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Abstract

Background: Findings and limitations of previous studies on persistent organic pollu-

tants (POPs) and pancreatic cancer risk support conducting further research in prospec-

tive cohorts.

Methods: We conducted a prospective case-control study nested within the European

Prospective Investigation into Cancer and Nutrition (EPIC) cohort. Participants were 513

pancreatic cancer cases and 1020 matched controls. Concentrations of 22 POPs were

measured in plasma collected at baseline.

Results: Some associations were observed at higher concentrations of p, p’-DDT, trans-

nonachlor, b-hexachlorocyclohexane and the sum of six organochlorine pesticides and

of 16 POPs. The odds ratio (OR) for the upper quartile of trans-nonachlor was 1.55 (95%

confidence interval 1.06-2.26; P for trend¼ 0.025). Associations were stronger in the

groups predefined as most valid (participants having fasted >6 h, with microscopic diag-

nostic confirmation, normal weight, and never smokers), and as most relevant (follow-up

�10 years). Among participants having fasted >6 h, the ORs were relevant for 10 of 11

exposures. Higher ORs were also observed among cases with microscopic confirmation

than in cases with a clinical diagnosis, and among normal-weight participants than in the

rest of participants. Among participants with a follow-up �10 years, estimates were

higher than in participants with a shorter follow-up (for trans-nonachlor: OR¼2.14, 1.01

to 4.53, P for trend¼ 0.035). Overall, trans-nonachlor, three PCBs and the two sums of

POPs were the exposures most clearly associated with pancreatic cancer risk.
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Conclusions: Individually or in combination, most of the 22 POPs analysed did not or

only moderately increased the risk of pancreatic cancer.

Key words: Pancreatic cancer, persistent organic pollutants, biomarkers, environmental health, methods

Introduction

Knowledge on modifiable causes of exocrine pancreatic can-

cer, including environmental causes, is scant.1–8 The meth-

odological characteristics and findings of previous studies

on persistent organic pollutants (POPs)9,10 and pancreatic

cancer risk1,11 support as well the conduct of further re-

search. Notably, all four previous studies1,4 measured POP

concentrations in blood samples drawn at the time of diag-

nosis of pancreatic cancer, thus being prone to disease pro-

gression bias, a form of reverse causation through which the

pathophysiological progression of the disease before diagno-

sis alters concentrations of the lipophilic contaminants in bi-

ological samples; as a consequence, disease-altered exposure

estimates lack aetiological significance. All four studies

found some POPs associated with pancreatic cancer risk;1,4

together with the other relevant studies,1–8,11 their findings

were of reference in designing the present study.

Therefore, the main objective of the present study was

to investigate in a prospective cohort associations between

baseline plasma concentrations of selected POPs and the

subsequent risk of exocrine pancreatic cancer, based on

previously defined methodological options.1

Methods

Study design and participants

The EPIC study was approved by the Ethical Review Board of

the International Agency for Research on Cancer (IARC, Lyon)

and by the local ethical committees. Participants signed an in-

formed consent before completing questionnaires at baseline.

The study design has been described in detail.1,12

Briefly, we performed a case-control study nested within

the European Prospective Investigation into Cancer and

Nutrition (EPIC). The EPIC cohort recruited 521 457 par-

ticipants aged 35 to 70 years between 1992 and 2000 in 23

centres from 10 European countries. Three bio-repositories

from EPIC contributed samples for the present study: the

repositories in Denmark and in Sweden (Västerbotten

county, including Umeå), and the IARC central repository,

which stored the biospecimens of Germany, the UK, The

Netherlands, Italy, Spain, Greece, France and Norway.

At recruitment, participants had blood drawn and a

questionnaire collected baseline information about socio-

demographic characteristics, lifestyles (such as usual diet,

lifetime history of alcohol and tobacco consumption) and

medical history. Participants were followed until cancer di-

agnosis, death, migration or the end of the follow-up pe-

riod (2007, 2010 and 2014 for Denmark, IARC and

Sweden, respectively), whichever occurred first. The me-

dian length of follow-up of participants was 11.6 years.1

A total of 513 pancreatic cancer cases were included in

the present study: 135 from Denmark, 79 from Sweden

and 299 from the other mentioned countries.1 Exclusion

criteria were: (i) cases of endocrine pancreatic cancer;

(ii) occurrence of other malignant tumours preceding the

diagnosis of pancreatic cancer, except for non-melanoma

skin cancer; (iii) participants diagnosed with pancreatic

cancer during the first 2 years after blood draw (5 years for

cases from Denmark); and (iv) cases with less than two

straws of plasma remaining available.1 Cases were diag-

nosed from 1995 to 2014. For each case, two control par-

ticipants alive and free of cancer at the time of diagnosis of

the index case were selected using an incidence density sam-

pling procedure13; only six cases had just one control. Thus,

a total of 1020 matched controls were included. Matching

factors were study centre, sex, age at blood collection, date

and time of the day of blood collection, fasting status and,

for women, use of exogenous hormones.1

Key Messages

• This is the first study that measured persistent organic pollutants (POPs) long before pancreatic cancer occurred.

