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Smoking is an established risk factor for pancreatic cancer, previously investigated by the means of questionnaires. Using
cotinine as a biomarker for tobacco exposure allows more accurate quantitative analyses to be performed. This study on
pancreatic cancer, nested within the European Prospective Investigation into Cancer and Nutrition (EPIC cohort), included 146
cases and 146 matched controls. Using liquid chromatography-mass spectrometry, plasma cotinine levels were analyzed on
average 8.0 years before cancer onset (5-95% range: 2.8-12.0 years). The relation between plasma cotinine levels and
pancreatic cancer was analyzed with conditional logistic regression for different levels of cotinine in a population of never and
current smokers. This was also done for the self-reported number of smoked cigarettes per day at baseline. Every increase of
350 nmol/L of plasma cotinine was found to significantly elevate risk of pancreatic cancer [odds ratio (OR): 1.33, 95%
confidence interval (CI): 1.11-1.60]. People with a cotinine level over 1187.8 nmol/L, a level comparable to smoking 17
cigarettes per day, have an elevated risk of pancreatic cancer, compared to people with cotinine levels below 55 nmol/L (OR:
3.66, 95% Cl: 1.44-9.26). The results for self-reported smoking at baseline also show an increased risk of pancreatic cancer
from cigarette smoking based on questionnaire information. People who smoke more than 30 cigarettes per day showed the
highest risk compared to never smokers (OR: 4.15, 95% Cl: 1.02-16.42). This study is the first to show that plasma cotinine

levels are strongly related to pancreatic cancer.

Pancreatic cancer is the fifth most common cause of cancer
death in Europe' and the fourth in the United States.” Apart
from smoking tobacco, few risk factors have been identified
for pancreatic cancer.’ In all previous epidemiological studies,
exposure assessment was based on information from ques-
tionnaires and it has been suggested that questionnaires
underestimate smoking prevalence.* Additionally, environ-
mental exposure to tobacco smoke is hard to determine pre-
cisely using a questionnaire.

Meta-analyses on smoking and cancer showed that smok-
ers have an increased risk (1.7 times) of getting pancreatic
cancer compared with never smokers.>” The risk of pancre-
atic cancer increases in relation to the number of cigarettes
smoked and to the lifetime consumption of cigarettes.®™®

Cotinine is the main metabolite of nicotine, and is used as
a biomarker of exposure to tobacco.”'® The benefit of using
cotinine is that it accurately quantifies systemic exposure to

nicotine in both smokers and never smokers. However, coti-
nine reflects recent (1-2 days) exposure'' and can therefore
only be used to show an association for current smokers. In
adult smokers, a 1 mg nicotine intake approximately corre-
sponds to 1 smoked cigarette’ and a blood cotinine level of
71 nmol/L.'>"?

The use of cotinine allows for investigation of the role of
environmental tobacco smoke in never smokers and in smok-
ers accounts for different aspects of the exposure, including
smoking intensity, tobacco composition, and bioavailabil-
ity."!* There are no previous reports describing the associa-
tion between plasma cotinine levels and pancreatic cancer.

We present results from a case-control study nested
within the European Prospective Investigation into Cancer
and Nutrition (EPIC) that aims to investigate the association
between smoking and pancreatic cancer, using plasma coti-
nine levels as a biomarker for smoking exposure.

Int. J. Cancer: 131, 997-1002 (2012) © 2011 UICC
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Material and Methods

Study population

We performed a case-control analysis on pancreatic cancer,
nested within the EPIC cohort. The EPIC cohort includes
521,448 individuals from 23 centers in 10 European countries
(Denmark, France, Greece, Germany, Italy, Netherlands, Nor-
way, Spain, Sweden and United Kingdom) and has been
described in detail before."* The study population included vol-
unteers aged between 25 and 70 at the time of recruitment.
Informed consent forms were obtained at each local center, and
local ethical committees and the IARC IRB have approved the
study. Questionnaire data on diet, lifestyle and personal history,
anthropometric data and blood samples were collected at the
time of enrolment for most of the participants.

