-aw) PIore R il
liver, mouth, TGS activity, smoking
pharynx, larynx, (men, status, number of
oesophagus, < 14.45 mg/day; smoked cigarettes
breast, ovary, L in pack-years,
uterus/ <15.39 mg/day) educational level,
uterine corpus Ei 285 1.13 (0.99-1.30) number of 24 h
(endometrium), ’ ’ ’ dietary records,
consumers S
and prostate, (men family history of
incidence > 14 4’5 ma/day: cancer, prevalent
= 24 mglday; diabetes, energy
women, . .
> 15.39 mg/day) intake without

Trend-test P value: 0.046
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alcohol, daily
intakes of alcohol,
sodium, saturated
fatty acids, fibre,
sugar, fruit and
vegetables, whole-
grain foods, and
dairy products,
other AS intake
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Table 2.6 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate  Covariates Comments
location, description, exposure (histopathology), category or casesor (95% CI) controlled
enrolment/ assessment method incidence or level deaths
follow-up mortality
period, study
design
McCullough 934 777 (416 313 men, Obesity- ASB consumption (HR): Age, sex, race/ Exposure assessment
etal. (2022 518 464 women); CPS-I1 related cancers: Never NR 1 ethnicity, smoking,  critique:
USA prospective cohort; adults  oesophagus, <1drink/day ~NR 1.02 (0.99-1.05) marital status, A key strength was the
Enrolment, 28 yf‘ a}nd oldell‘; excluded stomach, 1 drink/day NR 1.04 (1.01-1.08) education, red and prospective assess.ment
1982/follow- participants with personal  colorectum, . processed meat of ASB consumption.
up, through history at baseline of liver, gallbladder, 2 2drinks/day NR 1.05 (1.01-1.08) consumption, Key limitations were
2016 (median,  diabetes or cancer other pancreas, breast Continuous 50613 1.02 (1.01-1.03)  fruit and vegetable that there was only
27.7 yr) than nonmelanoma skin (postmenopausal), (per drink/ consumption, one dietary assessment
Cohort cancer, men aged > 90 yr uterus/ day) alcohol at baseline in 1982

or women aged > 95 yr uterine corpus Trend-test P value: 0.001 consumption, SSB that was before the

at enrolment, and those (endometrium), consumption use of aspartame

L0€

reporting only prior but
not current consumption of
either SSBs or ASBs
Exposure assessment
method: questionnaire;
exposure to ASBs assessed
in 1982 through a question
about the number of
drinks/day of diet soda or
ice teas (one pooled item)
and potential changes over
the past 10 yr; no specific
assessment of aspartame
content in ASB

ovary, kidney, and
multiple myeloma,
mortality
Obesity-

related cancers:
oesophagus,
stomach,
colorectum,

liver, gallbladder,
pancreas, kidney,
and multiple
myeloma,
mortality

ASB consumption, men (HR):

Never NR
< 1ldrink/day NR
1 drink/day NR
> 2 drinks/day NR

Continuous 20 595

(per drink/
day)
Trend-test P value: 0.002

1
1.02 (0.97-1.07)
1.06 (1.00-1.13)
1.08 (1.02-1.15)
1.03 (1.01-1.04)

Advance publication, 29 April 2024

Age, race/ethnicity,
smoking, marital
status, education,
red and processed
meat consumption,
fruit and vegetable
consumption,
alcohol
consumption, SSB
consumption

in ASB, hence the
relevance to aspartame
exposure depends on
the stability of ASB
consumption over up
to 34 yr of follow-up,
but such information
was not available;

no other sources
were considered
(although these

were more limited);
and uncertainty of
aspartame content in
ASBs after the mid-
2000s.

Other information:
exclusion of
participants who
reported only prior
but not current
consumption of
either SSBs or ASBs at
baseline.
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Table 2.6 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate  Covariates Comments

location, description, exposure (histopathology), category or casesor (95% CI) controlled

enrolment/ assessment method incidence or level deaths

follow-up mortality

period, study

design

McCullough Obesity- ASB consumption, women (HR): Age, race/ethnicity,  Other strengths: large

etal. (2022 related cancers: Never NR 1 smoking, marital cohort with long

(cont.) oesophagus, <1drink/day NR 1.02 (0.99-1.05) status, education, follow-ups; ability to
stomach, 1 drink/day NR 1.04 (0.99-1.08) red and process.ed examine multiple .
colorectum, meat consumption,  cancer types, stratify

liver, gallbladder,
pancreas, breast
(postmenopausal),
uterus/

uterine corpus
(endometrium),
ovary, kidney, and
multiple myeloma,
mortality
Obesity-

related cancers:
oesophagus,
stomach,
colorectum,

liver, gallbladder,
pancreas, breast
(postmenopausal),
uterus/

uterine corpus
(endometrium),
ovary, kidney, and
multiple myeloma,
mortality

> 2 drinks/day NR

Continuous 30018

(per drink/
day)
Trend-test P value: 0.038

ASB consumption, BMI-adjusted (HR):
Never NR 1

< 1ldrink/day NR
1 drink/day NR
> 2 drinks/day NR

Continuous 50613

(per drink/
day)
Trend-test P value: 0.469

Advance publication, 29 April 2024

1.03 (0.99-1.08)
1.01 (1.00-1.03)

0.98 (0.95-1.01)
1.00 (0.97-1.03)
0.99 (0.95-1.02)
1.00 (0.99-1.01)

fruit and vegetable
consumption,
alcohol
consumption, SSB
consumption

Age, sex, race/
ethnicity, smoking,
marital status,
education, red and
processed meat
consumption,
fruit and vegetable
consumption,
alcohol
consumption, SSB
consumption, BMI

by sex or BMI, and
limit to never-smokers;
comprehensive
adjustment for
confounders, including
SSB consumption.
Other limitations:
likely non-

differential exposure
misclassification.
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Table 2.6 (continued)

Reference, Population size, Organ site Exposure Exposed Risk estimate  Covariates Comments

location, description, exposure (histopathology), category or casesor (95% CI) controlled

enrolment/ assessment method incidence or level deaths

follow-up mortality

period, study

design

McCullough Obesity- ASB consumption, men, BMI-adjusted Age, race/ethnicity,

etal. (2022 related cancers: (HR): smoking, marital

(cont.) oesophagus, Never NR 1 status, education,
stomach, <1drink/day NR 0.98 (0.93-1.03) redand processed
colorectum, meat consumption,

liver, gallbladder,
pancreas, kidney,
and multiple
myeloma,
mortality

Obesity-

related cancers:
oesophagus,
stomach,
colorectum,

liver, gallbladder,
pancreas, breast
(postmenopausal),
uterus/

uterine corpus
(endometrium),
ovary, kidney, and
multiple myeloma,
mortality

1.01 (0.96-1.08)
1.02 (0.96-1.08)
1.01 (0.99-1.03)

1 drink/day NR
> 2 drinks/day NR

Continuous 20 595

(per drink/

day)

Trend-test P value: 0.599

ASB consumption, women, BMI-adjusted
(HR):

Never NR 1

< 1ldrink/day NR 0.98 (0.95-1.01)
1 drink/day NR 0.99 (0.95-1.03)
> 2 drinks/day NR 0.98 (0.94-1.02)

Continuous 30018 1.00 (0.98-1.01)

(per drink/
day)
Trend-test P value: 0.213

fruit and vegetable
consumption,
alcohol
consumption, SSB
consumption, BMI

AICR, American Institute of Cancer Research; AS, artificial sweetener; ASB, artificially sweetened beverage; BMI, body mass index; CI, confidence interval; CPS-II, Cancer Prevention
Study-II; FDA, Food and Drug Administration; FFQ, food frequency questionnaire; HR, hazard ratio; MCCS, Melbourne Collaborative Cohort Study; mo, month(s); NR, not reported;

RR, relative risk; standard deviation; SSB, sugar-sweetened beverage; WCRF, World Cancer Research Fund; wk, week(s); yr, year(s).

Advance publication, 29 April 2024
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smoking status, and sugar-sweetened soft drink
consumption, intake of > 1 serving/day of arti-
ficially sweetened soft drinks relative to none or
< 1 time/month was associated with an increased
risk of non-obesity-related cancers (HR, 1.23;
95% CI, 1.02-1.48; P for trend, 0.006), with a
hazard ratio of 1.10 (95% CI, 1.03-1.17) for each
extra serving per day.

[The Working Group noted that the study
provided no specific estimate of aspartame expo-
sure, using only ASBs as a proxy, and informa-
tion only on consumption frequency; therefore,
non-differential misclassification of exposure to
aspartame was likely.]

The NutriNet-Santé cohort study investigated
the association between aspartame and risk of
developing obesity-related cancers (Debras et al.
2022b). The cohort was followed up from 2009
until 22 January 2021, and included 102 865
adults, among whom 2023 incident obesity-re-
lated cancers were diagnosed. In this cohort
study, individual diet was measured every
6 months by three non-consecutive web-based
24-hour dietary records, randomly assigned over
15 days (2 weekdays and 1 weekend day). Baseline
dietary intakes were evaluated by averaging all
24-hour dietary records provided during the first
2 years of follow-up, with a minimum of 2 and
up to 15 dietary records per study participant.
Detailed, brand-specific consumption of a wide
variety of individual artificial sweeteners was
assessed. Obesity-related cancers were selected
on the basis of the report by WCRF/AICR in
2018 (WCREF/AICR, 2018), in which the scien-
tific evidence supporting a link between obesity
and cancer risk was classified as “probable” or
“convincing”. [The Working Group noted that,
according to the WCREF, “probable” is the level of
evidence that should trigger public health action
(WCREF/AICR, 2018).] The statistical model
adjusted for all potential confounders considered
in this study (age, sex, BMI, height, percentage
weight gain during follow-up, physical activity,
smoking status, number of smoked cigarettes in
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pack-years, educational level, number of 24-hour
dietary records, family history of cancer, history
of diabetes at baseline, energy intake without
alcohol, daily intakes of alcohol, sodium, satur-
ated fatty acids, fibre, sugar, fruit and vegeta-
bles, whole-grain foods, and dairy products,
and intake of other artificial sweeteners), used
“non-consumers” as the reference category, and
estimated that the relative risk (hazard ratio) of
developing one of the obesity-related cancers
considered in their analyses was 1.08 (95% CI,
0.96-1.22) for lower-consumers of aspartame
and 1.15 (95% CI, 1.01-1.32) for higher-con-
sumers (i.e. above the sex-specific median of
exposure among aspartame users), with a test
for trend over the three exposure categories of
P =0.026. Similar results were observed in sensi-
tivity analyses that excluded participants with a
history of diabetes at baseline or accounted for
all available dietary records completed during
follow-up. No interaction between aspartame
and BMI was detected for obesity-related cancer
(P for interaction, 0.925). [The Working Group
noted that a major strength of this study was
the assessment and separation of the consump-
tion of foods and drinks specifically containing
aspartame and the careful incorporation of this
information into the epidemiological analysis.]
The CPS-II study included 934 777 men and
women aged > 28 years at baseline (McCullough
et al., 2022). The study started in 1982, and
follow-up was extended through 2016, with a
median follow-up of 27.7 years. The baseline
questionnaire included a grid that asked how
many cups, glasses, or drinks of ASBs were
usually consumed a day and for how many
years, with write-in reporting by frequency
and duration. Diet soda and diet iced teas were
considered as ASBs, whereas “non-diet colas”
and “other non-diet soft drinks” were consid-
ered as sugar-sweetened beverages. The CPS-II
study used cancer mortality as the end-point.
All Cox proportional hazards models used
age as the timescale and adjusted for several
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potential confounders that included sex, race/
ethnicity, smoking, marital status, education, red
and processed meat intake, fruit and vegetable
intake, alcohol, and sugar-sweetened beverage
intake. The authors presented the analyses of
the association between ASB consumption and
obesity-related cancers risk separately with
non-BMI-adjusted and BMI-adjusted statistical
models. When not adjusted for BMI, the esti-
mated trends for increasing levels of consump-
tion of ASBs reached statistical significance.
Considering non-consumers as the reference
category, the hazard ratios were 1.02 (95% CI,
0.99-1.05) for consumption of < 1 drink/day;
1.04 (95% CI, 1.01-1.08) for 1 drink/day; and
1.05 (95% CI, 1.01-1.08) for > 2 drinks/day; with
a P for trend across groups of 0.001, for men and
women combined. In the statistical analyses
additionally adjusted for BMI, the hazard ratio
for the same increasing levels of exposure were
all close to null (HR for < 1 drink/day, 0.98; 95%
CIL, 0.95-1.01; HR for 1 drink/day, 1.00; 95% CI,
0.97-1.03; and HR for > 2 drinks/day, 0.99; 95%
CI, 0.95-1.02). In analyses stratified by sex, the
BMI-adjusted hazard ratio for consumption of
> 2 drinks/day versus none was 1.02 (95% CI,
0.96-1.08; P for trend, 0.599) for men and 0.98
(95% CI, 0.94-1.02; P for trend, 0.213) for women
(P for interaction, 0.425). [The Working Group
noted that, from a quantitative point of view, the
hazard ratios reported by the CPS-II study were
rather modest, in fact just slightly higher than 1,
and they were statistically precise because of the
extremely large sample size of the CPS-II study;,
which has more than 900 000 participants. The
adjustment for BMI had a negligible impact on
the point estimate and only slightly increased the
confidence interval width.]

[The Working Group noted that these three
cohort studies (Hodge et al., 2018; Debras et al.,
2022b; McCullough et al., 2022) shared the aim
of investigating the association between ASBs,
more specifically aspartame in one study (Debras
et al., 2022b), and the risk of obesity-related

Advance publication, 29 April 2024

cancers; however, the cancer sites included in
each study’s case definition had some overlap but
also some differences. Table 2.7 summarizes and
compares the cancer end-points included in the
obesity-related group in each study.]

A single meta-analysis reported on cancers
related to obesity and on cancers not related to
obesity, finding no association for either (Yin
etal.,2022). [The Working Group noted that only
the studies of Hodge et al. (2018) and Bassett et al.
(2020) specifically looked at these cancer group-
ings, so the results included in the summary esti-
mates came from studies with results for various
individual cancer sites but were not reported as a
group of “obesity-related cancers”. Furthermore,
the study by Debras et al. (2022b) was included
in the non-obesity-related cancer meta-analysis,
despite not reporting results for this cancer
group. Additionally, some of the studies involved
exposure to other artificial sweeteners and were
not specific for aspartame.]

2.7 Cancer of all sites combined

See Table 2.8.

Eight studies including seven cohorts evalu-
ated overall cancer incidence (NutriNet-Santé,
Chazelas et al., 2019 and Debras et al., 2022b;
and PLCO, You et al., 2022) or mortality (EPIC,
Mullee etal., 2019; NHS, HPES, Malik et al., 2019;
National Health and Nutrition Examination
Survey, NHANES, Zhangetal., 2021 and Fulgoni
and Drewnowski, 2022; and CPS-II, McCullough
et al., 2022) in relation to different estimates of
aspartame consumption. Most studies used arti-
ficially sweetened soft drink intake or frequency
as the exposure, but an analysis from NutriNet-
Santé (Debras et al., 2022b) investigated specific
estimates of aspartame intake derived from
different sources using detailed information
from multiple dietary records. [The Working
Group noted that this study also included longer
follow-up of the NutriNet-Santé cohort; hence,
the study by Chazelas et al. (2019) was not further
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Table 2.7 Cancers included in the “obesity-related” category used in the three cohort studies

reported in Section 2.6

Cancer Cohort study
NutriNet-Santé MCCS CPS-II mortality cohort
(Debras et al., 2022b)> (Hodge et al., 2018) (McCullough et al., 2022)b
Colorectum v v v
Stomach v Gastric cardia v
Liver 4 4 v
Mouth v -
Pharynx v = =
Larynx v - -
Oesophagus v Adenocarcinoma v
Breast, postmenopausal v v v
Breast, premenopausal v - -
Ovary v v v
Endometrium 4 v v
Prostate v Aggressive -
Pancreas = v v
Kidney - v v
Gallbladder - v 4
Multiple myeloma - - v

Meningioma -

Vv, Included; -, not included; CPS-II, Cancer Prevention Study-II; MCCS, Melbourne Collaborative Cohort Study.

2 Based on the definition in WCRF/AICR (2018).

b This study evaluated mortality. No reference was provided regarding the definition of the obesity-related cancer grouping.

considered.] A ninth study (Liu et al., 2022b)
examined consumption of coffee with artificial
sweetener in the United Kingdom Biobank.
[The Working Group considered this study to
be uninformative since the exposure was not an
adequate proxy for aspartame intake. An addi-
tional limitation of this study was that, in the
United Kingdom Biobank and similarly in the
results on coffee from the AARP-NIH and EPIC
studies, coffee was associated with reduced risk
of deaths both from all causes and from cancer,
which would confound any association between
artificial sweetener use and cancer.]

A prospective study of 102 865 adults fol-
lowed for a median of 7.8 years in the French
population-based NutriNet-Santé cohort exam-
ined aspartame consumption in relation to the
incidence of all cancers combined (Debras et al.
2022b). The study observed 3358 cancers that
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were verified using medical and anatomopatho-
logical reports. In this analysis, aspartame intake
from all possible dietary sources was specifically
assessed. Intake estimates were based on all
records available (at least two or more) during
the first 2 years of follow-up. Individuals classi-
fied as having a higher intake of aspartame (i.e.
above the sex-specific median among aspar-
tame consumers, from an average of 5.6 dietary
records per participant) had an elevated cancer
risk compared with non-consumers (HR for
higher-consumers, 1.15; 95% CI, 1.03-1.28; P
for trend, 0.002). Similar results were observed
in sensitivity analyses that excluded participants
with a history of diabetes at baseline or accounted
for all available dietary records completed
during follow-up. No interaction between aspar-
tame and BMI was detected for overall cancer
(P =0.893). [An important strength of this study
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Table 2.8 Epidemiological studies on consumption of aspartame and cancer of all sites combined

Reference, Population size, Organ Exposure Exposed Riskestimate  Covariates controlled Comments
location, description, exposure site category or casesor (95% CI)
enrolment/ assessment method level deaths
follow-up
period, study
design
Malik et al. 37 716 men; 80 647 All ASB intake (HR): Age, race, smoking, alcohol  Exposure assessment
2019) women; female registered  cancers < 1serving/mo 6272 1 intake, postmenopausal critique:
ESA1 1o 'nu:}sleslzig{egl 30(;55 }ir coml)ilr}::d, 1-4 servings/mo 1803 1.01 (0.96-1.07) h;)lrn.lonle u:.e g\II-tI‘S), " A key st:.ength was thet
nrolment, in the and male mortali . sical activity, fami rospective assessmen
(NHS), 1986 health professionals s RERIRESS 2Bl 099 (0.94-1.04) Eis}lory of diabe)j[es; farr)llily }(;f AgB consumption
(HPES/follow- aged 40-75 yr in the 1o < = L 1.00 (0.93-1.07) history of myocardial as a cumulative
up, 1980-2014 HPFS; excluding those servings/day infarction, family history average from repeated,
(NHS), 1986- with history of diabetes, 2 2 servings/day 776 1.04 (0.96-1.12)  of cancer, multivitamin validated diet
2014 (HPES) cardiovascular disease, or Continuous 12 380 1.01 (0.98-1.03) use, aspirin use, baseline assessments every 4 yr,
Cohort cancer at baseline, or with (per serving/day) history of hypertension the majority at a very
implausible dietary intake Trend-test P value: 0.58 and hypercholesterolaemia, relevant period for
Exposure assessment All ASB intake estimated using cumulative intake of whole grains, aspartame exposure
method: Fluestionnaire; T average intake (HR): fruit, vegetables, or red from ASBs (the USA
prospective assess:ment combined, <1 serving/mo NR 1 and processed mejat, total between the 19SQs
of ASB consumption mortality . energy, BMI, SSB intake and 2010) potentially
through repeated FFQs = sl g TR 0.90 (0.85-0.95) capturing lifetime
between 1980-1986 and 2-6servings/wk NR 0.88 (0.84-0.92) exposure to aspartame.
2010 lto<2 NR 0.89 (0.83-0.95) A key limitation was
servings/day that other sources
> 2 servings/day NR 0.91 (0.84-1.00) of aspartame were
Continuous ~ NR 0.98 (0.96-1.01) i o s
(per serving/day) (although these were

Trend-test P value: 0.03
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more limited); and
uncertainty regarding
aspartame content in
ASBs after the mid-
2000s.

Other strengths: large
cohort with long
follow-up.
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Table 2.8 (continued)

Reference, Population size, Organ Exposure Exposed Risk estimate  Covariates controlled Comments
location, description, exposure site category or casesor (95% CI)
enrolment/ assessment method level deaths
follow-up
period, study
design
Malik et al. All ASB intake, 8-yr lag (HR): Age, race, smoking, alcohol  Other limitations:
2019) cancers <1serving/mo NR 1 intake, postmenopausal likely bias from
(cont.) combined, ;_4 servings/mo NR 0.96 (0.90-1.02) hormone use (NHS), non-differential
mortality 7 Gt R 0.93 (0.88-0.98) physmal activity, famlly- misclassifications of
history of diabetes; family =~ exposure to aspartame;
1to < = NR 0.91 (0.84-0.98) history of myocardial stratified numbers of
servings/day infarction, family history deaths not provided for
2 2 servings/ NR 1.01 (0.93-1.10)  of cancer, multivitamin specific cancer sites.
day use, aspirin use, baseline
Continuous NR 1.01 (0.99-1.04) history of hypertension
(per serving/day) and hypercholesterolaemia,
Trend-test P value: 0.83 intake of whole grains,
fruit, vegetables, or red
and processed meat, total
energy, BMI, SSB intake
All ASB intake, men (HPFS) (HR): Age, race, smoking,
cancers <1serving/mo 2118 1 alcohol intake, physical
combined, {_4 servings/mo 469 1.01 (0.92-1.12)  activity, family history of
mortality diabetes; family history

2-6 servings/wk 996
lto<2 283
servings/day

> 2 servings/day 196
Continuous 4062
(per serving/

day)

Trend-test P value: 0.51
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1.03 (0.95-1.11)
0.99 (0.87-1.13)

0.95 (0.82-1.11)
0.99 (0.95-1.03)

of myocardial infarction,
family history of cancer,
multivitamin use, aspirin
use, baseline history

of hypertension and
hypercholesterolaemia,
intake of whole grains,
fruit, vegetables, or red
and processed meat, total
energy, BMI, SSB intake
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Table 2.8 (continued)

Reference, Population size, Organ Exposure Exposed Risk estimate  Covariates controlled Comments
location, description, exposure site category or casesor (95% CI)
enrolment/ assessment method level deaths
follow-up
period, study
design
Malik et al. All ASB intake, women (NHS) (HR): Age, race, smoking, alcohol
2019) cancers < 1serving/mo 4154 1 intake, postmenopausal
(ews) combined, 1 4cerving/mo 1334 1.00(0.94-1.07) hormone use (NHS),
mortality physical activity, family

2-6 servings/wk 1520

1to<2 730
servings/day

> 2 servings/day 580
Continuous 8318
(per serving/

day)

Trend-test P value: 0.50
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0.95 (0.90-1.01)
0.98 (0.91-1.06)

1.05 (0.96-1.15)
1.01 (0.98-1.04)

history of diabetes; family
history of myocardial
infarction, family history
of cancer, multivitamin
use, aspirin use, baseline
history of hypertension
and hypercholesterolaemia,
intake of whole grains,
fruit, vegetables, or red
and processed meat, total
energy, BMI, SSB intake
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Table 2.8 (continued)

Reference, Population size, Organ Exposure Exposed Risk estimate  Covariates controlled Comments

location, description, exposure site category or casesor (95% CI)

enrolment/ assessment method level deaths

follow-up

period, study

design

Mullee et al. 451 743; EPIC cohort All Consumption of artificially sweetened soft Age, centre, sex, BMI, Exposure assessment
2019) study participants from cancers drink (glass, 250 mL) (HR): physical activity index, critique:

Europe 10 European countries combined: <1 glass/mo 9359 1 educational status, alcohol A key strength was
Enrolment, (Denmark, France, mortality 1,4 glasses/mo 1246 0.96 (0.90-1.02) consumptior}, smoking the prospective
;992—2000/ Greece, Germany, Italy, > 1106 glasses/ 1251 1.00 (0.94-1.06) status, smokmg intensity, assessment of ASB
ollow-up, Netherlands, Norway, K smoking duration, ever consumption (several
through 2009-  Spain, Sweden, and the W use of contraceptive pill, types of beverage) in
2013 (depending  United Kingdom); men (lito <2glasses/ 72 0.92 (0.73-1.16) menopausal status, ever use  several western Europe

ay

on study centre;
mean, 16.4 yr)
Cohort

and women excluding
those with prevalent
cancer, heart disease,
stroke, or diabetes or with
implausible dietary intake;
for artificially sweetened
soft drinks, participants
from Italy, Spain, and
Sweden were not included.
Exposure assessment
method: questionnaire;
exposure to artificially
sweetened soft drinks
overall assessed once at
baseline through country-
specific validated tools
(mainly FFQ) covering
the usual diet over the
past year; no specific
assessment of aspartame
or AS content of the
artificially sweetened soft
drinks

> 2 glasses/day 303
Trend-test P value: 0.23

1.10 (0.97-1.23)
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of menopausal hormone
therapy, intakes of total
energy, red and processed
meat, fruits and vegetables,
coffee, fruit and vegetable
juice, sugar-sweetened soft
drinks

countries at a period
relevant for aspartame
exposure (between
1991 and 2000).

