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Abstract
The aim was to investigate the concentrations of some per- and polyfluoroalkyl substances (PFAS) in patients with pancreatic 
cancer from New York, and to compare them with a group of controls from the general population of the United States. We 
selected 50 cases of pancreatic cancer from donors to the New York University Pancreatic Biorepository. Controls were 
selected from the 2017–18 National Health and Examination Survey sample (n = 167), matched to cases on age, sex, and 
race and ethnicity. Six PFAS were analyzed in serum samples using high performance liquid chromatography in conjunction 
with mass spectrometry. PFAS concentrations were categorized into tertiles to explore non-linear associations, and odds 
ratios (OR) were estimated using conditional logistic regression, adjusting by BMI. Most PFAS were not associated with 
pancreatic cancer risk. Serum perfluorohexane sulfonic acid (PFHxS) was associated with a decreased risk (OR for upper 
tertile = 0.24, 95% CI: 0.09, 0.67). In contrast, participants with the highest tertile of perfluoroundecanoic acid (PFUnDA) 
had a higher risk (OR = 2.60, 95% CI: 1.11, 6.09). Adjusting for BMI did not materially change the results. Study limitations 
include: in pancreatic cancer patients, blood used to measure PFAS was collected around the time of diagnosis; cases and 
controls could not be sampled from the same geographic location; slightly different laboratory methods were used to analyze 
PFAS in cases and controls. Most PFAS studied were not significantly associated with pancreatic cancer, except for PFHxS 
and PFUnDA, which exhibited opposite trends. Findings and limitations of the present study warrant further investigation 
with improved study designs and data on complex PFAS mixtures.
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PFNA	� Perfluorononanoic acid
PFOS	� Perfluorooctane sulfonate
PFUnDA	� Perfluoroundecanoic acid

Introduction

Increases in pancreatic cancer incidence can only partly be 
explained by changes in diagnostic and screening proce-
dures, and have occurred over a timespan in which genetics 
cannot be invoked. This leaves environmental contributors 
as a promising opportunity for prevention. Yet, few studies 
have examined plausible, common exposures, particularly 
synthetic chemicals (Fernandez et al. 1994, Ilic and Ilic M 
2022, Gasull et al. 2019, Porta et al. 2022, Amaral et al. 
2012, Antwi et al. 2015, Barone et al. 2016, Djordjevic et al. 
2019, Eriksen et al 2009).

Per- and polyfluoroalkyl compounds (PFAS) were first 
widely used in the late 1940s, mostly because of their 
high repellency to both water and oil, as well as thermal 
and chemical stability. Human exposure is nearly ubiqui-
tous, with more than 100 million Americans drinking water 
at levels above safety thresholds suggested by laboratory 
research (Ackerman Grunfeld et  al. 2024; Erdenesanaa 
2024). Such studies reveal oxidative stress in the pancreas, 
dose-dependent, and associated with focal ductal hyperpla-
sia and inflammation (National Toxicology Program, 2022). 
Contamination of food through contact materials and pack-
aging is well-known (Muncke et al. 2014; Mustieles et al. 
2023), and human exposure also occurs through house dust, 
cleaning agents, electronic devices, and other goods (Sun-
derland et al. 2019, Schulz et al. 2020, Lim 2023, Kannan 
et al. 2004, Schneider 2019, Geueke 2016, Gore et al. 2015, 
Cousins et al. 2022, Evich et al. 2022, Geueke et al. 2022, 
Scheringer 2023, ECHA (European Chemicals Agency), 
2023, Berg et al. 2021).