Fasting and nonfasting blood samples of 30-40 mL were
drawn in all the recruitment centers and stored at 5-10°C
while protected from light and transported to local laborato-
ries for processing and aliquoting as previously described.'*'?
The EPIC bio-repositories are centralized at IARC, and each
local center stores a duplicate of its own samples. To main-
tain the stability and availability of the EPIC biological sam-
ples, all samples are stored at —196°C (liquid nitrogen) in
specially designed storage straws, with an aliquot of 0.5 mL
per straw. Samples from Sweden (2.0 mL aliquots) and
Denmark (1.0 mL aliquots) are stored locally at the regional
collaborating centers, in freezers at —80°C and under nitro-
gen vapor at a temperature of —150°C, respectively.

Pancreatic cancer diagnoses were based on population regis-
tries or a combination of active follow-up, next-of-kin informa-
tion, health insurance records and pathology records. Mortality
data were also obtained from cancer registries or mortality
registries. All participants were followed from recruitment
(1992-2000) until cancer development, death, emigration or the
end of follow-up period (1992-2006). Controls were matched
with cases by center, sex, length of follow-up and age (*1
month), date (=1 month) and time (*1 hr) at blood collection.

Out of 638 pancreatic cancer cases from the total cohort,
159 cases were excluded because no blood sample was avail-
able, they were diagnosed with another cancer previously, or
because the cancer was a neuroendocrine type or non-malig-
nant. Cases with missing cotinine values (n = 27) or missing
values for covariates (n = 30) were excluded. Seventy-seven
cases with a pancreatic cancer diagnosis within 2 years from
recruitment were excluded, to prevent inclusion of people
that may have changed their lifestyle because of early symp-
toms. Former smokers (196 cases) were excluded from the
analyses because they are likely to have an increased risk of
pancreatic cancer compared with never smokers, but have
low-cotinine values due to the short half-life of cotinine.
Three participants from Umea showed high cotinine values
(>1,500 nmol/L) but were reported as never smokers. It
seems plausible that these participants from Umea were snus
users (a moist powder tobacco product commonly used in

Northern Sweden'®'”) and were therefore excluded from fur-
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ther analyses. One hundred forty-six cases and 146 controls
were used in the analyses.

Exposure assessment

Plasma cotinine levels were analyzed for subjects included in the
nested case—control study by MS-based methods'® in the labora-
tory of BEVITAL AS (http://www.bevital.no) in Bergen, Norway.

Statistical analyses

The associations between plasma cotinine levels or baseline
number of cigarettes smoked per day and pancreatic cancer
were analyzed by conditional logistic regression. Both crude
odds ratios and odds ratios adjusted for body mass index
(BMI), socioeconomic status (i.e., highest level of education),
diabetes status and alcohol consumption at the time of recruit-
ment—in addition to matching variables—were calculated. Pos-
sible effect modification by BMI (continuous) or alcohol con-
sumption (categories of <5 g/day ethanol, 5-30 g/day and >30
g/day) was assessed by including a multiplicative interaction
term in the model and assessing its significance.

Additionally, as continuous analyses assume linear relations,
four categories of plasma cotinine levels were included in a
conditional logistic regression model. Participants with cotinine
levels below 55 nmol/L (%10 ng/mL) were used as a reference,
as was done by Boffetta.'” For the remaining participants
(n = 100), tertiles based on the plasma cotinine levels of con-
trols were created. To assess the potential effect of environmen-
tal tobacco smoke on pancreatic cancer, the relation between
cotinine and pancreatic cancer was assessed in participants with
cotinine levels under 55 nmol/L separately. For the analyses of
baseline number of cigarettes per day, groups of current smok-
ers that smoke less than 10 cigarettes, 10-20 cigarettes, 20-30
cigarettes and more than 30 cigarettes per day were compared
with never smokers. Tests for trend were performed across
categories, using median values for each category modeled as a
continuous variable. Increments of 350 nmol/L cotinine and
five cigarettes smoked per day at baseline were used to ensure
better interpretable and comparable odds ratios. All analyses
were performed using SAS 9.1. All tests were two-sided and sta-
tistical significance was assessed at the level of 0.05.

