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ANNEX 3. SUPPLEMENTARY ANALYSES
USED IN REVIEWING EVIDENCE
ON CANCER IN HUMANS

A3.1 How well does the PFOA
concentration in a single serum
sample represent long-term
exposure in a population with
low exposure?

Introduction

Several of the epidemiology studies on
perfluoroalkyl and polyfluoroalkyl substance(s)
(PFAS) and cancer were cohort studies in the
general population, or nested case-control
studies within such cohorts, and used a single
serum sample per participant to assess exposure.
There was little information on how well the PFAS
measurement in a single serum sample (typi-
cally at baseline) represents longer-term expo-
sure, which is important for studying chronic
diseases. In this analysis, summary statistics
from two cohorts with repeated measurements
of serum perfluorooctanoic acid (PFOA) for the
participants in the control groups were used to
evaluate the potential impacts of using a single
serum sample to represent chronic exposure for
each participant.

Methods

The first study, by Rhee et al. (2023a), was
a nested case—control study on prostate cancer,
with 675 cases and 675 controls from within the

Prostate, Lung, Colorectal, and Ovarian Cancer
(PLCO) cohort. In this study, three repeat serum
samples were collected from 60 control partici-
pants at baseline, 1 years, and 5 years (in 1996,
1997, and 2001). The second study, by Purdue
et al. (2023), was a nested case—control study on
testicular cancer among Air Force servicemen,
with 530 cases and 530 controls. Purdue
et al. (2023) had available a second prediagnostic
serum sample from 187 case—control pairs. Of
these, summary statistics for repeat samples were
available from 84 controls for which the dates of
first and repeat sampling were the furthest apart
(collected > 4.7 years apart) (mean for years of
sampling, 1999 and 2007). Serum PFOA concen-
trationsin these populations were similar to those
in the general US population as measured by the
US National Health and Nutrition Examination
Survey (NHANES). The actual analysis by Rhee
et al. (2023a) and the main analysis by Purdue
et al. (2023) used only the single (or first) sample
for each subject.

The summary statistics from these repeat
samples are posted on a National Cancer Institute
GitHub project (NCI, 2024). Summary statistics
for the repeated serum PFOA measurements for
the controls in two cohorts were used to generate
plausible serum concentrations for each partici-
pant at each time point, taking within-sub-
ject correlations into account. Five data sets of
controls were generated for each cohort, with
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Table A3.1 Descriptive statistics for participants with repeated samples (n = 60) from the study
by Rhee et al. (2023a)?

Parameter® Sample 1 (T0) Sample 2 (T1) Sample 3 (T5) All samples (T0, T1, T5)
Mean Median SD Mean Median SD  Mean  Median SD Mean Median SD

Observed PFOA  3.88 3.63 1.8 3.87 3.53 1.99 4.69 4.53 2.43 415 NR 1.91

concentration

(ng/mL)

Simulated PFOA 3.85 3.88 1.82 3.82 3.81 1.96 4.63 4.61 2.4 4.1 4.09 1.81

concentration

(ng/mL)

NR, not reported; PFOA, perfluorooctanoic acid; SD, standard deviation.

* An analysis of prostate cancer in the PLCO study. The data reported here are posted in the National Cancer Institute GitHub project (NCI,

2024).

b Spearman correlations: TO-T1 observed, 0.78; simulated, 0.77; T1-T5 observed, 0.60; simulated, 0.60; TO-T5 observed, 0.62; simulated, 0.60.

the same number of controls as in the original
studies for each simulated data set. The statis-
tics used to generate simulated data were the
mean and standard deviation (SD) for the PFOA
serum concentrations among controls at each
time point, as well as the Spearman correlation
between each set of samples (three correlations
for Rhee et al. (2023a) for three samples, one for
Purdue et al. (2023) for two samples).

The samples appeared to have an approxi-
mately normal distribution, judging by the small
differences between means and medians. From
the three samples from the PLCO study used in
Rhee et al. (2023a), the means and medians were
3.88 ng/mL and 3.63 ng/mL, 3.87 ng/mL and
3.53 ng/mL, and 4.69 ng/mL and 4.53 ng/mL,
respectively (SDs, 1.8, 1.99,and 2.43) (Table A3.1).
For the samples from Air Force servicemen in
Purdue etal. (2023), the mean and median for the
first sample were 6.8 ng/mL and 6.1 ng/mL (SD,
3.0), respectively, while for the second sample
they were 5.5 ng/mL and 5.1 ng/mL (SD, 2.3),
respectively (Table A3.2). For normally distrib-
uted data, Pearson and Spearman correlations
are similar (de Winter et al., 2016), and we used
Spearman correlation coefficients between
samples to generate the simulated data, as an
approximation of the Pearson correlations (Rhee
et al., 2023a; p for sample T0-T1, 0.78; p for

734

samples T1-T5, 0.60; p for samples TO-T5, 0.62);
(Purdue et al., 2023; p for samples 1 and 2, 0.32)
(Table A3.1, Table A3.2).

The distributions were generated using an
R package (mvtnorm library) for generating
multivariate normal samples with known means,
standard deviations, and (Pearson) correlations
between different sets of samples (Genz and
Bretz, 2009). The mean across the five simula-
tions for each control was then used to represent
the simulated data for each sample.

Having generated simulated serum PFOA
concentrations for each control at each time
point (three time points for Rhee et al., 2023a,
two time points for Purdue et al., 2023), mean
concentrations across samples for each control in
each study were used as an estimate of long-term
exposure. For the controls in each study, the first
samples were then compared with the long-term
average exposure, the latter taken as the “true”
exposure and the former as the “misclassified”
exposure.

Exposures were categorized into quintiles,
as in the original published analysis of Rhee
et al. (2023a), and used to determine the extent
of misclassification across exposure categories
using serum concentrations at the first time point
versus the long-term exposure. “True” or long-
term exposure values were then also generated
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Table A3.2 Descriptive statistics for participants with repeated samples (n = 84) from the study

by Purdue et al. (2023) =

Parameter® Sample 1 Sample 2 Both samples
Mean Median SD Mean Median SD Mean¢

Observed PFOA concentration 6.8 6.1 3.0 5.5 5.1 2.3 6.1

(ng/mL)

Simulated PFOA concentration 6.8 6.8 2.9 5.5 5.5 2.3 6.1

(ng/mL)

PFOA, perfluorooctanoic acid; SD, standard deviation.

