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A B S T R A C T

Purpose
Cigarette smoking is associated with increased incidence of pancreatic cancer. However, few
studies have prospectively evaluated the association of smoking with patient survival.

Patients and Methods
We analyzed survival by smoking status among 1,037 patients from two large US prospective cohort
studies diagnosed from 1986 to 2013. Among 485 patients from four prospective US cohorts, we
also evaluated survival by prediagnostic circulating levels of cotinine, a metabolite of nicotine that is
proportional to tobacco smoke exposure. On the basis of prediagnosis cotinine levels, we classified
patients as nonsmokers (, 3.1 ng/mL), light smokers (3.1-20.9 ng/mL), or heavy smokers ($ 21.0
ng/mL). We estimated hazard ratios (HRs) for death by using Cox proportional hazards models, with
adjustment for age, sex, race/ethnicity, body mass index, diabetes status, diagnosis year, and
cancer stage.

Results
Themultivariable-adjusted HR for death was 1.37 (95%CI, 1.11 to 1.69) comparing current smokers
with never smokers (P = .003). A statistically significant negative trend in survival was observed for
increasing pack-years of smoking (Ptrend = .008), with HR for death of 1.49 (95% CI, 1.05 to 2.10)
for. 60 pack-years of smoking versus never smoking. Survival among former smokers was similar
to that for never smokers, regardless of time since quitting. Heavy smokers defined by prediagnostic
circulating cotinine levels had a multivariable-adjusted HR for death of 1.76 (95% CI, 1.23 to 2.51)
compared with nonsmokers. Among patients with circulating cotinine levels measured within
5 years before diagnosis, heavy smokers had a multivariable-adjusted HR for death of 2.47 (95% CI,
1.24 to 4.92) compared with nonsmokers.

Conclusion
Cigarette smoking was associated with a reduction in survival among patients with pancreatic
cancer.

J Clin Oncol 35:1822-1828. © 2017 by American Society of Clinical Oncology

INTRODUCTION

Pancreatic cancer is the third leading cause of
cancer-related death in the United States, and
most patients survive less than 12 months after
diagnosis.1 Aside from disease stage, few prog-
nostic factors have been well characterized.2

Cigarette smoking is a consistent risk factor for
pancreatic cancer, which may contribute to de-
velopment of approximately 20% of pancreatic
cancer cases.3 In a pooled analysis of 12 pro-
spective cohorts and one case-control study,
current cigarette smokers had an 80% increased
risk of pancreatic cancer compared with never
smokers, and the risk increased with smoking

intensity, duration, and cumulative smoking dose.4

Nevertheless, few studies have assessed cigarette
smoking and survival among patients with pan-
creatic cancer.

Tobacco products contain nicotine, and the
predominant laboratory method for defining
active cigarette smoking is by measuring plasma
cotinine, the major circulating metabolite of
nicotine. Cotinine has an in vivo half-life of ap-
proximately 20 hours and is typically detectable
for up to 1 week after using tobacco. Studies that
compare nonsmokers and smokers have consis-
tently demonstrated that cotinine in the urine,
saliva, or plasma can distinguish active smokers
from nonsmokers.5-9 In addition, cotinine has
been shown to be more sensitive and specific than
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carbon monoxide monitoring for measuring smoking status.10

Among 16,156 participants from the National Health and Nu-
trition Examination Survey (NHANES), the optimal serum coti-
nine cut point had a high degree of sensitivity and specificity for
discriminating adult smokers from nonsmokers.11

In this study, we prospectively evaluated the association of
cigarette smoking with overall survival (OS) among patients di-
agnosed with pancreatic cancer from two large prospective US
cohort studies. We next sought to examine survival in relation to
plasma cotinine levels among patients from four large US pro-
spective cohort studies with plasma samples collected before di-
agnosis of cancer.

