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AbstrAct
Introduction: Per- and poly-fluoroalkyl substances (PFASs) are a large, complex group of synthetic chemicals 
humans can be exposed to from occupational or environmental sources. In this systematic review and meta-analysis, 
we examined the association between PFAS exposure, particularly Perfluorooctanoic Acid (PFOA), and Perfluorooc-
tane Sulfonic Acid (PFOS), and risk of kidney, liver, and testicular cancer. Methods: We systematically searched 
PubMed to identify cohort and case-control studies reported after the Monograph of the International Agency for 
Research on Cancer and the Toxicological Profile of the Agency for Toxic Substances and Disease Registry. We as-
sessed the quality of the studies by using a modified version of the Newcastle-Ottawa Scale (NOS). Forest relative 
risk (RR) plots were constructed for liver, kidney, and testicular cancer. We conducted stratified analyses by geographic 
region, study design, quality score, outcome, years of publication, exposure source, and PFAS type. A random-effects 
model was used to address heterogeneity between studies. Results: Fifteen studies, including ten cohort studies, three 
case-control studies nested in a cohort, and two case-control studies were included after removing duplicate and ir-
relevant reports. We found an association between overall PFAS exposure and the risk of kidney cancers (RR=1.18, 
95% CI =1.05-1.32; I =52.8%, 11 studies). Also, we showed an association between high-level exposure to PFAS 
and kidney cancer (RR=1.74, 95% CI =1.23-2.47; p=0.005) and testicular cancer (RR=2.22, 95% CI =1.12-4.39; 
p=0.057). There was no association with liver cancer. We found no heterogeneity by geographical region, PFAS type, 
study design, outcome, quality score, year of publication, or exposure source. Only two studies reported results among 
women. Conclusions: We detected an association between overall PFAS exposure and kidney cancer and high doses 
of PFAS with testicular cancer. However, bias and confounding cannot be excluded, precluding a conclusion in terms 
of causality.

Abbrevations:
 - Agency for Toxic Substances and Disease Registry; ATSDR
 - International Agency for Research on Cancer; IARC
 - inflammatory bowel disease; IBD
 - Hepatocellolar carcinoma; HCC
 - Nitrogen dioxide; NO2
 - Odds ratio; OR
 - Risk ratio, rate ratio;R R
 - Standardized mortality ratio;SMR
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 - Standardized incidence ratio; SIR
 - Perfluorooctanoic Acid; PFOA
 - Per- and poly-fluoroalkylsubstances; PFAS
 - Perfluorooctane sulfonic acid; PFOS

1. IntroductIon

Per- and poly-fluoroalkyl substances (PFASs) 
are a large, complex group of synthetic chemicals 
that are thermally and chemically stable in the 
environment [1]. Since the 1940s, these agents 
have been used in various industries, such as aero-
space, automotive, construction, and electronics. 
Also, they are used to produce stain- and water-
resistant fire-fighting foams, cleaning products, 
and paints [2].

PFAS may be released into water, air, and soil. 
Hence humans can be exposed to these substances 
through occupational or environmental sources 
[3, 4]. Chemically, there are several types of PFAS. 
However, the most common types are perfluo-
rooctanoic acid (PFOA), perfluorooctane sulfonic 
acid (PFOS), and perfluorohexanesulfonic acid 
(PFHxS) [1].

Previous studies reported that exposure to some 
PFAS types may be associated with health effects 
[5, 6]. Cancer incidence is one of the most pressing 
concerns concerning PFAS exposure [7]. The Inter-
national Agency for Research on Cancer (IARC) 
2017 classified PFOA as a possible human carcin-
ogen based on limited epidemiologic evidence for 
kidney and testicular cancer [8]. In addition, pre-
vious epidemiological and animal studies reported 
some association between these substances and 
other cancer varieties, such as liver cancer [9, 10]. 
Worldwide, 431,288, 905,677, and 74,458 people 
can be diagnosed yearly with kidney, liver, and tes-
ticular cancer [11].