• Several of the 22 POPs analysed did not increase the risk of pancreatic cancer, but others did, some in a dose-

dependent manner.

• Associations were stronger in the groups predefined as most valid and relevant.

• Whereas the null associations are reassuring, results also suggest that policies controlling POPs contribute to prevent

pancreatic cancer.
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Characteristics of participants were also previously pub-

lished.1 At study entry, a higher proportion of cases than

controls were current smokers (33% vs 23%, respectively),

and had diabetes mellitus (6% of cases vs 3% of controls);

no differences between cases and controls were observed for

body mass index (BMI), total lipids and its components, al-

cohol consumption or physical activity. Smoking was barely

associated with POP concentrations (Spearman’s rho from

�0.16 to 0.15), very similarly in cases and controls.

Chemical analyses of plasma concentrations of

persistent organic pollutants and lipids

Laboratory methods have also previously been de-

scribed.1,14 Concentrations of 22 compounds were mea-

sured by gas chromatography–triple quadrupole mass

spectrometry (GC-MS/MS) in 200 mL plasma samples at

the National Institute for Health and Welfare (THL),

Finland. Measured POPs were: three polybrominated

diphenyl ethers (PBDEs 47, 99, 153), eight non-dioxin-like

polychlorinated biphenyls (PCB congeners 74, 99, 138,

153, 170, 180, 183 and 187), two dioxin-like PCBs (conge-

ners 118 and 156), and nine organochlorine (OC) pesti-

cides or their metabolites: dichlorodiphenyltrichloroethane

(p, p’-DDT), dichlorodiphenyldichloroethene (p, p’-DDE),

a-hexachlorocyclohexane (a-HCH), b-HCH, c-HCH, pen-

tachlorobenzene (PeCB), hexachlorobenzene (HCB), trans-

nonachlor and oxychlordane.

The instrument used was an Agilent 7010 GC-MS/MS

system (Wilmington, DE, USA), GC column DB-5MS UI

(J&W Scientific, 20 m, ID 0.18 mm, 0.18 lm). Limits of

detection and quantification for POPs were 2 to 16 pg/mL

and 5 to 40 pg/mL, respectively.1 When a sample had a

concentration of a compound below the detection thresh-

old, it was assigned the mid-value of this limit; when a

compound was detected but under the quantification

threshold, the mid-value between detection and quantifica-

tion limits was used. We focused the main statistical analy-

ses on the 16 compounds that were detected in �90% of

participants: p, p’-DDT, p, p’-DDE, oxychlordane, trans-

nonachlor, HCB, b-HCH and all 10 PCB congeners.1

Measurements of total cholesterol and triglycerides

were carried out enzymatically by Abbott Architect

reagents (Abbott Laboratories, Abbott Park, IL, USA).

Total lipids (TL) were calculated by the standard formula

2.15 POP concentrations were individually converted to

lipid-based concentrations (i.e. corrected for TL) by divid-

ing the crude plasma POP concentration by TL.15

Statistical analyses

Univariate statistics were computed as customary.13 To as-

sess differences in POP concentrations by case-control

status, a Mann–Whitney U test was used. To estimate the

magnitude of the associations between plasma concentra-

tions of POPs and pancreatic cancer risk, odds ratios

(ORs) and their corresponding 95% confidence intervals

(CIs) were calculated by conditional logistic regression.13

When the ORs showed no linear trend, the P-value was de-

rived from Wald’s test. When a linear trend was apparent,

the test for such trend was the multivariate analogue of

Mantel’s extension test.13 Models were built based on four

causal scenarios, two of which (A and B) were a priori

deemed more relevant for the present study; they both sug-

gested that more valid estimates are obtained when crude

POP concentrations are analysed.1 In addition, we also

present results from models using lipid-corrected POPs and

adjusting for BMI and smoking.

We also analysed associations in the most valid stra-

tum1 of four variables: fasting (>6 h), diagnostic basis (mi-

croscopic confirmation), BMI (normal weight) and

smoking (never smokers). Similarly, we analysed associa-

tions in the most relevant stratum of the interval between

blood extraction and date of cancer diagnosis of the index

case (index date) (�10 years). When models were restricted

to a stratum (e.g. normal weight, never smokers) of a non-

matching factor (e.g. BMI, smoking), ORs and CIs were

calculated by unconditional logistic regression adjusting

for all matching factors. The rationale for other analyses

by sex, age at diagnosis and birth cohort (1919–38, 1939–

45, 1946–64) has also been explained.1

POP concentrations were entered in the models either

as crude concentrations (pg/mL) or individually corrected

by TL (ng/g of lipid),15 using quartile categories. Cut-off

points for the quartiles were based on the distribution of

controls’ concentrations (Table 1).1 In models for POPs

detected in <90% of participants (PBDEs 47, 99, 153, a-

HCH, c-HCH and PeCB), concentrations were categorized

as ‘non-detected’, ‘detected, non-quantified’ and ‘detected

and quantified’.