PATIENTS AND METHODS

Study Population
We assessed the association of cigarette smoking with survival among

patients with pancreatic cancer from the Health Professionals Follow-Up
Study (HPFS) and Nurses’Health Study (NHS). HPFS began in 1986 when
51,529 men age 40 to 75 years working in health professions returned
a mailed questionnaire on health-related behaviors and medical history.12

NHS was initiated in 1976 when 121,700 female registered nurses age 30 to
55 years returned a mailed questionnaire describing demographics, life-
style choices, and medical history.13 Participants have updated their ex-
posures and medical history through biennial follow-up questionnaires.
We examined the association between plasma cotinine and survival among
patients with pancreatic cancer who had banked prediagnostic blood from
HPFS, NHS, and two other prospective cohorts, the Physicians’ Health
Study I (PHS I) and the Women’s Health Initiative (WHI) Observational
Study. PHS I is a completed clinical trial that was initiated in 1982 of aspirin
and b-carotene among 22,071 male physicians age 40 to 84 years. After
completing the randomized components, participants were followed as an
observational cohort.14 WHI consists of 93,676 postmenopausal women
age 50 to 79 years enrolled between 1994 and 1998 at 40 US clinical
centers.15 Participants completed a baseline clinic visit and annual mailed
questionnaires. This study was approved by the Human Research Com-
mittee at the Brigham and Women’s Hospital, Boston, MA, and all par-
ticipants provided informed consent.

We identified 1,037 incident patients with pancreatic cancer from
HPFS and NHS with available smoking status and 485 patients with
measured plasma cotinine from HPFS, NHS, PHS I, and WHI (Appendix
Table A1, online only).16 Incident cases of pancreatic cancer were identified
by self-report or during follow-up of a participant’s death. Deaths were
ascertained from next-of-kin or the US Postal Service and by searching
the National Death Index; this method has been shown to capture more
than 98% of deaths.17 Diagnoses were confirmed by review of medical
records, death certificates, and/or tumor registry data. Patients with
nonadenocarcinoma histology or unclear survival time were excluded.

Assessment of Cigarette Smoking
For HPFS and NHS participants, former and current smokers were

asked on the baseline questionnaire to indicate the average number of
cigarettes they smoked per day, the age at which they began smoking and,
among former smokers, the age at which they stopped smoking. In-
formation on smoking status and the number of cigarettes smoked was
updated biennially. The primary exposure of cigarette smoking was ob-
tained from a questionnaire within 2 or 4 years before cancer diagnosis.
Never smokers were defined as participants who reported never smoking,
current smokers were defined as participants who reported active smoking
on the questionnaire before cancer diagnosis, and former smokers were
defined as participants who smoked in the past but did not report active
smoking on the questionnaire before cancer diagnosis.

On each questionnaire, current smokers were further classified as
smoking 1 to 4, 5 to 14, 15 to 24, 25 to 34, 35 to 44, or 45 or more cigarettes
per day. To examine the influence of packs per day among current smokers,
categories of current smoking were collapsed into 1 to 14, 15 to 24, and 25
or more cigarettes per day. By using data on intensity and duration of
smoking, we estimated cumulative lifetime exposure to cigarettes as pack-
years, with 1 pack-year of exposure equivalent to 7,300 cigarettes (1 year3
365 days per year3 1 pack per day3 20 cigarettes per pack). To examine
the influence of pack-years among current smokers, categories of 1 to 30,
31 to 60, and 61 or more pack-years of smoking were generated.

Assessment of Plasma Cotinine Levels
EDTA tubes were used to collect blood samples from 18,225 men

in HPFS from 1993 to 1995, 14,916 men in PHS I from 1982 to 1984,
and 93,676 women in WHI from 1994 to 1998; heparin tubes were used
to collect blood samples from 32,826 women in NHS from 1989 to
1990. Details on blood draw procedures, transportation, and storage of
plasma samples in these cohorts have been described in detail.16 As
previously described, plasma cotinine was measured by targeted liquid
chromatography-mass spectrometry at the Broad Institute of the Massa-
chusetts Institute of Technology and Harvard University (Cambridge,
MA).16 Three heparin quality control (QC) plasma pools (57 total QC
samples) and three EDTA QC plasma pools (128 total QC samples) were
randomly interspersed among participant samples. The mean coefficient
of variance for cotinine across QC plasma pools was 10.1%, indicating
good reproducibility.

Assessment of Covariates
Individual characteristics and habits were obtained either from the

same questionnaires assessing smoking exposure or from the question-
naires before blood collection in the plasma cotinine analyses. In all co-
horts, data were available for age, sex, race/ethnicity, weight, height,
diabetes status, and alcohol intake. Date of diagnosis and pancreatic cancer
stage at diagnosis were obtained from medical record review. Cancer stage
was classified as local disease amenable to surgical resection, locally ad-
vanced disease with extrapancreatic extension rendering it unresectable
but without distant metastases, distant metastatic disease, or unknown.