To better clarify the possible effects of PFAS on 
cancer incidence and mortality, we conducted a sys-
tematic review and meta-analysis to examine the as-
sociation between occupational and environmental 
exposure to PFA, emphasizing PFOS and PFOA, 
and the risk of kidney, liver, and testicular cancer.

2. Methods

2.1. Data Sources, Search Strategy, Selection 
Criteria, and Quality Assessment

First, we searched the reference lists of the IARC 
Monograph on PFOA [8] and the Agency for Toxic 
Substances and Disease Registry (ATSDR) Toxico-
logical Profile for perfluoroalkyls [12]. And then, 
searches were undertaken on July 8, 2023, for peer-
reviewed publications in PubMed with no limit 
according to year of publication and language to 
identify more recent studies. We included studies 
on incidence or mortality from kidney, liver, and 
testicular cancers and exposure to PFAS, including 
PFOA and PFOS.

The search strategy was designed using MeSH 
terms (“PFOA”[Text Word] OR “PFOS”[Text 
Word] OR “PFAS”[Text Word]) AND 
(“kidney”[Text Word] OR “liver”[Text Word] OR 
“testicular”[Text Word] OR “testis”[Text Word] OR 
“Hepatocellular”[Text Word]) AND (“cancer”[Text 
Word]). We included cohort, case-control, and eco-
logical studies of occupational and environmental 
exposure to PFAS, including studies based on se-
rum levels of PFAS. Studies involving animals were 
excluded.

Two reviewers (MSS and PB) independently re-
viewed the list of titles and abstracts, and the final 
selection was based on the full text of potentially 
relevant articles. If multiple reports were based on 
the same database, we included only the most in-
formative article, typically based on the most recent 
update. The meta-analysis was performed according 
to the STROBE statement [13] and reported ac-
cording to the PRISMA statement (Supplementary 
Table 1) [14].

The data extraction file contained demographic 
characteristics of the original studies, including au-
thor name, year of publication, country, type of study 
(case-control, cohort, ecologic), patient characteris-
tics (sex, ethnicity), type of cancer, type of PFAS, 
exposure source (occupational or environmental), 
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Table 1. Results of the metanalyses stratified by region, outcome, study design, year of publication, gender, and quality score. 
Characteristic N risk estimates RR, 95% CI p heterogeneity

Kidney cancer
Region
North America 7 1.25(1.04-1.50)

0.49Europe 3 1.08(0.90-1.31)
Others 1 1.27(0.96-1.68)
Study design
Cohort 8 1.12(0.99-1.26)

0.04Nested case control 2 1.52(1.22-1.89)
Case control 1 1.10( 0.88-1.37)
Quality score
Low quality (<8) 7 1.14(1.00-1.30)

0.60
High quality (>=8) 4 1.24(0.93-1.65)
Outcome
Incidence 9 1.16(1.04-1.29)

0.98
Mortality 3 1.15(0.60-2.20)
Year of publication

<2014 4 1.12(1.01-1.24)
0.54

>=2014 7 1.19(1.00-1.42)
Exposure

Occupational 3 1.15(0.60-2.20)
0.96

Environmental 8 1.17(1.05-1.31)
PFAS type

PFOA 6 1.23(0.99-1.51)
0.41PFOS 1 1.39(1.04-1.86)

PFAS 4 1.12(0.95-1.31)
Dose category

Low 7 0.98(0.83-1.17)
0.03*Medium 8 1.38 (1.09-1.74)

High 7 1.74 (1.23-2.47)
Liver cancer

Region
North America 8 1.08(0.83-1.42)

0.63Europe 5 0.97(0.83-1.13)
Others 3 1.20(0.72-2.01)
Study design
Cohort 10 0.94(0.83-1.08)

0.25Nested case control 3 1.37(0.65-2.87)
Case control 3 1.31(0.85-2.00)

Table 1 (Continued )



Seyyedsalehi & Boffetta4

Characteristic N risk estimates RR, 95% CI p heterogeneity
Quality score
Low quality (<8) 10 1.02(0.90-1.14)