To assess exposure to multiple compounds, we com-

puted: (i) the sum of all 10 PCBs; (ii) the sum of four PCBs;

(iii) the sum of orders of the six OC pesticides quantified in

�90% of participants; and (iv) the sum of orders of the 16

POPs quantified in �90% of participants (Table 1).1,16 We

computed the number of POPs detected in each person at

high concentrations (nPhc) by adding the number of POPs

(out of the 16 POPs quantified in �90% of participants)

whose plasma concentrations were equal to or greater than

a selected cut-off point, as percentile 75.17

A relatively large number of associations were tested

without changing the level of statistical significance; both

the latter, the precision of the estimates and the magnitude

of the associations were assessed.13,18 Analyses were con-

ducted using SPSS version 22 and R version 3.5.2.
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Results

Crude (unadjusted) concentrations of the 22 POPs analysed

were similar in cases and controls. Thus, median concentra-

tions were only slightly higher in cases than controls (P-val-

ues ranged from 0.080 to 0.970); this was so for both lipid-

uncorrected (Table 1) and lipid-corrected concentrations.

The risk of pancreatic cancer increased slightly with in-

creasing concentrations of certain POPs, sometimes in a

dose-dependent manner. Relevant ORs were observed for

p, p0-DDT, trans-nonachlor, b-HCH and for the sum of

orders of the six organochlorine pesticides and of the 16

POPs (lipid-uncorrected POP concentrations, Table 2,

Model 1). The OR for the upper quartile of trans-nona-

chlor was 1.55 (95% CI 1.06-2.26, P for trend¼ 0.025). In

models adjusted for BMI, such ORs became slightly

weaker (Table 2, Model 2). When Models 2 were further

adjusted for tobacco smoking, the estimates were

unchanged; the OR for the upper quartile b-HCH went

from 1.23 to 1.20 (95% CI 0.72-1.99, P¼0.016). No rele-

vant associations were observed when analysing lipid-cor-

rected concentrations of POPs adjusted for BMI and

smoking (Table 2, Model 3). Further adjusting for alcohol,

physical activity, diabetes or education did not materially

change the effect estimates shown in Table 2.

No associations were observed for hexachlorobenzene

and PCBs (Supplementary Table S1, available as

Supplementary data at IJE online), nor for PBDEs and the

other less detected POPs (Supplementary Table S2, avail-

able as Supplementary data at IJE online). Highly similar

risks were observed for all compounds between women

and men.

As compared with estimates for the entire study popula-

tion, virtually all ORs were higher in the strata a priori de-

fined as most valid or relevant (Table 3 and Figures 1 and

2; Supplementary Table S3, available as Supplementary

data at IJE online), although precision was sometimes

Table 1 Plasma concentrations of persistent organic pollutants (POPs) in cases and controlsa

Persistent organic pollutants Cases (n¼513) Controls (n¼1020) P-valueb

Organochlorine (OC) pesticides

Dichlorodiphenyltrichloroethane (p, p’-DDT) 90.9 (49.7–160.5) 82.2 (46.5–170.2) 0.219

Dichlorodiphenyldichloroethene (p, p’-DDE) 3590.3 (1870.2–6914.2) 3255.6 (1695.9–6623.6) 0.126

Oxychlordane 55.7 (38.9–85.2) 55.0 (36.8–81.4) 0.199

Trans-nonachlor 77.0 (50.1–125.2) 72.1 (46.6–118.9) 0.080

Hexachlorobenze 405.2 (263.5–746.3) 389.1 (247.5–807.1) 0.535

b-hexachlorocyclohexane 373.7 (200.7–689.3) 332.9 (200.5–658.6) 0.361

Polychlorinated biphenyls (PCBs)

PCB 118 149.3 (97.0–230.1) 152.7 (98.1–235.0) 0.718

PCB 156 126.5 (83.3–169.8) 121.7 (83.3–169.8) 0.723

PCB 138 641.8 (438.3–945.0) 632.3 (424.5–924.9) 0.450

PCB 153 1036.0 (713.1–1459.9) 1017.0 (707.0–1445.6) 0.657

PCB 180 795.9 (579.6–1122.6) 819.1 (573.5–1133.2) 0.881

PCB 74 65.8 (44.6–97.9) 66.6 (44.7–97.3) 0.852

PCB 99 73.7 (46.0–110.9) 69.6 (45.9–105.8) 0.387

PCB 170 368.2 (258.0–509.6) 370.1 (256.2–520.3) 0.970

PCB 183 77.5 (51.4–115.8) 75.1 (48.7–111.9) 0.424

PCB 187 194.8 (131.8–277.5) 190.0 (124.8–278.3) 0.718

Sum of all 10 PCBsc 3631.6 (2485.2–5011.5) 3571.0 (2496.6–4946.1) 0.711

Sum of 4 PCBsd 2676.5 (1851.0–3720.1) 2645.0 (1835.1–3698.1) 0.709

Sum of orders, 6 OC pesticidese 16.0 (12–19) 15.0 (11–19) 0.105

Sum of orders, 16 POPsf 41.0 (31–51) 40.0 (29–51) 0.380

Number of POPs at high concentrations (nPhc) 3.0 (0–7) 2.0 (0–7) 0.363

aCrude concentrations expressed in median (and percentile 25–percentile 75), pg/mL (parts per trillion, ppt). The individual compounds are the 16 persistent