2 A study of testicular cancer in the United States Air Force cohort. The data reported here are posted in the National Cancer Institute GitHub

project (NCI, 2024).

b Spearman correlation between samples 1 and 2: observed, 0.32; simulation, 0.30.
< Restricted to those with a second sample collected > 4.7 years (the median for controls sampled twice) after the first sample. The mean time

between first and second samples for these 84 subjects was 7.8 years.

for a set of hypothetical cases for each study,
such that there was a monotonic increasing trend
across quintiles, and an approximate rate ratio
of 1.5 for the highest versus the lowest quintile,
using long-term exposure. The misclassifica-
tion rates used for the hypothetical cases were
the same as those observed in the controls (i.e.
assuming non-differential exposure misclassifi-
cation) to simulate “misclassified” exposure at
the first time point for the hypothetical cases.
Finally, epidemiological effect estimates (odds
ratios) were computed across quintiles for cases
and controls, using the long-term (“true”) versus
first sample (‘misclassified’) data.

Results

The simulated data corresponded well with
the observed means and standard deviations for
the original data, and the Spearman correlations
between repeated samples in each study from
the simulated data closely resembled the same
correlation from the observed data. For example,
for Rhee et al. (2023a), the observed Spearman
correlations (p) between samples T0-T1, T1-T5,
and TO-T5 were 0.78, 0.60, and 0.62, respectively,
while the Spearman correlations in the simulated
data were 0.77, 0.60, and 0.60 (Table A3.1). The
Spearman correlations between first and second

samples for Purdue et al. (2023) in the simulated
and observed data were 0.30 and 0.32, respec-
tively (Table A3.2).

Comparing long-term “true” exposure (the
mean across samples) with “misclassified” expo-
sure (for the first sample alone), epidemiolog-
ical results were quite similar, with a relatively
small bias to the null when using only a single
serum sample per participant (bias to the null
is expected for non-differential misclassification,
see Weinberg et al., 1994). For the data from Rhee
et al. (2023a), the odds ratios (ORs) by quintile,
using the long-term average, or “true”, data were
1.00, 1.14, 1.29, 1.43, and 1.57 (P for trend, 0.007),
while the odds ratios by quintile using the first
serum sample only were 1.00, 1.12, 1.24, 1.35,
and 1.42 (P for trend, 0.007) respectively, indi-
cating only a slight bias to the null (Table A3.3).
Similarly for the data from Purdue et al. (2023),
odds ratios by quintile using the long-term
average were 1.00, 1.12, 1.23, 1.35, and 1.47 (P for
trend, 0.005), whereas odds ratios by quintile
using the first sample only were 1.00, 1.07, 1.13,
1.17, and 1.31 (P for trend, 0.02), again indicating
only a slight bias towards the null (Table A3.4).
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Table A3.3 Hypothetical “true” (long-term) and “misclassified” (first sample only) for cases
(n = 675) and controls (n = 675) with a positive exposure-response relation for PFOA, based on
the PLCO data in Rhee et al. (2023a)

Analysis Exposure metric PFOA quintile (ng/mL) Cases Controls Odds ratio
True Mean (T0, T1, T5) = < 3.45 105 135 1.00
>3.451t0<3.90 120 135 1.14
>3.90to <4.31 135 135 1.29
>4.31to<4.77 150 135 1.43
>4.77 165 135 1.57
Trend-test P value, 0.007
Misclassified  TO only <3.45 177 210 1.00
>3.45t0<3.90 123 130 1.12
>3.90 to < 4.31 145 138 1.24
>4.31to<4.77 124 109 1.35
>4.77 105 88 1.42

Trend-test P value, 0.007

OR, odds ratio; PFOA, perfluorooctanoic acid; PLCO, Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial.
2 The quintile cut-points used here stem from the data generated via multivariate normal distributions based on summary statistics from the

controls in each study (posted in the National Cancer Institute GitHub project;
in the original papers, which are based on all cases and controls in the original studies.

NCI, 2024

) with repeat samples, and differ from the cut-points

Table A3.4 Hypothetical “true” (long-term) and “misclassified” (first sample only) cases and
controls with positive exposure-response relation for PFOA, based on the Air Force data in

Purdue et al. (2023)

Analysis Exposure metric PFOA quintile (ng/mL)  Cases Controls Odds ratio
True Mean (samples 1,2)* <5.38 86 106 1.00

>5.38t0 <5.93 96 106 1.12

>5.93t0<6.39 106 106 1.23

> 6.39to < 6.81 116 106 1.35

>6.80 126 106 1.47

Totals 530 530 Trend-test P value, 0.005
Misclassified  Sample 1 only <5.38 58 70 1.00

>5.38t0<5.93 47 53 1.07

>5.93t0<6.39 61 65 1.13

>6.39t0 <6.81 70 72 1.17

> 6.80 294 270 1.31

Totals 530 530 Trend-test P value, 0.02

a The quintile cut-points used here stem from the data generated via multivariate normal distributions based on summary statistics from the

controls in each study (posted in the National Cancer Institute GitHub project;
in the original papers, which are based on all cases and controls in the original studies.
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Discussion

Single (first) samples represented rather well
the mean of repeated samples taken an average
of 5 and 8 years apart in two cohort studies of
populations with background levels of expo-
sure to PFOA (Spearman correlations, 0.87 and
0.83, for PLCO and Air Force data respectively).
Others have demonstrated that changes in PFOA
exposure estimates after correcting for measure-
ment error cause little change in epidemiological
findings in a high-exposure population in which
the rank order of exposure among participants
changes little with modest group-level misclas-
sification (Avanasi et al., 2016). The same results
were found here, for individual-level misclassifi-
cation in low exposure populations more typical
of the general population. Individual serum
PFOA concentrations changed somewhat over
time in these two cohorts, but the reported with-
in-subject correlations were high, so the relative
ranking of exposure remained approximately
the same over time. This implied that tests for
trend in disease risk in studies relying on only
one serum sample might not differ markedly
from those using a more accurate estimate of
long-term exposure, i.e. the average for repeated
samples over time. Such relative rankings might
remain relatively constant in the case of thelegacy
PFAS, such as PFOA, because these chemicals
have relatively long half-lives, and because local
sources in the environment where the partici-
pants live (e.g. drinking-water, consumer prod-
ucts, and diet) may be relatively stable over time,
at least during the decade of serum sampling
represented by these two cohorts, despite longer-
term secular trends in environmental levels and
serum concentrations.