0.55
High quality (>=8) 6 1.16(0.77-1.74)
Outcome
Incidence 13 1.03(0.90-1.18)

0.23
Mortality 5 1.31(0.90-1.90)
Year of publication

<2014 6 0.96(0.80-1.16)
0.43

>=2014 10 1.06(0.91-1.24)
Exposure

Occupational 5 1.31(0.90-1.90)
0.18

Environmental 11 1.00(0.88-1.13)
PFAS type

PFOA 8 1.05(0.93-1.18)
0.07PFOS 4 1.86(0.81- 4.25)

PFAS 4 0.91(0.82-1.02)
Dose category

Low 8   1.12 (0.85-1.48)
0.37*Medium 4   1.22 (0.66-2.25)

High 9   1.01 (0.68-1.50)
Testicular cancer

Region
North America 5 1.28(0.99-1.64)

0.33Europe 2 1.19(0.65-2.17)
Others 1 0.76(0.40-1.44)
Study design
Cohort 7 1.14(0.94-1.37)

0.67Nested case control 0 -
Case control 1 1.00(0.58-1.73)
Quality score
Low quality (<8) 6 1.00(0.79-1.26)

0.11
High quality (>=8) 2   1.35(1.01-1.80)
Outcome
Incidence 5 1.10(0.88-1.39)

0.44
Mortality 3 1.80(0.53-6.14)
Year of publication

<2014 5 1.28(0.99-1.64)
0.30

>=2014 3 1.01(0.69-1.46)
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for heterogeneity in the design characteristics of 
the cohorts and case controls included in the meta-
analysis [17].

First, we performed a meta-analysis, includ-
ing non-overlapping studies for each cancer type 
separately. Then we conducted stratified analyses by 
geographic region (Europe, North America, others 
including Asia and Oceania), study design (cohort, 
nested case-control, case-control), level of expo-
sure assessment (individual, ecologic), quality score 
(low, high quality), outcome (incidence, mortal-
ity), year of publication (<2014, >=2014), exposure 
source (occupational, environmental), and PFAS 
type (PFAS, PFOA, PFOS). In addition, we con-
ducted a meta-regression of the RR on the quality 
scores.

We also abstracted dose-response results, in-
cluding analyses by duration or level of exposure. 
We categorized results into low, medium, or high 
exposure. We conducted a meta-analysis of results 
in each category and a meta-regression of the lin-
ear trend using weights 1,2 and 4 for the exposure 
categories. Finally, we examined publication bias 
by creating a funnel plot and applying a regression 
asymmetry test [18].

3. results

Based on our search of the literature and se-
lection procedure, we included 15 independent  

duration and level of exposure. Finally, we extracted 
the effect size measures, including relative risks 
(RRs), odds ratio (OR), risk ratio, rate ratio, stand-
ardized mortality ratio (SMR), or standardized 
incidence ratio (SIR), and their 95% Confidence 
Intervals (CI). If only results for subgroups were 
reported, we combined them using a fixed effect 
meta-analysis. If RR or CI were not reported, we 
calculated them from the row data if possible.

Eligible studies were critically appraised by two 
independent reviewers (MSS and PB) using a mod-
ified version of the Newcastle-Ottawa Scale (NOS) 
for case-control (6 items) and cohort studies (6 
items) [15] (Supplementary Table 2). Studies that 
scored <8 corresponded to low quality, and those 
that scored >=8 were considered high quality.

2.2. Statistical Analysis

All analyses were completed using the STATA 
version 14.0 (Stata, College Station, TX, USA). 
We examined the exposure to PFAS and incidence 
and mortality from kidney, liver, and testicular can-
cer based on the RR and each study's correspond-
ing 95% CIs. Heterogeneity (het.) among studies 
was evaluated by the Q test, based on the variation 
across studies rather than within studies, and the 
I2 statistic (the percentage of variance in a meta-
analysis that is attributable to study heterogeneity) 
[16]. Random-effect models were used to account 

Characteristic N risk estimates RR, 95% CI p heterogeneity
Exposure

Occupational 3 1.80(0.53-6.14)
0.44

Environmental 5 1.10(0.88-1.39)
PFAS type

PFOA 5 1.28(0.99-1.64)
0.30PFOS 0 -

PFAS 3 1.01(0.70-1.46)
Dose category

Low 2 0.86(0.59-1.24)
0.02*Medium 2 1.01(0.33-3.12)