Results

Table 1 compares baseline characteristics of controls and
cases. BMI, smoking status and cotinine values showed a dif-
ference between cases and controls. The results for the crude
analysis of the association between plasma cotinine and pan-
creatic cancer are shown in Table 2. The crude odds ratio
(OR) for each increase in 350 nmol/L in plasma cotinine was
1.28 [95% confidence interval (CI): 1.09-1.51] and after
adjustment the OR did not materially change (OR: 1.33, 95%
CL 1.11-1.60). These ORs were comparable with the ORs for
cigarettes smoked per day at baseline. The crude OR for
every five cigarettes smoked per day at baseline was 1.21
(1.04-1.41) and was 1.27 (1.07-1.50) after adjustment. When
multiplicative interaction terms for BMI and alcohol were
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Table 1. Demographic and other characteristics of controls and cases

Age at recruitment (years)"

Controls (n = 147)

Cases (n = 147)

56.5 (8.9) 56.5 (8.9)

Sex?

Male
Female
Diabetes status?
No diabetes
Diabetes
Body mass index (kg/m?)?
Highest education®
None/primary school
Technical/professional school
Secondary school
Longer education
Alcohol consumption at recruitment?
Never and former drinkers
0-6 g alcohol/day
6-18 g alcohol/day
More than 18 g alcohol/day
Smoking status?
Never smoker
Current smoker
Plasma cotinine level (nmol/L)*

Length of follow-up (years)*

39 (26.7%)
107 (73.3%)

39 (26.7%)
107 (73.3%)

140 (95.9%)
6 (4.1%)
25.4 (4.5)

139 (95.2%)
7 (4.8%)
27.0 (4.4)

68 (46.6%)
31 (21.2%)
23 (15.8%)
24 (16.4%)

66 (45.2%)
25 (17.1%)
20 (13.7%)
35 (24.0%)

19 (13.0%)
50 (34.3%)
43 (29.5%)
34 (23.3%)

14 (9.6%)
57 (39.0%)
36 (24.7%)
39 (26.7%)

107 (73.3%)
39 (26.7%)
268.7 (532.2)
9.7 (1.7)

85 (58.2%)
61 (41.8%)
481.5 (662.5)
6.4 (2.5)

Value is displayed as “mean (standard deviation)”. *Value is displayed as “n (%)”.

included to assess the interaction with cotinine and cigarettes
smoked per day at baseline, no interaction was found. The
interaction terms of cotinine for BMI and alcohol showed
p-values of respectively 0.94 and 0.56, where the interaction
terms of cigarettes smoked at baseline were 0.87 and 0.86
(data not shown).

For the categorical analyses (Table 3), we observed an
increasing trend for the ORs with increasing cotinine levels.
The participants with highest cotinine values (>1187.8 nmol/L)
had the highest OR, of 3.66 (1.44-9.26). No relation was found
in participants with cotinine levels under 55 nmol/L [OR for
every increase in cotinine by 1 nmol/L: 0.96 (0.83-1.11), data
not shown]. When compared with never smokers, the risk
among smokers was higher, and increased with an increasing
number of cigarettes smoked. Participants who smoked
more than 30 cigarettes per day showed the highest risk for
pancreatic cancer compared with never smokers, OR: 4.15
(1.02-16.42).

Discussion

Principal findings

Smoking is an established risk factor for pancreatic cancer
and our results show that cotinine—an objective biomarker

of current smoking status—is significantly related to this type
of cancer, thus strengthening the causal role of smoking. We
observed a 1.33 times higher risk for pancreatic cancer for
every increase of 350 nmol/L of cotinine, which approxi-
mately corresponds to five cigarettes. However, this assumes
a linear relation between cotinine and pancreatic cancer,
which is contradicted by the categorical analyses.