organic pollutants (POPs) detected in �90% of participants.1

bP-value for Mann-Whitney U test (two-tailed).
cSum of the individual concentrations of eight non-dioxin-like polychlorinated biphenyls (PCBs) (congeners 74, 99, 138, 153, 170, 180, 183 and 187), and two

dioxin-like PCBs (congeners 118 and 156).
dSum of the individual concentrations of PCB congeners 118, 138, 153 and 180.
ep, p’-DDT, p, p’-DDE, oxychlordane, trans-nonachlor, hexachlorobenze, and b-hexachlorocyclohexane, the 6 organochlorine (OC) pesticides detected at

higher concentrations. For these 6 OC pesticides, the sum of orders was computed by categorizing each pesticide in quartiles, and then adding the category num-

ber, thus producing a value ranging between 6 and 24.
fFor the 16 POPs quantified in �90% of participants, the sum of orders was computed by categorizing each POP in quartiles, and then adding the category

number, thus producing a value ranging between 16 and 64.1
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lower due to lower numbers. Among participants having

fasted >6 h at blood collection, the ORs were �1.5 for 10

of the 11 exposure categories shown in Table 3; the OR

for the fourth quartile of p, p0-DDE was 2.23 (95% CI

1.02-4.88, P for trend¼ 0.012). Higher ORs were also ob-

served among cases with microscopic confirmation than in

cases with a clinical diagnosis, with relevant estimates for

p, p0-DDT, oxychlordane, trans-nonachlor, b-HCH and

the two sums of orders (Table 3). Higher ORs were also

observed among normal-weight participants than in the

rest of participants, with relevant estimates for all 11 expo-

sure categories and particularly for the three PCBs and the

sum of orders of the six OC pesticides (ORs above 2 and

P<0.05) (Table 3). Results were essentially unchanged

Table 2 Risk of pancreatic cancer according to quartiles of concentrations of persistent organic pollutants (POPs)a

Persistent organic pollutants Model 1 Model 2 Model 3

OR (95% CI) Pb OR (95% CI) Pb OR (95% CI) Pb

p, p’-DDT

1st quartile 1.00 0.029 1.00 0.037 1.00 0.909

2nd quartile 1.11 (0.80–1.53) 1.06 (0.77–1.48) 1.09 (0.79–1.52)

3rd quartile 1.57 (1.12–2.19) 1.46 (1.04–2.06) 1.14 (0.80–1.62)

4th quartile 1.12 (0.74–1.70) 0.97 (0.62–1.50) 1.09 (0.69–1.73)

p, p’-DDE

1st quartile 1.00 0.129c 1.00 0.313c 1.00 0.391c

2nd quartile 1.05 (0.77–1.45) 1.03 (0.75–1.42) 1.10 (0.80–1.53)

3rd quartile 1.22 (0.88–1.69) 1.15 (0.83–1.61) 1.18 (0.84–1.66)

4th quartile 1.29 (0.88–1.88) 1.18 (0.80–1.74) 1.16 (0.78–1.73)

Oxychlordane

1st quartile 1.00 0.135 1.00 0.257 1.00 0.397c

2nd quartile 1.40 (1.02–1.93) 1.36 (0.98–1.88) 1.14 (0.82–1.59)

3rd quartile 1.19 (0.84–1.69) 1.18 (0.83–1.68) 1.17 (0.82–1.66)

4th quartile 1.42 (0.98–2.06) 1.35 (0.92–1.97) 1.19 (0.81–1.76)

Trans-nonachlor

1st quartile 1.00 0.025c 1.00 0.038c 1.00 0.110c

2nd quartile 1.27 (0.91–1.76) 1.32 (0.94–1.85) 1.12 (0.80–1.58)

3rd quartile 1.38 (0.98–1.96) 1.39 (0.97–1.98) 1.25 (0.87–1.79)

4th quartile 1.55 (1.06–2.26) 1.54 (1.04–2.27) 1.36 (0.92–2.00)

b-hexachlorocyclohexane

1st quartile 1.00 0.008 1.00 0.014 1.00 0.395

2nd quartile 0.78 (0.55–1.09) 0.74 (0.52–1.04) 0.79 (0.54–1.15)

3rd quartile 1.41 (0.96–2.05) 1.30 (0.88–1.93) 1.04 (0.69–1.58)

4th quartile 1.37 (0.86–2.17) 1.23 (0.75–2.01) 1.01 (0.59–1.72)

Sum of orders, 6 OC pesticides

1st quartile 1.00 0.045c 1.00 0.110c 1.00 0.680

2nd quartile 1.29 (0.92–1.79) 1.21 (0.86–1.70) 1.19 (0.87–1.64)