However, studies on human cancer using PFAS biomark-
ers are scant (Eriksen et al. 2009, Sunderland et al. 2019, 
Gore et al. 2015, Bonefeld et al. 2014, Feng et al. 2022, 
Winquist et al. 2023). An occupational study in Minnesota 
revealed some positive trends for prostate cancer, but was 
limited in sample size (Lundin et al. 2009). In a large-scale 
industrial contamination area, the C8 study failed to reveal 
increases in pancreatic cancer, though it did for renal and 
testicular cancers (Barry et al. 2013). The Danish National 
Birth Cohort revealed positive associations with pancreatic 
cancer and breast cancer (Eriksen et al. 2009, Bonefeld et al. 
2014). A case–cohort study in the American Cancer Soci-
ety’s Cancer Prevention Study II LifeLink Cohort, suggested 
an inverse association between PFOA and pancreatic cancer 
among men (Winquist et al. 2023). These studies have meth-
odological limitations (Winquist et al. 2023), and levels of 

long-chain PFAS have tended to decline with the emergence 
of replacement PFAS that may be as carcinogenic.

We therefore leveraged a more recent sample 
(2017–2021) of patients with pancreatic cancer to inves-
tigate the concentrations of some per- and polyfluoroalkyl 
substances (PFAS) in patients with pancreatic cancer and 
to compare them with a group of controls from the general 
population of the United States.

Methods

Study Population

Patients with pancreatic cancer (n = 50) diagnosed between 
2017 and 2021 with available serum samples in the NYU 
Pancreatic Biorepository were selected as cases. Serum was 
collected before, at the time of, or as soon as possible after 
diagnosis (Supplemental Fig. 1). Selected cases were either 
stage I or II; other stages were excluded. The majority of 
cases had no family history of PDA (Supplemental Table 1). 
Mutations of the KRAS, CDKN2A, and P53 were noted in 
42%, 18%, and 32% of participants, respectively. Cases with 
neuroendocrine pancreatic tumors (n = 5) were excluded 
from the primary analyses due to their pathophysiology 
differing from exocrine pancreatic tumors. Demographic 
characteristics and social and medical history were collected 
from clinical records. The study was approved by the NYU 
Grossman School of Medicine Institutional Review Board.

Controls were selected from the 2017–18 National Health 
and Nutrition Examination Survey (NHANES) study sam-
ple. NHANES is conducted by the Centers for Disease Con-
trol and Prevention (CDC) and aims to collect health and 
demographic data via interviews, physical examinations 
and biospecimen collections, on a nationally representative 
sample of approximately 5000 non-institutionalized US 
adults and children each year (Centers for Disease Control 
and Prevention (CDC) 2024a). Additional details on study 
design are provided elsewhere (Centers for Disease Control 
and Prevention 2024b). To meet inclusion criteria, controls 
had to be 20 years or older, have serum PFAS measure-
ments, and no history of cancer. Controls who met criteria 
(n = 1459) were matched with cases on age (five year incre-
ments from 20 to 80 + years), sex, and race and ethnicity 
(i.e., Hispanic, Non-Hispanic White, Non-Hispanic Black, 
Other or Unknown). Four controls were matched to each 
case; two cases had three controls, four cases had two con-
trols, and one case had one control.

After matching cases and controls on sex, age, and 
race and ethnicity, the study sample had a total of 212 
adults (Table 1). Participants ranged from mid-30s to over 
80 years of age; 55% were female; 15% were Hispanic, 
15% were non-Hispanic Black, 61% were non-Hispanic 
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White, and 9% were Other or Unknown. Smoking sta-
tus and the proportion of participants with diabetes were 
similar between cases and controls. The median BMI was 
higher in controls.

PFAS

Six PFAS were measured in the serum of cases and con-
trols and were detected in greater than 70% of partici-
pants: perfluorodecanoic acid (PFDA), perfluorohexane 
sulfonic acid (PFHxS), perfluorononanoic acid (PFNA), 

Fig. 1   Forest plot of unadjusted associations of PFAS and pancreatic 
cancer (N = 212). *Continuous exposures are natural log transformed 
with units of ng/Ml except for the sum of orders of PFAS. * P-values 

are derived from Wald’s test. * Test for linear trend. Abbreviations: 
T1–tertile 1 (<34th percentile), T2-tertile2 (34th-66th percentile), 
T3(>66th percentile)
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perfluorooctanoic acid (PFOA), perfluorooctane sulfonic 
acid (PFOS), and perfluoroundecanoic acid (PFUnDA).