Statistical Analyses
The association of cigarette smoking with OS was examined in HPFS

and NHS patients by using Cox proportional hazards regression to cal-
culate pooled hazard ratios (HRs) and 95% CIs. Survival time was cal-
culated from the date of cancer diagnosis to the date of death or last follow-
up if a participant was still alive. Proportionality of hazards assumptionwas
satisfied by evaluating a time-dependent variable, which was the cross-
product of smoking and time (P = .51).

In multivariable models, we adjusted for potential confounders,
including age at diagnosis, cohort (which also adjusted for sex), race/
ethnicity, body mass index (BMI), diabetes status, year of diagnosis, cancer
stage, and alcohol intake.18,19 Survival curves were investigated for patients
in each category adjusted for covariates by using direct adjusted survival
estimation.20,21 This method uses Cox proportional hazards regression to
estimate probabilities of survival at each follow-up time point for each
individual and averages them to obtain an OS estimate. To consider overall
comorbidity, we adjusted for a continuous propensity score derived by
regressing smoking on comorbidities and lifestyle factors with the potential
to limit survival,22 including physical activity, calorie intake, and history of
high cholesterol, stroke, hypertension, or heart disease (angina pectoris,
coronary bypass, angioplasty, stent, myocardial infarction).

In a prior study of NHANES participants from 1999 to 2004,11

the optimal serum cotinine level for discriminating adult smokers
from nonsmokers was 3.08 ng/mL (sensitivity, 96.3%; specificity,
97.4%). We validated this cut point among 480 patients with self-
reported smoking status in our four cohorts, with sensitivity of 94.8%
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and specificity of 95.3%. We then classified our patients with pan-
creatic cancer who had prediagnostic cotinine levels , 3.1 ng/mL as
cotinine-defined nonsmokers. Patients with cotinine levels $ 3.1 ng/
mL were classified as current smokers, with light and heavy smokers
defined as below (3.1 to 20.9 ng/mL) or above ($ 21.0 ng/mL) the
median cotinine level among smokers by using pooled levels from the
four cohorts. In multivariable models, we adjusted for the above
potential confounders as well as time between blood collection and
cancer diagnosis. Statistical analyses were performed by using SAS 9.4,
and all P values are two-sided.

RESULTS

Baseline characteristics of 1,037 patients with pancreatic cancer by
smoking status are described in Table 1. Among those with known
disease stage, 19.4% had localized disease, 15.3% had locally ad-
vanced disease, and 65.3% had metastatic disease. Median survival
by cancer stage was 19 months for those with localized disease,
9 months for those with locally advanced disease, and 3 months for
those with metastatic disease. At the end of follow-up, 1,020 pa-
tients (98.4%) had died.

Patients who currently smoked cigarettes had a reduced
survival compared with never smokers (Table 2; Fig 1). The
multivariable-adjusted HR for death was 1.37 (95% CI, 1.11 to
1.69) comparing current smokers with never smokers (P = .003).
Results were similar across cohorts; the HR for death was 1.40
(95% CI, 0.95 to 2.06) in HPFS and 1.39 (95% CI, 1.07 to 1.80) in
NHS.We considered whether current smoking may predominantly
impact survival among patients who undergo surgery because of
a potential increase in perioperative mortality. However, after

excluding patients with localized disease, our results were not
materially altered (HR, 1.43; 95% CI, 1.14 to 1.79).

We considered whether the association of current smoking
with survival was modified by BMI or diabetes status. No statis-
tically significant interaction was identified (all Pinteraction $ .44).
The HR for death was 1.47 (95% CI, 1.09 to 1.98) in patients with
BMI $ 25 kg/m2 and 1.23 (95% CI, 0.91 to 1.66) in patients with
BMI , 25 kg/m2. Furthermore, the HR for death was 1.56 (95%
CI, 0.87 to 2.82) in patients with long-term diabetes and 1.31 (95%
CI, 1.03 to 1.66) in patients without diabetes. We considered
whether patients who currently smoked cigarettes had a greater
degree of comorbid illness, which might have led to worse survival.
After adjustment for a propensity score to account for differences
in comorbidity, our results also remained largely unchanged (HR,
1.31; 95% CI, 1.04 to 1.65).