The limitations of these findings were the
restriction to only a few repeated samples over
relatively short time periods, before the produc-
tion of PFOA and perfluorooctanesulfonic acid
(PFOS) was phased out in the USA. However,
another studywith five repeated samples collected

over almost 40 years in a general population
sample in Norway also reported a relatively high
within-subject correlation between samples over
time (Nost et al., 2014). Another limitation here
was that all the data in the studies by Rhee et al.
(2023a) and Purdue et al. (2023) came from men.
However, while there are important differences
between men and women, e.g. women’s serum
levels of PFAS change during pregnancy and
after menopause (Dhingra et al., 2017; Steenland
et al., 2018), there is no a priori reason to think
that the findings regarding the consistency of
relative rankings across time would be radically
different for men and women. Other limitations
included the assumption of normality, the use of
Spearman instead of Pearson coefficients, and a
relatively small number of simulations. However,
it is not expected that changing these assump-
tions would have a substantial impact on the
findings of the present analysis.

A3.2 Summary of the Working
Group's ecological analysis of
PFOA and orchiectomy among
men aged 15-54 years in 21
municipalities of the Veneto
region in Italy, 1997-2014

A3.2.1 Background on PFOA exposure in the
Veneto region

The Trissino factory in the Veneto region,
Italy, produced PFOA from 1968 to 2014 (Girardi
and Merler, 2019). When PFOA production
started in 1968, production was estimated
to be about 12 tonnes per year in 1968-1970
and then increased over time until the 2000s,
when the annual production of PFOA and its
ammonium salt was on average 250 tonnes,
peaking at 460 tonnes in 2007. PFOS produc-
tion also occurred at the site but at much lower
volumes, with an average of 36.6 tonnes per
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year in 2001-2011, peaking at 88 tonnes in 2004
(Girardi and Merler, 2019). As reported by Pitter

et al. (2020):

“...based on general information on
production practices, it is believed that
the plant produced long-chain PFAS only,
particularly PFOA and PFOS, from 1968
until 2001. PFOA reached the highest concen-
trations both in drinking-water and serum,
consistent with previous reports from the
Mid-Ohio Valley (Erisbee et al., 2009). PFBA
and PFBS were found in high concentrations
in drinking-water but were detected only in
a minority of serum samples at relatively low
concentration, whereas PFOS and PFHXxS,
which were scarcely represented in drink-
ing-water, were detected in almost 100%
of serum samples. This discrepancy may
be explained by the exposure to PFOS and
PFHxS from other sources, as demonstrated
for the general population”.

Releases of PFOA from the factory resulted
in contamination of ground and surface water
used for drinking in the region. The ground-
water contamination plume extended over an
area of 190 km? and affected both public water-
works and private wells. The municipalities in
the area of maximum exposure (referred to as
the “red area”) are further divided into “red area
A”, which includes municipalities served by the
contaminated waterworks that are also located
on the groundwater contamination plume; and
“red area B”, which includes municipalities
served by the contaminated waterworks but
not located on the groundwater contamination
plume. Initially, the red area was composed of
21 municipalities, with 126 000 inhabitants. In
2018, nine additional municipalities were added,
some of which were only partially supplied by
the contaminated waterworks. Currently, the red
area is 595 km? wide and has a total population
of approximately 140 000 people.
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Biomonitoring has been conducted in this
community since 2015 (Ingelido et al., 2018;
Pitter et al., 2020). In 2015-2016, Ingelido et al.
(2018) measured PFOA and PFOS and other
PFAS in the serum of 257 individuals, aged
20-51 years, residing in municipalities in the
affected areas (Altavilla, Brendola, Creazzo,
Lonigo, Montecchio Maggiore, Sarego, and
Sovizzo) and in 250 individuals living in uncon-
taminated areas. In each area, participants were
selected and stratified by sex and age. Each
participant had resided in an area for at least
10 years. Serum levels of PFOA were much higher
in the contaminated areas (median, 13.77 ng/g;
maximum, 754.50 ng/g) than in uncontaminated
areas (median, 1.64 ng/g; maximum, 27.88 ng/g);
similarly, PFOS levels were higher in the exposed
group (median, 8.69 ng/g; maximum, 70.27 ng/g)
than in the non-exposed (median, 5.84 ng/g;
maximum, 118.58 ng/g). The Spearman corre-
lation for PFOA and PFOS in serum was 0.743
in the exposed and 0.619 in the unexposed. In
2015-2016, Pitter et al. (2020) conducted a larger
study of 18 345 participants aged 14-39 years
at recruitment; 63.5% agreed to participate in
the surveillance programme; serum results for
people who had lived in the red area for < 1 year
were excluded. The PFAS with the highest serum
concentrations were PFOA (median, 44.4 ng/mL;
interquartilerange,IQR, 19.3-84.9 ng/mL), PFOS
(median, 3.9 ng/mL; IQR, 2.6-5.8 ng/mL), and
PFHxS (median, 3.9 ng/mL; IQR, 1.9-7.4 ng/mL).
Within the red areas, median PFOA levels varied
by community, ranging from 10.9 ng/mL in
Terrazo to 73.3 ng/mL in Asigiliano-Veneto.

Individuals in this contaminated area of
the Veneto region are exposed to a mixture of
PFAS, including PFOA and PFOS; but informa-
tion on production volumes, water levels, and
biomonitoring data are consistent with PFOA
being the PFAS present at highest concentra-
tions throughout the region (Ingelido et al., 2018;
Mastrantonio et al., 2018; Girardi and Merler,
2019; Pitter et al., 2020; Giglioli et al., 2023).
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Taken as a whole, these data provided extensive
evidence for PFOA contamination in the region,
with both water and biomonitoring data showing
differences in concentrations within the region.
While other PFAS, notably PFOS and PFHXS, are
correlated with PFOA, they are present at levels
that are substantially lower than those of PFOA.