Key limitations were
that no other sources
of aspartame were
considered (although
these were more
limited); uncertainty
regarding the
aspartame content in
ASBs in every country;
and that there was
only one assessment at
baseline.
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Reference, Population size, Organ Exposure Exposed Risk estimate  Covariates controlled Comments
location, description, exposure site category or casesor (95% CI)
enrolment/ assessment method level deaths
follow-up
period, study
design
Mullee et al. All Consumption of artificially sweetened soft Age, centre, BMI, Other information:
2019) cancers drink (glass, 250 mL), men (HR): physical activity index, context of low ASB
(cont.) combined, <1 glass/mo NR 1 educational status, alcohol ~ consumption in
mortality {4 glasses/mo  NR 0.99 (0.89-1.09) consumptiog, snlloking middle-aged adults.
> 1106 glasses/ NR 1.10 (0.99-1.22) status, smoklng intensity, Other strengths: large
wk smoking duration, intakes  population-based
of total energy, red and cohort spanning
1to <2 glasses/ NR 1.13 (0.76-1.66) processed meat, fruits and multiple countries with
day vegetables, coffee, fruitand  different behaviours;
> 2 glasses/day ~ NR 1.14(0.95-1.37)  vegetable juice, sugar- large number of cases;
Trend-test P value: 0.06 sweetened soft drinks results adjusted for
All Consumption of artificially sweetened soft Age, centre, BMI, appropriate potential
cancers drink (glass, 250 mL), women (HR): physical activity index, confounders, including
combined, <1 glass/mo NR 1 educational status, alcohol ~ BML
mortality 54 glasses/mo  NR 0.95 (0.87-1.02) consumption, smoking

>1to 6 glasses/ NR
wk

1to<2glasses/ NR
day

>2 glasses/day NR
Trend-test P value: 0.98

Advance publication, 29 April 2024

0.95 (0.88-1.02)
0.83 (0.62-1.11)

1.06 (0.91-1.24)

status, smoking intensity,
smoking duration, ever
use of contraceptive pill,
menopausal status, ever use
of menopausal hormone
therapy, intakes of total
energy, red and processed
meat, fruits and vegetables,
coffee, fruit and vegetable
juice, sugar-sweetened soft
drinks
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Table 2.8 (continued)

Reference, Population size, Organ Exposure Exposed Risk estimate  Covariates controlled Comments

location, description, exposure site category or casesor (95% CI)

enrolment/ assessment method level deaths

follow-up

period, study

design

Zhang et al. 31 402; NHANES All Daily intake of ASBs (HR): Age, sex, family income Exposure assessment

2021) participants, nationally cancers None 727 1 to poverty ratio, race, critique:

USA representative sample of combiged, S0to<1 68 0.91 (0.64-1,29) cigarette shmoking,.alcohol A key strfzngth was the

Enrolment, adult men and women mortality serving/day consumption, rparltal prospective assessment

1999-2014/ aged > 20 yr; participants status, leisure time of ASB consumption

lto<2 64 1.18 (0.84-1.66) . .. .
follow-up, excluded for current . physical activity, BMI, through dietary recalls,
. servings/day . . .

through 2015 pregnancy or missing data ) prevalent high cholesterol,  potentially capturing

Cohort Exposure assessment 22 servings/day 24 0.61 (0.35-1.04) ' hypertension and diabetes, all types of ASB.
method: exposure to ASBs Continuous 883 0.93(0.83-1.06)  history of CVD and cancer, Key limitations were
(sugar-free soft drinks (per 1 serving/ Healthy Eating Index-2015,  the small number
and carbonated water) day) total energy intake, SSB of dietary recalls

assessed at baseline with
one or two 24 h dietary
recalls

Advance publication, 29 April 2024

intake, complex sample
design of NHANES

(only one or two);

no other sources

were considered;

only one assessment
at baseline; and
uncertainty regarding
the aspartame content
in ASBs in the USA
after the mid-2000s
(i.e. for the most part
of the study assessment
period, 1999-2014).
Other strengths:
prospective design;
representative sample;
consideration of
nonlinear associations
using cubic splines
analysis.

Other limitations: few
cases among consumers
of ASBs; likely non-
differential exposure
misclassification.
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Table 2.8 (continued)

Reference, Population size, Organ Exposure Exposed Risk estimate  Covariates controlled Comments
location, description, exposure site category or casesor (95% CI)
enrolment/ assessment method level deaths
follow-up
period, study
design
Debras et al. 102 865; population-based ~ All Aspartame intake (HR): Age, sex, BMI, height, Exposure assessment
(2022b) cohort NutriNet-Santé cancers Non- 2309 1 percentage weight gain critique:
France (web-based); men and combined, consumers during follow-up, physical A key strength
Enrolment, women aged > 18 yr incidence oo 572 112 (1.02-1.23)  activity, smoking status, was that it was a
2009-2021/ Exposure assessment consumers number of smoked prospective study using
follow-up until ~ method: records; (men, cigarettes in pack-years, dietary records and
22 January 2021  participants are asked < 14.45 mg/day; educational level, number of ~quantitative assessment
(median, 7.8 yr)  every 6 mo to complete a women, 24 h dietary records, family  of aspartame based on
Cohort series of three validated < 15.39 mg/day) history of cancer, prevalent  food composition data
web-based 24 h dietary Higher 477 1.15 (1.03-1.28) dl.abetes, energy 1nt.ake updates for foqd supply
records randomly without alcohol, daily changes over time.
assigned over a 2-wk consumers intakes of alcohol, sodium, A key limitation was
period (2 weekdays, (>rrllin415 me/day: saturated fatty acids, fibre,  the baseline assessment
1 weekend day); at least - giaays sugar, fruit and vegetables,  in the main analysis but
. women, . o .
two 24 h dietary records > 15.39 mg/day) whole-grain foods, and the sensitivity analysis
during the first 2 yr of - gfday dairy products, other AS was conducted using
follow-up considered in Trend-test P value: 0.002 intake all 24 h dietary records
analyses (mean + SD, All Aspartame intake, participants without Age, sex, BMI, height, available during follow-
5.6 +3.0) cancers diabetes (HR): percentage weight gain up. There was low
combined, Non- 2238 1 during follow-up, physical ~ aspartame use in the
incidence  consumers activity, smoking status, cohort (28%).
Lower 542 113 (1.03-1.24) Dumber of smoked Other strengths: large
COnSuMmers cigarettes in pack-years, prospective cohort;
(men, educational level, number large? 1'1u.mber of cases;
< 14.45 mg/day; of 24 h dietary records, sensitivity analyses
women, family history of cancer, excluded prevalent
< 15.39 mg/day) energy intake without diabetes or used all
Hich 439 116 (1.04-1.29) alcohol, daily intakes of available 24 h dietary
c;I%sj:ners 16 (1.04-1. alcohol, sodium, saturated records throughout
(men fatty acids, fibre, sugar, fruit follow-up.
> 14 :15 mg/day; and vegetables, whole-grain
- ’ foods, and dairy products,
women,

> 15.39 mg/day)
Trend-test P value: 0.002

Advance publication, 29 April 2024

other AS intake
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Table 2.8 (continued)

Reference, Population size, Organ Exposure Exposed Risk estimate  Covariates controlled Comments

location, description, exposure site category or casesor (95% CI)

enrolment/ assessment method level deaths

follow-up

period, study

design

Debras et al. All Aspartame intake (time-dependent) (HR): Age, sex, BMI, height, Other limitations:

(2022b cancers Non- 2309 1 percentage weight gain self-selection may

(cont.) combined, consumers during follow-up, physical limit generalizability;
incidence [ jiver 57 1.14 (1.05-1,25)  activity, smoking status, potential for residual

consumers
(men,

< 14.45 mg/day;

women,

< 15.39 mg/day)

Higher 477
consumers

(men,

> 14.45 mg/day;

women,

>15.39 mg/day)
Trend-test P value: 0.003

1.13 (1.02-1.25)

Advance publication, 29 April 2024

number of smoked
cigarettes in pack-years,
educational level, number of
24 h dietary records, family
history of cancer, prevalent
diabetes, energy intake
without alcohol, daily
intakes of alcohol, sodium,
saturated fatty acids, fibre,
sugar, fruit and vegetables,
whole-grain foods, and
dairy products, other AS
intake

confounding and
reverse causation.
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Table 2.8 (continued)
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Reference, Population size, Organ Exposure Exposed Risk estimate  Covariates controlled Comments

location, description, exposure site category or casesor (95% CI)

enrolment/ assessment method level deaths

follow-up

period, study

design

Fulgoni and 12 438; NHANES All Tertile of aspartame intake (HR): Age, sex, race/ethnicity, Exposure assessment

Drewnowski participants, nationally cancers Non- NR 1 education, current smoking  critique:

(2022) representative sample of combined, consumers status (yes/no), alcohol A key strength was the

ESAl t adu(lit mlegn and wosngn t mortality  Turtile 1 NR 0.70 (0.49-0.99) CO?Sl'ltmIl)tiO{l, p}(ljy]s;;/?ll p;ospec'iive assessment

nrolment, aged > rs; participants . activity level, an of aspartame exposure

1988-1994/ e)g(cluded f}(’)r cErrent g TertTle 2 BIES 072 (Gt L0E) (contir}:uous) as covariates; throggh 24 h recpalls

follow-up, pregnancy, history of Tertile 3 NR 1.32(0.94-1.85)  NHANES 1988-1994 exam  considering the most

through 2019 myocardial infarction, Trend-test P value: 0.9755 weights relevant source at

Cohort chronic heart failure, All Tertile of aspartame intake, men (HR): Age, race/ethnicity, the time of dietary
stroke, cancer, or missing  cancers Non- NR 1 education, current smoking ~ assessment (1988
data; 978 cancer deaths combined, consumers status (yes/no), alcohol 1994).- o
overall (546 men, 432 mortality  Tertile 1 NR 0.61 (0.37-1.02) consumption, physical Key limitations were
women) ) activity level, and BMI the low number of
Exposure assessment Tertile 2 NR 0.55(0.32-0.94) (continuous) as covariates.  dietary recalls (one
method: exposure to Tertile 3 NR 1.50 (0.74-3.05)  NHANES 1988-1994 exam  recall for analysis with
low-calorie sweeteners/ Trend-test P value: 0.8547 weights aspartame intake); and
aspartame assessed . All Tertile of aspartame intake, women (HR): assessrpent at baseline
through one or maximum only with up to 31 yr of
two dietary recalls cancers b DS 1 follow-up and changes
: combined, consumers q
in several cycles of mortalit ’ in the use of aspartame
NHANES; aspartame Y Tertile 1 NR 0.83 (0.52-1.34) during that period.
specifically considered Tertile 2 NR 0.81 (0.52-1.26) Other strengths: large
in NHANES 1988-1994 Tertile 3 NR 1.15 (0.81-1.65) representative cohort,

(beverages and added
sweeteners); limited
reporting of methodology

Trend-test P value: 0.9777

Advance publication, 29 April 2024

large number of deaths.
Other limitations:
lacking detail on the
mortality data used;
likely bias from non-
differential exposure
misclassification.
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Table 2.8 (continued)

Reference, Population size, Organ Exposure Exposed Risk estimate  Covariates controlled Comments
location, description, exposure site category or casesor (95% CI)
enrolment/ assessment method level deaths
follow-up
period, study
design
Fulgoni and All Tertile of aspartame intake, age 19-50 yr Age, sex, race/ethnicity,
Drewnowski cancers (HR): education, current smoking
2022 combined, Non- NR 1 status (yes/no), alcohol
(cont.) mortality  consumers consumption, physical
Tertile 1 NR 0.38 (0.18-0.82) ?Cti"tity 1eve;r and BMI t
. continuous) as covariates.
TertTle 2 NR 0.57 (0.27-1.23) NHANES 1988-1994 exam
Tertile 3 NR 154 (0.91-2.62)  yeights
Trend-test P value: 0.7825
All Tertile of aspartame intake, age 19-50 yr, Age, race/ethnicity,
cancers men (HR): education, current smoking
combined, Non- NR 1 status (yes/no), alcohol
mortality  consumers consumption, physical
Tertile 1 NR 0.44 (0.17-1.14) i(ictivtity 1eve;’ and BMI t
. continuous) as covariates.
Tert%le 2 NR 1.19 (0.51-2.77) NHANES 1988-1994 exam
Tertile 3 NR 1.46 (0.55-3.89) weights
Trend-test P value: 0.5494
All Tertile of aspartame intake, age 19-50 yr,
cancers women (HR):
combined, Non- NR 1
mortality  consumers
Tertile 1 NR 0.35 (0.11-1.16)
Tertile 2 NR 0.46 (0.18-1.17)
Tertile 3 NR 1.28 (0.65-2.50)
Trend-test P value: 0.7151
All Tertile of aspartame intake, age 51+ yr (HR):  Age, sex, race/ethnicity,
cancers Non- NR 1 education, current smoking
combined, consumers status (yes/no), alcohol
mortality  rergie | NR 046 (il g ComsUmpTe, Py
Tertile 2 NR 065 (0.37-114) ctivitylevel, and BMI
i (continuous) as covariates.
Tertile 3 NR 0.99 (0.68-1.44) NHANES 1988-1994 exam
Trend-test P value: 0.4396 weights

Advance publication, 29 April 2024
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Table 2.8 (continued)

Reference, Population size, Organ Exposure Exposed Risk estimate  Covariates controlled Comments
location, description, exposure site category or casesor (95% CI)
enrolment/ assessment method level deaths
follow-up
period, study
design
Fulgoni and All Tertile of aspartame intake, age 51+ yr, men  Age, race/ethnicity,
Drewnowski cancers (HR): education, current smoking
2022 combined, Non-consumers NR 1 status (yes/no), alcohol
(cont.) mortality Tertile 1 NR 0.72 (0.38-1.36) consumption, physical
Tertile 2 NR D7 (I nEs) | Cobuiy b
i (continuous) as covariates.
Tertile 3 NR 1.01 (0.56-1.81) NHANES 1988-1994 exam
Trend-test P value: 0.0884 weights
All Tertile of aspartame intake, age 51+ yr,
cancers women (HR):
combined, Non-consumers NR 1
mortality  ertije 1 NR 1.06 (0.69-1.63)
Tertile 2 NR 0.95 (0.48-1.88)
Tertile 3 NR 1.24 (0.78-1.97)

Trend-test P value: 0.4677

Advance publication, 29 April 2024
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Table 2.8 (continued)

Reference, Population size, Organ Exposure Exposed Risk estimate  Covariates controlled Comments

location, description, exposure site category or casesor (95% CI)

enrolment/ assessment method level deaths

follow-up

period, study

design

McCullough 934 777 (416 313 men, All ASB consumption (HR): Age, sex, race/ethnicity, Exposure assessment

etal. (2022) 518 464 women); CPS-II cancers Never NR 1 smoking, marital critique:

USA prospective cohort; adults  combined, < 1 drink/day NR 0.98 (0.96-0.99) status, education, red A key strength was the

Enrolment, aged.zl 28 yr; e?(cluded mortality 1 drink/day NR 0.99 (0.97-1.01) and proce§sed meat prospective assessment

1982/follow-up,  participants with personal . consumption, fruit and of ASB consumption.

through 2016 history at baseline of 2 2drinks/day  NR 0.99 (0.97-1.02) vegetable consumption, Key limitations were

(median, 27.7 yr)  diabetes or cancer other Continuous 135093 1.00 (0.99-1.00)  alcohol consumption, SSB that only one dietary

Cohort than nonmelanoma skin (per drink/day) consumption assessment was carried
cancer, men aged > 90 yr Trend-test P value: 0.227 out at baseline in 1982
or women aged > 95 yr All ASB consumption, BMI-adjusted (HR): Age, sex, race/ethnicity, that was before the use
at enrolment, and those cancers Never NR 1 smoking, marital of aspartame in ASB,
ot et comomption o <1drinkiday | NR - 096(055-098) St educaton red SRR EERIEE S
of either SSBs or ASBs ¥ Ldrink/day NR 0.98 (0.96-1.00) cons}:lmption, fruit and depends on the stability
Exposure assessment >2drinks/day ~ NR 0.97 (0.95-0.99) vegetable consumption, of ASB consumption
method: questionnaire; Continuous 135093 0.99(0.99-1.00)  alcohol consumption, SSB over up to 34 yr of
exposure to ASBs (per drink/day) consumption, BMI follow-up, but such
assessed in 1982 through Trend-test P value: 0.001 information was not
a question about the All ASB consumption, men, BMI-adjusted (HR):  Age, race/ethnicity, available; no other
n;l‘rir}ber odf drin.ks/day cancers Never NR 1 smoking, marital Eolu}rlces chonsidered
of diet soda or ice teas ; . i although more
(one pooled item) and ;?:;E;Etej > <1drink/day NR 0.97 (0.94-1.00) Z?(tiu;r’;iuszzgﬁézf d limited); uncertainty of

potential changes over
the past 10 yr; no specific
assessment of aspartame
content in ASBs

1 drink/day NR
>2drinks/day = NR

Continuous 70 834

(per drink/day)
Trend-test P value: 0.033

Advance publication, 29 April 2024

0.98 (0.94-1.01)
0.98 (0.94-1.01)
1.00 (0.99-1.00)

consumption, fruit and
vegetable consumption,
alcohol consumption, SSB
consumption, BMI

aspartame content in
ASBs after the mid-
2000s.

Other information:
exclusion of
participants who
reported only prior
but not current
consumption of
either SSBs or ASBs at
baseline.
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Table 2.8 (continued)

Reference, Population size, Organ Exposure Exposed Risk estimate  Covariates controlled Comments

location, description, exposure site category or casesor (95% CI)

enrolment/ assessment method level deaths

follow-up

period, study

design

McCullough All ASB consumption, women, BMI-adjusted Age, race/ethnicity, Other strengths: large

etal. (2022 cancers (HR): smoking, marital cohort with long

(cont.) combined, Never NR 1 status, education, red follow-up; ability to
mortality 4 drink/day  NR 0.95 (0.93-0.97 and processed meat examine multiple

1 drink/day NR
>2drinks/day NR
Continuous 64 259
(per drink/day)

Trend-test P value: < 0.0001

Advance publication, 29 April 2024

0.96 (0.93-0.99
0.95 (0.92-0.98
0.98 (0.98-0.99

NN 2NN

consumption, fruit and
vegetable consumption,

alcohol consumption, SSB

consumption, BMI

cancer types, stratify
by sex or BMI, and
limit to never-smokers;
comprehensive
adjustment for
confounders, including
SSB consumption.
Other limitations:
likely bias from non-
differential exposure
misclassification.
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Table 2.8 (continued)

Reference, Population size, Organ Exposure Exposed Risk estimate  Covariates controlled Comments
location, description, exposure site category or casesor (95% CI)
enrolment/ assessment method level deaths
follow-up
period, study
design
You et al. (2022) 92 997; PLCO cancer All Type of soft drink consumption (HR): Age, sex, race, study centre, Exposure assessment
USA screening trial cancers No soft drink 1089 1 arm, total energy intake, critique:
Enrolment, participants, men and combined, consumption alcohol consumption, A key strength was the
1993-2001/ women aged 55-74 yr incidence Regular only 5002 1.03 (0.97-1.11) smoking status, BMI timing of exposure,
follow-up in 19 s.tudy cegtres;. Ol 4557 1.06 (0.99-1.13) categorles (l?a§e11ne), . which was con51s.tent
through 2009 participants with history physical activity, education, for aspartame being the
(median, 11.3 yr)  of cancer or diabetes were Both 2078 0.99 (0.92-1.07) red meat intake, amounts major AS in beverage;
Cohort excluded of fruits and vegetables, ASBs were the major
Exposure assessment coffee, family history of source of aspartame in
method: diet history lung cancer this country and time
questionnaire: FFQ with  AJ] Type of soft drink consumption, men (HR):  Age, race, study centre, frame.
156 items cancers No soft drink 539 1 arm, total energy intake, Key limitations were
combined, consumption alcohol consumption, that .there S D
incidence  pegularonly 3532 1.02(0.93-112) Smokingstatus, BMI speaftlc estimate of
. categories (baseline), aspartame exposure,
Diet only 2221 1.04 (0.94-1.14) phyfical ac(tivity, . dzlcation) ASBs were used as
Both 1368 0.98 (0.89-1.09) red meat intake, amounts a proxy; and only
of fruits and vegetables, consumption vs non-
coffee, family history of consumption was
lung cancer considered (not dose);
All Type of soft drink consumption, women Age, race, study centre, exposure data were
cancers (HR): arm, total energy intake, reported at baseline
combined, No soft drink [550] 1 alcohol consumption, only.
incidence  consumption smoking status, BMI Other st:fzngthszl .
Regularonly ~ [1670]  1.03(0.93-1.14) categories (baseline), SR T

Diet only [2336]
Both [710]

1.07 (0.98-1.18)
1.00 (0.89-1.12)

Advance publication, 29 April 2024

physical activity, education,
red meat intake, amounts of
fruits and vegetables, coffee,
family history of lung
cancer, estrogen use

likely bias from non-
differential exposure
misclassification.
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Table 2.8 (continued)

Reference, Population size, Organ Exposure Exposed Risk estimate  Covariates controlled Comments
location, description, exposure site category or casesor (95% CI)
enrolment/ assessment method level deaths
follow-up
period, study
design
You et al. (2022) All Type of soft drink consumption, never- Age, sex, race, study centre,
(cont.) cancers smokers (HR): arm, total energy intake,
combined, Npo soft drink 446 1 alcohol consumption,
incidence consumption BMI categories (baseline),
Regularonly 2183 1.04 (0.94-1.15) pthlcaltgcttlvll(ty, education»
Diet only 1858 1.09 (0.98-1.21) gef frrfll;*; al:ll daveeg’:t’;fl‘e‘:j s
Both 953 1.03 (0.92—1.16) coffee, famlly hiStOl’y of
All Type of soft drink consumption, ever/current  Jung cancer
cancers smokers (HR):
combined, No soft drink 643 1
incidence consumption

1.04 (0.95-1.14)
1.02 (0.93-1.11)
0.95 (0.86-1.05)

Regular only 3017
Diet only 2699
Both 1124

AICR, American Institute of Cancer Research; AS, artificial sweetener; ASB, artificially sweetened beverage; BMI, body mass index; CI, confidence interval; CPS-II, Cancer Prevention
Study-II; CVD, cardiovascular disease; EPIC, European Prospective Investigation into Cancer and Nutrition; FDA, Food and Drug Administration; FFQ, food frequency questionnaire;
HPEFS, Health Professionals Follow-up Study; HR, hazard ratio; mo, month(s); NHANES, National Health and Nutrition Examination Survey; NHS, Nurses’ Health Study; NR, not
reported; PLCO, Prostate, Lung, Colorectal and Ovarian Cancer screening trial; RR, relative risk; SD, standard deviation; SSB, sugar-sweetened beverage; WCRF, World Cancer

Research Fund; wk, week(s); yr, year(s).