3rd quartile 1.56 (1.08–2.27) 1.47 (1.00–2.16) 1.09 (0.75–1.58)

4th quartile 1.48 (1.00–2.20) 1.37 (0.91–2.07) 1.20 (0.81–1.78)

Sum of orders, 16 POPs

1st quartile 1.00 0.034 1.00 0.031 1.00 0.254

2nd quartile 1.49 (1.06–2.09) 1.49 (1.05–2.11) 1.38 (0.98–1.93)

3rd quartile 1.67 (1.17–2.39) 1.68 (1.17–2.41) 1.15 (0.78–1.68)

4th quartile 1.38 (0.94–2.02) 1.34 (0.90–1.97) 1.14 (0.77–1.70)

OR, odds ratio, an OR¼ 1 indicates the reference category; CI, confidence interval; p, p’-DDT, dichlorodiphenyltrichloroethane; p, p’-DDE,

dichlorodiphenyldichloroethene.
aQuartile cut-off points based on the distribution of plasma concentrations in controls, see Table 1; e.g. for p, p’-DDT (Models 1 and 2), the highest concentra-

tion for the first quartile is 46.5 pg/mL, the highest concentration for the second quartile is 82.2 pg/mL and the highest concentration for the third quartile is

170.2 pg/mL. All models from conditional (matched) logistic regression. Matching factors: centre, sex, age at blood collection, date and time at blood collection,

fasting status and, for women, use of exogenous hormones. Model 1: crude POP concentrations. n¼1533 (513 cases and 1020 controls). Model 2: crude POP

concentrations; model further adjusted for body mass index. n¼ 1493 (501 cases and 992 controls). Model 3: POP concentrations individually corrected by total

lipids; model further adjusted for body mass index and tobacco smoking (never, former, and current). n¼ 1464 (493 cases and 971 controls).
bUnless otherwise specified, P-value derived from Wald’s test, which was applied when no linear trend was apparent.
cTest for linear trend (multivariate analogue of Mantel’s extension test).

484 International Journal of Epidemiology, 2022, Vol. 51, No. 2



when correcting for total lipids. Among participants with a

time from blood extraction to the index date �10 years,

estimates were also higher than in participants with a

shorter follow-up, with relevant estimates for 10 exposure

categories, particularly for trans-nonachlor, three PCBs

and the sum of orders of the 16 POPs (ORs above 2 and

some near 3, P<0.05) (Table 3). When models were fur-

ther adjusted by tobacco smoking, the ORs were materially

unchanged; for example, among participants with a fol-

low-up �10 years, the OR for the upper quartile of trans-

nonachlor was 2.14 (95% CI 1.01-4.53, P for

trend¼ 0.035). Among never smokers, the ORs were rele-

vant (�1.5 and all P-values �0.194) for p, p0-DDT, oxy-

chlordane, trans-nonachlor, hexachlorobenzene, b-HCH,

two PCBs and the two sums of orders (Figure 1). Overall,

trans-nonachlor (Figure 2), three PCBs and the two sums

of orders were the exposures most clearly associated with

pancreatic cancer risk.

There were also associations with hexachlorobenzene,

the two sums of PCBs, BDE 47 and BDE 99 among nor-

mal-weight participants, as well as with hexachloroben-

zene and some measures of PCB exposure among

participants with a follow-up �10 years (Supplementary

Table S3).

Among the three birth cohorts, the only clearly different

risk pattern was observed for PCB 99 in the younger co-

hort (1946–64): the OR for the upper quartile was 5.08

(95% CI 1.13-22.88) (conditional model with lipid-cor-

rected POPs and further adjusted for BMI and smoking,

with consistent estimates in the other models). Analyses by

age at diagnosis of pancreatic cancer did not reveal consis-

tent differences.

Although analyses by study centre were not a primary

objective,1 we did note increased ORs in Sweden; for ex-

ample, the OR for the upper quartile of trans-nonachlor

was 3.92 (Supplementary Table S4, Model 2, available as

Figure 1 Risk of pancreatic cancer according to quartiles of concentrations of persistent organic pollutants (POPs) in never smokers. Models based on

crude POP concentrations. Since each model is restricted to a stratum (never smokers) of a non-matching factor (smoking), odds ratios (ORs) and

confidence intervals (CIs) were calculated by unconditional logistic regression adjusting for all matching factors, as well as for body mass index

(BMI); thus, results from the model can be compared with results from Model 2 in Table 2. n ¼ 638 (202 cases and 436 controls)
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Supplementary data at IJE online); the corresponding fig-

ure for PCBs 99, 138 and 183 was always >3.4; for the sum

of 10 PCBs, 9.79, and for the sum of orders of the 16 POPs,

3.30 (all P<0.02). When further adjusted for smoking, the

ORs remained similar or slightly weaker; for example, the

OR for the upper quartile of trans-nonachlor was 3.75 (95%

CI 1.00-14.12, P for trend¼ 0.016). When lipid-corrected

POPs were adjusted for BMI and smoking, most ORs for the

pesticides decreased again, whereas the ORs for the PCBs

remained unchanged (Supplementary Table S4, Model 3).