High 3 2.22(1.12-4.39)

*denotes the p-value of test for linear trend.
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The results of stratified meta-analyses are re-
ported in Table 1. No differences by type of PFAS 
were detected for any of the cancers under review. 
Stratification by geographical region, study design, 
outcome, quality score, year of publication, qual-
ity score, and exposure source did not reveal het-
erogeneity for any of the three cancers under study. 
Stratification analysis by study design showed het-
erogeneity for kidney cancer (p=0.04) but not for 
liver and testicular cancer. The results of the meta-
regression did not suggest a relationship between 
RR and quality score for kidney cancer (p=0.31), 
liver cancer (p=0.61), or testicular cancer (p=0.59). 
Only two studies reported results for women.

An analysis of stratification by low, medium, and 
high PFAS exposure showed an association between 
increased exposure and kidney (RR=1.74, 95% 
CI=1.23-2.47; p-trend=0.03) and testicular cancer 
(RR=2.22, 95% CI=1.12-4.39; p-trend=0.02), while 
the results for liver cancer did not reveal any trend 
(p= 0.37) (Supplementary Table 4).

studies in the review and meta-analysis [19-33]. 
The flow diagram for literature search and 
study selection is shown in Figure 1. The review 
comprised 10 cohort studies [19-21, 23, 25- 
28, 30, 33], three case-control studies nested in a 
cohort [22, 29, 32], and two case-control studies 
[24, 31]. All studies had individual-level assess-
ments of PFAS exposure, except for two studies in 
which the assessment was ecologic-level [24, 27]. 
Details on these studies are provided in Supple-
mentary Table 3.

The studies reported 11 risk estimates for kidney 
cancer [21,  23,  25-27, 29, 30, 33], 16 for liver cancer 
[20-24, 26, 27, 28, 30-33], and 8 for testicular cancer 
[19, 21, 23, 26, 27, 30, 33]. The summary RR of kid-
ney cancer for ever-PFAS exposure was 1.18 (95% 
CI=1.05-1.32; I2=52.8%, p-het=0.02; Figure 2a). 
There was no association for liver (RR=1.03, 95% 
CI =0.91-1.16; I2=47.9%, p-het=0.02; Figure 2b) 
or testicular cancer (RR=1.12, 95% CI =0.94-1.34; 
I2 = 0.0%, p-het=0.52; Figure 2c).

Records identified
from PubMed. search
(n = 66)

Records retained after title
and abstract screening. 
(n = 20)

Reports excluded. after
review of title and abstract
(n = 46)

Studies retained in review (n = 15)

PubMed search

Id
en

ti
fic

at
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n
Sc

re
en

in
g

In
cl

ud
ed

Studies from IARC Monograph and ATSDR
Toxicological Pro�le (n = 9)

Previous reviews

Reports excluded [animal, 
genetic studies, studies, old 
version of updated studies]
(n = 14)

Figure 1. Selection of studies for inclusion in the review and meta-analysis.
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Figure 2. Forest plot (random-effects model) of results on the association between PFAS exposure and 
kidney, liver, and testicular cancer.

A. Kidney cancer

B. Liver cancer

 C. Testicular cancer
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4. dIscussIon

Our systematic review and meta-analysis pre-
sented an association between overall PFAS expo-
sure and the risk of kidney cancer. Also, we found a 
dose-response relationship for kidney and testicular 
cancer. Conversely, we did not find an association 
with liver cancer.

The human body is exposed to PFAS through 
several sources and pathways, including inges-
tion through water, packaging materials, and food 
items; inhalation through air, and dermal absorption 
through various consumer products (e.g., waxes, 
leather, outdoor textiles, cosmetics, and impregna-
tion spray) [9].

PFAS have a long half-life in the environment 
and inside the human body. It has been reported 
that the half-life of PFOA ranges from 2 to 3 years, 
whereas that of PFOS and other PFAS is longer, 
up to 4 to 7 years. This factor is associated with the 
amount of PFAS stored and the possible effects in 
different organs [34, 35]. The long half-life of these 
agents may explain that, despite a decrease in expo-
sure over time in most populations, we did not find 
a difference in our analysis according to the year of 
publication [36].