We next examined the association between survival and cu-
mulative cigarette exposure measured in pack-years. We observed
a statistically significant negative trend in survival with increasing
pack-years of smoking (Ptrend = .008) (Table 3). The multivariable-
adjusted HRs for death were 1.25 (95% CI, 0.75 to 2.06) for
patients with 1 to 30 pack-years of smoking, 1.32 (95% CI, 1.00 to
1.75) for 31 to 60 pack-years, and 1.49 (95% CI, 1.05 to 2.10) for
more than 60 pack-years. Median OS was 5 months among
nonsmokers and 3months among current smokers withmore than
60 pack-years of smoking. A clear relationship between the number
of cigarettes smoked per day and survival was not evident (Ap-
pendix Table A2, online only).

In contrast to current smokers, former smokers did not have
an increase in their hazards for death (Table 2). Compared with
never smokers, former smokers had a multivariable-adjusted HR

Table 1. Characteristics of Patients With Pancreatic Cancer According to Smoking History in Two Prospective Cohorts

Characteristic

Never Smokers Former Smokers Current Smokers

No. % Mean SD No. % Mean SD No. % Mean SD

No. of patients 402 500 135
Age at cancer diagnosis, years 72.7 8.0 72.7 8.2 67.1 8.6
Female sex 263 65.4 281 56.2 97 71.9
Race/ethnicity
White 384 95.5 476 95.2 129 95.6
Black 8 2.0 6 1.2 2 1.5
Other 9 2.2 11 2.2 1 0.7
Unknown 1 0.2 7 1.4 3 2.2

Body mass index, kg/m2 26.8 5.2 26.2 4.7 25.1 4.5
Median physical activity, MET-hr/wk (range) 11.7 (0-230.7) 12.5 (0-195.4) 7.7 (0-82.0)
Median alcohol intake, g (range) 0.9 (0-67.8) 3.6 (0-112.8) 3.6 (0-76.8)
Diabetes status at diagnosis
No diabetes 332 82.6 402 80.4 104 77.0
Short-term (# 4 years) 20 5.0 25 5.0 5 3.7
Long-term (. 4 years) 50 12.4 73 14.6 26 19.3

Cancer stage
Localized 62 15.4 75 15.0 13 9.6
Locally advanced 44 10.9 50 10.0 24 17.8
Metastatic 193 48.0 240 48.0 71 52.6
Unknown 103 25.6 135 27.0 27 20.0

Diagnosis period
1986-1995 87 21.6 108 21.6 53 39.3
1996-2005 193 48.0 250 50.0 59 43.7
2006-2012 122 30.3 142 28.4 23 17.0

Abbreviation: MET, metabolic equivalent; SD, standard deviation.
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for death of 0.99 (95% CI, 0.86 to 1.14; P = .90). A relationship was
not observed between patient survival and time since quitting
smoking among former smokers (, 5 years, 5 to, 10 years,$ 10
years; Appendix Table A3, online only). Compared with never
smokers, the multivariable-adjusted HRs for death were 0.90 (95%
CI, 0.66 to 1.22) for former smokers who discontinued smoking
within the past 5 years, 1.15 (95% CI, 0.85 to 1.56) for those who
discontinued smoking within the past 5 to 10 years, and 1.00 (95%
CI, 0.86 to 1.16) for those who discontinued smoking more than 10
years ago.

We also evaluated the association of prediagnostic plasma
cotinine levels and patient survival in patients with pancreatic
cancer fromHPFS, NHS, PHS I, andWHI. Cotinine is the primary
breakdown product from nicotine metabolism and is a widely used
marker for tobacco exposure.5-9 By using prediagnostic circulating
cotinine levels to classify patients’ tobacco use, cotinine-defined
heavy smokers had a multivariable-adjusted HR for death of 1.76

(95% CI, 1.23 to 2.51) compared with nonsmokers (Table 4;
Fig 1). Median OS was 7 months among nonsmokers and
4 months among cotinine-defined heavy smokers. In a sensitivity
analysis that excluded 17 patients who quit smoking between the
time of blood collection and their cancer diagnosis, the HR for
death was 2.06 (95% CI, 1.38 to 3.06) for cotinine-defined heavy
smokers. A stronger association of cotinine and patient survival
was seen among patients with blood collected within 5 years of
their cancer diagnosis, with an HR for death of 2.47 (95% CI, 1.24
to 4.92; Table 5).