Advance publication, 29 April 2024
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was its estimation of aspartame intake from all
dietary sources using brand-specific and time-
matched composition data, which no other study
provided; limitations included the relatively
small proportion of aspartame users, meaning
that the study could not evaluate finer classifica-
tions of amount consumed.]

In a prospective analysis of 80 647 women
from the NHS cohort and 37 716 men from the
HPFS cohort (Malik et al., 2019), 12 380 deaths
from cancer occurred during a 34-year follow-up.
ASB consumption was assessed 7-8 times during
follow-up from 1980 in the NHS and 1986 in the
HPEFS, both studies ending follow-up in 2014.
No association with all cancer mortality was
observed (HR for ASB consumption of > 2/day
versus < 1/month, 1.04; 95% CI, 0.96-1.12). [An
important strength of this analysis was that ASB
consumption was assessed on multiple occa-
sions, and the data were updated each time to
account for changes in intakes. However, the
results from this analysis were similar to those
using the cumulative average of intake (HR for
ASB consumption of > 2/day versus < 1/month,
0.91; 95% CI, 0.84-1.00). As with other studies,
the main limitations related to the lack of infor-
mation on other sources of aspartame and the
contribution of aspartame to artificial sweet-
eners used in beverages over time, although
follow-up included the period when aspartame
was the main artificial sweetener and soft drinks
were the main source of aspartame in the USA.]

In the EPIC study, which included cohorts
from seven countries (ASB data were not collected
in all centres in Italy, Spain, or Sweden; therefore,
those countries were excluded from this analysis)
and more than 12 000 cancer deaths, the hazard
ratio for > 2 glasses/day of artificially sweetened
soft drinks versus < 1 glass/month was 1.10
(95% CI, 0.97-1.23) (Mullee et al.. 2019). [EPIC
is a large prospective study with many cases,
and the results were adjusted for appropriate
potential confounders. The Working Group
considered results adjusted for BMI to be the

328

most informative. Although data were collected
during a relevant time period for aspartame use
in Europe, the collection of intake data at a single
time point and the variation in products across
countries and over time may lead to exposure
misclassification and bias towards the null.]

Zhang et al. (2021) analysed NHANES data
from 1999-2014 in relation to cancer mortality.
Intake data were based on two 24-hour dietary
recalls since 2003 (n = 22 348) or a single 24-hour
dietaryrecall before 2003 (n = 9054). After amean
follow-up of 7.9 years, 3878 deaths, including
883 cancer deaths, were identified. A hazard
ratio of 0.61 (95% CI, 0.35-1.04) was found for
consumption of > 2 servings/day of ASBs rela-
tive to no consumption. [The Working Group
noted the wide confidence interval for this esti-
mate. Notable strengths of the study included
consideration of nonlinear associations using
cubic splines analysis and use of a representative
sample. The major weakness, as in most other
studies, was the lack of specific data on aspar-
tame intakes, and also that ASB intake may not
be a good proxy for aspartame intake after 2003,
the relatively small number of cancer deaths, and
use of one or two dietary recalls that may not
represent usual intake.]

Using 24-hour recall data from 12 438 partic-
ipantsaged > 19 yearsin the 1988-1994 NHANES
survey, Fulgoni and Drewnowski (2022) evalu-
ated aspartame intake in relation to all-cancer
mortality. Results were reported overall and
stratified by both sex and age (19-50 years,
> 51 years). For all ages combined, the hazard
ratio was 1.32 (95% CI, 0.94-1.85; P for trend,
0.9755) for the top tertile of intake relative to
non-consumers (Fulgoni and Drewnowski,
2022). [The Working Group acknowledged the
wide confidence interval and the lack of a trend
across increasing intakes. Strengths were the
nationally representative sample and calculation
of aspartame intake from diet beverages and
tabletop sweeteners, which were the main sources
of aspartame at the time; weaknesses included

Advance publication, 29 April 2024
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that specific aspartame information was limited
to the 1988-1994 cycle (NHANES III), so that
only a smaller group with 978 deaths could be
included in this analysis. Intake estimates were
based on a single recall so could not be assumed
to be representative of usual intake. No informa-
tion was provided on mortality data, so it was not
clear how cancer mortality was defined. Despite
the potential strength of using specific aspar-
tame intake in this analysis, the unclear outcome
definition meant that the earlier analysis of
NHANES data was considered to be more infor-
mative, although both analyses were consistent
in not finding strong evidence linking aspartame
or ASB intake with cancer mortality.]

During a median follow-up of 27.7 years,
135 093 CPS-II participants died from cancer
(25.9% of all deaths) (McCullough et al., 2022).
The cancer mortality hazard ratio for > 2 drinks
of ASBs relative to none was 0.99 (95% CI,
0.97-1.02) without adjustment for BMI and
0.97 (95% CI, 0.95-0.99) with BMI adjustment.
The study used only a single assessment of ASB
intake at baseline, which was before the approval
and use of aspartame for soft drinks in the USA
in 1983. [The Working Group considered that the
results adjusted for BMI were the most informa-
tive. The strengths of the CPS-II study were its
large size and prospective design. The Working
Group noted that the relevance of this study with
regard to aspartame exposure depended on the
stability of ASB consumption over time since the
introduction of aspartame into ASBs in 1983 in
the USA. Although no information was available
regarding potential variations in ASB intake over
time during the (up to) 34 years of follow-up, some
data from McCullough et al. (2014) in the CPS-II
cohort suggested a stable ranking of partici-
pants with respect to ASB consumption between
1982 and 1999 for the subsample providing data
at both time points. The Working Group still
noted uncertainty regarding aspartame content
in ASBs from the mid-2000s. Non-differential
misclassification was therefore likely, probably
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leading to bias towards the null.] The only study
reporting on the interaction between sex and
ASB consumption (McCullough et al., 2022) did
not find evidence of an effect of sex on the asso-
ciation (P for interaction, 0.145).

You et al. (2022) analysed prospective data
from the PLCO Cancer Screening Trial, which
followed more than 90 000 men and women for
a median of 11.3 years. Hazard ratios slightly
greater than 1 were found for use of diet soft
drinks only, relative to no soft drink consump-
tion, for several subgroups: overall HR, 1.06;
95% CI, 0.99-1.13; HR for women, 1.07; 95% ClI,
0.98-1.18; HR for never-smokers, 1.09; 95% CI,
0.98-1.21. [A major limitation of this study was
that it assessed soft drink intake in only four
categories: none, regular only, diet only, and both
regular and diet soft drinks, with no quantifica-
tion or assessment of aspartame.]

Five meta-analyses were identified (Zhang
et al, 2021; Yin et al., 2022; Pan et al., 2022,
2023; and Yan et al., 2022), none of which found
evidence of an association between exposure
and overall cancer mortality or incidence. [The
Working Group determined that three of these
studies did not contribute useful information,
since too few studies were included. For example,
only two studies were included in Zhang et al,,
with no overall risk estimate provided, and Pan
et al. (cancer mortality in Pan et al., 2022; and
cancer incidence in Pan et al., 2023) included four
and two cohorts, respectively.] Yan et al. (2022)
and Yin et al. (2022) identified more studies,
including the study by Debras et al. (2022b) that
specifically evaluated aspartame. [A limitation of
the meta-analyses by Yin et al. (2022) and Yan
et al. (2022) when estimating risk estimates for
“overall cancer” pertained to their combining of
individual reported cancer sites to produce “all
cancer” estimates.]
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2.8 Evidence synthesis for cancer in
humans

This section provides a synthesis of studies of
consumption of aspartame and ASBs and/or arti-
ficial sweeteners containing aspartame in rela-
tion to the risk of human cancer at various organ
sites. A detailed definition of aspartame, as the
agent of investigation in the present monograph,
has been provided in Section 1.1. It is important
to note that the body of evidence regarding the
carcinogenicity of aspartame in humans was
for the most part derived from several studies
that assessed consumption of ASBs and only a
few studies that more specifically focused on
aspartame. In several cases, no clear distinction
could be made between consumption of drinks
and foods containing aspartame versus other
artificial sweeteners, in which case the evidence
was considered relevant only if the timing of the
exposure assessment could be aligned with the
time when aspartame was the prevailing arti-
ficial sweetener used in the respective country
or region. Only the NutriNet-Santé prospec-
tive cohort provided information on exposure
to aspartame across the entire spectrum of
sources (beverages, dairy, tabletop sweeteners,
and other sources, together with brand-specific
information) with repeated 24-hour diet record
assessments during the follow-up period. Two
prospective cohort studies from the USA (NHS
and HPFS) assessed aspartame intake from the
two main sources (diet soft drinks and tabletop
sweeteners, representing more than 90% of all
aspartame-containing products on the market in
the USA between the mid-1980s and mid-2000s)
repeatedly (every 4 years) over two decades
that specifically covered the time period when
aspartame was approved for use and when it
represented by far the most prevalent artifi-
cial sweetener in the USA (Rimm et al., 1992;
Feskanich et al., 1993). The EPIC study measured
diet with diet history questionnaires, including
assessment of several hundreds of simple foods,
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mixed foods, and recipes and drinks that were
adapted to thelocal diet. Diet questionnaires were
complemented by 24-hour diet records collected
in about 10% of the cohort (Riboli et al., 2002). In
most of the participating centres, information on
consumption of ASBs was collected (Navarrete-
Muiioz et al., 2016; Stepien et al., 2016; Mullee
et al., 2019; Heath et al., 2021; Zamora-Ros et al.,
2022).

2.8.1 Studies evaluated

The association between aspartame or ASB
consumption and different cancers was inves-
tigated in 12 prospective cohort studies and 13
retrospective case—control studies. Cancers that
were studied more extensively were those of the
digestive tract, including the colon and rectum
(seven cohort and three case-control studies),
liver (three studies including four cohorts), and
pancreas (five cohort and four case-control
studies); breast (six cohort and three case-
control studies); urinary tract (four cohort and
three case—control studies); prostate (five cohort
and two case—control studies); and lymphatic
and haematopoietic tissues (four cohort studies
including five cohorts and one case-control
study). Fewer studies were available for other
cancer types such as brain (two cohort and
two case—control studies), uterus (three cohort
studies and one case-control study), thyroid
(one cohort and one case—control study), larynx
(one case-control study), ovary (two cohort
studies, one case—control study), stomach (two
cohort studies, three case-control studies),
oesophagus (one cohort study, one case—control
study), or lung (three cohort studies including
four cohorts). With few exceptions (Australia,
Argentina), these studies were conducted in the
USA and Europe. In all these countries, the use
of artificially sweetened products, containing
aspartame as the main or one of the main artifi-
cial sweeteners, has been common over the past
few decades; several detailed nutritional cohort
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studies have been conducted, allowing for assess-
ment of the association between aspartame use
(primarily as its main dietary source, ASBs) and
cancer. Although the studies were conducted in
alimited geographical area, the results can prob-
ably be generalized to other populations. The
studies were conducted in various regions of the
USA and countries within Europe, with substan-
tial diversity in dietary and lifestyle habits, as well
as different cancer prevalence rates and average
amounts of aspartame consumption.

In assessing the carcinogenicity of aspar-
tame use, substantial weight was given to the
results from the NutriNet-Santé study (Hercberg

that, compared with other studies, a small
proportion (28%) of cohort members were aspar-
tame users, so the study could not look at finer
stratification of the amount consumed. In addi-
tion, the potential for self-selection of women
who were older, more health-conscious, and
better educated may limit the generalizability of
the results of the study, although the adjustment
for many confounders minimized concerns
about biases in risk estimates.

Several other cohort studies provided results
on aspartame or ASB exposure and the risk
of cancer. In particular, the NHS and HPFS
(Schernhammer et al., 2005, 2012) used cumu-

et al., 2010; Debras et al., 2022b), a prospective
web-based cohort study of 102 865 individ-
uals who had a median follow-up of 7.8 years
(2009-2021). The NutriNet-Santé study collected
detailed information on consumption of ASBs
and other dietary sources of artificial sweeteners,
by type, via multiple 24-hour dietary records
collected every 6 months. Baseline diet was the
average of all records over the first 2 years of
follow-up, and all participants had at least two
individual diet records over this period (92.3%
had three or more records, Chazelas et al., 2019).
In sensitivity analyses, a model with a time-de-
pendent exposure variable used yearly average
aspartame intake, thereby taking advantage of
all available measurements conducted during
the follow-up. The NutriNet-Santé study was the
only one that applied a robust methodology for
estimating individual food additives and was able
to specifically single out exposure to aspartame,
versus exposure to other sweeteners, by building
a brand- and year-specific food composition
table including specific data on the artificial
sweetener content of drinks and foods. Although
the NutriNet-Santé study results offered high-
quality data, the sample sizes for incident cancer
cases during the follow-up period tended to be
large enough to examine individually only a few
cancer sites (e.g. prostate and breast). Another
characteristic of the NutriNet-Santé study was
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latively updated diet assessments from the 1980s
for up to two decades (based on repeated FFQs),
potentially capturing very long-term exposure to
aspartame from sodas and tabletop sweeteners
in these populations. The studies controlled for
BMI at baseline and updated diabetes diagnoses
during follow-up. As noted above, other infor-
mative prospective cohort studies for the evalu-
ation included the EPIC cohort and the pooled
PLCO-NIH-AARP cohort.

In addition to the eleven cohort studies from
the USA and Europe, one cohortstudyin Australia
also provided results on several different cancer
end-points: The MCCS used an FFQ to quantify
the frequency of consumption of diet soft drinks
at baseline in 1990-1994, which was after the
approval of aspartame use in foods and drinks
in Australia in 1986 (Hodge et al., 2018).

Of the total 13 case-control studies, only
11 were considered informative, although the
degree to which each study was informative
varied substantially. These studies were exclu-
sively conducted in the USA and in Europe,
except for a case—control study from Argentina
(Andreatta et al., 2008). As generally is the case,
the case-control studies were at greater risk of
selection and information bias, and they tended
to have relatively small numbers of cases. Some
case—control studies were adjusted for multiple
confounders, presented exposure-response anal-
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yses, provided results stratified by BMI, and
incorporated exposure only up to a certain
period before diagnosis, avoiding reverse causa-
tion; however, other case-control studies were
less informative because of a lack of information
in one or more of the areas discussed above.

Case series, cross-sectional studies, and
ecological studies were reviewed and consid-
ered by the Working Group but ultimately
not included in this review because they were
uninformative for the assessment of the asso-
ciation between aspartame consumption and
cancer. In some cohort study publications, the
outcome was cancer mortality, rather than inci-
dence (NHS, HPFS: Malik et al., 2019; EPIC:
Mullee et al., 2019, Heath et al., 2021; CPS-II:
McCullough et al., 2022); however, other reports
from the same cohorts presented data on cancer
incidence for certain cancer types (NHS, HPES:
Schernhammer et al., 2005, 2012; EPIC: Stepien
et al., 2016, Navarrete-Mufoz et al., 2016, Heath
et al., 2021; with the latter reporting on both
incidence and mortality; CPS-II: McCullough
et al., 2014). The results of the reports on cancer
incidence were qualitatively and quantitatively
similar to those of the reports focused on cancer
mortality. [The Working Group noted that,
for cancer sites with medium to high lethality
rates, mortality may be an acceptable proxy for
incidence.]

2.8.2 Exposure assessment and
misclassification of exposure

The quality of the exposure assessment
was a limitation of all except one of the
studies evaluated. Most of the existing studies
of cancer in humans adopted different types
of dietary assessment instruments, including
FFQs, food consumption history questionnaires,
and repeated 24-hour dietary recalls or records
to estimate consumption of ASBs and use of
tabletop sweetener packets. The EPIC study used
more elaborate questionnaires on habitual diet
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across hundreds of country- and region-specific
foods, separate assessment of usual portions
and frequency of consumption, and consump-
tion of foods and drinks during different
seasons of the year. Other studies considered
artificial sweeteners overall or ASB, and only
five cohort studies (including six cohorts)
(Lim et al., 2006; Schernhammer et al., 2012;
McCullough et al., 2014; Debras et al., 2022b;
Fulgoni and Drewnowski, 2022) specifically con-
sidered aspartame as the exposure. Four of
these studies (Lim et al., 2006; Schernhammer
et al., 2012; McCullough et al., 2014; Fulgoni and
Drewnowski, 2022) were based in the USA and
derived aspartame exposure from the consump-
tion of ASBs and the use of aspartame tabletop
sweetener packets, assessed through FFQs. The
more recent cohort study, the French NutriNet-
Santé study (Debras et al., 2022b), was the only
one that derived aspartame exposure from all
aspartame-containing foods and beverages
assessed through repeated 24-hour dietary
records, considering variations between products
or brands and over time and with repeated expo-
sure assessments. [The Working Group noted
that the USA-based studies, even though they
only considered the two main sources of aspar-
tame (ASBs and tabletop packets), were likely to
have captured more than 90% of all aspartame
intake because of the time period during which
they were conducted and the high prevalence of
aspartame as the main or sole artificial sweetener
used in the USA at that time (Rimm et al., 1992;
Feskanich et al., 1993).]

A main limitation of many of the other cohort
studies was that exposure was assessed only at a
single time point, at baseline. Misclassification
of exposure is inevitable when there is a single
assessment and follow-up over longer time
periods; however, because information on aspar-
tame exposure was collected before the occur-
rence of disease in the prospective cohort studies,
the resulting non-differential (with respect to
cancer outcome) misclassification would tend to
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bias results towards the null. Exposure assess-
ments in the case-control studies were simi-
larly incomplete (i.e. based on the assessment
of consumption of ASBs or tabletop sweetener
packets containing aspartame only) and addi-
tionally subject to recall bias, which is inherent
in the design of retrospective case-control
studies. In fact, recall bias (a potential limitation
of all the included case—control studies) may bias
estimates in either direction if cases were more
likely than controls to recall artificial sweetener
consumption (or vice versa). Exposure misclassi-
fication and the potential for selective exposure
in relation to past medical history (e.g. selective
consumption of ASBs among those newly diag-
nosed with diabetes) may occur to a various
degree in both the cases and the controls; on the
other hand, both may contribute to the potential
for a bias towards the null.

Variation in aspartame consumption is
driven by the geographical context or period
and resulting differences in the type of artificial
sweetener and amount of aspartame used in
ASB, as well as an increase over time in the range
of products (beyond ASBs and tabletop sweet-
ener packets) containing aspartame, including
the emergence of “diet” versions of yogurt, ice
cream, or breakfast cereals. Mixed exposure to
a variety of artificial sweeteners is also likely
to have introduced the potential for exposure
misclassification both in the exposed and refer-
ence groups, which would probably be non-dif-
ferential with respect to cancer outcome, and to
cause bias towards the null.

The NutriNet-Santé study conducted repeated
assessments collecting detailed data on aspar-
tame consumption, which included duration,
frequency, and amount of use. Given the detailed
and frequent repeat assessments of diet and the
use of food composition databases to derive
aspartame content for each single dietary item
consumed, the data provided by NutriNet-Santé
(Debras et al., 2022b) were the most detailed and
therefore the quality of the exposure assessment
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was high. The Working Group considered differ-
ences between the results for this very detailed
cohort study and those of the other available
cohort studies and concluded that the accu-
racy of the NutriNet-Santé study exposure data
may have provided a relatively more specific
and precise exposure assessment, but that the
three USA-based cohort studies (describing
four cohorts) (Lim et al., 2006; Schernhammer
et al., 2012; McCullough et al., 2014) were also
of particular interest because they probably
captured most of the aspartame consumed in
these populations.

2.8.3 Confounding and selection bias

In its assessment of causality for consump-
tion of aspartame or artificial sweeteners and
risk of various cancers, the Working Group used
directed acyclic graphs (DAGs) to determine the
major confoundingfactorsthatshouldbeadjusted
for when estimating the effect of aspartame on
cancer risk. The Working Group concluded that
age, sex, BMI, socioeconomic status, diabetes,
and sugar and/or sugar-sweetened beverages
represented the minimal sufficient adjustment
sets for estimating the effect of aspartame on
certain cancers. Additionally, for specific cancer
types (e.g. breast, liver), relevant cancer-specific
confounders were also considered. The DAG
drawn for liver cancer assessment is reported in
Fig. S2.1 (see Annex 3, Supplementary material
for Section 2, Cancer in Humans, also available
from: https://publications.iarc.who.int/627).
The consumption of sugar-sweetened beverages
and sugar intake more generally was included
because it may affect cancer risk either directly
(e.g. Hur et al., 2021; Laguna et al.,, 2021; Yuan
etal., 2022) or indirectly through its influence on
BMI (Faruque et al., 2019). Aspartame use or the
consumption of artificial sweeteners, although
not entirely consistently, tended to be higher in
individuals who have higher BMI (e.g. Bleich
et al., 2014), diabetes (Mackenzie et al., 2006),
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lower socioeconomic status, and a generally
unhealthier lifestyle. All these attributes are also
associated with increased risk of several cancers
(e.g. Giovannucci et al, 2010). Most studies
either adjusted for or matched on sex and age
and adjusted for BMI. Likewise, many studies
adjusted for lifestyle variables or stratified their
results by BMI and diabetes. The results from
the NutriNet-Santé study (Debras et al., 2022b),
which were based on the most specific aspar-
tame exposure assessment, were also thoroughly
adjusted for the major confounders, including
age, sex, lifestyle,and BMI. In sensitivity analyses,
cases in participants with a history of diabetes at
baseline were excluded.

Case—control studies varied in their adjust-
ment for confounders; most adjusted for age,
sex, and BMI; however, selection bias remained
a concern in these studies. With the exception
of one case—control study in Italy (Gallus et al.
2007; Bosetti et al., 2009), some of the popula-
tion-based (e.g. Mayne et al., 2006, as reported in
Gammon etal., 1997; Chan et al., 2009; Palomar-
Cros et al., 2023, as reported in Castafio-Vinyals
et al., 2015) and hospital-based (e.g. Davis et al.
2023) case—control studies may have been subject
to selection bias because of low participation
rates, if those who chose to participate varied
from the source population in terms of sweet-
ener use.

2.8.4 Reverse causation

It should be considered whether the asso-
ciation between aspartame consumption and
cancer may be subject to reverse causation. In
patients with a cancer diagnosis, early symp-
toms could potentially have led to changes in diet
soda consumption habits, although the direction
of any such changes remains speculative. Major
reverse causation bias entirely explaining the
observed associations is unlikely in prospec-
tive cohorts, since the participants did not have
cancer at baseline. Some of the studies (e.g. Bao
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et al., 2008; Navarrete-Mufoz et al., 2016; Malik
et al., 2019; Debras et al., 2022b) also applied
lag-time analyses, excluding cases diagnosed
during various periods of follow-up, and the
results tended to remain unchanged.

2.8.5 Cancer of the liver

Three publications reporting on four
cohorts (Stepien et al., 2016; Jones et al., 2022;
McCullough et al., 2022) examined the associa-
tion between ASB consumption and liver cancer
risk. No other studies investigated associations
with liver cancer. The Working Group carefully
considered potential confounders at baseline
of an association between aspartame and liver
cancer (Fig. S2.1, Annex 3, Supplementary mate-
rial for Section 2, Cancer in Humans, also avail-
able from: https://publications.iarc.who.int/627).
The study in the EPIC cohort (Stepien et al., 2016)
found that each increment of one 330 mL serving
of artificially sweetened soft drinks per week
was associated with an increased risk of hepato-
cellular cancer (HR, 1.06; 95% CI, 1.03-1.09;
151 cases). [The Working Group noted that this
study was well adjusted for confounders for
liver cancer, including BMI (height and weight
measured at baseline by trained investigators),
baseline diabetes, alcohol consumption, and
smoking, and the investigators evaluated poten-
tial confounding by coffee and sugar-sweetened
beverage intake. Although HBV or HCV infec-
tion is a strong risk factor for liver cancer, it is
unlikely that there is an association between
aspartame consumption and HBV or HCV infec-
tion, making it unlikely that HBV and HCV are
confounders of the association between aspar-
tame consumption and liver cancer. An associ-
ation between aspartame and HBV or HCV via
diabetes (Cacoub and Saadoun, 2021) is plausible
but was addressed by adjustment for diabetes at
baseline. Moreover, the prevalence of HBV or
HCV infection in the EPIC cohort was very low
(about 3%) (Trichopoulos et al., 2011).]
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A pooled analysis of the NIH-AARP and
PLCO cohorts (Jones et al., 2022) found a posi-
tive association with risk of liver cancer during
the first 12-year follow-up interval among partic-
ipants with diabetes at baseline (but not among
those without diabetes). This interval corre-
sponds to a time period when aspartame was
the main artificial sweetener used in ASBs in
the USA (see Section 1.6.1(c)). The hazard ratios
for units of consumption per day were 1.13 (95%
CI, 1.02-1.25) for ASBs overall; 1.13 (95% CI,
1.01-1.27) for artificially sweetened soda; and
1.17 (95% CI, 0.92-1.48) for artificially sweetened
fruit punch. All findings were null for the second
follow-up period beyond 12 years since baseline.
These findings indicated that diabetes could be
an effect modifier of the association, possibly
due to greater ASB exposure; however, it was
unclear whether biological mechanisms specific
to individuals with diabetes could play a role in
explaining these findings.