A3.2.2 Working Group analysis of
orchiectomy data

The Working Group conducted an ecological
analysis comparing biomonitoring data from
Pitter et al. (2020) with data from an investi-
gation on the frequency of orchiectomies in 21
municipalities in this region between 1997 and
2014 (Sistema Epidemiologico Regionale, 2016,
summarized in English by Saugo et al., 2024).
Orchiectomy was used as a proxy for diagnosis
of testicular cancer [sensitivity and positive
predictive values of 91.7% (95% CI, 88.0-95.4%)
and 92.8% (95% CI, 89.3-96.2%), respectively,
in this region]. Orchiectomies were ascertained
using information in hospital discharge records,
including address of residence, which included
the main medical procedures from hospital
stays and were completed for the purpose of
reimbursement from the Italian national health
system. As shown in Table A3.5 below, standard-
ized incidence ratios (SIRs) for orchiectomy were
estimated for each of the 21 municipalities sepa-
rately by comparing the observed orchiectomies
(n = 70, overall) versus expected numbers based
on rates in the region overall that were stan-
dardized on age by 5-year age groups from 15
to 54 years (Sistema Epidemiologico Regionale,
2016). A strong correlation was observed between
median serum PFOA concentration and the
rate of orchiectomy by municipality (Spearman
correlation, 0.57; P = 0.006). The Working Group
also conducted a Poisson regression of observed
orchiectomy counts regressed on median PFOA
levels across the 21 municipalities. The Poisson
regression was done using the log of expected

events as an offset and correcting for dispersion.
The rate ratio for each unit (ng/mL) increase of
PFOA was 1.018 (95% CI, 1.006-1.031; P = 0.003).

The SAS code used in this analysis is presented
in Table A3.6.

A3.3 Working Group meta-analysis
of studies on kidney cancer
to estimate rate ratio per unit
(linear) increase in serum PFOA
concentration

The Working Group conducted a meta-anal-
ysis that included estimates from the studies
of Steenland and Woskie (2012), Barry et al.
(2013), Vieira et al. (2013), Shearer et al. (2021),
Rhee et al. (2023b), and Winquist et al. (2023).
The studies by Barry et al. (2013), Vieira et al.
(2013), and Steenland and Woskie (2012) were
included, although they overlap to an unknown
extent, under the assumptions that: (i) they are
largely independent; and (ii) the mortality rate
ratio in Steenland and Woskie (2012) is roughly
equivalent to what would have been obtained for
an incidence rate ratio. The kidney cancer results
from Raleigh et al. (2014) were not included,
given that the exposure assessment in this study
was based on air measurements, nor were those
from Consonni et al. (2013), in which there were
no serum data to permit the pooling of a compa-
rable cumulative dose-response estimate with
the other studies, or from Mastrantonio et al.
(2018), because of its ecological design and lack
of data on serum levels.

The Working Group used the approach of
the meta-analysis by Bartell and Vieira (2021).
This approach uses categorical rate ratios based
on contrasting the upper category (usually
quartiles) with the referent, together with the
assumed midpoints of the upper category and
referent, to regress the log of the rate ratios on the
midpoints to obtain a single linear continuous
coefficient that estimates the change in log rate
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Table A3.5 Data used by the Working Group for an ecological analysis of PFOA and orchiectomy
among men aged 15-54 years in 21 municipalities of the Veneto region, Italy, 1997-2014

Municipality Serum PFOA concentrations, by Orchiectomy data, by municipality®
(red area A or B) municipality?
n (%) of Median serum PFOA
samples concentration (ng/mL) Observed N  SIR 95% CI

Albaredo D’Adige (B) 767 (4.2%) 29 1 0.34 0.01-1.90
Alonte (A) 346 (1.9%) 62.6 1 1.13 0.03-6.27
Arcole (B) 899 (5.0%) 29.5 2 0.58 0.07-2.11
Asigliano Veneto (A) 161 (0.9%) 73.3 1 2.15 0.05-11.98
Bevilacqua (B) 216 (1.2%) 56.2 1 0.97 0.02-5.43
Bonavigo (B) 279 (1.5%) 29.8 1 0.87 0.02-4.85
Boschi Sant’Anna (B) 206 (1.1%) 38.4 0 0 0.00-3.77
Brendola (A) 1007 (5.6%) 41 6 1.60 0.59-3.48
Cologna Veneta (A) 1208 (6.7%) 53.9 2 0.44 0.05-1.60
Legnago (B) 2945 (16.3%) 222 11 0.83 0.42-1.49
Lonigo (A) 2569 (14.2%) 61.8 16 1.84 1.05-2.98
Minerbe (B) 628 (3.5%) 55.2 3 1.18 0.24-3.46
Montagnana (A) 1146 (6.3%) 67.6 8 1.54 0.67-3.04
Noventa Vicentina (A) 1410 (7.8%) 46.4 3 0.62 0.13-1.80
Pojana Maggiore (A) 767 (4.2%) 67.5 3 1.18 0.24-3.46
Pressana (A) 365 (2.0%) 58.8 1 0.69 0.02-3.82
Roveredo Di Gua (A) 263 (1.4%) 55.8 0 0 0.00-3.61
Sarego (A) 1124 (6.2%) 47.5 3 0.81 0.17-2.38
Terrazzo (B) 288 (1.6%) 10.9 0 0 0.00-2.51
Veronella (B) 778 (4.3%) 48.2 4 1.58 0.43-4.04
Zimella (A) 750 (4.1%) 499 3 1.10 0.23-3.21

CI, confidence interval; PFOA, perfluorooctanoic acid; SIR, standardized incidence ratio.

aData from Pitter et al. (2020).

b Data from Sistema Epidemiologico Regionale (2016).

ratio per unit of (linear) PFOA. In addition, for
Steenland and Woskie (2012), Barry et al. (2013),
and Vieira et al. (2013), which used cumula-
tive exposure, the Working Group divided the
midpoints of exposure by the assumed average
duration of exposure. In the case of Vieira et al.
(2013), there were 10 years of cumulative expo-
sure for cases and controls, so the Working Group
divided by 10. In the case of Barry et al. (2013),
the Working Group used the average duration
of follow-up, which was 33 years (the average
length of follow-up in the study), as the divisor.
In the case of Steenland and Woskie (2012), the
average length of follow-up was 30 years, so the
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Working Group divided the cumulative expo-
sure by 30. The studies by Steenland and Woskie
(2012), Barry et al. (2013), and Rhee et al. (2023b)
did not have midpoints for the upper categories.
For the studies by Steenland and Woskie (2012)
and Barry et al. (2013), we multiplied the upper
cut-point by 4, based on the observed midpoint in
Vieira et al. (2013) (who studied a similar popu-
lation), being about 4 times the lower level of the
uppermost category. For Rhee et al. (2023b), the
Working Group multiplied the upper cut-point
by 2.5, based on the observed midpoint for the
two other general population studies by Shearer
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Table A3.6 SAS code used in the Working Group analysis of orchiectomy data

data one;

input medianpfoa sir numsamples obs exp estgeomean;
*estgeomean comes from Pitter Table 2 regression;
logexp=log(exp);