Discussion

A few moderately increased risks of pancreatic cancer were

apparent for the highest crude concentrations of certain

POPs, sometimes with a dose-response relationship.19,20

Risks were weaker or not consistently increased when ana-

lysing lipid-corrected concentrations. Overall, trans-

nonachlor, some PCBs and the two sums of orders were

the exposures most clearly associated with pancreatic can-

cer risk. These compounds have been found to increase

pancreatic cancer risk in some but not all four previous

studies:1,4 more clearly, trans-nonachlor in the San

Francisco Bay Area Study and in the Örebro study, and

PCBs in San Francisco.

Based on the a priori defined causal scenarios A and B,1

we built conditional logistic regression models (i.e., adjust-

ing for matching factors), essentially using crude concen-

trations of POPs. Therefore, precedence should be given to

Models 1 and 2 of Table 2, and to models in Table 3.

There were no differences between cases and controls in to-

tal lipids and its components—as in scenario A in

Supplemental Figure 1 in Gasull et al.1—nor in BMI.

Smoking was more frequent among cases than controls,

but it was not associated with POPs. These observations

argue against the need to condition on total lipids, BMI or

smoking.16,21 Nevertheless, to explore alternative

Figure 2 Risk of pancreatic cancer according to quartiles of trans-nonachlor in the most valid or relevant stratum of fasting (>6 h) (A), diagnostic basis

(microscopic confirmation) (B), weight (normal weight) (C), and interval between blood extraction and index date (�10 years) (D). From left to right:

Q2, Q3 and Q4. Models based on crude concentrations. (A, B, D) Conditional logistic regression, model further adjusted for body mass index. (C)

Unconditional logistic regression adjusting for all matching factors. (A) n ¼ 430 (150 cases and 280 controls). (B) n ¼ 1110 (372 cases and 738 con-

trols). (C) n ¼ 611 (197 cases and 414 controls). (D) n ¼ 532 (179 cases and 353 controls). Q, quartile
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Table 3 Risk of pancreatic cancer according to quartiles of concentrations of persistent organic pollutants (POPs) in groups pre-

defined as most valid of fasting (>6 h), diagnostic basis (microscopic confirmation) and weight (normal), and as most relevant

(follow-up �10 years)a

Persistent organic

pollutants

Fasting >6 hb,c Microscopic confirmationb,d Normal weighte,f Follow-up �10 yearsb,g

OR (95% CI) Ph OR (95% CI) Ph OR (95% CI) Ph OR (95% CI) Ph

p, p0-DDT

1st quartile 1.00 0.204 1.00 0.074 1.00 0.180 1.00 0.026

2nd quartile 1.06 (0.55–2.03) 1.15 (0.80–1.67) 1.45 (0.91–2.32) 1.22 (0.70–2.14)

3rd quartile 1.81 (0.93–3.53) 1.57 (1.06–2.33) 1.57 (0.94–2.61) 1.94 (1.10–3.42)

4th quartile 1.23 (0.52–2.91) 1.04 (0.62–1.73) 0.98 (0.46–2.11) 0.93 (0.44–1.99)

p, p’-DDE

1st quartile 1.00 0.012i 1.00 0.177i 1.00 0.012i 1.00 0.088i

2nd quartile 0.98 (0.46–2.07) 1.05 (0.73–1.51) 1.32 (0.81–2.14) 1.23 (0.70–2.15)

3rd quartile 1.85 (0.94–3.63) 1.22 (0.84–1.79) 2.04 (1.23–3.39) 1.44 (0.81–2.56)

4th quartile 2.23 (1.02–4.88) 1.31 (0.84–2.03) 1.79 (0.95–3.37) 1.71 (0.90–3.26)

Oxychlordane

1st quartile 1.00 0.072 1.00 0.192 1.00 0.111i 1.00 0.242

2nd quartile 1.51 (0.77–2.94) 1.37 (0.94–1.99) 1.04 (0.63–1.74) 1.52 (0.84–2.73)

3rd quartile 0.88 (0.41–1.87) 1.14 (0.76–1.71) 1.31 (0.76–2.24) 1.81 (0.99–3.31)

4th quartile 1.78 (0.84–3.81) 1.50 (0.97–2.31) 1.58 (0.85–2.94) 1.34 (0.69–2.63)

Trans-nonachlor

1st quartile 1.00 0.058i 1.00 0.032i 1.00 0.041i 1.00 0.026i

2nd quartile 1.12 (0.54–2.30) 1.39 (0.93–2.08) 1.45 (0.86–2.46) 1.61 (0.84–3.09)

3rd quartile 1.16 (0.55–2.47) 1.30 (0.85–1.99) 1.81 (1.05–3.11) 2.49 (1.28–4.85)

4th quartile 1.93 (0.90–4.14) 1.74 (1.11–2.73) 1.81 (0.97–3.37) 2.19 (1.06–4.51)

b-hexachlorocyclohexane

1st quartile 1.00 0.573 1.00 0.024 1.00 0.049 1.00 0.225

2nd quartile 0.74 (0.37–1.45) 0.73 (0.50–1.06) 0.68 (0.40–1.16) 0.78 (0.43–1.41)