The study in the CPS-II cohort (McCullough
et al., 2022) reported no association with liver
cancer risk overall. There was a weak indica-
tion that, in analyses restricted to male never-
smokers, the association between > 2 drinks/day
of artificially sweetened drinks (compared with
0 drinks/day) and liver cancer was positive (HR,
1.44; 95% CI, 0.99-2.08; P for trend, 0.040),
although the hazard ratio was 1.21 after adjust-
ment for BMI (P for trend, 0.335). Therefore, this
study did not refute the findings of a positive
association reported in the other studies. [The
Working Group noted that a unique feature of
this cohort was that its large size allowed restric-
tion to never-smokers and stratification by sex.
Additionally, participants with a history of
diabetes at baseline were excluded in all analyses.]

A recent study by Debras et al. (2023) in the
NutriNet-Santé cohort showed a positive asso-
ciation between aspartame consumption and
diabetes incidence; therefore, it is possible that
diabetes may be on a causal pathway between
aspartame consumption and liver cancer risk.
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All these cohort studies controlled for baseline
diabetes, by adjustment (Stepien etal.,2016), strat-
ification (Jones et al., 2022), or exclusion (McCul-
lough et al., 2022). These cohort studies did
not control for incident diabetes during cohort
follow-up, thereby allowing insulin resistance
or diabetes to contribute to observed posi-
tive associations between aspartame and liver
cancer. Other mechanisms may also play a role,
since associations with ASB consumption were
observed among diabetic patients.

The Working Group concluded that the three
studies, which included four cohorts, exam-
ining the association between ASB consump-
tion and cancer of the liver were informative.
Other studies, including the highly informa-
tive NutriNet-Santé study, did not investigate
liver cancer separately. Although some level of
non-differential misclassification may exist in
these studies, which would probably bias associ-
ations towards the null, the positive and statisti-
cally precise associations between aspartame use
and liver cancer identified by these studies were
considered to be important evidence. Although
bias could not be ruled out with reasonable confi-
dence, the findings demonstrated consistency,
and the studies that were reviewed provided
credible evidence for a positive association with
liver cancer.

2.8.6 Cancer of the breast

The Working Group evaluated six cohort
studies (NutriNet-Santé, NHS, NHS-II, CPS-II,
EPIC, MCCS) and three case-control studies on
consumption of aspartame, or ASBs or tabletop
sweetener packets containing aspartame, and the
risk of breast cancer.

The NutriNet-Santé study (Debras et al.
2022b) found a significantly increased risk of
breast cancer overall (HR, 1.22; 95% CI, 1.01-1.48;
P for trend, 0.036) for women with higher
aspartame consumption, i.e. above the median
for female aspartame users, compared with
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non-users. The two NHS cohorts, NHS and
NHS-IT (Romanos-Nanclares et al., 2021), also
had repeated diet exposure updates throughout
follow-up. The studies found no increased risk of
breast cancer associated with ASB consumption.
Similarly, consumption of ASBs was not asso-
ciated with increased breast cancer mortality
(Malik etal.,2019) in the NHS cohort. The CPS-II
cohort study (McCullough et al., 2022) adjusted
in detail for confounding, including for BMI, and
reported no association between consumption
of ASBs and postmenopausal breast cancer risk
and mortality. The EPIC cohort study (Mullee
et al., 2019) reported no positive association
between artificially sweetened soft drinks and
breast cancer mortality, although a lower breast
cancer mortality was observed among women
consuming 1-4 glasses/month (HR, 0.79; 95%
CIL, 0.63-0.98) versus < 1 glass/month. Also, the
study in the MCCS cohort (Hodge et al., 2018)
found no association between consumption
of artificially sweetened soft drinks and breast
cancer risk.

Ofthe three case—control studies, one (Ewertz
and Gill, 1990) was considered uninformative
because the assessment of artificial sweetener
consumption preceded approval for aspartame
in the study country (Denmark). Another case—
control study (Gallus et al., 2007) was conducted
in Italy and reported an inverse association
between breast cancer and consumption of arti-
ficial sweeteners other than saccharin. The large
multicase—control study in Spain (MCC-Spain)
(Palomar-Cros et al., 2023), investigated associ-
ations between use of artificial sweeteners and
low- orno-calorie sweetened beverages and breast
cancer risk (1510 cases). Overall, no increased
risk of breast cancer was observed among women
with high aspartame consumption (defined as
third quartile or above). Among participants
with diabetes, there was an inverse association
when comparing high consumers with non-con-
sumers (OR, 0.28; 95% CI, 0.08-0.83; P for trend,
0.03).
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In sum, with the exception of one study in
which aspartame was measured specifically and
that suggested an elevated risk of breast cancer,
the available studies on ASB consumption and
breast cancer did not show positive associations.
Although the high-quality NutriNet-Santé study
(Debras et al., 2022b) found that intake of aspar-
tame was associated with higher risk of breast
cancer, the Working Group considered that,
because of the potential for misclassification and
inconsistent findings, the available studies were
of insufficient informativeness about aspartame
exposure and insufficient consistency to permit
a conclusion to be drawn on the presence or
absence of a causal association between aspar-
tame consumption and breast cancer risk.

2.8.7 Cancers of lymphatic and
haematopoietic tissues

The association between proxies of aspartame
exposure and lymphatic and haematopoietic
cancer risk was assessed by four cohort studies
(NITH-AARP, NHS, HPES, CPS-II). One case-
control study (MCC-Spain) also contributed to
this evaluation.

A study in the NHS and HPFS cohorts
(Schernhammer et al., 2012) evaluated asso-
ciations between aspartame-containing soda
and incidence of haematopoietic cancers. With
22 years of follow-up and repeated exposure
assessments covering the relevant period of
aspartame use in ASBs in the USA, this study was
particularly informative, comprising 1324 cases
of NHL, 285 cases of multiple myeloma, and 339
cases of leukaemia. Compared with men who
did not consume diet soda, men who consumed
> 1 daily servings of diet soda had an increased
risk of NHL (RR, 1.31; 95% CI, 1.01-1.72; P for
trend, 0.11) and multiple myeloma (RR, 2.02; 95%
CI, 1.20-3.40; P for trend, 0.01, respectively). No
associationwasobserved forwomen (RRfor NHL,
1.00;95% CI, 0.78-1.26; Pfor trend, 0.999; and RR
for multiple myeloma, 0.79; 95% CI, 0.45-1.36; P
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for trend, 0.79). When data from the two cohorts
were combined in a pooled analysis to maxi-
mize statistical precision, diet soda intake was
associated with an increased risk of leukaemia
(RR, 1.42; 95% CI, 1.00-2.02; P for trend, 0.05).
Starting follow-up in 1994, when aspartame had
become more widely used after the expiry of
the patent in 1992, observed associations were
confirmed among men, and an interaction with
alcohol consumption was reported. Specifically,
with follow-up from 1994, in the analysis among
men, an association was observed between
aspartame exposure (estimated from diet soda
and aspartame packets consumed) and increased
risk of NHL (RR for > 143 mg/day versus none,
1.64; 95% CI, 1.17-2.29; P for trend, 0.002) and
multiple myeloma (RR for > 143 mg/day versus
none, 3.36; 95% CI, 1.38-8.19; P for trend, 0.05);
these associations were not observed in women.
For leukaemia, the RR for > 143 mg/day versus
none was 1.56 (95% CI, 0.79-3.06; P for trend,
0.17) in men.

Two analyses from CPS-II reported on the
association between ASB intake and lymphoid
neoplasms. McCullough et al. (2022) examined
ASB consumption and mortality from lymphoid
neoplasms in the full CPS-II mortality cohort
(at baseline in 1982, there were almost 935 000
participants),and McCullough etal. (2014) exam-
ined ASB consumption and estimated aspartame
consumption in relation to NHL risk among
100 000 men and women in the CPS-II nutri-
tion cohort (baseline, 1999), a subset of CPS-II
participants followed for cancer incidence. Over
10 years of follow-up, no association was detected
between consumption of artificially sweetened
carbonated beverages or aspartame and NHL
incident risk overall or by subtypes (multiple
myeloma, diffuse large B-cell lymphoma, CLL/
small lymphocytic lymphoma, and follicular and
other B-cell lymphomas). Positive associations
for estimated aspartame exposure from ASBs
plus aspartame packets were observed for total
NHL, diffuse large B-cell lymphoma, follicular,
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and other B-cell lymphomas in quintiles 2 and/or
3, but the associations were not linear across
the range of intakes. For mortality in the parent
CPS-II cohort (McCullough et al., 2022), no
association was detected for NHL, multiple
myeloma, or leukaemia in men, women, or
sex-combined analyses. An interaction with BMI
was detected for NHL: an inverse association for
NHL was seen among people with a BMI of 18.5
to < 25 kg/m? (P for trend, 0.035; P for interac-
tion, 0.029), whereas there was no association in
the groups of people with a BMI of 25-30 kg/m?
(P =0.274) or BMI of > 30 kg/m? (P = 0.896).

The NIH-AARP study (Lim et al., 2006)
reported no association between aspartame
intake and all haematopoietic cancers (overall or
in either men or women), Hodgkin lymphoma,
multiple myeloma, NHL (or in two of its
subtypes, small lymphocytic lymphoma and
CLL; immunoblastic lymphoma and lympho-
blastic lymphoma/leukaemia) and non-lym-
phoid leukaemia. The study was limited by a
single baseline exposure assessment, relatively
short follow-up (maximum, 5 years), and high
age at study entry (mean, 62 years at baseline).

The MCC-Spain study (Palomar-Cros
et al., 2023) found no association between high
consumption of aspartame-containing prod-
ucts (low- or no-calorie soft drinks and tabletop
sweeteners other than saccharin) and CLL risk
overall.

The Working Group concluded that the body
of evidence from four cohort studies, which did
not include the NutriNet-Santé cohort, was small
and did not consistently indicate a positive asso-
ciation between aspartame intake and cancers
of lymphatic and haematopoietic tissues. Given
the small number of studies and the diversity of
their sizes, end-point definitions, and exposure
definitions (each conveying some uncertainty),
and despite the fact that some studies suggested
an increased risk, no conclusion could be drawn
on the presence or absence of a causal association
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between aspartame consumption and risk of
cancers of lymphatic and haematopoietic tissues.

2.8.8 Cancer of the pancreas

Four cohort studies, which included five
cohorts, (Schernhammer et al., 2005; Bao et al.,
2008; Navarrete-Muioz et al., 2016; McCullough
etal.,2022) and four case—control studies (Norell
et al., 1986; Bosetti et al., 2009; Chan, et. al.,
2009; Davis et al., 2023) examined the associa-
tion between artificial sweetener exposure and
pancreatic cancer risk. The results from the
cohort studies were mixed: some findings were
null (Schernhammer et al., 2005; Bao et al., 2008)
but others were positive, including in one study
overall (McCullough et al., 2022) and in another
study among men but not women (Navarrete-
Munoz et al., 2016). In the CPS-II cohort,
McCulloughetal. (2022) reportedan 11% increase
in risk of pancreatic cancer in people consuming
artificially sweetened drinks at a frequency of
> 2 drinks/day versus never (HR per > 2 drinks/
day, 1.11; 95% CI, 1.02-1.20) after adjusting for
BMI in the multivariable-adjusted model; the
risk among never-smokers was also elevated
(HR per = 2 drinks/day, 1.19; 95% CI, 1.05-1.34).
Using data from seven participating countries
in the EPIC cohort, the association between
artificially sweetened soft drink consumption
and adenocarcinoma of the exocrine pancreas
was studied (Navarrete-Munoz et al., 2016).
Although no association between artificially
sweetened soft drink consumption of > 92.2 g/day
versus 0.1-2.0 g/day and pancreatic cancer risk
was reported in models for men and women
combined, a 25% increase in risk was observed
in continuous models (per 336 g/day) among
men but not women (P for interaction by sex,
0.004). In the NHS and HPFS cohort studies
(Schernhammer et al., 2005), the investigators
observed noassociation between frequency of diet
soft drink consumption and pancreatic cancer
risk. The study used repeated assessment of ASB,
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finely controlled for potential confounders, and
stratified by BMI. The fact that overall consump-
tion of ASBs was low in these cohorts was one
of the limitations of this otherwise informative
study. The NIH-AARP study (Bao et al., 2008)
also found no association between diet soft drink
consumption and pancreatic cancer risk. In
sensitivity analyses, the first 2 years of follow-up
were excluded to rule out an effect of subclinical
pancreatic cancer on added sugar intake, again
finding no association (P for trend, 0.19).

Among the four case-control studies, no
association was observed between artificial
sweetener consumption and pancreatic cancer
in a small case-control study in Sweden (Norell
et al., 1986) or between diet cola consumption
and pancreatic cancer risk in a case-control
study in the USA (Davis et al., 2023). Another
US population-based case-control study (Chan
et al, 2009) examined sugar-free carbonated
beverage consumption and adenocarcinoma of
the exocrine pancreas, finding a higher risk of
pancreatic cancer with some indication of poten-
tial effect modification by diabetes: risk was
elevated among participants without diabetes
(OR for > 1 serving/day versus 0, 1.6; 95% CI,
1.1-2.3), but not among those with diabetes (OR,
0.9; 95% CI, 0.3-2.6). No associations were found
between consumption of low-calorie sweeteners
other than saccharin and pancreatic cancer in the
case—control study in Italy (Bosetti et al., 2009).

In sum, the available studies on the associ-
ation between artificial sweetener exposure and
risk of pancreatic cancer lacked sufficient consis-
tency, quality, and precision to permit a conclu-
sion to be drawn on the absence or presence of a
causal association.

2.8.9 Cancer of the stomach

Two cohort studies (Hodge et al., 2018;
McCullough et al., 2022) and three case-
control study (Mayne et al., 2006; Bosetti et al.,
2009; Palomar-Cros et al., 2023) examined the
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association between artificial sweetener expo-
sure and stomach cancer risk. The Australian
MCCS (Hodge et al., 2018) and the study in the
CPS-II cohort (McCullough et al., 2022) found
no association between ASB consumption and
cancers of the gastric cardia or stomach, respec-
tively. Among the three case-control studies,
the results were inconsistent. In the multicase-
control study in Spain (MCC-Spain) (Palomar-
Cros et al., 2023), the overall results were null
for stomach cancer, but a positive association
was observed for aspartame-containing prod-
ucts (no- or low-calorie soft drinks and tabletop
sweeteners other than saccharin) for high versus
no consumption among participants with
diabetes (OR, 2.04; 95% CI, 0.70-5.40; P for
trend, 0.05). The small body of available studies
lacked sufficient informativeness, precision, and
consistency to permit a conclusion to be drawn
on the presence or absence of a causal associa-
tion between artificial sweetener exposure and
stomach cancer risk.

2.8.10 Cancer of the oesophagus

One cohort study (McCullough et al., 2022)
and two case—control studies (Mayne et al.,
2006; Gallus et al., 2007) examined the associ-
ation between artificial sweetener exposure and
oesophageal cancer risk. The study in the CPS-II
cohort (McCullough et al., 2022) reported no
association between ASB consumption and
oesophageal cancer. No consistent associations
were observed between diet carbonated beverage
consumption and oesophageal adenocarcinoma
or oesophageal squamous cell carcinoma in the
case—controlstudyinthe USA (Mayneetal.,2006)
or between diet carbonated beverage consump-
tion and oesophageal cancer in the case-control
study in Italy (Gallus et al., 2007). In sum, the
small body of available studies were of insufficient
quality, lacked consistency, and did not provide
support for a positive association between aspar-
tame consumption and oesophageal cancer.
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2.8.11 Cancers of the colon and rectum

Studies in seven cohorts (NutriNet-Santé,
CPS-II, EPIC, NHS, NHS-II, HPES, and MCCS)
and two case-control studies were considered
informative for the assessment of the association
between aspartame intake, either directly or
through consumption of ASB, and colon and/or
rectal cancer incidence or mortality.

The NutriNet-Santé study (Chazelas et al.,
2019) found no association between consump-
tion of ASBs and the risk of colorectal cancer
(sub-distribution hazard ratio for top quartile
versus bottom, sHR, 0.80; 95% CI, 0.44 to 1.46).
These results were adjusted in great detail for
major confounders. None of the other five cohort
studies reported a positive association between
consumption of artificially sweetened soft
drinks and colorectal cancer risk (Hodge et al.,
2018; Malik et al., 2019; Mullee et al., 2019; Hur
etal., 2021; McCullough et al., 2022). Four of the
five cohort studies examined mortality (Malik
et al., 2019; Mullee et al., 2019; Hur et al., 2021;
McCullough et al., 2022). Two of these cohort
studies were considered less informative because
of the collection of intake data at a single time
point, together with variation in products across
countries over time (Mullee et al., 2019), or with
collection of data 1 year before the approval of
aspartame use in ASBs (McCullough etal., 2022),
which would lead to non-differential exposure
misclassification.

There were also two informative case—control
studies from Italy (Gallus et al., 2007) and Spain
(Palomar-Cros et al., 2023). The Italian case-
control study found no association between arti-
ficial sweetener consumption and cancer of the
colon or rectum. The MCC-Spain study consid-
ered aspartame-containing products (low- or
no-calorie soft drinks and tabletop sweeteners
other than saccharin) and found no associa-
tion between high aspartame consumption and
colorectal cancer risk either overall or among
participants with diabetes.
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The Working Group concluded that the
available studies that were considered informa-
tive were consistent with there being no positive
association between aspartame consumption
and cancer of the colon or rectum. Although
bias could not be ruled out (considering the
generally weak exposure assessments), given the
consistency of null findings, the studies that were
reviewed did not provide support for a positive
association with cancers of the colon or rectum.

2.8.12 Cancer of the prostate

The Working Group evaluated five cohort
studies (HPFS, CPS-II, NutriNet-Santé, MCCS,
EPIC) and two case—control studies on aspar-
tame consumption, or consumption of ASBs or
tabletop sweetener packets containing aspar-
tame, and the risk of prostate cancer.

The NutriNet-Santé study (Debras et al.,
2022b), although of limited power, found no asso-
ciation between higher aspartame consumption
(i.e. above the median among male aspartame
users) and prostate cancer (HR versus non-users,
multivariable-adjusted, 1.28; 95% CI, 0.91-1.79;
P for trend, 0.28). The prospective study in the
HPES cohort in the USA (Malik et al., 2019)
found no association between consumption
of ASBs and prostate cancer mortality (HR for
> 2 servings/day versus < 1 serving/month, 1.01;
95% CI, 0.67-1.52). The study in the large CPS-II
cohort (McCullough et al., 2022) found no
increased risk of prostate cancer mortality with
ASB consumption overall, and a suggestive inter-
action with BMI (P for interaction, 0.013); there
was a positive association only among partic-
ipants categorized as obese. The study in the
EPIC cohort (Mullee et al., 2019) reported null
findings for prostate cancer mortality (HR for
artificially sweetened soft drinks consumption of
> 1 glass/day versus < 1 glass/month, 1.05; 95%
CI, 0.64-1.75; P for trend, 0.53), although higher
mortality from prostate cancer was observed
among those consuming > 1-6 glasses per week
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(HR, 1.36; 95% CI, 1.05-1.78). The MCCS cohort
found no association between artificially sweet-
ened soft drinks and risk of aggressive prostate
cancer (HR for > 1 time per day versus < 1 time
per month, 0.81; 95% CI, 0.49-1.33) (Hodge et al.,
2018).

The case-control study in Italy (Gallus et al.
2007), which included 1294 prostate cancer cases
and 1451 controls, reported that the overall asso-
ciation with consumption of sachets of artificial
sweeteners other than saccharin was null. The
MCC-Spain study (Palomar-Cros et al., 2023)
investigated associations between consumption
of artificial sweeteners and risk of prostate cancer
(972 cases). Overall, no increased risk of pros-
tate cancer was observed among those with high
aspartame consumption (defined as third quar-
tile or above) versus non-consumers, although
the odds ratio among participants with diabetes
was 1.91 (95% CI, 0.87-4.20; P for trend, 0.3).

In sum, of all the available studies, none
reported an overall positive association between
aspartame consumption and prostate cancer
incidence or mortality, and two studies reported
a positive association with mortality or inci-
dence of prostate cancer in subgroups (among
obese men and among those with diabetes). The
available studies were of insufficient quality and
consistency to permit a conclusion to be drawn
on the presence or absence of a causal association.

2.8.13 Cancers of the urinary tract

Of the informative studies investigating the
role of consumption of artificial sweeteners,
particularly aspartame, and cancers of the
urinary tract (kidney, bladder, and lower urinary
tract combined), four were cohort studies (CPS-
II, WHI-OS, MCCS, EPIC) (Hodge et al., 2018;
Heath et al., 2021; McCullough et al., 2022;
Ringel et al., 2023) and three were case—control
studies (Nomura et al., 1991; Gallus et al., 2007;
Andreatta et al., 2008).
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The study in the CPS-II cohort (McCullough
et al., 2022) investigated the association between
ASB consumption and kidney or bladder cancer
mortality, finding no association. The USA-based
WHI-OS (Ringel et al., 2023) found no increased
risk of urinary bladder cancer or kidney cancer
among participants consuming > 1 serving/day
compared with those never consuming or
consuming < 1 serving/week. In the MCCS
cohort, there was no significant association
observed between artificially sweetened soft
drink consumption and kidney cancer (Hodge
et al., 2018). In the EPIC cohort, Heath et al.
(2021) found that the risk of either being diag-
nosed with or dying from renal cell carcinoma
was not associated with artificially sweetened
soft drink intake, assessed at baseline.

The case-control study in Italy by Gallus
et al. (2007) found no association between expo-
sure to artificial sweeteners other than saccharin
and renal cell carcinoma. Two additional case-
control studies examined the association between
several proxies of aspartame use and (lower)
urinary tract tumours. In the first, a case—control
study in Argentina (Andreatta et al., 2008),
long-term (> 10 years) consumption of artificial
sweeteners, exclusively when used as an additive
in infusions (tea, coffee, mate), without consider-
ation of consumption from other sources such as
soft drinks or dietetic foods, was associated with
a significantly increased risk of urinary tract
tumours, compared with non-use (OR, 2.18;
95% CI, 1.22-3.89). [The Working Group noted
that there were very small numbers of cases and
controls exposed and probably exposure misclas-
sification.] A case-control study in Hawaii, USA,
(Nomura et al., 1991) evaluated consumption of
artificial sweeteners on the basis of the use of
saccharin and ingestion of diet beverages; no
association was observed between lower urinary
tract cancer and either ever consumption or
cumulative consumption of diet beverages.

In sum, given the weak exposure definitions
and potential for misclassification, bias could
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not be ruled out. The available studies were of
insufficient quality and statistical precision to
permit a conclusion to be drawn on the pres-
ence or absence of a causal association between
aspartame consumption and risk of cancers of
the urinary tract.

2.8.14 Cancer of the brain

In total, two cohort studies reported on
proxies of aspartame intake and ASB consump-
tion and brain cancer (NIH-AARP, CPS-II) (Lim
etal., 2006; McCullough et al., 2022). In addition,
two case-control studies reported on aspartame
and artificial sweeteners and cancers of the brain
(Gurney et al., 1997; Cabaniols et al., 2011). The
CPS-II cohort study (McCullough et al., 2022)
found no association between ASB intake and
the risk of dying from cancer of the brain. The
study in the NIH-AARP cohort (Lim et al., 2006)
found that aspartame was not positively associ-
ated with glioma overall or with glioblastoma
(the largest subtype of brain tumours) when
non-users of aspartame was set as the reference
category.