DISCUSSION

In this large prospective study, patients with pancreatic cancer who
smoked cigarettes near the time of diagnosis had an approximately
40% increased hazard for death compared with those who never

Table 2. HRs for Death Among Patients With Pancreatic Cancer From Two Prospective Cohorts According to Smoking History

Model Never Smokers

Former Smokers Current Smokers

No. HR 95% CI P No. HR 95% CI P

Person-months 4,080 5,832 1,157
Cases/deaths 402/393 500/492 135/135
Multivariable-adjusted HR* 1 0.99 0.87 to 1.14 .90 1.40 1.14 to 1.72 .002
Multivariable-adjusted HR† 1 0.99 0.86 to 1.14 .90 1.37 1.11 to 1.69 .003

Abbreviation: HR, hazard ratio.
*Adjusted for age at diagnosis (continuous), cohort (Health Professionals Follow-Up Study, Nurses’ Health Study; also adjusted for sex), race/ethnicity (white, black,
other, unknown), diagnosis period (1986-1995, 1996-2005, 2006-2012), stage at diagnosis (localized, locally advanced, metastatic, unknown), and alcohol intake (never,
1-3 drinks/month, 1-6 drinks/week, $ 1 drink/day, unknown).
†Further adjusted for bodymass index (, 25, 25 to, 30, 30 to, 35,$ 35 kg/m2, or unknown) and diabetes status at diagnosis (no diabetes, short-term [# 4 years], long-
term [. 4 years]).
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Fig 1. Overall survival curves by (A) self-reported or (B) plasma cotinine-defined smoking status among patients with pancreatic cancer.
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smoked. This reduction in survival remained statistically signifi-
cant after adjustment for potential confounding factors, including
a propensity score that provided an aggregate measure of comorbid
illness. Greater pack-years of smoking portended a worse prog-
nosis among current smokers, but former smokers experienced
outcomes similar to those of never smokers, suggesting a potential
beneficial effect of smoking cessation. In a partially overlapping
patient population, higher prediagnostic plasma cotinine levels
were also associated with reduced survival, with particularly strong
associations observed among cotinine-defined heavy smokers.
Taken together, these data implicate cigarette smoking as an ad-
verse prognostic factor in patients with pancreatic cancer and lend
continued support to efforts directed at smoking cessation.

A detrimental effect of smoking on survival has been pre-
viously reported for patients with other malignancies,23-29 in-
cluding those etiologically associated with tobacco use, such as
head and neck squamous cell carcinoma24,27,28 and lung
cancer.25,29 Although cigarette smoking is an established risk factor
for pancreatic cancer, few studies have investigated its association
with patient survival. Among 648 patients from two Italian
hospital–based studies, those who currently smoked had an HR for
death of 1.42 (95% CI, 1.16 to 1.73) compared with never
smokers.30 In a prospective cohort study of 348 Korean men with
pancreatic cancer who reported smoking status on a baseline

questionnaire, a nonsignificant increase in mortality was observed
for current smokers with an HR for death of 1.20 (95% CI, 0.84 to
1.72).23 Additional hospital-based studies that evaluated multiple
potential prognostic factors have not identified a clear association
between cigarette smoking and pancreatic cancer survival.31,32

A number of mechanisms have been identified by which
smoking appears to affect cancer progression.33 Nicotine and other
carcinogenic components of tobacco smoke have direct growth-
promoting effects on tumor cells, alter cross-talk between tumor
and stromal cells within the tumor microenvironment, and in-
crease infiltration of myeloid-derived suppressor cells.34-36 The
impact of cigarette smoking on these or other pathways may
underlie the reduced survival that we observed. Individuals who
smoke are also more likely to have other comorbidities, such as
cardiovascular disease, which might adversely affect their survival.
However, our results were largely unchanged after considering
a propensity score that provided an aggregate measure of comorbid
illness. Furthermore, our results remained unchanged after ex-
clusion of patients with localized disease, thus limiting the po-
tential of increased perioperative morbidity and mortality among
smokers to explain our results.