Inmedianpfoa=log(medianpfoa);
Inestgeomean=log(estgeomean);

cards;

290.34767 12.94 28.3
62.61.13 3461 0.89 36.6
29.50.58 899 2 3.43 31.5
73.32.15161 10.47 28.5
56.20.97 2161 1.03 34.4
29.80.87 2791 1.1529.4
38.4020600.8032.9

41 1.6 1007 6 3.76 24.5
53.90.44 1208 24.51 374
22.20.8329451113.19 20.4
61.8 1.84 2569 16 8.71 38.4
55.21.18 628 3 2.53 46.3
67.6 1.54 1146 8 5.18 39.7
46.4 0.62 1410 3 4.87 29.0
67.51.18 767 3 2.53 39.6
58.8 0.69 365 1 1.46 40.6
55.8026300.8337.4
47.50.81 1124 3 3.68 32.4
10.9 0288 01.19 10.9
48.2 1.58 778 4 2.54 48.0
499 1.1 750 32.73 36.6

>

*proc univariate plot; *var sir medianpfoa estgeomean;

proc corr spearman; var medianpfoa sir; run;
proc freq; tables medianpfoa; run;

proc genmod; model obs=medianpfoa / dist=poisson link=log offset=logexp pscale; *best AIC;
proc genmod; model obs=Inmedianpfoa / dist=poisson link=log offset=logexp pscale;

run;

proc genmod; model obs=estgeomean / dist=poisson link=log offset=logexp pscale;

run;

proc genmod; model obs=Inestgeomean / dist=poisson link=log offset=logexp pscale;

run;

et al. (2021) and Winquist et al. (2023) for the
upper category.

Once the continuous linear coefficient for
each study was obtained, the Working Group
then used an R package (metagen) to calculate
random weights (inverse variance weights, where
the variance is the sum of the within and between
variance across studies) using the formulae

from restricted maximum likelihood (REML)
(Veroniki et al., 2016). The Working Group used
random weights, given the high heterogeneity of
the linear coeflicient across studies (I? value, 0.91)

The meta-analysis described above gave the
result for an increase in the rate ratio per increase
of 10 ng/mL in PFOA as 1.15 (95% CI, 0.97-1.37),
with an I? value of 91%.
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We then also conducted, as a sensitivity
analysis, a meta-analysis of Winquist et al.
(2023), Shearer et al. (2021), Rhee et al. (2023b),
and Barry et al. (2013), to avoid the overlapping
nature of Barry et al. (2013) with Steenland
and Woskie (2012), and Vieira et al. (2013), and
choosing Barry et al. (2013) because it was an
incidence study that also had the best exposure
estimation.

This sensitivity analysis gave the result for an
increase in the rate ratio per increase of 10 ng/mL
PFOA as 1.21 (95% CI, 0.94-1.57) with an I? value
of 95%.

As a general limitation to the meta-analysis,
we noted the assumption of a linear exposure-
response relation, although we know that, in
studies with continuous exposure coefficients
(Barry et al., 2013; Shearer et al., 2021; Winquist
et al., 2023; Rhee et al., 2023b), a log-linear
model (i.e. log-transformed PFOA) seemed to
fit the data better than did a linear model (i.e.
untransformed PFOA). Other main limitations
were: (i) the estimate of the linear coefficient
using assumed midpoints of only two categories
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(uppermost and lowest); (ii) the use of average
duration of exposure to transform cumulative
exposure in Barry et al. and Viera et al. to an
assumed average exposure; and (iii) the assump-
tion in the studies by Rhee et al. (2023b), Shearer
et al. (2021), and Winquist et al. (2023) that a
single PFOA measurement is a good estimate
of long-term lifetime average exposure (beyond
a 5-8-year duration, discussed Section A3.1 of
the present Annex). Given these limitations, as
well as the high heterogeneity across studies with
different strengths and weaknesses, the Working
Group chose to not rely primarily on the meta-
analysis of exposure-response relations to deter-
mine the hazard identification for kidney cancer
in humans.

The R code used for these estimations is
presented in Table A3.7.




Annex 3

Table A3.7 R code® used for the Working Group’s meta-analysis of kidney cancer to estimate rate
ratio per unit (linear) increase in serum PFOA concentration

library(meta)
#####0utcome: Summary RR based on 10 ng/mL increase
#function to get increase per unit
trendp = function(datalist){
lapply(datalist, function(df) {
sel = (log(df$upper)-log(df$RR))/qnorm(.975) # se of log RR for each dose category
se2 = (log(df$RR)-log(df$lower))/qnorm(.975)
se = (sel +se2) /2
scores = 0:(length(se)-1)
if(se[1] == 0) {
Im1 =1m(log(RR) ~ 0 + scores, weights = 1/se/2, data=df, subset=se>0)
Im2 = Im(log(RR) ~ 0 + mids, weights = 1 / se/2, data=df, subset=se>0)
pl = summary(lml)$coef[1,4]
p2 = summary(lm2)$coef[1,4]
slope = summary(Im2)$coef([1,1]
se = summary(lm2)$coef[1,2]
} else {
Im1 =Im(log(RR) ~ scores, weights = 1 / se/2, data=df)
Im2 = Im(log(RR) ~ mids, weights = 1 / seA2, data=df)
pl = summary(lm1)$coef[2,4]
p2 = summary(lm2)$coef[2,4]
slope = summary(lm2)$coef[2,1]
se = summary(Ilm2)$coef(2,2]
}
return(c(pl,p2,slope,se))
)
}

HAHRH
# Kidney/PFOA (Including Rhee overall)
#per 10 ng/mL serum

kidney = list(

shearer = data.frame(

stlab = c(“Shearer et al., 2020”,7”,”7,””),

labs = ¢(“0-4 ng/mL”,’4-5.5 ng/mL”, “5.5-7.3 ng/mL”, “7.3-27.2 ng/mL”),

cutpoints = ¢(0, 4.0, 5.5, 7.3), # max given as 27.2; sub in after lapply

RR = c(1.0, 1.47, 1.24, 2.63),

lower = ¢(1, 0.77, 0.64, 1.33),

upper = c(1, 2.80, 2.41, 5.20)),

vieira = data.frame(

stlab = c¢(“Vieira et al., 2013”,77,””,7",””),

labs = ¢(“0-3.7 ng/mL-yr”,”3.8-88 ng/mL-yr”, “89-197 ng/mL-yr”, “198-599 ng/mL-yr”, “600-4679 ng/mL-yr”), #this are
categories cut-points taken from Table S1 (cumulative over 10 years)

cutpoints = ¢(0, 3.8, 89, 198, 600) / 10, # max is given as 4679, sub in after lapply #divided by 10 because is 10 cumulative
exposure