One USA-based case-control study (Gurney
etal., 1997) investigated the risk of brain tumours
in childhood in relation to the consumption
of aspartame during infancy and childhood.
Results indicated no association between aspar-
tame consumption and brain tumour risk in
childhood. A case-control study in France
(Cabaniols et al., 2011) reported no association
between regular (> 1 intake/week) aspartame
consumption (no further definition of the aspar-
tame assessment was provided) and brain cancer.

The Working Group concluded that all the
studies found no association between aspar-
tame intake and cancers of the brain. Given
the insufficient informativeness of these studies
and the lack of consistency, the evidence did not
permit a conclusion to be drawn on the pres-
ence or absence of a causal association between
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aspartame consumption and risk of cancers of
the brain.

2.8.15 Other cancers

One cohort study also examined the asso-
ciation between artificial sweetener exposure
and cancers of the small intestine, gall bladder,
larynx, lip, oral cavity, and pharynx. In the
CPS-II cohort, McCullough et al. (2022) reported
an association between ASB consumption and
small intestine cancer mortality that appeared
to be elevated (HR per drink/day, 1.11; 95% CI,
1.00-1.22; P for trend, 0.244; after adjustment
for BMI). Furthermore, among men, the associa-
tion with oral, pharyngeal, and laryngeal cancer
mortality combined per drink/day was 1.07 (95%
CI, 1.00-1.14; P for trend, 0.034; after adjustment
for BMI), but several limitations affected the
interpretability of this finding.

Additional cohort studies reported on cancers
of the thyroid (Zamora-Ros et al., 2022), lung
(Malik et al., 2019; McCullough et al., 2022; You
et al., 2022), and ovary or endometrium (Inoue-
Choi et al., 2013; Hodge et al., 2018; McCullough
et al., 2022). Four case-control studies reported
on cancers of the uterus (Bosetti et al., 2009),
thyroid (Singh et al., 2020), and larynx and
ovary (Gallus et al., 2007). There were no find-
ings of increased risk for ovary, endometrial,
laryngeal, or lung cancer, and the evidence was
too sparse and of insufficient informativeness to
permit conclusions to be drawn on the presence
or absence of causal associations between aspar-
tame consumption and risk of cancer at any of
these sites.

2.8.16 Obesity-related cancers and other
groupings

Overall, three cohort studies reported on
aspartame or ASB consumption and the risk of
developing or dying from obesity-related cancers.
A separate analysis from one of these cohorts
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examined the association between artificially
sweetened soft drinks and non-obesity-related
cancers.

The NutriNet-Santé study (Debras et al.
2022b) found that, compared with non-con-
sumers, the hazard ratio (adjusted for BMI) of
developing one of the obesity-related cancers
considered in their analyses was 1.08 (95% ClI,
0.96-1.22) for lower-level aspartame consumers
and 1.15 (95% CI, 1.01-1.32) for higher-level
consumers (i.e. above the sex-specific median
of exposure) (P for trend, 0.026). [The Working
Group noted that “absence of excess body fatness”
has been found to be cancer-preventive by the
IARC Handbooks programme, with sufficient or
limited evidence for several cancer sites (IARC,
2018¢).]

In the CPS-II cohort, McCullough et al.
(2022) evaluated the association between ASB
consumption (soft drinks and iced tea) and
obesity-related cancers. In multivariable-ad-
justed statistical analyses (additionally adjusted
for BMI), the hazard ratio for consumption of
> 2 drinks/day versus none was 1.02 (95% CI,
0.96-1.08; P for trend, 0.599) for men and 0.98
(95% CI, 0.94-1.02; P for trend, 0.213) for women.

The MCCScohort(Hodgeetal.,2018)included
cancers of the liver, prostate (aggressive), ovary,
gallbladder, kidney, colorectum, oesophagus
(adenocarcinoma), breast (postmenopausal),
pancreas, endometrium, and gastric cardia as
being obesity-related. The study found no asso-
ciation between ASBs consumption and obesi-
ty-related cancers. In the MCCS cohort (Bassett
at al., 2020), intake of > 1 serving/day of artifi-
cially sweetened soft drinks versus none or < 1/
month was also associated with an increased risk
of non-obesity-related cancers: the hazard ratio
was 1.23 (95% CI, 1.02-1.48; P for trend, 0.006),
or 1.10 (95% CI, 1.03-1.17) for each extra serving
per day.

The three cohort studies reporting on
obesity-related cancers each included a slightly
different selection of cancer sites. In sum, given
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the small body of evidence based on three cohort
studies with mixed findings as well as diversity
in size, end-point definitions, and exposure defi-
nitions (each having substantial uncertainty), no
conclusion could be drawn on the presence or
absence of a causal association between aspar-
tame consumption and risk of obesity-related
cancers as a group.

2.8.17 Cancer of all sites combined

Studies in seven cohorts looked at overall
cancer incidence (NutriNet-Santé, PLCO),
or mortality (EPIC, NHS, HPFS, NHANES,
CPS-II) in relation to different estimates of
aspartame consumption and were considered to
be informative.

In the NutriNet-Santé study (Debras et al.
2022b), individuals classified as having a lower or
higherintake ofaspartame (from an average of 5.6
dietary records per participant) had an elevated
cancer risk compared with non-consumers (HR
for higher-consumers, 1.15; 95% CI, 1.03-1.28; P
for trend, 0.002). In the NHS and HPFS cohorts
(Malik et al., 2019), no association was observed
between ASB consumption and cancer mortality.
In the CPS-II cohort, McCullough et al. (2022)
reported a hazard ratio for cancer deaths of 0.99
(95% CI, 0.97-1.02) for ASB consumption of
> 2 drinks/day relative to none without adjust-
ment for BMI, and 0.97 (95% CI, 0.95-0.99) after
adjustment for BMI. In the PLCO cohort, You
etal. (2022) found no evidence that consumption
of diet soft drinks only, relative to no soft drink
consumption, was associated with all cancer risk.
Similarly, the EPIC study (Mullee et al., 2019)
found no association between artificially sweet-
ened soft drink consumption and cancer death.
In NHANES, two independent studies (Zhang
et al., 2021; Fulgoni and Drewnowski, 2022)
found that consumption of > 2 servings/day
of ASBs relative to no consumption (Zhangetal.,
2021) or increasing tertile of aspartame intake
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(Fulgoni and Drewnowski, 2022) were not asso-
ciated with overall cancer mortality.

The available evidence, based on seven cohort
studies with diverse size, exposure definitions
(most with substantial uncertainty) and find-
ings, did not permit a conclusion to be drawn on
the presence or absence of a causal association
between aspartame consumption and risk of all
cancers combined.

2.8.18 Results stratified by sex and other
attributes of the study participants

Where data were provided, mostly null asso-
ciations between aspartame and ASB consump-
tion and cancer risk were seen for both men
and women. Direct comparisons between two
cohorts - NHS (women only) and HPES (men
only) (Schernhammer et al., 2012) - suggested
differences by sex, with higher risks of NHL
and multiple myeloma associated with artificial
sweetener consumption in men.

A study reporting on the interaction between
sex and ASB consumption was conducted in the
context of all cancer mortality (McCullough
et al., 2022) and did not find evidence of an
effect of sex on the association (P for interac-
tion, 0.145). In the EPIC cohort, the association
between ASB consumption and adenocarcinoma
of the exocrine pancreas was stratified by sex
(Navarrete-Munoz et al., 2016); a 25% increase
in risk was observed in continuous models
(per 336 g/day) among men, but not women (P
for interaction by sex, 0.004). Overall, there was
no pattern suggesting consistent effect modifica-
tion by sex.

Several studies examined effect modifica-
tion by BMI. For example, in the CPS-II cohort
McCullough et al. (2022) found no overall in-
crease in risk of prostate cancer death, and a
suggestive interaction with BMI (P for interac-
tion, 0.013) withapositiveassociationonlyamong
obese participants. An interaction with BMI
was also detected for NHL in the same cohort,
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showing an inverse association for NHL among
participants with a BMI of 18.5 to < 25 kg/m?, and
no association among participants with a BMI of
25-30 kg/m? or > 30 kg/m?. On the other hand,
the NutriNet-Santé study (Debras et al., 2022b)
found no indication of BMI interaction, regard-
less of cancer end-point. Overall, no consistent
patterns emerged regarding effect modification
by BMLI.

A combined analysis of the NIH-AARP and
PLCO cohorts (Jones et al., 2022) found positive
associations between risk of liver cancer and
several exposure types among participants with
diabetes (but not among those without diabetes).
In the MCC-Spain study (Palomar-Cros et al.,
2023), although the results were negative overall,
there was a positive association between aspar-
tame-containing products and cancers of the
stomach (OR, 2.04; 95% CI, 0.70-5.40; P for
trend, 0.05) and prostate (OR, 1.91; 95% CI,
0.87-4.20; P for trend, 0.3) for high consumption
versus no consumption, among participants with
diabetes. In contrast, in the same study, there
was an inverse association between aspartame
consumption and breast cancer (OR, 0.28; 95%
CI, 0.08-0.83; P for trend, 0.03) for aspartame
consumers compared with non-consumers,
among participants with diabetes. For CLL, the
risk of which was null overall and among partic-
ipants with diabetes, a positive association (OR,
2.15; 95% CI, 0.93-4.51; P for trend, 0.4) was
found between high consumption of aspartame
and CLL among participants without diabetes. A
case—control study in the USA (Chan etal., 2009)
examined ASB consumption and adenocarci-
noma of the exocrine pancreas, reporting some
indication of potential effect modification by
diabetes: risk was elevated among those without
diabetes but not among those with diabetes.

In sum, although there was some sugges-
tion of effect modification by BMI and diabetes,
the direction of this modification remained
unclear given the inconsistency in the results of
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the available studies, which did not allow any
conclusions to be drawn.

3. Cancer in Experimental Animals

3.1 Mouse

See Table 3.1.

3.1.1 Oral administration (drinking-water)

In astudy conducted in a genetically modified
C57BL/6 Elal-Tag mouse model (which expresses
the simian virus SV40 large T antigen under the
control of the elastase 1 acinar cell promoter,
giving spontaneous formation of pancreatic
cancers of acinar origin), 25 male mice (previ-
ously treated with aspartame in utero) were
treated with drinking-water containing aspar-
tame (purity not reported) at a concentration of
0% (13 mice) or 0.035% (12 mice) from birth until
age 21 weeks. Survival rates were unaffected in
all treated groups compared with controls. No
data on body weight or water consumption were
available (Dooley et al., 2017).

There were no effects on the cumulative inci-
dence of pancreatic acinar carcinoma, the age of
tumour onset, tumour growth rate, or tumour-in-
duced mortality. [The Working Group noted that
this study was limited by the use of a single low
dose and a single sex, the lack of information
on aspartame purity, and the limited number of
organs examined without detailed histopatho-
logical information being reported. Therefore,
the Working Group judged this study to be inad-
equate for the evaluation of the carcinogenicity
of aspartame in experimental animals.]

3.1.2 Oral administration (feed)

In a study of carcinogenicity conducted
in 1974 (EFSA E75, 2011), 182 male and 178
female HAM-ICR Swiss mice (age, 28 days) were
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Table 3.1 Studies of carcinogenicity with aspartame in mice

Study design
Species, strain
(sex)

Age at start
Duration
Reference

Route Tumour Significance
Purity incidence

Vehicle

Dose(s)

No. of animals at start
No. of surviving animals

Comments

Full carcinogenicity
Mouse, HAM-ICR
Swiss (M)

28 days

104 wk

EESA E75 (2011

Full carcinogenicity
Mouse, HAM-ICR
Swiss (F)

28 days

104 wk

EFSA_E75 (2011)

No significant increase in tumour incidence in
treated animals

Oral administration
(feed)

Purity, NR

(conversion product,
diketopiperazine, SC-
19192, 0.8-1.2%)

Feed

0, 1, 2, 4 g/kg bw per day
Dose adjusted by body-
weight change

72, 36, 37, 37

17,9, 10, 6

Oral administration
(feed)

Purity, NR

(conversion product,
diketopiperazine, SC-
19192, 0.8-1.2%)

Feed

0, 1,2, 4 g/kg bw per day
Dose adjusted by body-
weight change

72, 36, 35, 35

26,11, 11, 10

No significant increase in tumour incidence in
treated animals

Principal strengths: long-term study (> 2 yr); multiple-dose
study; use of males and females.

Principal limitations: study from pre-GLP era (1974);
uncertainty regarding purity; < 50 animals per treated group;
lack of measurement of stability and homogeneity of aspartame
in the diet.

Other comments: original document was the report submitted
to Searle Laboratories in 1974.

Principal strengths: long-term study (> 2 yr); multiple-dose
study; use of males and females.

Principal limitations: number of animals in treated group was
35-36; study from pre-GLP era (1974); uncertainty regarding
purity.

Other comments: original document was the report submitted
to Searle Laboratories in 1974.
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Table 3.1 (continued)

Study design Route Tumour Significance Comments

Species, strain Purity incidence

(sex) Vehicle

Age at start Dose(s)

Duration No. of animals at start

Reference No. of surviving animals

Full carcinogenicity Oral administration Lung Principal strengths: GLP study; multiple-dose study; use of

Mouse (transgenic), (feed)
FVB/N-TgN(v-Ha-  Purity, > 98%
ras)Led (Tg.AC) Feed

Hemizygous (M) 0, 3125, 6250, 12 500,

6 wk 25000, 50 000 ppm
40 wk (approx. 0, 490, 980,
NTP (2005) 1960, 3960, and

7660 mg/kg bw per day)

15, 15, 15, 15, 15, 15
9,12,8,12,11, 10

Full carcinogenicity = Oral administration
Mouse (transgenic), (feed)
FVB/N-TgN(v-Ha-  Purity, > 98%
ras)Led (Tg.AC) Feed

homozygous (F) 0, 3125, 6250, 12 500,

6 wk 25000, 50 000 ppm
40 wk (approx. 0, 550, 1100,
NTP (2005) 2260, 4420, and
8180 mg/kg bw per day)
15, 15, 15, 15, 15, 15
11, 10,9,9, 11, 8

Full carcinogenicity ~Oral administration
Mouse (transgenic), (feed)

B6.129- Purity, > 98%

Trp53tmiBrd (N5) Feed

haploinsufficient 0, 3125, 6250, 12 500,

™M) 25000, 50 000 ppm

7 wk (approx. 0, 490, 970, 1860,
40 wk 3800, and 7280 mg/kg bw
NTP (2005) per day)

15, 15, 15, 15, 15, 15
14, 15, 13, 15, 14, 14

Bronchioloalveolar adenoma
0/14, 0/15, 2/14 NS
(14%), 1/15 (7%),

2/14 (14%),

2/14 (14%)

Salivary gland

Duct, carcinoma

0/15, 0/15, 2/15 NS
(13%), 0/15, 1/15

(7%), 1/15 (7%)
Salivary gland

Duct, carcinoma

0/15, 0/15, 0/15, NS
1/15 (7%), 0/15,

1/15 (7%)

No significant increase in tumour incidence in

treated animals

males and females.

Principal limitations: low sensitivity of this transgenic mouse
model under the reported study design.

Other comments: there were no statistically significant
differences in feed consumption, body weight, and survival.

Principal strengths: GLP study; multiple-dose study; use of
males and females.

Principal limitations: low sensitivity of this transgenic mouse
model under the reported study design.

Other comments: body weight in group at 50 000 ppm was
greater than in control group; there were no statistically
significant differences in feed consumption and survival.

Principal strengths: GLP study; multiple-dose study; use of
males and females.

Principal limitations: low sensitivity of this transgenic mouse
model under the reported study design.

Other comments: mean body weights in groups at 6250, 12 500,
25000, and 50 000 ppm were less than those in the control
group for several weeks near the end of the study; there were
no statistically significant differences in feed consumption and
survival.
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Table 3.1 (continued)

Study design
Species, strain
(sex)

Age at start
Duration
Reference

Route

Purity

Vehicle

Dose(s)

No. of animals at start
No. of surviving animals

Tumour
incidence

Significance

Comments

Full carcinogenicity
Mouse (transgenic),
B6.129-

Trp53umiBrd (N5)
haploinsufficient
(F)

7 wk

40 wk

NTP (2005)

Full carcinogenicity
Mouse (transgenic),
B6.129-Cdkn2atm1Rdp
(N2) deficient (M)
7-9 wk

40 wk

NTP (2005

Full carcinogenicity
Mouse (transgenic),
B6.129-Cdkn2atmirdp
(N2) deficient (F)
7-9 wk

40 wk

NTP (2005)

Oral administration
(feed)

Purity, > 98%

Feed

0, 3125, 6250, 12 500,
25000, 50 000 ppm
(approx. 0, 630, 1210,
2490, 5020, and

9620 mg/kg bw per day)
15, 15, 15, 15, 15, 15

14, 14, 14, 15, 15, 15
Oral administration
(feed)

Purity, > 98%

Feed

0, 3125, 6250, 12 500,
25000, 50 000 ppm
(approx. 0, 490, 960, 1900,
3700, and 7400 mg/kg bw
per day)

15, 15, 15, 15, 15, 15

14, 14, 15, 14, 14, 15
Oral administration
(feed)

Purity, > 98%

Feed

0, 3125, 6250, 12 500,
25000, 50 000 ppm
(approx. 0, 610, 1200,
2300, 4850, and

9560 mg/kg bw per day)
15, 15, 15, 15, 15, 15

13, 15, 13, 15, 15, 14

No significant increase in tumour incidence in
treated animals

No significant increase in tumour incidence in
treated animals

All organs
Haemangiosarcoma
0/15, 0/15, NS

2/15 (13%), 0/15,
0/15, 1/15 (7%)

Principal strengths: GLP study; multiple-dose study; use of
males and females.

Principal limitations: low sensitivity of this transgenic mouse
model under the reported study design.

Other comments: there were no statistically significant
differences in feed consumption, body weight, and survival.

Principal strengths: GLP study; multiple-dose study; use of
males and females.

Principal limitations: low sensitivity of this transgenic mouse
model under the current study design.

Other comments: mean body weights in the group at 3125 ppm
after week 29 and at 6250 ppm after week 16 were less than
those in the control group; there were no statistically significant
differences in feed consumption and survival.

Principal strengths: GLP study; multiple-dose study; use of
males and females.

Principal limitations: low sensitivity of this transgenic mouse
model under the reported study design.

Other comments: there were no statistically significant
differences in feed consumption, body weight, and survival.
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Table 3.1 (continued)

Study design Route Tumour Significance Comments

Species, strain Purity incidence

(sex) Vehicle

Age at start Dose(s)

Duration No. of animals at start

Reference No. of surviving animals

Full carcinogenicity = Oral administration Liver Principal strengths: long-term study (> 2 yr); multiple-dose

Mouse, Swiss (M)
Day 12 of gestation
130 wk

Soffritti et al. (2010)

(feed)

Purity, 98.7% (impurities,
diketopiperazine, 0.2%,
and L-phenylalanine,
0.1%)

Feed

0,2000, 8000, 16 000,
32 000 ppm (approx.

0, 247, 987, 1919, and
3909 mg/kg bw per day)
117, 103, 62, 64, 83

NR, NR, NR, NR, NR

Hepatocellular adenoma

9/117 (7.7%), NS

10/103 (9.7%),

4/62 (6.5%),

6/64 (9.4%),

2/83 (2.4%)

Hepatocellular carcinoma

6/117 (5.1%), P < 0.01, trend test [test not

12/103 (11.7%), specified]

9/62 (14.5%)%, *[P = 0.0331, Fisher exact

10/64 (15.6%)**, test];

15/83 (18.1%)***  **P < 0.05, Cox
proportional hazard model
[P =0.0196, Fisher exact
test];
4P < 0.01, Cox
proportional hazard model
[P =0.0035, Fisher exact
test]

Hepatocellular adenoma or carcinoma

(combined)

15/117 (12.8%), *P < 0.05, logistic analysis

22/103 (21.4%), [P =0.0321, Fisher exact

13/62 (21.0%), test]

16/64 (25.0%)*,

17/83 (20.5%)

Lung

Bronchioloalveolar adenoma

8/117 (6.8%), NS

9/103 (8.7%),

7/62 (11.3%),

7/64 (10.9%),

6/82 (7.2%)

study; use of males and females; adequate number of animals
per group; adequate duration of exposure and observation.

Principal limitations: uncertainties regarding litter effects;
conditions of animal husbandry not clear; see text for details.

Other comments: no statistically significant differences in feed

consumption, body weight, and survival; all organs and tissues
were preserved in 70% alcohol, apart from bone tissues, which

were preserved in 10% formalin.

Historical controls (1047 male Swiss mice): hepatocellular
carcinoma 3.2%, (range, 0-26.3%); bronchioloalveolar
carcinoma 1.45%, (range, 0-14.3%).

A statistical reanalysis by Gnudi et al. (2023) showed a
significant positive trend for leukaemia (all types), with the
incidence being significantly increased at all doses; a significant
increase in the incidence of lymphoblastic leukaemia at all
doses, of monocytic leukaemia, and of the total myeloid
tumours at 16 000 ppm, as well as a significant increase in

the incidence of lymphoblastic lymphoma or lymphoblastic
leukaemia (combined) at 8000 and 32 000 ppm were also
reported (see text for more details).
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Table 3.1 (continued)

Study design Route

Species, strain Purity

(sex) Vehicle

Age at start Dose(s)

Duration No. of animals at start
Reference No. of surviving animals

Tumour Significance

incidence

Comments

Full carcinogenicity
Mouse, Swiss (M)
Day 12 of gestation
130 wk

Soffritti et al. (2010)
(cont.)

Oral administration
(feed)

Purity, 98.7% (impurities,
diketopiperazine, 0.2%,
and L-phenylalanine,
0.1%)

Feed

0, 2000, 8000, 16 000,
32 000 ppm (approx.

0, 247, 987, 1919, and
3909 mg/kg bw per day)
102, 122,73, 64, 62

NR, NR, NR, NR, NR

Full carcinogenicity
Mouse, Swiss (F)
Day 12 of gestation
130 wk

Soffritti et al. (2010)

Bronchioloalveolar carcinoma

7/117 (6.0%), P < 0.05, trend test [test not
6/103 (5.8%), specified]

7/62 (11.3%), *P < 0.01, Cox proportional
8/64 (12.5%), hazard model [NS, Fisher
11/83 (13.3%)* exact test]
Bronchioloalveolar adenoma or carcinoma
(combined)
15/117 (12.9%),
15/103 (14.6%),
14/62 (22.6%),

P < 0.05, logistic analysis
trend test
*P < 0.05, Cox proportional

15/64 (23.4%), hazard model [NS, Fisher
17/83 (20.5%)* exact test]
Liver

Hepatocellular adenoma
1/102 (1.0%), NS

6/122 (4.9%),
2/73 (2.7%), 0/64,

0/62
Hepatocellular carcinoma
0/102, 2/122 NS

(1.6%), 0/73,

2/64 (3.1%), 0/62

Hepatocellular adenoma or carcinoma
(combined)

1/102 (1%), NS

8/122 (6.5%),

2173 (2.7%),

2/64 (3.1%), 0/62

Principal strengths: long-term study (> 2 yr); multiple-dose
study; use of males and females.

Principal limitations: study not conducted under GLP.

Other comments: no statistically significant differences in feed

consumption, body weight, and survival; all organs and tissues
were preserved in 70% alcohol, apart from bone tissues, which

were preserved in 10% formalin.

In the historical controls (999 female Swiss mice), the overall
incidence of hepatocellular carcinoma was 0.2% (range, 0-2.1%)
A statistical reanalysis by Gnudi et al. (2023) showed a
significant increase in the incidence of leukaemia (all types) at
the lowest dose (see text for more details).
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Table 3.1 (continued)

Study design Route Tumour Significance Comments
Species, strain Purity incidence

(sex) Vehicle

Age at start Dose(s)

Duration No. of animals at start

Reference No. of surviving animals

Full carcinogenicity Lung

Mouse, Swiss (F)
Day 12 of gestation
130 wk

Soffritti et al. (2010)
(cont.)