When entering the body, this group of agents 
can affect it by various mechanisms [37]. PFAS are 
nephrotoxic through oxidative stress and epigenetic 
mechanisms linked to tubular reabsorption, lead-
ing to high concentrations in renal parenchyma 
[38, 39]. Also, the liver is an important storage or-
gan for PFAS, which can lead to lipid metabolism 
alteration and non-alcoholic fatty liver disease, and 
ultimately to the subsequent development of can-
cer [40-42]. In addition, PFAS influences immuno-
logical processes and hormonal balance, resulting in 
possible reproductive effects on this group of organs 
in men and women [43-48].

Several confounding risk factors can affect the 
results of kidney, liver, and testicular cancer stud-
ies. Regarding liver cancer, major risk factors in-
clude chronic alcohol consumption, hepatitis B and 
C virus infection, tobacco smoking, and increased 
body mass. Concerning kidney cancer, it is critical to 
consider tobacco smoking, body size, hypertension, 
and other chronic kidney diseases [49]. In addition, 

Figure 3. Funnel plot of results on the association between 
PFAS exposure and kidney, liver, and testicular cancer.

No publication bias was detected for kidney can-
cer (p=0.31), liver cancer (p=0.51), or testicular can-
cer (p=0.53); the funnel plots are shown in Figure 3.

A. Kidney cancer

B. Liver cancer

 C. Testicular cancer
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other than PFOA, those reporting results among 
female workers, and those conducted in countries 
outside North America and Europe, especially lo-
cations with a high prevalence of these cancers 
including East Asia and sub-Saharan Africa [11]. 
Thus, stratified analyses have limitations. The lack 
of adjustment for potential confounders is a severe 
drawback of many available studies.

In conclusion, we identified an association be-
tween overall PFAS exposure and kidney cancer 
and between high-dose exposure and kidney and 
testicular cancer. Residual confounding and other 
sources of bias prevent concluding the causal nature 
of these associations. Additional studies are needed 
to elucidate the carcinogenic risk from PFAS expo-
sure fully.
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review.
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suppleMentAry MAterIAl

Supplementary Table 1a. PRISMA Checklist.

Section and 
Topic Item # Checklist item

Location 
where 
item is 
reported

TITLE

Title 1 Identify the report as a systematic review. P1
ABSTRACT

Abstract 2 See the PRISMA 2020 for Abstracts checklist. P24
INTRODUCTION

Rationale 3 Describe the rationale for the review in the context of existing knowledge. P4
Objectives 4 Provide an explicit statement of the objective(s) or question(s) the review addresses. P4
METHODS

Eligibility 
criteria

5 Specify the inclusion and exclusion criteria for the review and how studies were 
grouped for the syntheses.

P5

Information 
sources

6 Specify all databases, registers, websites, organisations, reference lists and other 
sources searched or consulted to identify studies. Specify the date when each source 
was last searched or consulted.

P5

Search 
strategy

7 Present the full search strategies for all databases, registers and websites, including 
any filters and limits used.

P5

Selection 
process

8 Specify the methods used to decide whether a study met the inclusion criteria 
of the review, including how many reviewers screened each record and each 
report retrieved, whether they worked independently, and if applicable, details of 
automation tools used in the process.

P5

Data 
collection 
process

9 Specify the methods used to collect data from reports, including how many 
reviewers collected data from each report, whether they worked independently, 
any processes for obtaining or confirming data from study investigators, and if 
applicable, details of automation tools used in the process.

P5

Data items 10a List and define all outcomes for which data were sought. Specify whether all results 
that were compatible with each outcome domain in each study were sought (e.g. for 
all measures, time points, analyses), and if not, the methods used to decide which 
results to collect.

P5

10b List and define all other variables for which data were sought (e.g. participant and 
intervention characteristics, funding sources). Describe any assumptions made about 
any missing or unclear information.