We observed a reduction in survival among current smokers
who were enrolled in two large prospective cohort studies. An
important strength of the prospective cohort design is its ability to

Table 3. HRs for Death Among Patients With Pancreatic Cancer from Two Prospective Cohorts According to Pack-Years of Smoking

Model Never Smokers

Pack-Years of Smoking for Current Smokers

Ptrend1-30 HR 95% CI 31-60 HR 95% CI . 60 HR 95% CI

Person-months 4,080 278 599 270
Cases/deaths 402/393 19/19 71/71 41/41
Multivariable-adjusted HR* 1 1.29 0.79 to 2.12 1.34 1.02 to 1.76 1.53 1.10 to 2.13 .003
Multivariable-adjusted HR† 1 1.25 0.75 to 2.06 1.32 1.00 to 1.75 1.49 1.05 to 2.10 .008

Abbreviation: HR, hazard ratio.
*Adjusted for age at diagnosis (continuous), cohort (Health Professionals Follow-Up Study, Nurses’ Health Study; also adjusted for sex), race/ethnicity (white, black,
other, unknown), diagnosis period (1986-1995, 1996-2005, 2006-2012), stage at diagnosis (localized, locally advanced, metastatic, unknown), and alcohol intake (never,
1-3 drinks/month, 1-6 drinks/week, $ 1 drink/day, unknown).
†Further adjusted for bodymass index (, 25, 25 to, 30, 30 to, 35,$ 35 kg/m2, or unknown) and diabetes status at diagnosis (no diabetes, short-term [# 4 years], long-
term [. 4 years]).

Table 4. HRs for Death Among Patients With Pancreatic Cancer From Four Prospective Cohorts According to Prediagnostic Plasma Levels of Cotinine

Model

Cotinine (ng/mL)

Ptrend*

Nonsmokers
(, 3.1)

Light Smokers
(3.1-20.9)

Heavy Smokers
($ 21.0)

No. Mean No. Mean SD HR 95% CI No. Mean SD HR 95% CI

Cigarettes/day 0 9 11 19 14
Person-months 5,036 586 335
Cases/deaths 409/378 38/36 38/38
HR† 1 1.29 0.90 to 1.86 1.70 1.19 to 2.41 .002
HR‡ 1 1.25 0.87 to 1.81 1.68 1.18 to 2.39 .003
HR§ 1 1.29 0.89 to 1.86 1.76 1.23 to 2.51 .001

Abbreviations: HR, hazard ratio; SD, standard deviation.
*Test for trend calculated by entering stratum-specific median values for cotinine as continuous variables in Cox regression models.
†HR from Cox regression models adjusted for age at diagnosis (years, continuous), cohort (Health Professionals Follow-Up Study, Nurses’ Health Study, Physicians’
Health Study I, Women’s Health Initiative; also adjusted for sex), race/ethnicity (white, black, other, unknown), stage at diagnosis (localized, locally advanced, metastatic,
unknown), diagnosis period (1984-1995, 1996-2005, 2006-2010), and alcohol intake (never, 1-3 drinks/month, 1-6 drinks/week, $ 1 drink/day, unknown).
‡Model further adjusted for time between blood collection and cancer diagnosis (0 to , 5, 5 to , 10, $ 10 years).
§Model further adjusted for body mass index (, 25, 25 to , 30, 30 to , 35, $ 35 kg/m2, or unknown) and diabetes status at blood collection (yes, no).
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fully capture the spectrum of patients with pancreatic cancer in
terms of disease aggressiveness and stage of disease, because in-
dividuals are enrolled before their diagnosis and are not identified
at selected tertiary care centers. Notably, survival times and stage
distribution for patients in HPFS and NHS were highly similar to
those of patients with pancreatic cancer captured by the National
Cancer Database.37 Cohort studies also prospectively collect data
on numerous exposures, including cigarette smoking and other
factors that may affect survival. Thus, these studies limit issues with
misclassification and recall bias and allow for rigorous adjustment
for comorbidities.

After identifying a reduction in survival for patients who
reported current smoking, we confirmed these findings by ex-
amining prediagnostic plasma cotinine levels and survival among
patients from four prospective cohorts. Plasma cotinine is the
major circulating metabolite of nicotine, and its levels provide an
objective assessment of exposure to both personal and second-
hand tobacco smoke. Higher plasma cotinine levels were also
associated with reduced patient survival, with a greater reduction
in survival time for cotinine-defined heavy smokers.