Bronchioloalveolar adenoma
4/102 (3.9%), NS

9/122 (7.4%),

3/73 (4.1%),

2/64 (3.1%),

3/62 (4.8%)
Bronchioloalveolar carcinoma
7/102 (6.9%), NS

10/122 (8.2%),

6/73 (8.2%),

7/64 (10.9%),

2/62 (3.2%)
Bronchioloalveolar adenoma or carcinoma
(combined)

11/102 (10.8%), NS

19/122 (15.6%),

9/73 (19.2%),

9/64 (23.4%),

5/62 (8.06%)

approx., approximately; bw, body weight; F, female; GLP, Good Laboratory Practice; M, male; NR, not reported; NS, not significant; ppm, parts per million; wk, week(s); yr, year(s).
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treated with feed containing aspartame (purity
not reported; impurities, concentrations of the
conversion product, diketopiperazine (SC-19192),
ranged from 0.8% to 1.2%) at a dose of 0 (control),
1,2, or 4 g/kg body weight (bw) per day, adjusted
according to body-weight change, for up to
104 weeks. The feed and drinking-water were
available ad libitum. Survival rates were unaf-
fected in all treated groups of males and females
compared with controls. At study termination,
survival was 17/72, 9/36, 10/37, and 6/37 in males,
and 26/72, 11/36, 11/35, and 10/35 in females, for
the groups at 0 (control), 1, 2, or 4 g/kg bw per
day, respectively. Body-weight gains for males at
the three treatment doses during the first year
were statistically lower than those for the male
controls, with actual group mean differences not
exceeding 3% at week 52; mean terminal body
weights in the second year were similar to those of
male controls. Body weights for the females were
generally similar to those of the female controls
throughout the study. Total food consumption
during the first year was significantly lower for
males in the groups at 1 g/kg bw and 4 g/kg bw
than for the controls, slightly but not significantly
lower for males in the group at 2 g/kg bw per day
and females in the groups at 2 and 4 g/kg bw per
day than for the respective controls, and similar
to that for controls for females in the group at
1 g/kg bw per day. During the second year, mean
group food consumption for males and females
tended to be slightly below that for the respec-
tive controls. At each treatment dose for each
sex, mean daily consumption of aspartame for
the entire 104-week test period was within + 4%
of the planned dosage levels (EFSA E75, 2011).
Histopathological examination was per-
formed on all gross lesions from all animals at
each treatment dose, and 20-27 grossly unre-
markable organs from all mice in the control
group and in the group at the highest dose, and
from about two thirds and one third of the mice
in the groups at 2 and 1 g/kg bw per day, respec-
tively. Dietary administration of aspartame did

Advance publication, 29 April 2024

not cause a significant increase in the incidence
of any type of malignant neoplasm in either sex.

Regarding non-neoplastic lesions, no con-
sistent alterations were detected in the tissues
evaluated that could be attributed to the admin-
istration of aspartame. [The Working Group
noted that this long-term study used multiple
dose groups and both sexes, and that the duration
covered most of the mouse lifespan. However, it
was limited by selective histopathology, the lack
of measurement of the stability and homogeneity
of aspartame in the diet, the lack of information
on aspartame purity, and the use of fewer than
50 animals in each dosed group (35-37 mice per
group).]

In a study that complied with Good Laborato-
ry Practice (GLP) and used a genetically modi-
fied FVB/N-TgN(v-Ha-ras)Led (Tg.AC) hemizy-
gous mouse model [this model introduced the
v-Ha-ras coding sequence with point mutations
in codons 12 and 59 and an SV40 polyadenylation
sequence under the control of the promoter of
the mouse embryonic zeta-globin gene, giving a
reporter phenotype (skin papilloma) in response
to genotoxic or nongenotoxic carcinogens],
groups of 15 male and 15 female transgenic mice
(age, 6 weeks) were treated with feed containing
aspartame (purity, > 98%) at a concentration
of 0 (control), 3125, 6250, 12 500, 25 000, or
50 000 ppm (approximately equivalent to doses
of 0, 490, 980, 1960, 3960, and 7660 mg/kg bw
per day in males and 0, 550, 1100, 2260, 4420,
and 8180 mg/kg bw per day in females) for up
to 40 weeks. Basal diet and drinking-water were
available ad libitum. Survival rates were unaf-
fected in all treated groups of males and females
compared with controls. Body weights in the
exposed groups were similar to those in the
control group for males and greater than those
in the control group for females at 50 000 ppm
(statistical data were not shown). Food consump-
tion was unaffected in all treated groups of males
and females compared with controls (N'TP, 2005).

351



IARC MONOGRAPHS - 134

Histopathological examination showed no
evidence of an increased incidence of neoplastic
or non-neoplasticlesionsin males or femalesinall
treated groups. [The Working Group noted that
this was a well-conducted study that followed the
National Toxicology Program (NTP) guidelines
for transgenic mouse studies and that complied
with GLP and used multiple doses and both sexes.
The Working Group concurred with the study
authors’ conclusion that this transgenic mouse
model using the study design reported may not
have sufficient sensitivity to detect a carcinogenic
effect of aspartame.]

In a study that complied with GLP and that
used a genetically modified B6.129-Trp53tmibrd
(N5) haploinsufficient mouse model [this model
introduced a null mutation into one p53 allele
by insertion of a neo cassette, thus deleting
a 450-base pair gene fragment, and giving a
phenotype that is susceptible to mostly genotoxic
carcinogens], groups of 15 male and 15 female
transgenic mice (age, 7 weeks) were treated with
feed containing aspartame (purity, > 98%) at a
concentration of 0 (control), 3125, 6250, 12 500,
25 000, or 50 000 ppm (approximately equiv-
alent to doses of 0, 490, 970, 1860, 3800, and
7280 mg/kg bw per day in males and 0, 630,
1210, 2490, 5020, and 9620 mg/kg bw per day in
females) for up to 40 weeks. Basal diet and drink-
ing-water were available ad libitum. Survival
rates were unaffected in all treated groups of
males and females compared with controls.
Body weights in all exposed groups of males
and females were similar to those in the control
groups. Food consumption was unaffected in all
treated groups of males and females compared
with controls (NTP, 2005).

Histopathological — examination showed
no evidence of increased neoplastic or non-
neoplastic lesions in males or females in all
treated groups. [The Working Group noted that
this was a well-conducted study that followed the
NTP guidelines for transgenic mouse studies,
complied with GLP, and used multiple doses and
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both sexes. The Working Group concurred with
the study authors’ conclusion that this transgenic
mouse model using the study design reported
may not have sufficient sensitivity to detect a
carcinogenic effect of aspartame.]

In a study that complied with GLP and used
a genetically modified B6.129-Cdkn2at™Rdr (N2)
deficient mouse model [this model had a targeted
deletion in the Cdkn2a locus (Cdkn2a deletion),
causing disruption in pl6»k4 and p192tf protein
function and giving a phenotype of increased cell
proliferation], groups of 15 male and 15 female
transgenic mice (age, 7-9 weeks) were treated
with feed containing aspartame (purity, > 98%)
at a concentration of 0 (control), 3125, 6250,
125 000, 25 000, or 50 000 ppm (approximately
equivalent to doses of 0, 490, 960, 1900, 3700,
and 7400 mg/kg bw per day in males and 0, 610,
1200, 2300, 4850, and 9560 mg/kg bw per day in
females) for up to 40 weeks. Basal diet and drink-
ing-water were available ad libitum. Survival
rates were unaffected in all treated groups of
males and females compared with controls. Body
weights in the exposed groups were less than
those in the control group for males at 3125 ppm
(after 29 weeks) and at 6250 ppm (after 16 weeks),
and similar to those in the control group for all
treated groups of females. Food consumption
was unaffected in all treated groups of males and
females compared with controls (N'TP, 2005).

Histopathological examination showed no
evidence of an increased incidence of neoplastic
lesions in males or females. Regarding non-
neoplastic lesions, minimal to mild cytoplastic
vacuolization of periportal hepatocytes was
found in control and exposed male mice, with an
increase in incidence in the group at 6250 ppm
compared with controls. [The Working Group
noted that this was a well-conducted study that
followed the NTP guidelines for transgenic
mouse studies and that complied with GLP and
used multiple doses and both sexes. The Working
Group concurred with the author’s statement
that this transgenic mouse model using the study
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designreported may not have sufficient sensitivity
to detect a carcinogenic effect of aspartame.]

3.1.3 Transplacental and perinatal
administration followed by oral
administration (feed)

In a study of chronic toxicity and carcinogen-
icity, 429 male and 423 female Swiss mice were
obtained by mating groups containing an equal
number of males and females (three groups of 40
and two groups of 60 mice, with a total of 240
overall, no further details provided). Dams were
treated with feed containing aspartame (purity,
98.7%; impurities, 0.2% diketopiperazine and
0.1% L-phenylalanine) at a concentration of 0
(control), 2000, 8000, 16 000, or 32 000 ppm
(approximately equivalent to doses of 0, 247, 987,
1919, and 3909 mg/kg bw per day) starting from
day 12 of gestation. The pups were weaned at
age 4-5 weeks and were fed the same diet until
week 130. Feed and drinking-water were avail-
able ad libitum. The initial numbers of mice
assigned to the groups at 0, 2000, 8000, 16 000,
and 32 000 ppm groups were 117, 103, 62, 64,
and 83 for males and 102, 122, 73, 64, and 62
for females, respectively. Surviving animals (67
in total, equally distributed in groups and sex)
were killed at age 130 weeks. The survival rate
per group at study termination was not reported;
however, the authors reported that there were no
statistically significant differences in survival or
in the breeding of the offspring for all groups
of males and females compared with controls.
No differences were observed in body weight
in the treated groups compared with controls.
Histopathology was performed on all organs and
tissues (all were preserved in 70% ethanol, except
for bone, which was preserved in 10% formalin).
All slides were evaluated by a junior patholo-
gist (with at least 4 years of experience), and all
tumours and lesions of oncological interest were
reviewed by two senior pathologists (with more
than 20 years of experience) (Soffritti et al., 2010).
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In male mice, there was a significant positive
trend (P < 0.01, trend test [method not reported])
in the incidence of hepatocellular carcinoma -
6/117 (5.1%), 12/103 (11.7%), 9/62 (14.5%), 10/64
(15.6%), and 15/83 (18.1%) for the groups at 0
(control), 2000, 8000, 16 000 and 32 000 ppm,
respectively — with the incidence being signif-
icantly increased at 16 000 and 32 000 ppm
(P <0.05 and P < 0.01, respectively, Cox propor-
tional hazard model) and at 8000, 16 000, and
32000 ppm [P=0.0331,P=0.0196,and P=0.0035,
respectively, Fisher exact test]. The incidence
of hepatocellular carcinoma in all groups was
within the upper bound of the range for historical
controls (1047 male Swiss mice, overall incidence
of 3.2%; range, 0-26.3%) from this laboratory.
The incidence of hepatocellular adenoma or
carcinoma (combined) - 15/117 (12.8%), 22/103
(21.4%), 13/62 (21.0%), 16/64 (25.0%), and 17/83
(20.5%) for the groups at 0 (control), 2000, 8000,
16 000 and 32 000 ppm, respectively — was signif-
icantly increased at 16 000 ppm (P < 0.05, logistic
analysis; [P = 0.0321, Fisher exact test]). The inci-
dence of hepatocellular adenoma, described as
“typically loss of the normal lobular architec-
ture, cells occurred in irregular plates, 1-3 cell
layers thick, disposed perpendicular or obliquely
on the surrounding parenchyma”, did not show
dose-related changes or a significant increase
in all exposed groups. There was a significant
positive trend (P < 0.05, trend test [method not
reported]) in the incidence of bronchioloalve-
olar carcinoma - 7/117 (6.0%), 6/103 (5.8%), 7/62
(11.3%), 8/64 (12.5%), and 11/83 (13.3%) for the
groups at 0 (control), 2000, 8000, 16 000 and
32 000 ppm, respectively — with the incidence
being significantly increased at 32 000 ppm
(P < 0.01, Cox proportional hazard model). The
incidence of bronchioloalveolar carcinoma in all
groups was within the upper bound of the range
for historical controls (1047 male Swiss mice,
overall incidence, 1.45%; range, 0-14.3%) from
this laboratory. There was a significant positive
trend (P < 0.05, logistic analysis) in the incidence
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of bronchioloalveolar adenoma or carcinoma
(combined) - 15/117 (12.9%), 15/103 (14.6%),
14/62 (22.6%), 15/64 (23.4%), and 17/83 (20.5%)
for the groups at 0 (control), 2000, 8000, 16 000
and 32 000 ppm treated groups, respectively —
with incidence being significantly increased at
32 000 ppm (P < 0.05, Cox proportional hazard
model). The incidence in historical controls
was not reported for adenoma or carcinoma
(combined). The incidence of bronchioloalveolar
adenoma did not show dose-related changes or a
significant increase in any of the groups of males.
In female mice, dietary exposure to aspartame
did not cause a significant increase in the inci-
dence of any tumours.

Regarding non-neoplastic lesions, no infor-
mation was available to the Working Group.

[The Working Group noted that this long-
term study used multiple dose groups, adequate
numbers of animals of both sexes, and an
adequate duration, and it provided purity and
stability data for aspartame. However, the
Working Group considered that there were
uncertainties regarding litter effects (e.g. there
was no information regarding the number of
litters per treatment group, the number of pups
per litter per treatment group, whether the treat-
ments were loaded in a balanced fashion, and
the method for animal selection), potentially
resulting in false-positive results. The conditions
of animal husbandry were unclear. In addition,
the incidence of hepatocellular carcinoma and
bronchioloalveolar carcinoma in all groups was
within the upper bound of the range for histor-
ical controls for male Swiss mice from this insti-
tute. The incidence in historical controls was
not reported for bronchioloalveolar adenoma
or carcinoma (combined). There were concerns
about the reliability of histological diagnoses of
solid tumours in autolytic tissues. A minority of
the Working Group considered, that although
concerns were expressed about potential litter
effects in prenatal studies, the large sample
size per group (n = 70-150), the significant
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dose-response trend, and pairwise testing of
multiple tumour types suggested the absence of
a potential bias caused by litter effects. Although
the incidence of hepatocellular carcinoma and
bronchioloalveolar carcinoma in all groups was
within the upper bound of the range for histor-
ical controls for male Swiss mice from this insti-
tute, the Preamble to the IJARC Monographs (see
the front matter of the present volume; IARC

2019) notes that concurrent controls are gener-
ally preferred over historical controls, except in
the case of rare tumours. While concerns were
expressed about the reliability of histological
diagnoses in autolytic tissues, a minority of the
Working Group considered that these bore no
significance because the moribund animals were
monitored two to three times daily to avoid such
concerns.]

[To help with the interpretation of the study
results, the Working Group deemed it important
that the data be reanalysed and thus encour-
aged the Ramazzini Institute to provide a more
detailed statistical analysis of haemolymphore-
ticular tumour diagnoses not previously reported
in the Soffritti et al. (2010) study in mice treated
with aspartame.] The statistical reanalysis of data
for males by Gnudi et al. (2023) showed a signif-
icant positive trend for leukaemia (all types)
(P =0.0492, Cochran-Armitage trend test), with
incidence being significantly increased) at all
doses (P=0.018, P=0.001, P=0.001,and P=0.007,
Fisher exact test; for the groups at 2000, 8000,
16 000 and 32 000 ppm treated groups, respec-
tively). A significant increase in the incidence of
lymphoblastic leukaemia (P = 0.012, P = 0.001,
and P = 0.021, Fisher exact test; for the groups
at 2000, 8000, and 32 000 ppm, respectively), of
monocytic leukaemia (P = 0.043, Fisher exact
test; for the group at 16 000 ppm), and for total
myeloid tumours (P = 0.024, Fisher exact test; for
the group at 16 000 ppm) was also reported. A
significant increase in lymphoblastic lymphoma
or lymphoblastic leukaemia (combined) was
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observed at 8000 and 32 000 ppm [P =0.0039 and
0.0330, respectively, Fisher exact test].

In females, Gnudi et al. (2023) showed a
significant increase in the incidence of leukaemia
(all types) (P = 0.007, Fisher exact test; for the
group at 2000 ppm).

[The Working Group noted that the inci-
dence of lymphoma or leukaemia (combined) in
the treated groups did not exceed the incidence
in historical controls, and no indication of the
historical control incidence for individual haema-
tolymphoid tumours was available, especially for
rare tumours with low incidence. A minority of
the Working Group noted that the Preamble to
the JARC Monographs (see the front matter of the
present volume) states that concurrent controls
are generally preferred over historical controls,
except in the case of rare tumours. This minority
also emphasized that the diagnostic criteria were
adequate for myeloid and lymphoid tumours and
leukaemia, with the exception of immunoblastic
lymphoma of the lung, for which the differentia-
tion between reactive hyperplasia and neoplasia
has been recognized as challenging by the NTP,
Ramazzini Institute, and pathologists from other
institutes (Malarkey and Bucher, 2011; Tibaldi
et al., 2020).]

3.1.4 Intravesical pellet implantation

In a 26-week study, a total of 400 female
Swiss albino mice (age, 60-90 days) were
implanted intravesically (urinary bladder) with
a pellet containing one part aspartame (purity
not reported) at a dose of 0 or 4.0-4.4 mg per
mouse and four parts cholesterol, for up to
26 weeks. The control group of 200 mice (group
A, n = 100; group B, n = 100) was exposed only
to pellets of purified cholesterol. Survival and
body weight did not differ statistically between
the control and treated groups (EFSA E58, 2011;

also reported by Bryan, 1984).
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Urinary bladder neoplasia was observed at
175 days post-implantation. There were no statis-
tical differences in tumour stage or incidence of
neoplasia in the urinary bladder between the
control and treated groups. The incidence of
other tumours observed in each group was low,
and histopathological data were not available.
[The Working Group noted that this study was
limited by the use of a single dose, the short
duration (26 weeks), the lack of information on
purity, and the use of an uncommon route of
exposure in a single sex. Therefore, the Working
Group judged this study to be inadequate for the
evaluation of the carcinogenicity of aspartame in
experimental animals.]

In a concurrent study, a total of 200 (group
A, n=100; group B, n = 100) female Swiss albino
mice (age, 60-90 days) were implanted intraves-
ically (urinary bladder) with a pellet containing
one part aspartame (purity not reported) at a
dose of 0 or 4.0-4.4 mg per mouse and four parts
cholesterol, for up to 56 weeks. The control group
of 200 mice (group A, n = 100; group B, n = 100)
was exposed only to pellets of purified choles-
terol. Survival and body weight did not differ
statistically between the control and treated
groups. All mice underwent complete necropsy
with histopathological evaluation (EFSA E72
2011; also reported by Bryan, 1984).

There were no statistical differencesin tumour
stage or the incidence of neoplasia in the urinary
bladder between the control and treated groups.
There was no difference in the incidence of other
tumours observed in each group (Prejean et al.,
1973). No data on non-neoplastic lesions were
provided. [The Working Group noted that this
study was limited by the use of a single dose,
the lack of information on purity, and the use
of an uncommon route of exposure in a single
sex. Therefore, the Working Group judged this
study to be inadequate for the evaluation of the
carcinogenicity of aspartame in experimental
animals.]
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3.2 Rat
See Table 3.2.

3.2.1 Oral administration (feed)

In studies published by Soffritti et al. (2005,
2006), also reported by Belpoggi et al. (2006),
groups of 100 or 150 male and female Sprague-
Dawley rats (age, 8 weeks) were treated with feed
containing aspartame (purity, > 98%; impurities,
concentrations of the decomposition products
diketopiperazine and L-phenylalanine were 1.5%
and < 0.5%, respectively) at a concentration of
0, 80, 400, 2000, 10 000, 50 000, or 100 000 ppm
(approximately equivalent to daily intakes of 0,
4, 20, 100, 500, 2500, and 5000 mg/kg bw). The
Sprague-Dawley rats were obtained from the
breeding colony maintained at the Ramazzini
Institute, Italy. At age 4-5 weeks, the rats were
randomized to include no more than one male
and one female from each litter in the same
group, to control for litter effects. The exposure
lasted until the natural death of the rats, and
all rats found moribund or dead were promptly
necropsied for gross and microscopic evalu-
ation of the extensive list of tissues identified
in the study protocol. The in-life phase of the
study lasted 159 weeks (Soffritti et al., 2005,
2006; also reported by Belpoggi et al., 2006).
There were no significant differences in water
consumption, slight dose-dependent decreases
in feed consumption, and no differences in body-
weight gain or survival across groups. The rats
at 100 000 ppm developed yellowing of the hair
coat, which was reported to be also observed
in a study from the Ramazzini Institute in rats
treated with formaldehyde (Soffritti et al., 2002).

In male rats, an overall increase in the inci-
dence of animals bearing malignant tumours
was observed, with a significant positive trend
(P < 0.05, Cochran-Armitage trend test). There
wasasignificantpositivetrend (P<0.05,Cochran-
Armitage trend test; P < 0.05, poly-3 trend test)
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in the incidence of lymphoma and leukaemia
(combined) (multiple organs) — 31/150 (20.7%),
23/150 (15.3%), 25/150 (16.7%), 33/150 (22%),
15/100 (15%), 20/100 (20%), and 29/100 (29%), at
0 (control), 80, 400, 2000, 10 000, 50 000, and
100 000 ppm, respectively — with the incidence in
all treated groups being within the upper bound
of the range observed in historical controls
(2265 males, 20.6%; range, 8.0-30.9%) from this
laboratory (Soffritti et al., 2005, 2006). There was
a significant positive trend (P < 0.05, Cochran-
Armitage trend test; P < 0.05, poly-3 trend test)
in the incidence of malignant schwannoma of
the peripheral nerve, most frequently observed
in cranial nerves and other sites (mainly spinal
nerve roots) — 1/150 (0.7%), 1/150 (0.7%), 3/150
(2%), 2/150 (1.3%), 2/100 (2%), 3/100 (3%), and
4/100 (4%) at 0 (control), 80, 400, 2000, 10 000,
50 000, and 100 000 ppm, respectively — with the
incidence at 50 000 and 100 000 ppm exceeding
the upper bound of the range observed in histor-
ical controls (2265 males, 0.5%; range, 0-2.0%)
from this laboratory (Soffritti et al., 2005, 2006).
Allthe schwannoma diagnoses were supported by
positive immunohistochemical staining for S100
protein. [The Working Group noted that malig-
nant schwannomais a rare tumour in this animal
model.] Metastases of malignant schwannoma
were observed in three rats at 100 000 ppm. The
incidence of dysplastic papilloma and carcinoma
(combined) of therenal pelvisand ureter exceeded
that observed in historical controls (2265 males,
0%) from this laboratory (Soffritti et al., 2005,
2006). [The Working Group considered it satis-
factory to combine the “dysplastic papillomas”
with the carcinomas, while excluding “dysplastic
hyperplasia”] In addition, two transitional cell
carcinomas of the urinary bladder were reported
in male rats at 10 000 ppm (Soffritti et al., 2006).
[The Working Group noted that transitional cell
carcinoma is a rare tumour among historical
controls in this colony of Sprague-Dawley rats.]
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Table 3.2 Studies of carcinogenicity with aspartame in rats

Study design
Species, strain (sex)
Age at start
Duration
Reference

Route

Purity

Vehicle

Dose(s)

No. of animals at start
No. of surviving
animals

Tumour incidence  Significance

Comments

Full carcinogenicity
Rat, Sprague-
Dawley (M)

8 wk

Lifetime

Soffritti et al. (2006)

Oral administration
(feed)

Purity, > 98%
(impurities,
diketopiperazine,

< 1.5%, and
L-phenylalanine,
<0.5%)

Feed

0, 80, 400, 2000, 10 000,
50 000, 100 000 ppm,
daily

150, 150, 150, 150, 100,
100, 100

150, 150, 150, 150, 100,
100, 100

Systemic (multiple organs)
Lymphoma or leukaemia (combined)

31/150 (20.7%), P <0.05, Cochran-
23/150 (15.3%), Armitage trend test;
25/150 (16.7%), P <0.05 poly-3 trend

33/150 (22%), 15/100 test

(15%), 20/100 (20%),

29/100 (29%)

Peripheral nerve (cranial and others)
Malignant schwannoma

1/150 (0.7%), 1/150 P <0.05, Cochran-
(0.7%), 3/150 (2%), Armitage trend test;
2/150 (1.3%), 2/100 P <0.05, poly-3 trend
(2%), 3/100 (3%), test

4/100 (4%)

Renal pelvis and ureter

Dysplastic papilloma

0/150, 0/149, 1/149 NS

(0.7%), 0/150, 0/100,

0/100, 0/100

Carcinoma

0/150, 0/149, 0/149, NS

1/150 (0.7%), 1/100

(1%), 1/100 (1%),

1/100 (1%)

Dysplastic papilloma and carcinoma
(combined)

0/150, 0/149, 1/149 NS

(0.7%), 1/150 (0.7%),

1/100 (1%), 1/100

(1%), 1/100 (1%)

Principal strengths: multiple-dose study; males and females used;
large group size (100-150/group); lifetime exposure (> 2 yr).
Principal limitations: details of pathology descriptions not
available.