P5

Study risk 
of bias 
assessment

11 Specify the methods used to assess risk of bias in the included studies, including 
details of the tool(s) used, how many reviewers assessed each study and whether 
they worked independently, and if applicable, details of automation tools used in the 
process.

P5

Effect 
measures

12 Specify for each outcome the effect measure(s) (e.g. risk ratio, mean difference) used 
in the synthesis or presentation of results.

P5
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Synthesis 
methods

13a Describe the processes used to decide which studies were eligible for each synthesis 
(e.g. tabulating the study intervention characteristics and comparing against the 
planned groups for each synthesis (item #5)).

P6

13b Describe any methods required to prepare the data for presentation or synthesis, 
such as handling of missing summary statistics, or data conversions.

P6

13c Describe any methods used to tabulate or visually display results of individual 
studies and syntheses.

P6

13d Describe any methods used to synthesize results and provide a rationale for the 
choice(s). If meta-analysis was performed, describe the model(s), method(s) to 
identify the presence and extent of statistical heterogeneity, and software package(s) 
used.

P6

13e Describe any methods used to explore possible causes of heterogeneity among study 
results (e.g. subgroup analysis, meta-regression).

P6

13f Describe any sensitivity analyses conducted to assess robustness of the synthesized 
results.

P6

Reporting 
bias 
assessment

14 Describe any methods used to assess risk of bias due to missing results in a synthesis 
(arising from reporting biases).

P6

Certainty 
assessment

15 Describe any methods used to assess certainty (or confidence) in the body of 
evidence for an outcome.

P6

RESULTS

Study 
selection

16a Describe the results of the search and selection process, from the number of records 
identified in the search to the number of studies included in the review, ideally using 
a flow diagram.

P7,17

16b Cite studies that might appear to meet the inclusion criteria, but which were 
excluded, and explain why they were excluded.

P17

Study 
characteristics

17 Cite each included study and present its characteristics. P7

Risk of bias 
in studies

18 Present assessments of risk of bias for each included study. P7

Results of 
individual 
studies

19 For all outcomes, present, for each study: (a) summary statistics for each group 
(where appropriate) and (b) an effect estimate and its precision (e.g. confidence/
credible interval), ideally using structured tables or plots.

P7

Results of 
syntheses

20a For each synthesis, briefly summarise the characteristics and risk of bias among 
contributing studies.

P7

20b Present results of all statistical syntheses conducted. If meta-analysis was done, 
present for each the summary estimate and its precision (e.g. confidence/credible 
interval) and measures of statistical heterogeneity. If comparing groups, describe the 
direction of the effect.

P7

20c Present results of all investigations of possible causes of heterogeneity among study 
results.

P7

20d Present results of all sensitivity analyses conducted to assess the robustness of the 
synthesized results.

P7

Table 1a (Continued )
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Section and 
Topic Item # Checklist item

Location 
where 
item is 
reported

Reporting 
biases

21 Present assessments of risk of bias due to missing results (arising from reporting 
biases) for each synthesis assessed.

P7

Certainty of 
evidence

22 Present assessments of certainty (or confidence) in the body of evidence for each 
outcome assessed.

P7

DISCUSSION

Discussion 23a Provide a general interpretation of the results in the context of other evidence. P8
23b Discuss any limitations of the evidence included in the review. P9
23c Discuss any limitations of the review processes used. P9
23d Discuss implications of the results for practice, policy, and future research. P9

OTHER INFORMATION

Registration 
and protocol

24a Provide registration information for the review, including register name and 
registration number, or state that the review was not registered.

NA

24b Indicate where the review protocol can be accessed, or state that a protocol was not 
prepared.

NA

24c Describe and explain any amendments to information provided at registration or in 
the protocol.

NA

Support 25 Describe sources of financial or non-financial support for the review, and the role of 
the funders or sponsors in the review.

P1

Competing 
interests

26 Declare any competing interests of review authors. P1

Availability 
of data, code 
and other 
materials

27 Report which of the following are publicly available and where they can be found: 
template data collection forms; data extracted from included studies; data used for 
all analyses; analytic code; any other materials used in the review.