Participants with cotinine values over 664.5 nmol/L
(=9 cigarettes per day) showed increased risks, compared
with the group below the threshold of 55 nmol/L, with the
highest risk (OR: 3.66) for cotinine values over 1187.8 nmol/L.
This value roughly corresponds to 17 cigarettes smoked per
day, a number easily exceeded by smokers. Similarly, all partici-
pants that smoke more than 10 cigarettes per day at baseline
according to questionnaire data show significantly increased
risks of getting pancreatic cancer when compared with never
smokers, with the highest risk for people who smoke more than
30 cigarettes per day (OR: 4.15). These results confirm that
smoking is a risk factor for pancreatic cancer, as has been con-
cluded by previous studies in the absence of biomarker
data.>*** Odds ratios for cigarette smoking found in this study
are higher than those previously reported.”® A possible explana-
tion may be because of additional adjustments and exclusions

Int. J. Cancer: 131, 997-1002 (2012) © 2011 UICC
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Table 2. Risk of pancreatic cancer according to plasma cotinine and smoking at baseline

No. cigarettes smoked at baseline (increment:

Cotinine (increment: 350 nmol/L) 5 per day)
Odds ratio 95% Cl for OR p Odds ratio 95% Cl for OR p
Crude 1.28 1.09-1.51 0.00 1.21 1.04-1.41 0.01
Adjusted® 1.33 1.11-1.60 0.00 1.27 1.07-1.50 0.01

Conditional logistic regression adjusted for BMI, socioeconomic status, diabetes status and alcohol consumption.

Table 3. Risk of pancreatic cancer according to quintiles of plasma cotinine and different categories of smokers

Plasma Mean plasma n
cotinine n cases/ 0Odds 95% Self-reported cotinine cases/ 95%
(nmol/L) controls ratio  Cl for OR p smoking status (nmol/L) controls Odds ratio  CI for OR p
0-55 (ref) 87/105 1 Never smokers 10.61 85/107 1
>55-664.5 8/14 0.89 0.28-2.89 0.85 Smokers 520.94 10/9 2.24 0.70-7.22 0.18
(<10 cigarettes/day)
664.5-1187.8 22/14 2,92 1.18-7.25 0.02 Smokers 1202.21 24/14 3.16 1.33-7.87 0.01
(10-20 cigarettes/day)
>1187.8 29/13 3.66 1.44-9.26 0.01 Smokers 1104.95 19/11 3.50 1.11-7.22 0.03
(20-30 cigarettes/day)
Smokers 1443.18 8/5 4.15 1.02-16.42 0.05
(>30 cigarettes/day)
P trend 0.00 P trend 0.00

Conditional logistic regression adjusted for BMI, socioeconomic status, diabetes status and alcohol consumption, participants with cotinine values

below 55 nmol/L were used as a reference.

performed in this study. However it should be noted that confi-
dence intervals are wide and a difference based on chance can
not be excluded. No effect modification by BMI or alcohol con-
sumption was found. However, power was limited to study
interactions.

Strength and weakness

Strengths of this study are the large cohort size and its pro-
spective design, which rules out selection bias. However, the
large number of exclusions reduced the power of the study at
detecting associations, especially for subgroup analyses.

Assessment of smoking

Cotinine was tested for its relation with pancreatic cancer as
it accounts for different aspects of the exposure and because
the use of self-reported smoking status was thought to under-
estimate the relation between smoking and pancreatic cancer.
However, comparing the categorical results for cotinine and
smoking status it seems arguable that self-reported smoking
status is enough to establish a causal relationship and does
not underestimate the relation between smoking and pancre-
atic cancer. An additional reason to use a biomarker and test
its relation with pancreatic cancer could be to validate self-
reported smoking status (a very strong correlation was found
between cotinine levels and number of cigarettes smoked at
baseline with a Spearman’s correlation of 0.79 and a p-value
of 0.00) or to have a reliable and objective measure of
passive smoking. However, no relation between cotinine and

Int. J. Cancer: 131, 997-1002 (2012) © 2011 UICC

pancreatic cancer in participants with a low-cotinine level
was found.