Other comments: combinations of some lesions in this study are
not commonly used, e.g. (i) histiocytic sarcoma was combined
with lymphoma/leukaemia; (ii) hyperplasia was combined with
tumours (dysplastic hyperplasia lesions of renal pelvis and ureter
were combined with dysplastic papilloma and carcinoma). See
text for details on the histological reanalysis by Tibaldi et al.
(2020), and the statistical reanalysis by Gnudi et al. (2023).

Historical controls: lymphoma and leukaemia (combined), 2265
males, 20.6% (range, 8.0-30.9%); malignant schwannoma, 2265
males, 0.5% (range, 0-2.0%); olfactory neuroblastoma, 2265
males, 0.1% (range, 0-1.8%); renal pelvis and ureter transitional
cell carcinomas (combined), 2265 males, 0%.
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Table 3.2 (continued)

Study design
Species, strain (sex)
Age at start
Duration
Reference

Route

Purity

Vehicle

Dose(s)

No. of animals at start
No. of surviving
animals

Tumour incidence  Significance

Comments

Full carcinogenicity
Rat, Sprague-
Dawley (F)

8 wk

Lifetime

Soffritti et al. (2006)

Oral administration
(feed)

Purity, > 98%
(impurities,
diketopiperazine,

< 1.5%, and
L-phenylalanine,

< 0.5%)

Feed

0, 80, 400, 2000, 10 000,
50 000, 100 000 ppm,
daily

150, 150, 150, 150, 100,
100, 100

150, 150, 150, 150, 100,
100, 100

Systemic (multiple organs)
Lymphoblastic lymphoma
2/150 (1.3%), 3/150 NS [One animal at

(2%), 7/150 (4.7%), 400 ppm dose group
5/150 (3.3%), 2/100 had lymphoblastic
(2%), 2/100 (2%), lymphoma and

1/100 (1%)
Lymphoblastic leukaemia
0/150, 0/150, 0/150, NS
1/150 (0.7%), 0/100,
0/100, 0/100
Lymphocytic lymphoma
2/150 (1.3%), 5/150 NS
(3.3%), 2/150 (1.3%),
1/150 (0.7%), 2/100

(2%), 0/100, 2/100

(2%)
Lymphoimmunoblastic lymphoma
5/150 (3.3%), 6/150 NS
(4%), 8/150 (5.3%),

8/150 (5.3%), 3/100

(3%), 10/100 (10%),

11/100 (11%)

Histiocytic sarcoma
4/150 (2.7%), 6/150 NS
(4%), 9/150 (6%),

8/150 (5.3), 10/100

(10%), 8/100 (8%),

7/100 (7%)

histiocytic sarcoma]

Principal strengths: multiple-dose study; males and females used;
large group size (100-150/group); lifetime exposure (> 2 yr).
Principal limitations: details of pathology descriptions were not
available.

Other comments: combinations of some lesions in this study are
not commonly used, e.g. (i) histiocytic sarcoma was combined
with lymphoma/leukaemia; (ii) hyperplasia was combined with
tumours (dysplastic hyperplasia lesions of renal pelvis and ureter
were combined with dysplastic papilloma and carcinoma). See
the text for details on the histological reanalysis by Tibaldi et al.
2020), and the statistical reanalysis by Gnudi et al. (2023).

Historical controls: lymphoma and leukaemia (combined), 2274
females, 13.3% (range, 4.0-25.0%); malignant schwannoma, 2274
females, 0.1% (range, 0-2.0%); renal pelvis and ureter transitional
cell carcinomas, 2274 females, 0.04% (range, 0-1.0%); olfactory
neuroblastoma, 2274 females, 0.1% (range, 0-1.8%).
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Table 3.2 (continued)

Study design Route

Species, strain (sex) Purity

Age at start Vehicle

Duration Dose(s)

Reference No. of animals at start
No. of surviving
animals

Tumour incidence  Significance

Comments

Full carcinogenicity
Rat, Sprague-
Dawley (F)

8 wk

Lifetime

Soffritti et al. (2006)
(cont.)

Monocytic leukaemia
0/150, 2/150 (1.3%), NS
5/150 (3.3%), 4/150
(2.7%), 2/100 (2%),

4/100 (4%), 2/100

(2%)

Myeloid leukaemia

0/150, 0/150, 0/150, NS
1/150 (0.7%), 0/100,

1/100 (1%), 2/100

(2%)

Lymphoma or leukaemia (combined)

13/150 (8.7%),
22/150 (14.7%),
30/150 (20%)**,
28/150 (18.7%)*,
19/100 (19%)*,
25/100 (25%)**,
25/100 (25%)**

P <0.01, Cochran-
Armitage trend test;
P <0.05, poly-3 trend
test

*P < 0.05, poly-3 test;
[P <0.01, Fisher exact
test]

**P < 0.01, poly-3 test;
[P <0.01, Fisher exact
test]

Peripheral nerve (cranial and others)

Malignant schwannoma

0/150, 2/150 (1.3%),
0/150, 3/150 (2%),
1/100 (1%), 1/100

(1%), 2/100 (2%)

NS
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Table 3.2 (continued)

Study design Route

Species, strain (sex) Purity

Age at start Vehicle

Duration Dose(s)

Reference No. of animals at start
No. of surviving
animals

Tumour incidence

Significance Comments

Full carcinogenicity
Rat, Sprague-
Dawley (F)

8 wk

Lifetime

Soffritti et al. (2006)
(cont.)

Renal pelvis and ureter

Dysplastic papilloma
0/150, 1/150 (0.7%),
1/150 (0.7%), 1/150
(0.7%), 1/100 (1%),
1/100 (1%), 3/100
(3%)

Carcinoma

0/150, 1/150 (0.7%),
3/150 (2%), 3/150
(2%), 3/100 (3%),
3/100 (3%), 4/100
(4%)*

P <0.05, Cochran—
Armitage trend test

*P < 0.05, poly-3 test;
[P =0.0247, Fisher
exact test] [One rat at
2000 and at 10 000 ppm
had tumours in both
kidneys]

Dysplastic papilloma or carcinoma

(combined)

0/150 (0%), 2/150
(1.3%), 4/150 (2.7%),
4/150 (2.7%), 4/100
(4%), 4/100 (4%),
7/100 (7%)*

Mammary glands
Carcinoma

8/150 (5.3%), 15/150
(10%), 16/150
(10.7%), 12/150 (8%),
7/100 (7%), 18/100
(18%)*, 7/100 (7%)

[P =0.041, Cochran-
Armitage trend test]
[*P =0.0014, Fisher
exact test] [One rat at
2000 and 10 000 ppm
had tumours in both
kidneys]

[*P =0.0015, Fisher
exact test]
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Table 3.2 (continued)

Study design
Species, strain (sex)
Age at start
Duration
Reference

Route
Purity
Vehicle
Dose(s)

No. of animals at start

No. of surviving
animals

Tumour incidence  Significance

Comments

Full carcinogenicity
Rat, SLC Wistar (M)
6 wk

104 wk

Ishii (1981

Full carcinogenicity
Rat, SLC Wistar (F)
6 wk

104 wk

Ishii (1981

Full carcinogenicity
Rat, SLC Wistar (M)
6 wk

52 wk

Ishii (1981

Full carcinogenicity
Rat, SLC Wistar (F)
6 wk

52 wk

Ishii (1981

Oral administration
(feed)

Purity, NR

Feed

0, 1,2, 4 g/kg bw per
day

60, 60, 60, 60

26, 16, 28, 25

Oral administration
(feed)

Purity, NR

Feed

0,1, 2, 4 g/kg bw per
day

60, 60, 60, 60

49, 40, 51, 43

Oral administration
(feed)

Purity, NR

Feed

0, 1,2, 4 g/kg bw per
day

16, 16, 16, 16

16, 16, 16, 16

Oral administration
(feed)

Purity, NR

Feed

0,1, 2,4 g/kg bw per
day

16, 16, 16, 16

16, 16, 16, 16

Brain

Glioma (astrocytoma, atypical astrocytoma,
oligodendroglioma, combined)

0/60, 1/60 (1.7%), NS

0/60, 1/60 (1.7%)

Brain

Glioma (astrocytoma, atypical astrocytoma,
oligodendroglioma, combined)

1/60 (1.7%), 0/60, NS

1/60 (1.7%), 0/60

No significant increase in tumour incidence in

treated animals

No significant increase in tumour incidence in

treated animals

Principal strengths: males and females used; multiple-dose study;
adequate number of animals used; adequate duration of exposure
and observation.

Principal limitations: purity, NR; lack of detailed histopathology.
Other comments: histological reanalysis by Shibui et al. (2019
and EFSA UA04 (2011

Principal strengths: males and females used; multiple-dose study;
adequate number of animals used; adequate duration of exposure
and observation.

Principal limitations: purity, NR; lack of detailed histopathology.
Other comments: histological reanalysis by Shibui et al. (2019
and EFSA UA04 (2011).

Principal strengths: males and females used; multiple-dose study.
Principal limitations: purity, NR.

Principal strengths: males and females used; multiple-dose study.
Principal limitations: purity, NR.
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Table 3.2 (continued)

Study design
Species, strain (sex)
Age at start
Duration
Reference

Route

Purity

Vehicle

Dose(s)

No. of animals at start
No. of surviving
animals

Tumour incidence  Significance

Comments

Full carcinogenicity
Rat, SLC Wistar (M)
6 wk

26 wk

Ishii (1981

Full carcinogenicity
Rat, SLC Wistar (F)
6 wk

26 wk

Ishii (1981

Full carcinogenicity
Rat, SLC Wistar (M)
6 wk

26 wk

Shibui et al. (2019)

Oral administration
(feed)

Purity, NR

Feed

0, 1,2, 4 g/kg bw per
day

16, 16, 16, 16

16, 16, 16, 16

Oral administration
(feed)

Purity, NR

Feed

0, 1,2, 4 g/kg bw per
day

16, 16, 16, 16

16, 16, 16, 16

Oral administration
(feed)

Purity, NR

Feed

0, 1,2, 4 g/kg bw per
day

60, 60, 60, 60

60, 60, 60, 60

No significant increase in tumour incidence in
treated animals

No significant increase in tumour incidence in
treated animals

Lung

Bronchioloalveolar adenoma
1/60 (1.7%), 3/60 NS
(5%), 0/60, 2/60

(3.3%)

Bronchioloalveolar carcinoma
0/60, 0/60, 2/60 NS

(3.3%), 0/60

Bronchioloalveolar adenoma or carcinoma
(combined)

1/60 (1.7%), 3/60 NS

(5%), 2/60 (3.3%),

2/60 (3.3%)

Principal strengths: males and females used; multiple-dose study.

Principal limitations: purity, NR

Principal strengths: males and females used; multiple-dose study.

Principal limitations: purity, NR.

Principal strengths: males and females used; multiple-dose study.
Principal limitations: purity, NR.

Other comments: histological reanalysis of Ishii et al. (1981) by
Shibui et al. (2019) also reported by EFSA UA04 (2011).
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Table 3.2 (continued)

Study design Route

Species, strain (sex) Purity

Age at start Vehicle

Duration Dose(s)

Reference No. of animals at start
No. of surviving
animals

Tumour incidence  Significance

Comments

Full carcinogenicity
Rat, SLC Wistar (M)
6 wk

26 wk

Shibui et al. (2019)

(cont.)

Full carcinogenicity =~ Oral administration
Rat, SLC Wistar (F)  (feed)

6 wk Purity, NR

26 wk Feed

Shibui et al. (2019) 0,1, 2,4 g/kg bw per
day
60, 60, 60, 60
60, 60, 60, 60

Pituitary gland (pars distalis)
Adenoma

5/48 (10.4%), 8/48 NS
(16.7%), 12/53

(22.6%), 5/53 (9.4%)
Carcinoma

0/48, 1/48 (2%), NS
0/53, 0/53

Adrenal gland

Benign pheochromocytoma
4/59 (6.8%), 9/59 NS
(15.3%), 4/60 (6.7%),

10/60 (16.7%)

Lung

Bronchioloalveolar adenoma
0/60 (1.7%), 1/60 NS
(1.7%), 3/60 (5%),

3/60 (5%)

Adrenal gland

Benign pheochromocytoma
1/60 (1.7%), 1/60 NS
(1.7%), 6/59 (10.2%),

2/60 (3.3%)

Malignant pheochromocytoma
0/60, 0/60, 1/59 NS
(1.7%), 1/60 (1.7%)

Principal strengths: males and females used; multiple-dose study.
Principal limitations: purity, NR.

Other comments: histological reanalysis of Ishii et al. (1981) by
Shibui et al. (2019), also reported by EFSA UA04 (2011).
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Table 3.2 (continued)

Study design
Species, strain (sex)
Age at start
Duration
Reference

Route

Purity

Vehicle

Dose(s)

No. of animals at start
No. of surviving
animals

Tumour incidence  Significance

Comments

Full carcinogenicity
Rat, Charles River
albino (M)
Weanling

104 wk

EFSA E34 (2011)

Full carcinogenicity
Rat, Charles River
albino (F)
Weanling

104 wk

EFSA E34 (2011)

Oral administration
(feed)

Purity, NR (SC-18862;
impurities, < 1.5% of
conversion product
diketopiperazine, SC-
191912)

Feed

0, 1,2, 4, 8 g/kg bw per
day

60, 40, 40, 40, 40
23,18,21,23,21

Oral administration
(feed)

Purity, NR (SC-18862;
impurities, up to 1.5%
of conversion product
diketopiperazine, SC-
191912)

Feed

0, 1,2, 4, 8 g/kg bw per
day

60, 40, 40, 40, 40

26, 23, 20, 14, 10

Brain

Glioma (astrocytoma, oligodendroglioma,
combined)

0/60, 2/40 (5%), 1/40 NS

(2.5%), 2/40 (5%),

0/40

Brain

Glioma (astrocytoma, oligodendroglioma,
glioma unclassified, combined)

0/60, 2/40 (5%), NS

0/40, 0/40, 1/40

(2.5%)

Principal strengths: 104-wk study; males and females used;
multiple-dose study; adequate number of animals per group.

Principal limitations: 35% and 25% survival in females at

4 g/kg bw and 8 g/kg bw; survival was about 50% in most groups;
chronic murine pneumonia complex in control and treated
animals; only 25% of animals examined microscopically in
groups at 1 g/kg bw and 2 g/kg bw; study from pre-GLP era.

Principal strengths: 104-wk study; males and females used;
multiple-dose study; adequate number of animals per group.

Principal limitations: 35% and 25% survival in females at

4 g/kg bw and 8 g/kg bw; survival was about 50% in most groups,
chronic murine pneumonia complex in control and treated
animals, only 25% of animals examined microscopically in

1 g/kg bw and 2 g/kg bw groups, study from the pre-GLP era.
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Table 3.2 (continued)

Study design
Species, strain (sex)
Age at start
Duration
Reference

Route

Purity

Vehicle

Dose(s)

No. of animals at start
No. of surviving
animals

Tumour incidence

Significance

Comments

Full carcinogenicity
Rat, Sprague-
Dawley (M)

Day 12 of gestation
Lifetime

Soffritti et al. (2007)

Oral administration
(feed)

Purity, > 98.7%
(impurities,
diketopiperazine,

< 0.3%, and
L-phenylalanine,

< 0.5%)

Feed

0, 400, 2000 ppm, daily
95, 70, 70

95, 70, 70

Systemic (multiple organs)
Lymphoma or leukaemia (combined)

9/95 (9.5%), 11/70
(15.7%), 12/70
(17.1%)*

Renal pelvis
Papilloma

0, 2/70 (2.9%), 1/70
(1.4%)

Mammary gland
Carcinoma

0,0, 2/70 (2.9%)

*P < 0.05, Cox
regression model
[P =0.0030, Fisher
exact test]

NS

NS

Principal strengths: males and females used; prenatal exposure;
large group size (70-95); lifetime exposure (> 2 yr); two doses,
with the lower dose being relevant to human exposure.

Principal limitations: details of pathology descriptions were not
available.

Other comments: no information on the incidence, distribution,
and histotype of the lymphomas and leukaemias presented. See

the text for details on the histological reanalysis by Tibaldi et al.

(2020) and the statistical reanalysis by Gnudi et al. (2023).
Historical controls: lymphoma and leukaemia (combined), 2265

males, 20.6% (range, 8.0-30.9%).
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Table 3.2 (continued)

Study design
Species, strain (sex)
Age at start
Duration
Reference

Route

Purity

Vehicle

Dose(s)

No. of animals at start
No. of surviving
animals

Tumour incidence

Significance

Comments

Full carcinogenicity
Rat, Sprague-
Dawley (F)

Day 12 of gestation
Lifetime

Soffritti et al. (2007)

Oral administration
(feed)

Purity, > 98.7%
(impurities,
diketopiperazine,
<0.3%, and
L-phenylalanine,

< 0.5%)

Feed

0, 400, 2000 ppm, daily
95,70, 70

95, 70, 70

Systemic (multiple organs)

Lymphoma or leukaemia

12/95 (12.6%),
12/70 (17.6%), 22/70
(31.4%)*

Renal pelvis
Papilloma

0/95, 6/70 (8.6%)*,
0/70

Mammary gland
Carcinoma

5/95 (5.3%), 5/70
(7.1%), 11/70
(15.7%)*

P <0.01, Cox
regression model
(trend)

*P <0.01, Cox
regression model;
[P =0.0030, Fisher
exact test]

[*P =0.0051, Fisher
exact test]

P <0.05, Cox
regression model
(trend)

*P <0.05, Cox
regression model;
[P =0.0245, Fisher
exact test]

Principal strengths: males and females used; prenatal exposure;
large group size (70-95); lifetime exposure (> 2 yr); two doses,
with the lower dose being relevant to human exposure.

Principal limitations: details of pathology descriptions were not
available.

Other comments: no information on the incidence, distribution,
and histotype of the lymphomas and leukaemias was presented.

Historical controls: lymphoma and leukaemia (combined), 2274
females, 13.3% (range, 4.0-25.0%); mammary gland carcinoma,
2274 females, 9.2% (range, 4.0-14.2%); a statistical reanalysis

by Gnudi et al. (2023) showed positive significant trends in the
incidence of total lymphoid tumours, myeloid leukaemia, and
total myeloid tumours, furthermore, significant increases were
shown in the incidence of total lymphoid tumours, lymphoma
(all types), and leukaemia (all types).
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Table 3.2 (continued)

Study design Route Tumour incidence  Significance Comments
Species, strain (sex) Purity
Age at start Vehicle
Duration Dose(s)
Reference No. of animals at start

No. of surviving

animals
Full carcinogenicity =~ Oral administration Brain Principal strengths: 104-wk study; males and females used;
Rat, Charles River (feed) Astrocytoma multiple-dose study; adequate duration of exposure and
albino (M) Purity, > 98.5% (SC- 3/60 (5%), 1/40 NS observation.
F, rats were 18862; impurities, (2.5%), 1/40 (2.5%) Principal limitations: survival was about 50% in most groups;
obtained from conversion product chronic murine pneumonia complex in control and treated
parents exposed diketopiperazine, SC- animals; study did not adjust for litter effects.
60 days before 191912, 0.4-1.5%)
mating Feed
104 wk 0,2, 4 g/kg bw per day
EFSA E70 (2011) 60, 40, 40

25, 20, 23
Full carcinogenicity ~ Oral administration Brain Principal strengths: 104-wk study; males and females used;
Rat, Charles River (feed) Astrocytoma multiple-dose study; adequate duration of exposure and
albino (F) Purity, > 98.5% (SC- 1/60 (1.7%), 1/40 NS observation.
F, rats were 18862; impurities, (2.5%), 0/40 Principal limitations: survival was about 50% in most groups;
obtained from conversion product chronic murine pneumonia complex in control and treated
parents exposed diketopiperazine, SC- animals; study did not adjust for litter effects.
60 days before 191912, 0.4-1.5%)
mating Feed
104 wk 0,2, 4 g/kg bw per day
EFSA E70 (2011) 60, 40, 40

28,18, 21

approx., approximately; bw, body weight; F, female; GLP, Good Laboratory Practice; M, male; NR, not reported; NS, not significant; ppm, parts per million; wk, week(s); yr, year(s).
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In female rats, an overall increase in the inci-
dence of animals bearing malignant tumours
was observed, with a significant positive trend
(P < 0.01, Cochran-Armitage trend test); the
incidence in rats at 50 000 ppm was significantly
higher than that in the control group (P < 0.01,
poly-3 test). There was a significant positive
trend (P < 0.01, Cochran-Armitage trend test;
P < 0.05, poly-3 trend test) in the incidence of
lymphoma and leukaemia (combined) (multiple
organs) — 13/150 (9%), 22/150 (15%), 30/150 (20%),
28/150 (19%), 19/100 (19%), 25/100 (25%), and
25/100 (25%) at 0 (control), 80, 400, 2000, 10 000,
50 000, and 100 000 ppm, respectively — with the
incidence being statistically significant at 2000
and 10 000 ppm (P < 0.05, poly-3 test; [P < 0.01,
Fisher exact test]) and at 50 000 and 100 000 ppm
(P <0.01, poly-3 test; [P < 0.01, Fisher exact test]),
and within the upper bound of the range observed
in historical controls (2274 males, 13.3%; range,
4.0-25.0%) from this laboratory (Soffritti et al.
2005, 2006). [The Working Group noted that
the lymphoid and myeloid tumour classification
was originally performed according to the IARC
Classification of Rodent Tumours (IARC, 1993)
and subsequently according to the International
Harmonization of Nomenclature and Diagnostic
Criteria for Lesions Project INHAND), both on
the basis of haematoxylin-and-eosin-stained
sections only, defining lymphoid prolifera-
tions (lymphoblastic leukaemia, lymphocytic
lymphoma, lymphoimmunoblastic lymphoma)
and myeloid proliferations (histiocytic sarcoma,
monocytic leukaemia, myeloid leukaemia).
The main types reported were lympho-
cytic lymphomas and lymphoimmunoblastic
lymphomas that involved the thymus, lung,
spleen, and peripheral lymph nodes. Although
details on the incidence of the different morphol-
ogies or localization were not reported in Soffritti
et al. (2006), they were subsequently provided in
Gnudi et al. (2023), at the request of the Working
Group. The Working Group members were in
agreement on the combinations of lymphoid
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tumours and lymphoid leukaemias, and combi-
nations of myeloid leukaemias, but not on the
combinations of lymphoid and myeloid tumours,
and combinations of lymphoid leukaemias and
myeloid leukaemias.] The incidence of periph-
eral nerve malignant schwannoma (cranial and
other) — 0/150, 2/150 (1.3%), 0/150, 3/150 (2%),
1/100 (1%), 1/100 (1%), 2/100 (2%), at 0 (control),
80, 400, 2000, 10 000, 50 000, and 100 000 ppm,
respectively — was within the upper bound of
the range observed in historical controls (2274
females, 0.1%; range, 0-2.0%) from this labora-
tory (Soffritti et al., 2005, 2006). [The Working
Group noted that all the schwannoma diagnoses
were supported by positive immunohistochem-
ical staining for S100 protein.] There were signifi-
cant exposure-specific increases in the incidence
of proliferative urothelial lesions within the renal
pelvisand ureterin female rats. There was a signif-
icant positive trend (P <0.05, Cochran-Armitage
trend test) in theincidence of dysplastic papilloma
— 0/150, 1/150 (0.7%), 1/150 (0.7%), 1/150 (0.7%),
1/100 (1%), 1/100 (1%), 3/100 (3%), at O (control),
80, 400, 2000, 10 000, 50 000, and 100 000 ppm,
respectively. The incidence of carcinoma of the
renal pelvis and ureter - 0/150, 1/150 (0.7%),
3/150 (2%), 3/150 (2%), 3/100 (3%), 3/100 (3%),
4/100 (4%), at 0 (control), 80, 400, 2000, 10 000,
50 000, and 100 000 ppm, respectively — was
significantly increased at 100 000 ppm (P < 0.05,
poly-3 test; [P = 0.0247, Fisher exact test]), and
exceeded the upper bound of the range observed
in historical controls (2274 females, 0.04%;
range, 0-1.0%) from this laboratory at all doses
except for 80 ppm. There was a significant posi-
tive trend in the incidence of papilloma or carci-
noma (combined) of the renal pelvis and ureter
[P = 0.041, Cochran-Armitage trend test], with
the incidence - 0/150, 2/150 (1.3%), 4/150 (2.7%),
4/150 (2.7%), 4/100 (4%), 4/100 (4%), 7/100 (7%),
at 0 (control), 80, 400, 2000, 10 000, 50 000, and
100 000 ppm, respectively — being significantly
increased at 10 000 and 50 000 ppm [P = 0.0247,
Fisher exact test] and 100 000 ppm [P = 0.0014,
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Fisher exact test]. There was a significant increase
[P = 0.0015, Fisher exact test] in the incidence
of mammary gland carcinoma in the group at
50 000 ppm — 18/100 (18%) compared with 8/150
(5%) in controls. In addition, one transitional cell
carcinoma of the urinary bladder was reported
in female rats at 2000 ppm. There was a single
incidence each of adenoma and of olfactory
neuroblastoma in females at 100 000 ppm.