Briefly, among cases PFAS were measured in the labora-
tory of Dr. K. Kannan, then at NYU. They were quantified 

using an AB SCIEX™ 5500 electrospray quadrupole tan-
dem mass spectrometer (ESI–MS/MS: SCIEX, Framingham, 
MA, USA), interfaced with a Nexera X2 LC-30AD series 
high performance liquid chromatograpy (Shimadzu, Kyoto, 
Japan). The analytes were separated using an UPLC BEH 
C18 column (2.1 × 50 mm, 1.7 µm, Waters, Milford, MA, 
USA). MeOH and 0.1% w/v ammonium acetate in water 
were used as mobile phases. Target analytes were deter-
mined by selected reaction monitoring in negative ioniza-
tion mode. Further details have been described elsewhere 
(Honda et al. 2018). Please see also Supplemental Methods. 
Measurement techniques used to detect PFAS in cases had a 
method limit of detection (LOD) of 0.02 ng/mL.

Among controls, PFDA, PFHxS, PFNA, linear and 
branched PFOA, linear and branched PFOS, and PFUnDA 
were measured in the National Center for Environmental 
Health, Organic Analytical Toxicology Branch, as part of 
NHANES (see section 2.1 above). They were quantified 
using online solid phase extraction in conjunction with high 
performance liquid chromatography-negative-ion TurboIon-
Spray ionization-tandem mass spectrometry. PFAS meas-
urement techniques used for controls had a method LOD 
of 0.10 ng/mL. Further information on laboratory methods 
used to analyze serum samples of controls has been pre-
viously published (Center and for Environmental Health 
(NCHS), 2024c). See also Supplemental Methods.

To harmonize the PFAS measurement techniques of cases 
and controls, all cases with PFAS values below 0.10 ng/mL 
were considered below the LOD. PFAS values of cases 
below the LOD were imputed with LOD/√2 and rounded 
to the second decimal place to align with the handling of 
below LOD values in the controls dataset (National Center 
for Health Statistics (NCHS) 2024d). PFAS values of cases 
that were above the LOD were rounded to the first decimal 
place to match the precision of the control data. Finally, due 
to the low detection of branched PFOS and PFOA isomers, 
when adding the linear and branched isomers of the con-
trols to obtain the total serum concentrations of PFOS and 
PFOA, values below the LOD were imputed with a random 
value between 0.1 and 0 so as to not add a static value (e.g., 
LOD/√2). The total PFOS and PFOA summations were 
then rounded to the first decimal place to match the preci-
sion of the other PFAS measurements.

PFAS concentrations were converted into tertiles based 
on the distribution of the analytic sample to explore possible 
non-linear trends. To estimate total PFAS exposure, the sum 
of all six PFAS concentrations (sum of PFAS) and the sum 
of all six PFAS tertile rankings (sum of orders) were calcu-
lated. Sum of PFAS and the sum of orders of PFAS were 
additionally converted into tertiles. Continuous individual 
PFAS and sum of PFAS concentrations were natural log-
tranformed to account for right-skew in the data.

Table 1   Main characteristics of pancreatic cancer cases and controls 
at time of blood draw

a Fisher’s exact test (two-tail), excluding missing
b Mann-Whitney’s U test (two-tail), excluding missing
c Chi-squared test (two-tail)
d Includes both Type 1 and 2 diabetes

Characteristic Cases Controls P-value

N (%) N (%)