Possible mechanism

Although we do not know in detail the mechanisms by which
tobacco smoking induces pancreatic cancer, one hypothesis
is related to tobacco-specific nitrosamines. In animal
studies, the tobacco-specific nitrosamine 4-(methylnitrosa-
mino)-1-(3-pyridyl)-1-butanone (NNK) induces adenocarci-
noma of the lung.>’ After several studies had revealed a
dose-response relationship between cigarette smoking and
lung cancer risk in the 1950s, various cigarette products
with low tar and/or with filters were manufactured.”* As a
consequence, while in the past the smoke from cigarettes
contained higher polynuclear aromatic hydrocarbon (PAH)
concentrations, the smoke from the new cigarettes contains
more nitrogen oxides and nitrates, precursors of N-nitros-
amines. For example, 4-(methylnitrosamino)-1-(3-pyridyl)-1-
butanone (NNK) has increased by 73% from late 1970s to
1995. In animals tobacco-specific nitrosamines were demon-
strated to be carcinogenic for the brain, the lung and the

pancreas.”’25

Conclusion

This study is the first to present a clear association between
plasma cotinine levels and pancreatic cancer in a population
of never and current smokers.

)
i
=
(=¥
)
&~
-
S
Q
=
95]




ey
S
=
=7
]
=74
T
=]
-=
»

1002

Acknowledgements

This study has been funded by the World Cancer Research Fund to P.V.

References

1. Ferlay J, Autier P, Boniol M, Heanue M,
Colombet M, Boyle P. Estimates of the cancer
incidence and mortality in Europe in 2006. Ann
Oncol 2007;18:581-92.

2. Jemal A, Siegel R, Ward E, Hao Y, Xu J, Thun
MJ. Cancer statistics, 2009. CA Cancer ] Clin
2009;59:225-49.

3. Gandini S, Botteri E, Iodice S, Boniol M,
Lowenfels A, Maisonneuve P, Boyle P. Tobacco
smoking and cancer: a meta-analysis. Int ] Cancer
2008;122:155-64.

4. Gorber SC, Schofield-Hurwitz S, Hardt J,
Levasseur G, Tremblay M. The accuracy of self-
reported smoking: a systematic review of the
relationship between self-reported and cotinine-
assessed smoking status. Nicotine Tob Res 2009;
11:12-24.

5. Todice S, Gandini S, Maisonneuve P, Lowenfels
A. Tobacco and the risk of pancreatic cancer: a
review and meta-analysis. Langenbeck’s Archiv
Surg 2008;393:535-45.

6. Boyle P, Maisonneuve P, Bueno de Mesquita B,
Ghadirian P, Howe GR, Zatonski W, Baghurst P,
Moerman CJ, Simard A, Miller AB, Przewoniak
K, McMichael AJ, et al. Cigarette smoking and
pancreas cancer: a case control study of the
search programme of the IARC. Int ] Cancer
1996;67:63-71.

7. Lin Y, Tamakoshi A, Kawamura T, Inaba Y,
Kikuchi S, Motohashi Y, Kurosawa M. A
prospective cohort study of cigarette smoking and
pancreatic cancer in Japan. Cancer Causes
Control 2002;13:249-54.

8. Silverman DT, Dunn JA, Hoover RN, Schiffman
M, Lillemoe KD, Schoenberg JB, Brown LM,
Greenberg RS, Hayes RB, Swanson GM, et al.
Cigarette smoking and pancreas cancer: a case-

9.

10.

14.

16.

17.

control study based on direct interviews. J Natl
Cancer Inst 1994;86:1510-6.

Benowitz NL. Biomarkers of environmental
tobacco smoke exposure. Environ Health Perspect
1999;107 (Suppl 2):349-55.

