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IARC: Two strands intertwined

P & : T
c - Generate data from interdisciplinary research
g ¥

= Fvaluate evidence through independent expert review

£ ...

Evidence Synthesis & Classification Branch

e JARC Monographs — since 1971
e WHO Classification of Tumours
e JARC Handbooks of Cancer Prevention
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https://www.iarc.who.int/branches-esc/



What evidence is considered?

ancer in
animals
;;ﬁ . R
Cancer in J Mechanistic
humans evidence

Preamble to the JARC Monographs (amended January 2019):
https://monographs.iarc.who.int/wp-content/uploads/2019/07/Preamble-2019.pdf




Evidence synthesis and classification

Identify Screen, Evaluate SY_ntheSize
relevant g’f";itii study Report study evidence>

information st%dies quality overall
evaluations

Synthesis Cancer in Cancer in Mechanistic evidence
) : humans experimental animals
Categorize each line P e Strong
. . ) . . * Key characteristics
of evidence using =) Sufficient Sufficient -\ Mechanistic class
defined terms Limited Limited e Mechanism not relevant

Inadequate Inadequate e [imited

Evidence suggesting lack of Evidence suggesting lack of * |nadequate
carcinogenicity carcinogenicity

;

Group 1 Carcinogenic to humans (135)

Group 2A Probably carcinogenic to humans (95)

Group 2B Possibly carcinogenic to humans (323)

Group 3 Not classifiable as to its carcinogenicity to humans (500)

Overall evaluation

Integrate findings in 3
evidence streams )



How are overall evaluations determined?

Evidence of Cancer
in Humans

Sufficient

Limited or inadequate

Limited

Inadequate

Inadequate

Evidence of Cancer
in Experimental
Animals

Irrelevant
Sufficient

Sufficient

Irrelevant

Limited or inadequate

Limited or inadequate

Sufficient

Mechanistic
Evidence

Irrelevant
Strong (exposed humans)

Limited or inadequate

Strong (mechanistic class)

Limited or inadequate

Strong (experimental systems)

Strong (does not operate in
humans)

All other situations not listed above

AEITE ]y

Carcinogenic
(Group 1)

Probably
carcinogenic
(Group 2A)

Possibly
carcinogenic
(Group 2B)

Not classifiable
(Group 3)

Tobacco smoking, asbestos,
opium, occupational
exposure as firefighter,
ionizing radiations, PFOA

Parathion, cupferron,
arecoline, cobalt (I) oxide,
isoeugenol, PFOS




Cancer in exposed humans

135 - PFOA and PFOS (2023): Literature Tagtree
O Has additional sub-tagging

O No additional sub-tagging

Exclusion By cancer site

Inclusion - PFOA By study design

Case-control study

Meta-analysis

informative ecological studies

A stract only-not enough detail

Section 1
for review
Section 2
Section 3
Section 4

135 - PFOA and PFOS (2023}

Case-control study

By cancer site
Exclusion A
Inclusion - PFO S Meta-analysis

By study design

Case series & reports
A stract only-not enough detail

for review

letter or commentary

https://hawcproject.iarc.who.int/assessment/664.

Type of studies Exposure Assessment

Workers work history, biomonitoring

water contamination,

Residents of contaminated areas biomonitoring

General population biomonitoring
PFOA

Limited evidence for cancer of kidney and testis

e 3 studies workers and residents in two areas in US:
increased risk of kidney cancer

e 2 studies (less informative) in workers with no
association

e 1 nested case-control study: increased cancer risk
associated with PFOA blood levels

e Other cohort studies: no association

Positive association in two populations of residents in
contaminated areas (US, Italy) for cancer of testis

PFOS
Inadequate evidence for cancer



Cancer in experimental animals

135 - PFOA and PFOS (2023): Literature Tagtree

PFOA PFOS

O Has additional sub-tagging

(O Mo addtonal sub-tagging SD rats | hepatocellular adenoma,
adenoma or carcinoma
Full carcim_)genic'rty {i ncll_.lding .
transgenic animal studies) d (CO m bl n ed )’
) pancreatic acinar cell
l]ther studies te_.g.
o carchagenicity) adenoma, and adenoma or

adenocarcinoma (combined)