RR = c(1,0.8, 1.2, 2.0, 2.1),

lower = ¢(1, 0.4, 0.7, 1.3, 1.1),

upper = c(1, 1.5, 2.0, 3.2, 4.2)),

barry = data.frame(

stlab = c(“Barry et al., 20137,77,7”,””),

labs = ¢(“0-219 ng/mL-yr”, “219-812 ng/mL-yr”, “812-5358 ng/mL-yr”, “>5358 ng/mL-yr”),

cutpoints = ¢(0, 219, 812, 5358) / 33, # ng/mL-yr / av age diag (divided by 33 because this is average length follow-up)
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Table A3.7 (continued)

#cutpoints are reported in the meta-analysis by Bartell and Vieira (2021), in the R code within the supplement material but not
#in the original publication
RR = c(1, 1.23, 1.48, 1.58),
lower = ¢(1, 0.70, 0.84, 0.88),
upper= c(1, 2.17, 2.60, 2.84)),
steenland = data.frame(
stlab = c¢(“Steenland and Woskie, 20127,7,7",””),
labs = ¢(“0-904 ng/L-years”, “904-1520 ng/mL-yr”,”1520-2700 ng/mL-yr”, “>2700 ng/mL-yr”),
cutpoints = ¢(0, 904, 1520, 2700) / 30, # Divided by 30 because of average follow-up
RR = ¢(1.07, 1.37, 0.005, 2.66), # mortality; 3rd RR is 0 but cannot log
lower = ¢(0.02, 0.28, 0.005, 1.15),
upper= c(3.62, 3.99, 1.42, 5.24)),
rhee = data.frame(
stlab = c(“Rhee et al., 20237,7",””,"”),
labs = ¢(“0-3.27 ng/mL”,’3.27-4.47 ng/mL”, “4.47-6.22 ng/mL”, “>6.22 ng/mL”),
cutpoints = c(0, 3.27, 4.47, 6.22), #
RR = (1.0, 1.26, 1.26, 1.04),
lower = ¢(1, 0.80, 0.78, 0.60),
upper = c(1, 1.97, 2.05, 1.81)),
winquist = data.frame(
stlab = c(“Winquist et al., 20237,77,77,””),
labs = ¢(“0-3.9 ng/mL”,”3.9-5.2 ng/mL”, “5.2-7.3 ng/mL”, “>7.3”),
cutpoints = c(0, 3.9, 5.2, 7.3), #
RR =¢(1.0, 0.93, 0.83, 1.20),
lower = ¢(1, 0.56, 0.49, 0.71),
upper = c(1, 1.56, 1.40, 2.04))
)

#calculate midpoints of the time-averaged serum PFOA categories within each study
kidney?2 = lapply(kidney, function(df) {
cp = df$cutpoints
1 =length(cp) + 1
cpll] = 2.5 * cp[l-1] # assume max is 2.5*last cutpoint
df$mids = apply(rbind(cpl[-1],cp[-1]),2,mean)
return(df)
D
#in this we assumed that maximum is 2.5*]ast cutpoints, but in reality for some studies maximum is reported
kidney2$vieira$mids[5] = mean(c(600,4679)) / 10
kidney2$shearer$mids[4] = mean(c(7.3,27.2))
kidney2$winquist$mids[4] = mean(c(7.3,54))
kidney2$steenland$mids[4] = mean(c(2700,10800))/30 #assumed a maximum 4 times the highest cutpoint as more similar to
Vieira
kidney2$barry$mids[4] = mean(c(5358,21432))/33 ##assumed a maximum 4 times the highest cutpoint as more similar to Vieira

#apply ktrend function
(ktrend = trendp(kidney2))

# get RR and CI per 10 ng/mL increase in serum PFOA in each study

lapply(ktrend, function(df) round(exp(10*df[3] + 10*c(0,-1,1)*qnorm(.975)*df[4]),2))

klogRR = c(ktrend$vieira[3], ktrend$barry[3], ktrend$shearer[3], ktrend$steenland[3], ktrend$rhee[3], ktrend$winquist[3])
kse = c(ktrend$vieira[4], ktrend$barry[4], ktrend$shearer([4], ktrend$steenland[4], ktrend$rhee[4], ktrend$winquist[4])

(m2 = metagen(klogRR kse)) # meta-analysis for kidney
round(exp(10*c(m2$TE.fixed,m2$lower.fixed,m2$upper.fixed)),2)
round(exp(10*c(m2$TE.random,m2$lower.random,m2$upper.random)),2)
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Table A3.7 (continued)

m2$pval.Q
m2$tau2
m2$12

#sensitivity taking out steenland and vieira

# get RR and CI per 10 ng/mL increase in serum PFOA in each study

lapply(ktrend, function(df) round(exp(10*df[3] + 10*c(0,-1,1)*qnorm(.975)*df[4]),2))
klogRR3 = c(ktrend$barry[3], ktrend$shearer([3], ktrend$rhee[3], ktrend$winquist[3])
kse3 = c( ktrend$barry[4], ktrend$shearer[4], ktrend$rhee[4], ktrend$winquist[4])

(m3 = metagen(klogRR3,kse3)) # meta-analysis for kidney

round(exp(10*c(m3$TE.fixed,m3$lower.fixed,m3$upper.fixed)),2)

round(exp(10*c(m3$TE.random,m3$lower.random,m3$upper.random)),2)

m3$pval.Q
m3$tau2
m3$12

* Note that, if the code is copied from this document and pasted directly to R, the user may need to retype the quotation marks for the code to

run correctly.