Cummings KM, Markello SJ, Mahoney M,
Bhargava AK, McElroy PD, Marshall JR.
Measurement of current exposure to
environmental tobacco smoke. Arch Environ
Health 1990;45:74-9.

. Jaakkola MS, Jaakkola JJ. Assessment of exposure

to environmental tobacco smoke. Eur Respir ]
1997;10:2384-97.

. Benowitz N. Cotinine as a biomarker of

environmental tobacco smoke exposure.
Epidemiol Rev 1996;18:188-204.

. Caraballo R, Giovino G, Pechacek T, Mowery P,

Richter P, Strauss W, Sharp D, Eriksen M, Pirkle
J, Maurer K. Racial and ethnic differences in
serum cotinine levels of cigarette smokers: Third
National Health and Nutrition Examination
Survey, 1988-1991. JAMA 1998;280:135-9.
Riboli E, Hunt KJ, Slimani N, Ferrari P, Norat T,
Fahey M, Charrondiere UR, Hemon B, Casagrande
C, Vignat J, Overvad K, Tjonneland A, et al.
European Prospective Investigation into Cancer and
Nutrition (EPIC): study populations and data
collection. Public Health Nutr 2002;5:1113-24.

. Riboli E, Kaaks R. The EPIC Project: rationale and

study design. European Prospective Investigation into
Cancer and Nutrition. Int ] Epidemiol 1997;26 (Suppl
1):S6-14.

Fagerstrom KO, Schildt EB. Should the European
Union lift the ban on snus? Evidence from the
Swedish experience. Addiction 2003;98:1191-5.
Rodu B, Stegmayr B, Nasic S, Asplund K.

Impact of smokeless tobacco use on smoking in

18.

20.

21.

22.

23.

24.

25.

Plasma cotinine levels and pancreatic cancer

northern Sweden. J Intern Med 2002;252:
398-404.

Midttun O, Hustad S, Ueland PM. Quantitative
profiling of biomarkers related to B-vitamin
status, tryptophan metabolism and inflammation
in human plasma by liquid chromatography/
tandem mass spectrometry. Rapid Commun Mass
Spectrom 2009;23:1371-9.

. Boffetta P, Clark S, Shen M, Gislefoss R, Peto R,

Andersen A. Serum cotinine level as predictor of
lung cancer risk. Cancer Epidemiol Biomarkers
Prev 2006;15:1184-8.

Vrieling A, Bueno-de-Mesquita HB, Boshuizen
HC, Michaud DS, Severinsen MT, Overvad K,
Olsen A, Tjonneland A, Clavel-Chapelon F,
Boutron-Ruault MC, Kaaks R, Rohrmann S, et al.
Cigarette smoking, environmental tobacco smoke
exposure and pancreatic cancer risk in the
European Prospective Investigation into Cancer
and Nutrition. Int ] Cancer 2010;126:2394-403.
Raimondi S, Maisonneuve P, Lowenfels AB.
Epidemiology of pancreatic cancer: an overview.
Nat Rev Gastroenterol Hepatol 2009;6:699-708.
Lynch SM, Vrieling A, Lubin JH, Kraft P,
Mendelsohn JB, Hartge P, Canzian F, Steplowski
E, Arslan AA, Gross M, Helzlsouer K, Jacobs EJ,
et al. Cigarette smoking and pancreatic cancer: a
pooled analysis from the pancreatic cancer cohort
consortium. Am J Epidemiol 2009;170:403-13.
Hecht SS. Biochemistry, biology, and
carcinogenicity of tobacco-specific N-
nitrosamines. Chem Res Toxicol 1998;11:559-603.
Hoffmann D, Djordjevic MV, Hoffmann I. The
changing cigarette. Prev Med 1997;26:427-34.
Rice JM, Ward JM. Age dependence of
susceptibility to carcinogenesis in the nervous
system. Ann NY Acad Sci 1982;381:274-89.

Int. J. Cancer: 131, 997-1002 (2012) © 2011 UICC