Inclusion - PFOA Metabolite

® SD rats | uterine adenocarcinoma, and | Hepatocellular adenoma,

significant positive trend in and hepatocellular
® Q the incidence of pancreatic adenoma or carcinoma
Additional details on transgenic

" models, histopathlooy acinar cell adenoma or (combined),
688 use ! . . ) . o e
‘ adenocarcinoma with positive significant

trends
@ "

135 - PFOA and PFOS (2023) F‘::'afl“sg’;‘l’g:::;“;; L't““'-":?e"s':‘ﬂ
Other studies (e.Q. : ::
initiation-promotion,

@ co-carcinogenici
@ Inclusion - PFOS genicity)

Exclusion e Sufficient evidence Limited evidence

Exclusion

@

PFAS other than PFOA or PFOS
{e.g. PFHxA, PFNA, PFDA,
&:2FtOH)

@

https://hawcproject.iarc.who.int/assessment/664.



Mechanistic evidence

O Has additional sub-tagging
O No additional sub-tagging

135 - PFOA and PFOS (2023)

Exclusion

VA S e |

ity

135 - PFOA and PFOS (2023): Literature Tagtree

Exclusion

PFAS other than PFOA or PFDS,
or mixture

https://hawcproject.iarc.who.int/assessment/664.

1 Electrophilic/can be
metabolically activated

2 Genotoxic

3 Alters DNA repairicauses
‘genomic instability

ADME - PFOA

ADME - PFOS

4 Induces epigenetic alterations

5 Induces oxidative stress

Key characteristics « f
carcinogens

6 Induces chronic inflammation

®

Other relevant eviden :e 7 Immunosuppressive

& Modulates receptor-mediated
effects

9 Causes immortalisation

10 Alters cell preliferation,
death or nutrient supply

Multiple characteristics (e.g.,
microarray)

[%] Studies

100

80
70 59.1
50
40
30
20
10

40.9

153

24.7

single agent

both agents

131

exposed humans

human cells in vitro

Test system

experimental
systems

| 871,58%

347,23%

|292,19%




IARC Monographs
Volume 100

10 Key Characteristics (KCs) of human carcinogens

Key characteristics
v Chemical and biological properties of
1. Is electrophilic or can be metabolically & prop

activated established human carcinogens

2. Is genotoxic
3. Alters DNA repair or causes genomic v" Data on key characteristics can provide
instability evidence of carcinogenicity

Induces epigenetic alterations

5. Induces oxidative stress v Used to assemble data relevant to mechanisms
6. Induces chronic inflammation of carcinogens— without needing an a priori
7. Is immunosuppressive hypothesis of the mechanism

8. Modulates receptor-mediated effects

9. Causes immortalization '
e Smith MT, et al 2016 Env Health Persp., 124(6):713-21

10. Alters cell proliferation, cell death’ or * Guyton KZ, et al 2019. Carcinogenesis, 39(4):614
nutrient supply ¢ |ARC Scientific Publication No. 165: Tumour Site Concordance and Mechanisms of

Carcinogenesis (2019). https://publications.iarc.fr/578

e Smith MT, & Guyton KZ (2020). Identifying carcinogens from 10 key characteristics:
a new approach based on mechanisms. In: Wild CP, Weiderpass E, Stewart BW,
editors. World Cancer Report: Cancer Research for Cancer Prevention.
https://publications.iarc.fr/586



Mechanistic evidence for PFOA and PFOS

PFOA & PFOS scientific literature

B exposed humans
human cells in vitro

experimental systems
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Key characteristics
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Mechanistic evidence for PFOA and PFOS