3rd quartile 0.88 (0.39–1.97) 1.34 (0.86–2.07) 1.40 (0.78–2.54) 1.48 (0.77–2.84)

4th quartile 1.32 (0.46–3.76) 1.31 (0.74–2.33) 1.42 (0.64–3.16) 1.32 (0.55–3.16)

PCB 99

1st quartile 1.00 0.071 1.00 0.223 1.00 0.007i 1.00 0.008i

2nd quartile 0.71 (0.34–1.46) 0.75 (0.50–1.11) 1.05 (0.62–1.80) 1.14 (0.61–2.14)

3rd quartile 1.15 (0.57–2.31) 1.05 (0.72–1.53) 1.45 (0.86–2.44) 2.20 (1.19–4.07)

4th quartile 1.62 (0.80–3.30) 1.04 (0.69–1.56) 2.01 (1.14–3.54) 2.04 (1.06–3.94)

PCB 138

1st quartile 1.00 0.319 1.00 0.749 1.00 0.035i 1.00 0.024i

2nd quartile 0.87 (0.41–1.82) 0.95 (0.63–1.43) 1.97 (1.13–3.41) 1.30 (0.65–2.61)

3rd quartile 1.20 (0.56–2.59) 0.96 (0.63–1.47) 1.64 (0.90–3.00) 1.85 (0.90–3.79)

4th quartile 1.56 (0.70–3.44) 1.13 (0.73–1.76) 2.32 (1.23–4.36) 2.13 (1.01–4.51)

PCB 183

1st quartile 1.00 0.072i 1.00 0.369i 1.00 0.027i 1.00 0.023i

2nd quartile 1.38 (0.57–3.33) 1.10 (0.74–1.64) 1.55 (0.90–2.65) 2.21 (1.15–4.25)

3rd quartile 1.41 (0.59–3.38) 1.15 (0.76–1.75) 1.57 (0.90–2.73) 2.46 (1.20–5.05)

4th quartile 2.12 (0.86–5.21) 1.22 (0.79–1.90) 2.10 (1.14–3.88) 2.76 (1.31–5.80)

Sum of orders, 16 POPs

1st quartile 1.00 0.080i 1.00 0.053 1.00 0.047i 1.00 0.016i

2nd quartile 1.77 (0.79–3.97) 1.41 (0.95–2.10) 1.57 (0.92–2.67) 2.41 (1.20–4.83)

3rd quartile 2.17 (0.98–4.78) 1.80 (1.18–2.73) 1.75 (1.03–3.00) 3.02 (1.45–6.29)

4th quartile 2.19 (0.97–4.92) 1.42 (0.92–2.20) 1.83 (1.00–3.35) 3.00 (1.39–6.46)

Sum of orders, 6 OC pesticides

1st quartile 1.00 0.211i 1.00 0.047i 1.00 0.014i 1.00 0.149i

2nd quartile 1.19 (0.61–2.32) 1.07 (0.73–1.56) 1.41 (0.87–2.27) 1.45 (0.81–2.60)

3rd quartile 1.75 (0.85–3.58) 1.53 (1.00–2.35) 1.71 (0.97–3.04) 1.88 (0.97–3.66)

4th quartile 1.56 (0.71–3.41) 1.46 (0.92–2.31) 2.22 (1.15–4.26) 1.71 (0.84–3.46)

(Continued)
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scenarios, in some instances we also used lipid-corrected

POPs or further conditioned on BMI or smoking.

As compared with estimates for all participants, associ-

ations were stronger in the groups predefined as most

valid or relevant.1 Thus, higher ORs were observed among

normal-weight participants than in the rest of partici-

pants, with ORs above 2 for three PCBs and the sum of

orders of the six OC pesticides. Among participants who

had fasted >6 h at blood collection, the ORs were remark-

able for 10 exposure categories. Whereas matching factors

included age, date and time of the day of blood collection,

and fasting status, results are coherent with the notion that

exposure misclassification is lower and the comparison of

POP measures between cases and controls more accurate

among participants who fast longer or have normal

weight.1,9,13,15,16

Higher ORs were also observed among cases with mi-

croscopic confirmation than in cases with a clinical diagno-

sis; disease misclassification is less likely among cases with

microscopic confirmation.1,11 Among never smokers—a

stratum where residual confounding was likely lower—the

ORs were also increased for several compounds.

Among participants with a follow-up �10 years, esti-

mates were also higher than in participants with a shorter

follow-up, with relevant estimates for 10 exposure

categories.

Analyses by birth cohort and by age at diagnosis of pan-

creatic cancer did not reveal consistent differences. Cases

were between 30 and 75 years old at study entry, they were

diagnosed from 1995 to 2014, their median length of fol-

low-up was 12 years and the median age at diagnosis was

66 years.1 Demographic characteristics were thus quite di-

verse, but a longer follow-up would be desirable.