NA
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Supplementary Table 1b. PRISMA Abstract Checklist.
Section and 
Topic Item # Checklist item

Reported 
(Yes/No)

TITLE

Title 1 Identify the report as a systematic review. Yes
BACKGROUND

Objectives 2 Provide an explicit statement of the main objective(s) or question(s) the review 
addresses.

Yes

METHODS

Eligibility criteria 3 Specify the inclusion and exclusion criteria for the review. No
Information 
sources

4 Specify the information sources (e.g. databases, registers) used to identify studies 
and the date when each was last searched.

Yes

Risk of bias 5 Specify the methods used to assess risk of bias in the included studies. Yes
Synthesis of 
results

6 Specify the methods used to present and synthesise results. Yes

RESULTS

Included studies 7 Give the total number of included studies and participants and summarise 
relevant characteristics of studies.

Yes

Synthesis of 
results

8 Present results for main outcomes, preferably indicating the number of included 
studies and participants for each. If meta-analysis was done, report the summary 
estimate and confidence/credible interval. If comparing groups, indicate the 
direction of the effect (i.e. which group is favoured).

Yes

DISCUSSION

Limitations of 
evidence

9 Provide a brief summary of the limitations of the evidence included in the 
review (e.g. study risk of bias, inconsistency and imprecision).

No

Interpretation 10 Provide a general interpretation of the results and important implications. Yes
OTHER

Funding 11 Specify the primary source of funding for the review. No
Registration 12 Provide the register name and registration number. No



Seyyedsalehi & Boffetta16

Case Control Studies
1. Selection of controls

a. From study base (2)
b. Not from study base (1)
c. Other, incl. ecological, no description (0)

2. Adjustment of confounders
a. Adjustment for most important potential 

confounders (2)
b. Adjustment for some potential confounders (1)
c. Adjustment for no confounders except age, gender, 

race/ethnicity, calendar period (0)
3. Ascertainment of exposure

a. Objective record (eg employment records, 
biomarkers) (2)

b. Structured interview blind to case/control status, 
GIS (1)

c. Interview not blinded to case/control status, self-
report, proxy (e.g., residence) (0.5)

d. No description (0)
4. Response rate

a. Both groups over 90% (2)
b. One or both groups between 60- 90% (1)
c. One group under 60%, no description (0)

5. Latency
a. Adequate latency between exposure and outcome 

(>15 yrs) (2)
b. Limited latency between exposure and outcome 

(5-15 yrs) (1)
c. Inadequate latency between exposure and outcome 

(<5 yrs), no description (0)
6. Outcome

a. Cancer registration (2)
b. Death certificates, hospital records (1)
c. Self report (0.5)
d. No description (0)

Supplementary Table 2. Modified Newcastle - Ottawa Quality Assessment Scale

Cohort Studies
1. Selection of unexposed cohort

a. Derived from the same population as the 
exposed (2)

b. Derived from a different source (1)
c. Other, no description (0)

2. Adjustment of confounders
a. Adjustment for most important potential 

confounders (2)
b. Adjustment for some potential confounders (1)
c. Adjustment for no confounders except age, gender, 

race/ethnicity, calendar period (0)
3. Ascertainment of exposure

a. Objective record (e.g., employment records, 
biomarkers) (2)

b. Structured interview blind to outcome status, 
GIS (1)

c. Interview not blinded outcome status, self-report, 
proxy (e.g., residence) (0.5)

d. No description (0)
4. Follow-up rate

a. Follow-up of both groups over 90% (2)
b. Follow-up of one or both groups between 

60- 90% (1)
c. Follow-up of one group under 60%, no 

description (0)
5. Latency

a. Adequate latency between exposure and outcome 
(>15 yrs) (2)

b. Limited latency between exposure and outcome 
(5-15 yrs) (1)

c. Inadequate latency between exposure and outcome 
(<5 yrs), no description (0)

6. Outcome
a. Cancer registration (2)
b. Death certificates, hospital records (1)
c. Self report (0.5)
d. No description (0)
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First Author, year
Exposure 
level Dose detail RR (95% CI)