Exposed Human Experimental

KC
evaluation

Section 5. Key characteristics of carcinogens

humans primary cells systems

=

. Is electrophilic or can be metabolic activated to an electrophile

. Is genotoxic

2
3. Alters DNA repair or causes genomic instability
4

. Induces epigenetic alterations

. Induces oxidative stress

. Induces chronic inflammation

. Modulates receptor-mediated effects

5
6
7. Is immunosuppressive
8
9

. Causes immortalization

10. Alters cell proliferation, cell death, or nutrient supply

Based on consistent and coherent
Section 6. Mechanistic evidence evaluation: evidence in the three test systems: in

exposed humans for KC4 and KC7

- Consistent & coherent evidence

|:| Suggestive evidence
E Paucity of data or negative data or no data available



Induction of epigenetic alterations

Consistent & coherent evidence

v' EWAS studies (5) in mother-child cohorts, showing associations between
maternal cord-blood PFOA and increase of DNA methylation.

v’ Several other studies have shown relations between PFOA concentrations and
gene-specific/targeted CpG methylation in developmental reprogramming
relevant to cancer susceptibility in different populations (newborns, workers,
general population).

v’ Very similar data for PFOS

v’ Evidence from experimental systems, both in vivo and in vitro, suggested that
PFOA induced changes in DNA methylation, histone modifications, or miRNA
expression in multiple tissues




Immunosuppression

Consistent & coherent evidence

v’ Studies in humans mainly assessed clinical outcomes such as increased
risk of infections and reduced response to vaccine antigens.

v Exposure assessment by biomonitoring was considered a strength

v Supported by consistent and coherent evidence from human primary
cells and rodent models




Modulation of receptor-mediated effects

KC8-associated
endpoints

Pathways

Hormones

- Consistent & coherent evidence

|:| Suggestive evidence
|:| Paucity of data or negative data or no data available




Alteration of lipid metabolism

Activation of hepatic PPARa ind e hani
and CAR/PXR in rodents A ep(?n _en mee anlsrr)s. ~
'l I Activation of ESR or lipid
metabolism activation,

acyl coenzyme A (CoA
/]\° . g (A N UPR
oxidase, and cytochrome N infl t y
P450s CYP4A, CYP2B, and Inflammatory markers j

CYP3A; \

™ the liver proliferative index
J liver apoptosis
¥ Accumulation of fatty

acids, deregulations of PP
@ genes in lipid metabolism Tm
_ and triglycerides
"in exposed humans
Metabolomics and j
transcriptomics \
M glycolytic pathways
mechanisms




Learnings from the JARC Monographs evaluation
D

v" Levels in blood of PFOA and PFOS are good biomarkers of long-term
exposure due to high in-person correlation

PERFLUOROOCTANOIC ACID (PFOA)
AND PERFLUOROOCTANESULFONIC
. ACID (PFOS)

v" Human biomonitoring is crucial to understand PFAS exposure 2 e

v" More cancer studies on PFOS are needed

v" First time mechanistic evidence in exposed humans supported G1 evaluation
without sufficient evidence of cancer in humans e
IARC (2025). Perfluorooctanoic acid (PFOA) and

perfluorooctanesulfonic acid (PFOS). IARC Monogr
Identif Carcinog Hazards Hum. 135:1-754.

v Relevance of endpoints of disease outcomes in mechanistic studies in
exposed humans

v Gaps in the evidence for some of the mechanisms, also understanding of
gender differences


https://publications.iarc.who.int/636

Upcoming IARC Monographs Meetings

e Meeting 140: Atrazine, alachlor, and vinclozolin
* Meeting dates: 28 October- 4 November 2025

e Meeting 141: Tris(chloropropyl)phosphate, Butyraldehyde, and
Cumyl Hydroperoxide

e Meeting dates: 3-10 March 2026

e Meeting 142: Butyl Benzyl Phthalate, Dibutyl Phthalate, and
Diisononyl Phthalate

 Meeting dates: 9-16 June 2026



Intenational Agency Meeting 135: Perfluorooctanoic acid (PFOA)
@ — and Perfluorooctanesulfonic acid (PFOS)

Organization 7-14 November 2023
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