Although POPs have long half-lives, one single measure

of POP concentrations in adulthood is obviously more lim-

ited than two or more measures to assess the intensity and

duration of POP body burden (e.g., in youth and adult-

hood).19–21 In cohorts as large as EPIC, repeated measure-

ments of biomarkers are not common.

Given the available knowledge on adverse pancreatic

effects of other contaminants,2–9,11,16,22,23 the number of

compounds analysed was small. Although the associations

were generally weak, their population impact might be rel-

evant since low-dose exposure is widespread,19,20,22 and

some populations worldwide have POP concentrations

similar to the concentrations where we observed associa-

tions.10 Whereas the null and moderate associations are

reassuring, the positive findings are in line with policies

that aim to prevent human exposure to POPs.

By study centre, POP estimates were only consistently

increased in Sweden. Compared with participants from the

other countries, more participants from Sweden had been

fasting for more than 6 h, were younger at blood collection

and had a lower BMI, longer follow-up and higher concen-

trations of total lipids.1 These factors did not explain the

stronger associations in Sweden. We can only speculate

why; for example, perhaps in Sweden but not in the other

countries, the compounds that appeared more strongly

Table 3 Continued

Persistent organic

pollutants

Fasting >6 hb,c Microscopic confirmationb,d Normal weighte,f Follow-up �10 yearsb,g

OR (95% CI) Ph OR (95% CI) Ph OR (95% CI) Ph OR (95% CI) Ph

Number of POPs at high concentrations (nPhc)

0 1.00 0.048i 1.00 0.181i 1.00 0.050i 1.00 0.061

1–5 1.78 (0.95–3.35) 1.13 (0.80–1.61) 1.64 (1.05–2.55) 1.78 (1.09–2.93)

>5 2.01 (1.05–3.84) 1.28 (0.89–1.84) 1.61 (0.97–2.69) 1.71 (0.99–2.97)

OR, odds ratio, an OR¼ 1 indicates the reference category; CI, onfidence interval; p, p’-DDT, dichlorodiphenyltrichloroethane; p, p’-DDE,

dichlorodiphenyldichloroethene.
aAll four models are based on crude concentrations of persistent organic pollutants (POPs). Columns show results for the predefined1 most valid stratum of

three variables: fasting (>6 h), diagnostic basis (microscopic confirmation) and normal weight, and for the most relevant stratum of the interval between blood ex-

traction and date of cancer diagnosis of the index case (index date) (follow-up �10 years). Results for the most valid stratum of smoking (never smokers) are

shown in Figure 1.
bConditional logistic regression, model further adjusted for body mass index.
cn¼ 430 (150 cases and 280 controls).
dn¼ 1110 (372 cases and 738 controls).
eSince the model is restricted to a stratum (normal weight) of a non-matching factor (body mass index), ORs and CIs were calculated by unconditional logistic

regression adjusting for all matching factors.
fn¼ 611 (197 cases and 414 controls).
gn¼ 532 (179 cases and 353 controls).
hUnless otherwise specified, P-value derived from Wald’s test.
iTest for linear trend (multivariate analogue of Mantel’s extension test).
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associated with an increased risk of pancreatic cancer were

also associated with other, unmeasured contaminants also

associated with an increased risk.

Our planned analyses include assessing: the joint and

separate impact of POPs, dietary patterns and anthropomet-

ric factors on pancreatic cancer risk; the possible mediating

role of type 2 diabetes in the association between POPs and

that risk; and the possible mediating role of POPs in the as-

sociation between type 2 diabetes and such risk. In this re-

port, we did not adjust the associations between plasma

concentrations of POPs and pancreatic cancer risk by die-

tary factors24 because diet is a common source of POPs.13

The influence of diet and other lifestyle and personal factors

on POP concentrations in cases and controls will also be un-

dertaken soon.16,22 Future studies with even larger sizes

might analyse differences in risks among countries.

The validity of this study nested within the half-million

people EPIC cohort is substantially higher than previous

studies.1,4,11 Notably, this is the first time that POPs were

measured long before pancreatic cancer occurred; this lag

time yielded similar concentrations of lipids and BMI

among cases and controls, and it practically ruled out dis-

ease progression bias.1 The study also included a higher

number of participants and contaminants than previous

studies, and precision was good even for associations of

modest magnitude. More complex studies would be war-

ranted to measure at several points during the life course

and with different latency periods the possible effects on

pancreatic cancer risk of a higher variety of chemical mix-

tures, as well as their interactions with other biological,

clinical and environmental factors, including interactions

with changes in BMI and with endocrine, metabolic and

inflammatory disorders.1,9,11,21,25

Individually or in combination, most of the 22 POPs

analysed did not or only moderately increased the risk of

pancreatic cancer.
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CRUE-Santander Fondo Supera Covid-19 [15072020]; and the

Hellenic Health Foundation. Swedish investigators acknowledge the

contribution from Biobank Sweden, supported by the Swedish

Research Council [VR 2017–00650].

Acknowledgements
The authors gratefully acknowledge technical and scientific assis-
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