All subjects (%) 45 (21) 167 (79)
Sex
Men 19 (42) 76 (46) matched
Women 26 (58) 91 (54)
Age (years)
20–24 0 (0) 0 (0) matched
25–29 0 (0) 0 (0)
30–34 0 (0) 0 (0)
35–39 2 (4) 8 (5)
40–44 0 (0) 0 (0)
45–49 4 (9) 16 (10)
50–54 0 (0) 0 (0)
55–59 4 (9) 16 (10)
60–64 5 (11) 20 (12)
65–69 8 (18) 32 (19)
70–74 9 (20) 33 (20)
75–79 6 (13) 19 (11)
80 +  7 (16) 23 (14)
Race and Ethnicity
Hispanic 7 (16) 24 (14) matched
NH-White 26 (58) 103 (62)
NH-Black 7 (16) 25 (15)
Other or Unknown 5 (11) 15 (9)
Body Mass Index (kg/m2)
Underweight 2 (4) 3 (2)  < 0.01a

Normal 17 (38) 30 (19)
Overweight 19 (42) 55 (34)
Obese 7 (16) 59 (36)
Severe Obesity 0 (0) 15 (9)
Median 26.0 28.0  < 0.01b

Missing 0 5
Smoking Status
Never 27 (60) 87 (52) 0.35c

Former or Current 18 (40) 80 (48)
Diabetesd

Yes 14 (31) 46 (28) 0.64c

No 31 (69) 121 (72)
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Statistical Analyses

Statistical comparisons between characteristics of cases and 
controls were conducted, including Chi-squared tests for cat-
egorical covariates and Mann–Whitney’s U tests for continu-
ous covariates. For variables with categories containing less 
than five participants, Fisher’s exact test was used. Both the 
distributions of PFAS concentrations including their geo-
metric means and percent detection and the Spearman’s rank 
correlation coefficients between each PFAS concentration 
were calculated for cases and controls to explore possible 
differences in PFAS exposure between the groups.

We used conditional logistic regression models to esti-
mate the association between pancreatic cancer and the nat-
ural log-transformed individual PFAS concentrations and 
sum of PFAS, as well as the sum of orders of PFAS. PFAS 
exposures were modeled as tertiles and continuously. As 
BMI has been associated with PFAS concentrations in some 
studies and is a risk factor for pancreatic cancer (Jacobs et al. 
2020; Qi et al. 2020), we additionally conducted the analyses 
controlling for continuous BMI collected at time of blood 
draw. For associations between PFAS tertiles and pancreatic 
cancer that appeared to have a linear trend, a test for linear 
trend was performed. For those with no apparent trend, the 
total effect of the categorized PFAS on the regression model 
was tested. P-values were estimated with Wald’s test. Statis-
tical tests were two-tailed and we used a threshold of 0.05 to 
evaluate statistical significance. All analyses were conducted 
using SAS version 9.4 (Cary, NC).

Results

PFAS concentrations and the percent of samples with 
detectable PFAS quantities were similar between cases and 
controls (Table 2). PFOS and PFOA were detected in all 
samples, while PFUnDA, the least detected, was found in 
approximately 70% of cases and controls. Spearman’s rank 
correlation coefficients between PFAS were similar among 
cases and controls, with PFDA and PFUnDA having the 
highest coefficients, and PFHxS and PFDA having the low-
est among cases and second lowest among controls (Sup-
plementary Tables 2A and 2B).

PFHxS exposure was inversely associated with pancreatic 
cancer, with one unit increase in natural log-transformed 
PFHxS decreasing the odds of pancreatic cancer by 41% 
(Odds Ratio [OR] = 0.59, 95% Confidence Interval [CI]: 
0.37, 0.92). Similarly, the results of the regression using 
categorized PFHxS showed that participants in the highest 
tertile (67th-100th percentile) had significantly lower odds 
of pancreatic cancer (OR = 0.24, 95% CI: 0.09, 0.67) com-
pared to the lowest tertile (0th-33rd percentile) of PFHxS 
exposure (Fig. 1). In contrast, participants in the highest 
tertile of PFUnDA concentration had 2.60 (95% CI: 1.11, 
6.09) times the odds of the lowest tertile of being diagnosed 
with pancreatic cancer.