Exposure to aspartame increased the inci-
dence of malignant brain tumours (10 gliomas,
1 medulloblastoma, and 1 malignant menin-
gioma) in male and female rats, with none being
reported in concurrent controls (Soffritti et al.
2006). [The Working Group noted that gliomas
are rare tumours (incidence, approximately
0.5-1%) among historical controls in this colony
of Sprague-Dawley rats.] The incidence of glioma
in males and females in the study by Belpoggi
etal. (2006) was reported as follows: males, 0/150,
2/150, 0/150, 1/150, 0/100, 2/100, 1/100; females,
0/150, 1/150, 0/150, 1/150, 0/100, 1/100, 1/100 at
0 (control), 80, 400, 2000, 10 000, 50 000, and
100 000 ppm, respectively. The incidence of brain
tumours exhibited no dose-response trends.
The data on brain neoplasms were based on the
examination of three sagittal sections rather than
the seven or eight coronal sections used in other
studies. [The Working Group noted that males
and females were combined when counting
malignant brain tumours. The Working Group
also noted that incidence was reported separately
for each sex in the study by Belpoggi et al. (2006)
reported above.]

Regarding non-neoplastic lesions, there was
also an increase in the incidence of dysplastic
hyperplasia of the transitional cell epithelium of
the renal pelvis and ureter in males (no signifi-
cant trend) and in females (significant positive
trend). There was an increase in the incidence of
calcification (mineralization) within the renal
pelvis and ureter of female rats, especially at the
higher doses (10 000 ppm, 19%; 50 000 ppm,
25%; and 100 000 ppm, 39%) compared with the
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concurrent controls (8%). A similar effect was
not reported in the male rat kidney. Information
on the severity and distribution of this miner-
alization was not available, and its contribution
to the proliferative lesions remains to be deter-
mined. The incidence of hyperplasia of the olfac-
tory epithelium exhibited a significant positive
trend in males, and was significantly increased
at 10 000, 50 000, and 100 000 ppm in males and
females, and at 400 ppm in males. [The Working
Group noted that this was a well-conducted long-
term study that used multiple dose groups, both
sexes, a large group size, and with a duration that
covered most of the rat lifespan. However, it was
limited by the lack of detailed pathology descrip-
tions for some haematolymphoid lesions, the
combination of non-neoplastic and neoplastic
proliferative lesions of the renal pelvis and ureter
for statistical analyses, and the use of combina-
tions of lymphoid and myeloid neoplastic lesions
that are not common. The Working Group
noted that the practice of combining lymphoid
and myeloid proliferations was unwarranted
since these lesions derive from different cell
lineages. It was noted that lung lymphomas
(primary pulmonary lymphomas, with isolated
or dominant lung involvement) are rare in all
species, including rats, and are difficult to distin-
guish from non-neoplastic proliferative lesions.
However, in the present study, this presenta-
tion and diagnosis was highly prevalent. The
Working Group also noted that the arguments
used for some lymphoma diagnoses reported in
Soffritti et al. (2006) and the histological reanal-
ysis by Tibaldi et al. (2020) were not sufficient to
allow differentiation between inflammatory or
neoplastic proliferations, especially those in the
lung (see Section 3.2.2). The diagnostic criteria
were adequate for myeloid and lymphoid tumours
and leukaemia, with the exception of immu-
noblastic lymphoma of the lung, for which the
differentiation between reactive hyperplasia and
neoplasia has been recognized as challenging by
the NTP, Ramazzini Institute, and pathologists
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from other laboratories (Malarkey and Bucher,
2011; Tibaldi et al., 2020).]

Gnudi et al. (2023) reported on the details
of diagnoses of haemolymphoreticular tumours
and related statistics for the study by Soffritti
et al. (2006) in rats treated with aspartame. In
males, this reanalysis showed a significant posi-
tive trend in the incidence of immunoblastic
lymphoma (P = 0.0006, Cochran-Armitage
trend test) and total lymphoid tumours
(P = 0.0022, Cochran-Armitage trend test).
There was a significant increase in the incidence
of lymphoma (all types) (P = 0.016, Fisher exact
test) at 100 000 ppm, immunoblastic lymphoma
(P =0.016, Fisher exact test) at 100 000 ppm, and
total lymphoid tumours (P = 0.023, Fisher exact
test) at 100 000 ppm.

In females, there was a significant posi-
tive trend in the incidence of immunoblastic
lymphoma (P =0.0015, Cochran-Armitage trend
test), myeloid leukaemia (P = 0.0060, Cochran—
Armitage trend test), and total myeloid tumours
(P=0.0473, Cochran-Armitage trend test). There
was a significant increase in the incidence of
lymphoma (all types) at 100 000 ppm (P = 0.028,
Fisher exact test), of immunoblastic lymphoma
at 50 000 and 100 000 ppm (P = 0.030, P = 0.016,
respectively, Fisher exact test), of total lymphoid
tumours at 100 000 ppm (P = 0.028, Fisher exact
test), of monocytic leukaemia at 50 000 ppm and
400 ppm (P =0.025, P=0.030, respectively, Fisher
exact test), of histiocytic sarcoma at 10 000 and
50 000 ppm (P = 0.015, P = 0.053, respectively,
Fisher exact test), and of total myeloid tumours
at 400, 2000, 10 000, 50 000, and 100 000 ppm
(P = 0.013, P = 0.021, P = 0.004, P = 0.002,
P = 0.008, respectively, Fisher exact test). [The
Working Group acknowledged that histological
diagnoses of the original study were retained
for this analysis. The diagnostic criteria were
adequate for myeloid and lymphoid tumours and
leukaemia, with the exception of immunoblastic
lymphoma of the lung, for which the differentia-
tion between reactive hyperplasia and neoplasia
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has been recognized as challenging by the NTP,
the Ramazzini Institute, and pathologists from
other institutes (Malarkey and Bucher, 2011;
Tibaldi et al., 2020). The Working Group noted
that the histological diagnoses of immunoblastic
lymphoma of the lung remained inconclusive.
Although the majority of the Working Group
considered that the histological diagnoses in
autolytic tissues were not reliable, a minority of
the Working Group considered that these bore
no significance, because the moribund animals
were monitored two to three times daily to avoid
such concerns.]

In a study by Ishii (1981), also reported by
Ishiietal. (1981), groups of 60 male and 60 female
SLC Wistar rats (age, 6 weeks) were treated with
feed containing aspartame (purity not reported)
ata concentration of 0 (control), 1,2, or 4 g/kg bw
per day for 104 weeks. All surviving rats in
these groups were killed after 104 weeks. Two
additional groups of 16 males and 16 females
or 10 males and 10 females were scheduled for
interim evaluation at experimental weeks 52 and
26, respectively. Survival at 104 weeks was lower
in males (26/60, 16/60, 28/60, 25/60) than in
females (49/60, 40/60, 51/60, 43/60) at 0 (control),
1, 2, and 4 g/kg bw per day, respectively. Mean
feed consumption was lower in all dosed rats than
in controls. A dose-dependent decrease in body-
weight gain was observed in groups of males at
2 and 4 g/kg bw per day, and in all dosed groups
of females. At 52 weeks, an increase in relative
spleen weight was reported only in males at 2 and
4 g/kg bw per day, but no histological correlates
were described (Ishii, 1981; also reported by Ishii
etal., 1981). Dietary administration of aspartame
did not cause a significant increase in the inci-
dence of any type of neoplasm in male or female
rats at either interim time of 26 or 52 weeks Ishii
(1981).

At 104 weeks, dietary administration of
aspartame did not cause a significant increase in
the incidence of any type of neoplasm in male
or female rats Ishii et al. (1981). There were no
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differences in the incidence of glioma across all
groups in males — 0/60, 1/60 (1.7%), 0/60, 1/60
(1.7%) or females, 1/60 (1.7%), 0/60, 1/60 (1.7%),
0/60, at 0 (control), 1, 2, and 4 g/kg bw, respec-
tively (Ishii, 1981).

Shibui et al. (2019), also reported by EFSA
UAO04 (2011), subsequently re-evaluated the
rat tissues from groups at 0 (control), 1, 2, and
4 g/kg bw per day from the study by Ishii et al.

There were single instances of malignant pheo-
chromocytoma in the groups at 2 and 4 g/kg bw
per day.

Regarding the non-neoplastic lesions, renal
pelvis mineralization was observed in males
and females. Mineralization in the renal pelvis
did not correlate with transitional cell hyper-
plasia in the kidney in either male or female rats
(Shibui et al., 2019). [The Working Group noted

(1981). [The Working Group noted that the study
by Shibui et al. (2019) was a comprehensive
re-evaluation of the study by Ishii et al. (1981),
carried out by cutting new slides.] In males, there
was a non-significant increase in the incidence of
bronchioloalveolar adenoma - 1/60 (1.7%), 3/60
(5%), 0%, 2/60 (3.3%) at 0 (control), 1,2, and 4 g/
kgbw per day, respectively. In addition, there were
two bronchioloalveolar carcinomas reported in
the group at 2 g/kg bw per day. When the bron-
chioloalveolar adenomas and carcinomas were
combined, their incidence was 1/60 (1.7%), 3/60
(5%), 2/60 (3.3%), 2/60 (3.3%) at 0 (control), 1, 2,
and 4 g/kg bw per day, respectively. There were
non-significant exposure-related increases in the
incidence of adenoma in the pars distalis of the
pituitary gland - 5/48 (10.4%), 8/48 (16.7%), 12/53
(22.6%), 5/53 (9.4%) at 0 (control), 1, 2, and 4 g/kg
bw per day, respectively. In addition, there was
one carcinoma in the pars distalis of the pituitary
gland in the group at 1 g/kg bw per day. There
were non-significant increases in the incidence
of benign pheochromocytoma - 4/59 (6.8%), 9/59
(15.3%), 4/60 (6.7%), 10/60 (16.7%) at 0 (control),
1, 2, and 4 g/kg bw per day, respectively.

In females, there was a non-significant
increase in the incidence of bronchioloalveolar
adenoma - 0%, 1/60 (1.7%), 3/60 (5%), 3/60 (5%)
— that approached statistical significance. There
were no differences in the incidence of pituitary
tumours in female rats across all groups. There
were non-significant increases in the incidence
of benign pheochromocytoma in females — 1/60
(1.7%), 1/60 (1.7%), 6/59 (10.2%), 2/60 (3.3%) at 0
(control), 1,2, and 4 g/kg bw per day, respectively.
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that the study by Ishii (1981), also reported by
Ishii et al. (1981), used both sexes, multiple doses,
an adequate number of animals per group, and
an adequate duration of exposure and observa-
tion. However, it was a pre-GLP study, although
aligned to OECD TG451 (OECD, 2018). It was
limited by the lack of information on purity and
the sparse details on histopathology in the orig-
inal study. These data showed increases in the
incidence of bronchioloalveolar tumours that
approached statistical significance in female rats
and non-significant increases in the incidence of
benign pheochromocytoma in male and female
rats, suggesting a potential effect of chronic
exposure to aspartame.]

The first studies on aspartame (SC-18862
compound) were completed in 1973 (EFSA E33
2011; EFSA_E34, 2011; EFSA_ES87, 2011) and
1974 (EFSA_E70, 2011).

In the 1973 study (EFSA E34, 2011; also
reported by EFSA E33, 2011; and EFSA ES87
2011), groups of 40 male and 40 female Charles
River Albino rats (60 males and 60 females for the
control group) were treated with feed containing
aspartame [SC-18862 compound, purity not
reported; impurities, 0-1.5% of conversion
product SC-191912] at a dose of 0 (control), 1,
2, 4, or 8 g/kg bw per day for 104 weeks. The
overall survival was around 50% in both male
and female rats but significantly lower (25%)
in females at 8 g/kg bw per day. Body-weight
gains were significantly lower in the groups of
males and females at 8 g/kg bw per day than in
the controls, owing to lower feed consumption.
Relative kidney weights were increased in male
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rats at 2, 4, and 8 mg/kg bw per day, and relative
uterus weights were increased in female rats at 2
and 4 mg/kg bw per day, but there were no histo-
logical correlates.

There were no significant differences in the
incidence of grossly detected tumours in controls
and all the exposed dose groups in males and
females. Histopathology examinations were
performed on all gross lesions identified at
necropsy, as well as on 20-25 tissues in the control
group and groups at 4 and 8 g/kg bw per day and
about 25% of the animals in the groups at 1 and
2 mg/kg bw per day. There was a non-significant
increase in the incidence of glioma (astrocytoma,
oligodendroglioma, glioma not otherwise speci-
fied) in the treated groups of males and females
(EFSA_E87,2011). There were two ependymomas
in male rats at 4 g/kg bw per day and one epen-
dymoma and one meningeal sarcoma in female
rats at 4 g/kg and 8 g/kg bw per day, respectively.
There were no other major differences in tumour
incidence between controls and all the exposed
groups.

Regarding non-neoplastic lesions, renal
pelvis epithelial hyperplasia was observed in
males. Nodular hyperplasia in the pancreas, a
non-neoplastic proliferative lesion, was observed
in female rats. [The Working Group noted that
this study used both sexes, multiple doses, and
an adequate duration of exposure and observa-
tion. However, this was a pre-GLP study, and was
limited by the lack of information on purity, and
an infection (murine pneumonia) observed in
controls and treated animals.]

3.2.2 Transplacental and perinatal
administration followed by oral
administration (feed)

In a study published by Soffritti et al. (2007),
also reported by Chiozzotto et al. (2011), groups
of 70-95 male and 70-95 female Sprague-Dawley
rats were treated with feed containing aspartame
(purity, > 98.7%; impurities, diketopiperazine
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< 0.3%, and L-phenylalanine < 0.5%) for preg-
nant dams starting at day 12 of gestation and
continuing in the pups until their natural death.
This study focused on human-relevant aspar-
tame dosage levels at 0, 400, and 2000 ppm that
simulated a daily intake of 0, 20, and 100 mg/kg
bw. At age 4-5 weeks, the pups were assigned to
dose groups that reflected the exposure of their
respective dams. The Sprague-Dawley rats were
obtained from the breeding colony maintained
at the Ramazzini Institute. The exposure lasted
until the natural death of the animals, and all
moribund or found dead animals were promptly
necropsied for gross and microscopic evaluation
ofan extensivelist of tissuesidentified in the study
protocol. The in-life phase of the study lasted until
147 weeks. There appeared to a slight reduction
(significance not reported) in survival in dosed
groups compared with controls. There were no
significant differences in water consumption,
in feed consumption, and in body-weight gains
(Softritti et al., 2007; also reported by Chiozzotto
etal., 2011).

In male rats, there was a significant posi-
tive trend (P < 0.01, Cox regression model) in
the incidence of animals bearing malignant
tumours, with the incidence - 23/95 (24.2%),
18/70 (25.7%), 28/70 (40%), for O (control), 400
and 2000 ppm, respectively — being significantly
increased (P < 0.01, Cox regression model;
[P =0.0231, Fisher exact test]) at 2000 ppm. There
was an increase in the incidence of lymphoma/
leukaemia (combined)-9/95(9.5%),11/70(15.7%),
12/70 (17.1%), at 0 (control), 400, and 2000 ppm,
respectively - with the incidence being significant
(P<0.05, Cox regression model, [P =0.003, Fisher
exact test]) at 2000 ppm, and these increases were
within the upper bound of the range observed
in historical controls (2265 males, 20.6%; range,
8-30.9%) from this laboratory (Soffritti et al.,
2005,2006). [The Working Group noted thatlung
lymphomas (primary lymphomas presenting in
the lung, with isolated or dominant lung involve-
ment) are rare in all species, including rats,
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and notoriously difficult to differentiate from
inflammatory conditions. In the present studies,
however, this presentation and diagnosis was a
predominant finding. The results of the subse-
quent study (Tibaldi et al., 2020) were insufh-
cient to differentiate between inflammatory or
neoplastic proliferations, since the immunohis-
tochemical markers used were not appropriate
for this purpose and the staining was of insufhi-
cient technical quality, on the basis of the figures
provided. Additional supportive evidence for
neoplasia using flow cytometry or molecular
techniques such as polymerase chain reaction
or Southern blot were not provided. Therefore,
these diagnoses remain largely unconfirmed. The
Working Group noted that the review of slides in
this study confirmed the diagnoses in 72 out of 78
cases and revised the diagnoses from malignant
to benign in 8% of evaluable cases.] No signif-
icant difference was observed in the incidence
of renal pelvis papilloma and mammary gland
carcinoma compared with concurrent controls.
In female rats, there was a significant posi-
tive trend (P < 0.01, Cox regression model) in the
incidence of lymphoma/leukaemia (combined),
with the incidence - 12/95 (12.6%), 12/70 (17.1%),
22/70 (31.4%), at 0 (control), 400, and 2000 ppm,
respectively — being significantly increased at the
highest dose (P < 0.01, Cox regression model;
[P =0.0030, Fisher exact test]), and exceeding the
upper bound of the range in historical controls
at the highest dose (2274 females, 13.3%; range,
4.0-25%) from this laboratory (Soffritti et al.,
2005, 2006). There was a significant positive
trend (P < 0.05, Cox regression model) in the
incidence of carcinoma of the mammary gland,
with the incidence - 5/95 (5.3%), 5/70 (7.1%),
11/70 (15.7%), at 0 (control), 400, and 2000 ppm,
respectively — being significantly increased at the
highest dose (P < 0.05, Cox regression model;
[P = 0.0245, Fisher exact test]), and exceeding the
upper bound of the range in historical controls at
this dose (2274 females, 9.2%; range, 4.0-14.2%)
from this laboratory (Soffritti et al., 2005, 2006).

The incidence of renal pelvis papilloma was
significantly increased [P = 0.0051, Fisher exact
test] at the lowest dose — 0/95, 6/70 (8.6%), 0/70,
at 0 (control), 400, and 2000 ppm, respectively
(Softritti et al., 2007; also reported by Chiozzotto
etal.,2011). There was a significantincrease in the
incidence of uterus polyps and of head osteoma
in the group at 400 ppm (Soffritti et al., 2007; also
reported by Chiozzotto et al., 2011).

Regarding non-neoplastic lesions, no data
were available to the Working Group.

[The Working Group noted that this study
used both sexes, a low dose relevant to human
exposure, a high number of animals per group,
and an adequate duration of exposure and
observation (prenatal and lifetime exposure).
The study was not conducted under GLP. The
Working Group expressed concerns regarding
the lack of adjustment for potential litter effects
(e.g. there was no information regarding the
number of litters per treatment group, the
number of pups per litter per treatment group,
or whether the treatments were loaded in a
balance fashion), which could lead to false-pos-
itive results. A minority of the Working Group
considered that these concerns might have been
overcome because the large sample size per
group (n = 70-150), significant dose-response
trend, and pairwise testing of multiple tumour
types suggested the absence of an potential bias
due to litter effects. The diagnostic criteria were
adequate for myeloid and lymphoid tumours and
leukaemia, with the exception of immunoblastic
lymphoma of the lung, for which the differentia-
tion between reactive hyperplasia and neoplasia
has been recognized as challenging by the NTP,
the Ramazzini Institute, and other pathologists
(Malarkey and Bucher, 2011; Tibaldi et al., 2020).]

Subsequently, all the haematopoietic and
lymphoid tissue tumours from the prenatal expo-
sure study (Soffritti et al., 2007) were re-evalu-
ated according to updated pathological criteria
and with the use of immunohistochemistry
(Tibaldi et al., 2020). The analysis confirmed the
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tumour diagnoses in 72 cases out of 78, identified
3 cases of lymphoid hyperplasia and categorized
3 cases as inflammatory lesions. A statistically
significant increase in the incidence of total
haematopoietic and lymphoid tissue tumours
(P = 0.006, Fisher exact test), total lymphomas
(P =0.032, Fisher exact test), and total leukaemia
(P = 0.031, Fisher exact test) in treated female
rats was confirmed (high dose versus controls),
and a statistically significant linear trend for
each haematolymphoid tumour type was also
observed. [The Working Group noted that the
immunohistochemistry study by Tibaldi et al.
(2020) provided immunophenotypical charac-
terization of the constituent cell populations in
the proliferative haematolymphoid lesions, but
this information did not provide definitive data
to support or refute whether a haematolymphoid
proliferative lesion in the lung was neoplastic or
reactive. The Working Group agreed that deter-
mining clonality, for establishing the neoplastic
nature of haematolymphoid proliferative lesions
in the lung, was beyond the scope of routine
rodent carcinogenicity assays.]

The statistical reanalysis performed by Gnudi
et al. (2023) reported positive significant trends
in females: total lymphoid tumours (P = 0.0368,
Cochran-Armitage trend test), myeloid leu-
kaemia (P = 0.0324, Cochran-Armitage trend
test), total myeloid tumours (P = 0.0485,
Cochran-Armitage trend test), and lymphoma
all types (P = 0.0368, Cochran-Armitage trend
test). Furthermore, statistically significant
increases in the incidence of total lymphoid
tumours (P = 0.027, Fisher exact test), and
leukaemia all types (P = 0.007, Fisher exact test)
were observed in females at 2000 ppm females
compared with their respective controls. The
constituent lesions comprising the lymphoma or
leukaemia (combined) diagnosisincluded various
lymphoid tumours (lymphoblastic lymphoma,
lymphocytic lymphoma, lymphoimmunoblas-
tic lymphoma) and myeloid tumours (histiocytic
sarcoma, monocytic leukaemia, myeloid leukae-
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mia). [The Working Group acknowledged that
revised histological diagnoses of the Tibaldi et al.
(2020) study were retained for this analysis. The
diagnostic criteria were adequate for myeloid
and lymphoid tumours and leukaemia, with the
exception of immunoblastic lymphoma of the
lung, for which the differentiation between reac-
tive hyperplasia and neoplasia has been recog-
nized as challenging by the NTP, the Ramazzini
Institute, and pathologists from other institutes
(Malarkey and Bucher, 2011; Tibaldi et al., 2020).]

The 1974 study (EFSA _E70, 2011; also report-
ed by EFSA E87, 2011) included prenatal expo-
sure to aspartame (SC-18862 compound; impu-
rities, conversion product SC-191912, 0.4-1.5%)
of at a dose of 0 (control), 2, or 4 g/kg bw per day
(60 days before mating) and subsequent expo-
sure for 104 weeks through maternal milk and
through feed after weaning in male and female
Charles River Albino rats per day. The controls
included 60 males and 60 females, and the treat-
ment groups included 40 males and 40 females.
Compared with controls, body-weight gains were
significantly lower in males at 4 g/kg bw and were
related to lower feed consumption in this group.
Survival was around 50% in both the control and
exposed groups. Histopathology was performed
on all gross lesions, as well as on 20-25 tissues in
the control and treated groups.

The incidence of astrocytoma was 3/60 (5%),
1/40 (2.5%), 1/40 (2.5%) in male rats and 1/60
(1.7%), 