PFAS 
type

Cancer 
type

Alexander BH (2003) High N/A 2.00 (0.05-11.10) PFOS Liver
Low N/A 3.94 (0.1-21.88)

Girardi P (2019) High > 16,956 ng /mL-years 3.07 (1.15-8.18) PFOA Liver
Medium 4034–16,956 ng/mL-years 2.76 (0.69-11.00)
Low ≤4,034 ng/mL-years 1.02 (0.12-7.21)

Shearer JJ (2021) High >7.3-27.2 µg /-l 2.63 (1.33-5.20) PFOA Kidney
Medium >5.5-7.3 µg /-l 1.24 (0.64-2.41)
Low ≥4-5.5 µg /l 1.47 (0.77-2.80)
High >49.9-154.2 µg /-l 2.51 (1.28-4.92) PFOS
Medium >38.4-49.9 µg /-l 0.92 (0.45-1.88)
Low >26.3-38.4 µg /-l 1.67 (0.84-3.30)

Li H (2022) High N/A 1.07 (0.75-1.54) PFAS Kidney
Low N/A 0.88 (0.72-1.09)
High N/A 0.98 (0.45-1.86) Liver
Low N/A 1.12 (0.72-1.66)
High N/A 1.28 (0.70-2.15) Testis
Low N/A 0.85 (0.57-1.21)

Raleigh KK (2014) High >7.9×10 − 4 µg/m3 years. 0.73 (0.21-2.48) PFOA Kidney
Medium 2.9×10-5 - 1.5×10-4 µg /m3 

years
1.07 (0.36-3.17)

Medium 1.5×10-4 - 7.9×10-4 µg /m3 
years.

0.98 (0.33-2.92)

Low <2.9×10-5 µg /m3 years 1.07 (0.36-3.16)
High >1.5×10-4 µg /m3 years 0.67 (0.14-3.27) Liver
Low <1.5×10-4 µg /m3 years 2.09 (0.69-6.31)

Eriksen KT (2009) Low N/A 0.62 (0.29-1.33) PFOS Liver
Medium N/A 0.72 (0.33-1.56)
High N/A 0.59 (0.27-1.27)
High N/A 0.60 (0.26-1.37) PFOA
Low N/A 1.00 (0.44-2.23)

Steenland K (2012) High ≥2,700 ppm-years 2.66 (1.15-5.24) PFOA Kidney
Medium 904–<1,520 ppm-years 1.37 (0.28-3.99)
Low 0–<904 ppm-years 1.07 (0.02-3.62)
High ≥2,700 ppm-years 0.32 (0.01-1.76) Liver
Medium 1,520–<2,700 ppm-years 2.01 (0.65-4.68)
Low 0–<904 ppm-years 2.39 (0.65-6.13)

Supplementary Table 4. Results on dose-response relationship.

Table 4 (Continued )
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First Author, year
Exposure 
level Dose detail RR (95% CI)

PFAS 
type

Cancer 
type

Vieira VM (2013) High 110–655 µg/L 2.8 (0.8-9.2) PFOA Testis
Medium1 12.9–30.7 µg/L 0.6( 0.2-2.2)
Medium2 30.8–109 µg/L 0.3 (0-2.7)
Low 3.7–12.8 µg/L 0.2 (0-1.6)
High 30.8–109 µg/L 1.0 (0.3-3.1) Liver
Medium1 12.9–30.7 µg/L 0.9 (0.3-2.5)
Low 3.7–12.8 µg/L 1.1 (0.4-1.5)
High 110–655 µg/L 2.0 (1.0-3.9) Kidney
Medium1 12.9–30.7 µg/L 1.2 (0.7-2.0)
Medium2 30.8–109 µg/L 2.0 (1.3-3.2)
Low 3.7–12.8 µg/L 0.8( 0.4-1.5)

Barry V (2013) High N/A 1.58 (0.88-2.84) PFOA Kidney
Medium N/A 1.48 (0.84-2.60)
Low N/A 1.23 (0.70-2.17)
High N/A 3.17 (0.75-1.45) Testis
Medium N/A 1.91 (0.47-7.75)
Low N/A 1.04 (0.26-4.22)