References

Avanasi R, Shin HM, Vieira VM, Savitz DA, Bartell SM
(2016). Impact of exposure uncertainty on the associ-
ation between perfluorooctanoate and preeclampsia
in the C8 health project population. Environ Health
Perspect.  124(1):126-32.  doi:10.1289/ehp.1409044
PMID:26090912

BarryV,WinquistA, Steenland K (2013). Perfluorooctanoic
acid (PFOA) exposures and incident cancers among
adults living near a chemical plant. Environ Health
Perspect. 121(11-12):1313-8. doi:10.1289/ehp.1306615
PMID:24007715

Bartell SM, Vieira VM (2021). Critical review on PFOA,
kidney cancer, and testicular cancer. J Air Waste
Manag Assoc. 71(6):663-79. doi:10.1080/10962247.202
1.1909668 PMID:33780327

Consonni D, Straif K, Symons JM, Tomenson JA, van
Amelsvoort LG, Sleeuwenhoek A, et al. (2013). Cancer
risk among tetrafluoroethylene synthesis and poly-
merization workers. Am ] Epidemiol. 178(3):350-8.
doi:10.1093/aje/kws588 PMID:23828249

de Winter JCF, Gosling SD, Potter J (2016). Comparing the
Pearson and Spearman correlation coeflicients across
distributions and sample sizes: A tutorial using simu-
lations and empirical data. Psychol Methods. 21(3):273-
90. d0i:10.1037/met0000079 PMID:27213982

Dhingra R, Winquist A, Darrow LA, Klein M, Steenland
K (2017). A study of reverse causation: examining the
associations of perfluorooctanoicacid serum levels with

two outcomes. Environ Health Perspect. 125(3):416-21.
doi:10.1289/EHP273 PMID:27529882

Frisbee SJ, Brooks AP Jr, Maher A, Flensborg P, Arnold
S, Fletcher T, et al. (2009). The C8 health project:
design, methods, and participants. Environ Health
Perspect. 117(12):1873-82. doi:10.1289/ehp.0800379
PMID:20049206

Genz A, Bretz F (2009). Computation of multivariate
normal and t probabilities. Series Lecture Notes in
Statistics. Heidelberg, Germany: Springer-Verlag.

Giglioli S, Colombo L, Azzellino A (2023). Cluster and
multivariate analysis to study the diffuse contamina-
tion of emerging per- and polyfluoroalkyl substances
(PFAS) in the Veneto Region plain (north-eastern
Italy).  Chemosphere.  319:137916.  doi:10.1016/j.
chemosphere.2023.137916 PMID:36706810

Girardi P, Merler E (2019). A mortality study on male
subjects exposed to polyfluoroalkyl acids with high
internal dose of perfluorooctanoic acid. Environ Res.
179(Pt A):108743.  doi:10.1016/j.envres.2019.108743
PMID:31542491

Ingelido AM, Abballe A, Gemma S, Dellatte E, IacovellaN,
De Angelis G, et al. (2018). Biomonitoring of perfluor-
inated compounds in adults exposed to contaminated
drinking water in the Veneto Region, Italy. Environ
Int. 110:149-59. doi:10.1016/j.envint.2017.10.026 PMID:
29108835

Mastrantonio M, Bai E, Uccelli R, Cordiano V, Screpanti
A, Crosignani P (2018). Drinking water contamination
from perfluoroalkyl substances (PFAS): an ecolog-
ical mortality study in the Veneto Region, Italy. Eur |

745


http://dx.doi.org/10.1289/ehp.1409044
http://www.ncbi.nlm.nih.gov/pubmed/26090912
http://dx.doi.org/10.1289/ehp.1306615
http://www.ncbi.nlm.nih.gov/pubmed/24007715
http://dx.doi.org/10.1080/10962247.2021.1909668
http://dx.doi.org/10.1080/10962247.2021.1909668
http://www.ncbi.nlm.nih.gov/pubmed/33780327
http://dx.doi.org/10.1093/aje/kws588
http://www.ncbi.nlm.nih.gov/pubmed/23828249
http://dx.doi.org/10.1037/met0000079
http://www.ncbi.nlm.nih.gov/pubmed/27213982
http://dx.doi.org/10.1289/EHP273
http://www.ncbi.nlm.nih.gov/pubmed/27529882
http://dx.doi.org/10.1289/ehp.0800379
http://www.ncbi.nlm.nih.gov/pubmed/20049206
http://dx.doi.org/10.1016/j.chemosphere.2023.137916
http://dx.doi.org/10.1016/j.chemosphere.2023.137916
http://www.ncbi.nlm.nih.gov/pubmed/36706810
http://dx.doi.org/10.1016/j.envres.2019.108743
http://www.ncbi.nlm.nih.gov/pubmed/31542491
http://dx.doi.org/10.1016/j.envint.2017.10.026
http://www.ncbi.nlm.nih.gov/pubmed/29108835

IARC MONOGRAPHS - 135

Public Health. 28(1):180-5. d0i:10.1093/eurpub/ckx066
PMID:28541558

NCI (2024). Per- and polyfluoroalkyl substances (PFAS).
Summary statistics. DCEG GitHub Organization.
Bethesda (MD), USA: National Cancer Institute.
Available from: https://github.com/NCI-DCEG/PFAS
cancer summary stat.

Nost TH, Vestergren R, Berg V, Nieboer E, Odland JO,
Sandanger TM (2014). Repeated measurements of per-
and polyfluoroalkyl substances (PFASs) from 1979
to 2007 in males from northern Norway: assessing
time trends, compound correlations and relations to
age/birth cohort. Environ Int. 67:43-53. doi:10.1016/].
envint.2014.02.011 PMID:24657493

Pitter G, Da Re F, Canova C, Barbieri G, Zare Jeddi M,
Dapra F, et al. (2020). Serum levels of perfluoroalkyl
substances (PFAS) in adolescents and young adults
exposed to contaminated drinking water in the Veneto
Region, Italy: a cross-sectional study based on a
health surveillance program. Environ Health Perspect.
128(2):27007. doi:10.1289/EHP5337 PMID:32068468

Purdue MP, Rhee ], Denic-Roberts H, McGlynn KA,
Byrne C, Sampson J, et al. (2023). A nested case-con-
trol study of serum per- and polyfluoroalkyl substances
and testicular germ cell tumors among US Air Force
servicemen. Environ Health Perspect. 131(7):77007.
doi:10.1289/EHP12603 PMID:37458713

Raleigh KK, Alexander BH, Olsen GW, Ramachandran
G, Morey SZ, Church TR, et al. (2014). Mortality and
cancer incidence in ammonium perfluorooctanoate
production workers. Occup Environ Med. 71(7):500-6.
doi:10.1136/0emed-2014-102109 PMID:24832944