There were no associations between pancreatic can-
cer and the continuous or categorized concentrations of 
PFDA, PFNA, PFOA, PFOS, and summary measures of 
PFAS. Associations were similar after adjustment for 
BMI except for the association of PFOA with pancreatic 
cancer (Fig. 2). Participants in the second tertile (34th-
66th percentile) of PFOA exposure had a 60% (OR = 0.40, 
95% CI: 0.17, 0.99) lower odds of being diagnosed with 

Table 2   Distribution of per- and polyfluoroalkyl substance concentrations observed in cases and controls

LOD–limit of detection, GM–geometric mean, P25–25th percentile, P50–50th percentile, P75–75th percentile
a Geometric means and percentiles are expressed in ng/mL
b Includes both branched and linear isomers
c Sum of PFAS concentrations – PFDA, PFHxS, PFNA, PFOA, PFOS, and PFUnDA

Cases
N = 45

Controls
N = 167

Per-and polyfluoroalkyl 
substances (PFAS)

Percent ≥ LOD GMa P25a P50a P75a Percent ≥ LOD GMa P25a P50a P75a

PFDA 93.3 0.2 0.2 0.2 0.4 91.6 0.2 0.1 0.2 0.3
PFHxS 97.8 1.2 0.7 1.2 1.6 99.4 1.4 0.9 1.4 2.4
PFNA 95.6 0.7 0.4 0.7 1 95.8 0.5 0.3 0.5 0.8
PFOAb 100.0 1.6 1.1 1.6 2.2 100.0 1.7 1.1 1.7 2.5
PFOSb 100.0 5.9 3.1 5.9 9.5 100.0 6.3 3.2 6.3 11.6
PFUnDA 71.1 0.2  < LOD 0.2 0.3 70.7 0.1  < LOD 0.1 0.2
Sum of PFASc 10.7 5.87 10.7 15.4 11.2 6.57 11.2 17
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pancreatic cancer compared to the first tertile of exposure 
after adjusting for BMI.

Discussion

In this new case–control study of long-chain PFAS and 
pancreatic cancer we found that most PFAS were not 
associated with pancreatic cancer risk. While PFHxS was 

Fig. 2   Forest plot of associations of PFAS and pancreatic cancer 
adjusted for BMI (N = 207). *Continuous exposures are natural 
log transformed with units of ng/Ml except for the sum of orders of 

PFAS. *P-values are derived from Wald’s test. *Test for linear trend. 
Abbreviations: T1–tertile 1 (34th percentile), T2-tertile 2 (34th-66th 
percentile), T3-tertile 3 (66th percentile)
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associated with a decreased risk, participants with the 
highest tertile of PFUnDA had a higher risk. Results are 
unlikely to be confounded by BMI.

As mentioned above, the C8 study reported no associa-
tions between PFAS and pancreatic cancer,	 (Barry et  al. 
2013),  while the Danish National Birth Cohort did (Eriksen 
et al. 2009, Bonefeld et al. 2014). The LifeLink Cohort sug-
gested an inverse association between PFOA and pancreatic 
cancer among men (Winquist et al. 2023) A decreased risk 
associated to PFHxS concentrations was previously observed 
for breast cancer in the Danish cohort-nested case–control 
study: for the 4th versus 1st quintiles the RR was 0.38 (95% 
CI: 0.20–0.70)] (Bonefeld et al. 2014).

In the present study, the shortest-chain sulfonate was 
associated with a decreased risk, and the longest-chain car-
boxylate was potentially associated with an increased risk. 
Obviously, we are not reporting on an in vitro laboratory 
experiment, not on an experiment with animals, but on pan-
creatic cancer in real human beings who live under usual 
conditions; e.g., exposed to a large variety of PFAS mix-
tures. Therefore, we must be cautious before we speculate on 
possible biological mechanisms of just two PFAS, beyond 
what was written in previous publications. We think that in 
this study the functional groups or the chain lengths do not 
particularly suggest pathways for their impact on biological 
mechanisms in humans with pancreatic cancer.