Limitations of our study also require consideration. We
used overall mortality as the outcome rather than pancreatic
cancer–specific mortality. Nevertheless, , 5% of patients with
pancreatic cancer are cured of their disease, such that over-
all mortality is a good surrogate for cancer-specific mortality.
Treatment information was not available for patients with
pancreatic cancer in our cohorts. However, chemotherapy and
radiotherapy have had only a modest impact on patient survival
and are unlikely to have varied by prediagnosis smoking status
or plasma cotinine level.2 We cannot rule out that our findings
may have been influenced in part by residual confounding.
Nonetheless, we considered multiple possible confounding

covariates and adjusted for a propensity score of comorbid illness
without observing changes in our results. Finally, our study pop-
ulation consisted primarily of white participants, and further studies
in nonwhite participants are warranted.

In conclusion, self-reported current cigarette smoking was
associated with a statistically significant reduction in survival
among patients with pancreatic cancer. Furthermore, reduced
survival was also observed for patients with high levels of plasma
cotinine, the major circulating metabolite of nicotine. In con-
trast, no reduction in survival was identified for former smokers,
suggesting a potential benefit to smoking cessation and an
opportunity to improve survival for patients with pancreatic
cancer.
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Appendix

Table A1. Number of Patients With Pancreatic Cancer by Cohort With Self-Reported Smoking Status and Plasma Cotinine Level

Cohort

No. of Patients With Pancreatic Cancer

Self-Reported Smoking Status Plasma Cotinine Level
Self-Reported Status and
Plasma Cotinine Level

Health Professionals Follow-Up Study 396 85 80
Nurses’ Health Study 641 120 119
Physicians’ Health Study I — 78 —

Women’s Health Initiative — 202 —

Total 1,037 485 194

Table A2. HRs for Death Among Patients With Pancreatic Cancer From Two Prospective Cohorts According to Smoking Intensity

Model

Never Smokers

Current Smokers’ Average No. of Cigarettes Per Day

1-14 15-24 . 24

No. No. HR 95% CI No. HR 95% CI No. HR 95% CI

Person-months 4,080 313 481 279
Cases/deaths 402/393 39/39 49/49 35/35
Multivariable-adjusted HR* 1 1.67 1.18 to 2.37 1.25 0.91 to 1.73 1.25 0.86 to 1.81
Multivariable-adjusted HR† 1 1.65 1.16 to 2.35 1.22 0.88 to 1.69 1.23 0.85 to 1.80

Abbreviation: HR, hazard ratio.
*Adjusted for age at diagnosis (continuous), cohort (Health Professionals Follow-Up Study, Nurses’ Health Study; also adjusted for sex), race/ethnicity (white, black,
other, unknown), diagnosis period (1986-1995, 1996-2005, 2006-2012), stage at diagnosis (localized, locally advanced, metastatic, unknown), and alcohol intake (never,
1-3 drinks/month, 1-6 drinks/week, $ 1 drink/day, unknown).
†Further adjusted for bodymass index (, 25, 25 to, 30, 30 to, 35,$ 35 kg/m2, or unknown) and diabetes status at diagnosis (no diabetes, short-term [# 4 years], long-
term [. 4 years]).

Table A3. HRs for Death Among Patients With Pancreatic Cancer from Two Prospective Cohorts According to Time Since Quitting Smoking

Model

Never Smokers

Time Since Quitting Smoking for Former Smokers (years)

, 5 5 to , 10 $ 10

No. No. HR 95% CI No. HR 95% CI No. HR 95% CI

Person-months 4,080 760 454 4,608
Cases/deaths 402/393 50/49 51/51 397/390
Multivariable-adjusted HR* 1 0.91 0.67 to 1.24 1.15 0.85 to 1.56 0.99 0.86 to 1.15
Multivariable-adjusted HR† 1 0.90 0.66 to 1.22 1.15 0.85 to 1.56 1.00 0.86 to 1.16

Abbreviation: HR, hazard ratio.
*Adjusted for age at diagnosis (continuous), cohort (Health Professionals Follow-Up Study, Nurses’ Health Study; also adjusted for sex), race/ethnicity (white, black,
other, unknown), diagnosis period (1986-1995, 1996-2005, 2006-2012), stage at diagnosis (localized, locally advanced, metastatic, unknown), and alcohol intake (never,
1-3 drinks/month, 1-6 drinks/week, $ 1 drink/day, unknown)
†Further adjusted for bodymass index (, 25, 25 to, 30, 30 to, 35,$ 35 kg/m2 or unknown) and diabetes status at diagnosis (no diabetes, short-term [# 4 years], long-
term [. 4 years]).
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