Rhee ], Barry KH, Huang WY, Sampson JN, Hofmann
JN, Silverman DT, et al. (2023a). A prospective nested
case-control study of serum concentrations of per- and
polyfluoroalkyl substances and aggressive prostate
cancer risk. Environ Res. 228:115718. doi:10.1016/].
envres.2023.115718 PMID:36958379

Rhee J, Chang VC, Cheng I, Calafat AM, Botelho JC,
Shearer JJ, et al. (2023b). Serum concentrations of per-
and polyfluoroalkyl substances and risk of renal cell
carcinoma in the Multiethnic Cohort Study. Environ
Int.180:108197.d0i:10.1016/j.envint.2023.108197 PMID:
37741007

Saugo M, Ioverno E, Olivieri A, Bertola F, Pasinato
A, Ducatman A (2024). PFOA and testis cancer in
the Veneto Region (Italy). Environ Health. 23(1):33.
doi:10.1186/s12940-024-01064-4 PMID:38549149

746

Shearer JJ, Callahan CL, Calafat AM, Huang WY, Jones
RR, Sabbisetti VS, et al. (2021). Serum concentrations
of per- and polyfluoroalkyl substances and risk of
renal cell carcinoma. J Natl Cancer Inst. 113(5):580-7.
doi:10.1093/jnci/djaal43 PMID:32944748

Sistema Epidemiologico Regionale (2016). Ricognizione
epidemiologica iniziale sulle orchiectomie per
tumore del testicolo rilevate nell’area interessata dalla
contaminazione idropotabile da PFAS. Veneto, Italy:
Sistema Epidemiologico Regionale. Available from:
https://sian.aulss9.veneto.it/index.cfm?method=mys.
apridoc&iddoc=809. [Italian]

Steenland K, Barry V, Savitz D (2018). Serum perfluoro-
octanoic acid and birthweight: an updated meta-anal-
ysis with bias analysis. Epidemiology. 29(6):765-76.
doi:10.1097/EDE.0000000000000903 PMID:30063543

Steenland K, Woskie S (2012). Cohort mortality study
of workers exposed to perfluorooctanoic acid. Am
J Epidemiol. 176(10):909-17. doi:10.1093/aje/kwsl71
PMID:23079607

Veroniki AA, Jackson D, Viechtbauer W, Bender R,
Bowden J, Knapp G, et al. (2016). Methods to estimate
thebetween-study variance and its uncertaintyin meta-
analysis. Res Synth Methods. 7(1):55-79. doi:10.1002/
jrsm.1164 PMID:26332144

Vieira VM, Hoffman K, Shin HM, Weinberg JM,
Webster TF, Fletcher T (2013). Perfluorooctanoic acid
exposure and cancer outcomes in a contaminated
community: a geographic analysis. Environ Health
Perspect.  121(3):318-23.  d0i:10.1289/ehp.1205829
PMID:23308854

Weinberg CR, Umbach DM, Greenland S (1994). When
will nondifferential misclassification of an exposure
preserve the direction of a trend? Am ] Epidemiol.
140(6):565-71. doi:10.1093/oxfordjournals.aje.all17283
PMID:8067350

Winquist A, Hodge JM, Diver WR, Rodriguez JL,
Troeschel AN, Daniel ], et al. (2023). Case-cohort study
of the association between PFAS and selected cancers
among participants in the American Cancer Society’s
Cancer Prevention Study II LifeLink cohort. Environ
Health Perspect. 131(12):127007. doi:10.1289/EHP13174
PMID:38088576



http://dx.doi.org/10.1093/eurpub/ckx066
http://www.ncbi.nlm.nih.gov/pubmed/28541558
http://dx.doi.org/10.1016/j.envint.2014.02.011
http://dx.doi.org/10.1016/j.envint.2014.02.011
http://www.ncbi.nlm.nih.gov/pubmed/24657493
http://dx.doi.org/10.1289/EHP5337
http://www.ncbi.nlm.nih.gov/pubmed/32068468
http://dx.doi.org/10.1289/EHP12603
http://www.ncbi.nlm.nih.gov/pubmed/37458713
http://dx.doi.org/10.1136/oemed-2014-102109
http://www.ncbi.nlm.nih.gov/pubmed/24832944
http://dx.doi.org/10.1016/j.envres.2023.115718
http://dx.doi.org/10.1016/j.envres.2023.115718
http://www.ncbi.nlm.nih.gov/pubmed/36958379
http://dx.doi.org/10.1016/j.envint.2023.108197
http://www.ncbi.nlm.nih.gov/pubmed/37741007
http://dx.doi.org/10.1186/s12940-024-01064-4
http://www.ncbi.nlm.nih.gov/pubmed/38549149
http://dx.doi.org/10.1093/jnci/djaa143
http://www.ncbi.nlm.nih.gov/pubmed/32944748
https://sian.aulss9.veneto.it/index.cfm?method=mys.apridoc&iddoc=809
https://sian.aulss9.veneto.it/index.cfm?method=mys.apridoc&iddoc=809
http://dx.doi.org/10.1097/EDE.0000000000000903
http://www.ncbi.nlm.nih.gov/pubmed/30063543
http://dx.doi.org/10.1093/aje/kws171
http://www.ncbi.nlm.nih.gov/pubmed/23079607
http://dx.doi.org/10.1002/jrsm.1164
http://dx.doi.org/10.1002/jrsm.1164
http://www.ncbi.nlm.nih.gov/pubmed/26332144
http://dx.doi.org/10.1289/ehp.1205829
http://www.ncbi.nlm.nih.gov/pubmed/23308854
http://dx.doi.org/10.1093/oxfordjournals.aje.a117283
http://www.ncbi.nlm.nih.gov/pubmed/8067350
http://dx.doi.org/10.1289/EHP13174
http://www.ncbi.nlm.nih.gov/pubmed/38088576

	Annex 3. Supplementary analyses used in reviewing evidence on cancer in humans
	A3.1 How well does the PFOA concentration in a single serum sample represent long-term exposure in a population with low exposure?
	Introduction
	Methods
	Results
	Discussion

	A3.2  Summary of the Working Group’s ecological analysis of PFOA and orchiectomy among men aged 15–54 years in 21 municipalities of the Veneto region in Italy, 1997–2014
	A3.2.1 Background on PFOA exposure in the Veneto region
	A3.2.2 Working Group analysis of orchiectomy data

	A3.3  Working Group meta-analysis of studies on kidney cancer to estimate rate ratio per unit (linear) increase in serum PFOA concentration