The study has five limitations:

1.	 In pancreatic cancer patients, blood used to measure 
PFAS was collected around the time of diagnosis, thus 
raising the possibility of disease progression bias, a form 
of reverse causation (Gasull et al. 2019).

2.	 Cases and controls could not be sampled from the same 
geographic location (although NHANES has geographic 
data on its participants, the information is restricted); 
as both the incidence of pancreatic cancer and exposure 
to PFAS, particularly via groundwater, vary by region, 
(Sunderland et al. 2019, National Cancer Institute, State 
cancer profiles 2016, Cavalier et al. 2023) confounding, 
from risk factors that are location specific may remain 
in our analyses, and matching by geographic area might 
unveil differences in PFAS levels between cases and 
controls that are not apparent in our data set.

3.	 Slightly different laboratory methods were used to ana-
lyze PFAS in cases and controls.

4.	 While a large number of PFAS may contaminate 
humans, the study analyzed only long-chain PFAS; and

5.	 Some comparisons suffered from low precision due to 
the small number of participants.

While pondering these limitations we should also keep 
in mind that: (1) we were measuring serum concentrations, 

which integrate all sources of exposure; and (2) our study 
did not aim to analyze such sources.

Therefore, methods of subsequent studies should be 
improved in the areas mentioned above (Gasull et al. 2019, 
Porta el al. 2022).  For instance, studies should be based on 
pancreatic cancer cases whose blood samples were drawn as 
many years as possible before diagnosis (e.g., in a case–con-
trol study nested in a prospective cohort that established a 
biobank at baseline). The extended follow-up from blood 
draw that such cases would have, would also allow to esti-
mate risk during the corresponding, long period. Interna-
tional consortia should also be able to analyze larger sam-
ples from diverse populations, and to assess the effects of 
mixtures of prevalent PFAS and other contaminants (Gasull 
et al. 2019, Cavalier et al. 2023, Porta el al. 2001).

Concentrations of PFHxS and PFCAs with 9–14 car-
bons in human serum have not decreased concomitantly 
with PFOS, PFOA and their precursors. No change and 
some increases in exposures to these compounds have 
been observed across populations. For example, significant 
increases in PFNA, PFDA, and PFUnDA and no change in 
PFHxS was observed in Swedish and Danish women  (Sun-
derland el al. 2019, Glynn et al. 2015, Bjerregaard-Olesen 
et al. 2016). Similarly, no changes in PFDA and PFUnDA 
concentrations were observed in NHANES participants 
(National Center for Health Statistics (NCHS) 2024a,  b). 
Despite the decline of long-chain PFAS concentrations 
observed in some populations, we detected PFOS and PFOA 
in all our study participants, and they showed the highest 
concentrations.

As long-chain PFAS have been increasingly subjected to 
regulatory actions in some areas worldwide, their concentra-
tions are decreasing in some populations (Olsen et al. 2017; 
Göckener et al. 2020). Furthermore, short chain (less than 
7 perfluorinated C atoms), ultra-short chain (less than 4 C 
perfluorinated atoms), and novel organofluorine chemicals, 
such as perfluoroalkyl ether carboxylic acids (PFECAs), are 
being increasingly used as replacements. These chemicals, 
along with precursors like fluorotelomers alcohols and poly-
fluoroalkyl phosphate esters, should be considered in future 
etiologic and biomonitoring studies to ensure a more com-
prehensive assessment of human exposure to PFAS.

Conclusions

Some of our findings provide tentative reassurance that 
PFAS may not increase pancreatic cancer risk; yet others 
raise concerns that PFAS may increase such risk. Therefore, 
findings and limitations of the present study warrant con-
ducting further studies with improved designs.
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