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Abstract

Background & Aims—Cigarette smoking is an established risk factor for pancreatic cancer, but
there is conflicting evidence regarding the effects of alcohol consumption. The effects of cigarettes
and alcohol on age of sporadic pancreatic cancer diagnosis have not been examined; we evaluated
the independent and synergistic effects of lifetime cigarette smoking and alcohol consumption on
age at pancreatic cancer diagnosis in the United States.

Methods—We analyzed data on cigarette smoking and alcohol consumption from the IMPAC
Medical Registry Services, Cancer Information Resource File (CIRF), collected from June 1, 1993
to December 31, 2003 for 29,239 reported, histologically confirmed cases of pancreatic
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adenocarcinoma. We also analyzed data on cigarette smoking and alcohol consumption for 820
histologically confirmed cases of pancreatic adenocarcinoma from the University of Michigan
Pancreatic Cancer Registry (UMPCR), collected from January 2004 to October 2007.

Results—Current cigarette smokers were diagnosed at significantly younger ages than never
smokers, according to data from the CIRF and UMPCR (8.3 years and 6.3 years, respectively); the
UMPCR data indicated dose effects. Past and current alcohol consumption were associated with
younger age at diagnosis age in both databases. Current smokers who were current drinkers were
diagnosed significantly earlier (CIRF 10.2 years, UMPCR 8.6 years) than abstainers. Past cigarette
smoking was modestly associated with younger diagnosis age.

Conclusions—Cigarette smoking and alcohol consumption were associated with pancreatic cancer
presentation at a younger age among the general population and have a combined effect on diagnosis
age. Past cigarette smoking is less influential. Smoking cessation programs could help prevent
pancreatic cancer.

Methods

Pancreatic adenocarcinoma is the fourth leading cause of cancer death in the United States.
The overall 5-year survival rate for pancreatic cancer is slightly lower than 5%, although
survival for patients with resectable disease ranges from 20-50%.2~* The development of
prevention and early detection strategies is crucial to increase survival rates of this highly lethal
malignancy. Cigarette smoking is the most consistently implicated environmental risk factor
for pancreatic cancer, increasing risk 2 to 3-fold®=® and decreasing the age at pancreatic cancer
presentation in individuals with genetic susceptibility, such as hereditary pancreatitis and
familial pancreatic cancer patients.10:11 Alcohol is a controversial risk factor for pancreatic
cancer, with some studies noting increased risk”8:12=14 particularly among heavy drinkers.:
13,14 7o date, the effects of smoking and drinking on age at pancreatic cancer diagnosis in the
general U.S. population have not been defined.

Our primary goal was to evaluate independent and synergistic effects of cigarette smoking and
alcohol consumption on the age at pancreatic cancer diagnosis in the general population using
a large database employed by academic and community hospital cancer registries as well as in
prospectively collected data from a single, large tertiary care center.

Data Sources

The IMPAC Medical Registry Services, Cancer Information Resource File (CIRF)
incorporates cancer patient data from over 350 hospitals nationwide. Our initial analysis uses
data from CIRF from June 1, 1993 to December 31, 2003 of all reported, histologically-
confirmed cases of pancreatic adenocarcinoma. De-identified demographic factors in the
registry include patient age, gender, race, and history of cigarette smoking and alcohol
consumption. Secondarily, we perform confirmatory and dose-dependent analyses using the
University of Michigan Pancreatic Cancer Registry (UMPCR). UMPCR prospectively collects
clinical, demographic, surgical and histological data on all patients with histologically-
confirmed pancreatic adenocarcinoma who are seen at the University of Michigan hospital
systems and is a participating site in IMPAC. The analysis for this manuscript uses patient data
of all reported pancreatic adenocarcinoma cases at the University of Michigan from January
2004 to October 2007; these data are independent from CIRF data. Quantitative data on alcohol
consumption and cigarette smoking, and years of abstinence from smoking, were not reported
in the CIRF database; these factors were assessed using UMPCR. Enrollment in UMPCR was
performed in accordance with the institutional review board at the University of Michigan.
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Variables and Definitions

Factors initially assessed include patient age, gender, and history of cigarette smoking and
alcohol consumption. Within CIRF, smoking and alcohol use categories are classified as
‘current’, “past’, or ‘never’, based on self-reported information documented from each
participating site. Current users smoked cigarettes or consumed alcohol within the year prior
to diagnosis. Past substance users quit at least one year prior to diagnosis. The following
histological diagnoses from the CIRF database were felt to represent pancreatic
adenocarcinoma and are included in our analysis: adenocarcinoma (72.7%); carcinoma/
epithelial tumor (16%); duct carcinoma (4.7%); mucin-producing adenocarcinoma (2.9%); and
mucinous adenocarcinoma (2.7%). Adenosquamous carcinoma, anaplastic carcinoma,
undifferentiated carcinoma, and cystadenocarcinoma categories each constitute less than 0.5%
of the total study population and are also included in the analysis.

Within UMPCR, smoking history is assessed in pack-years of smoking and years since smoking
cessation prior to pancreatic cancer diagnosis. Lifetime nonsmokers have no pack-year history
of cigarette smoking and active smokers smoke at the time of diagnosis. Past smokers are
classified as quitting one to ten years prior to diagnosis (1-10YPTD) or greater than ten years
prior to diagnosis (>10YPTD). For comparison to CIRF data, UMPCR data are classified
according to CIRF-defined criteria (e.g. individuals who quit smoking at least one year prior
to diagnosis were categorized as “past smokers”). Alcohol consumption is classified as none
for lifetime nondrinkers, minimum to moderate for individuals who drink fewer than three
standard drinks per day (<39gm/day), and heavy for individuals who drink more than three
standard drinks per day (>39gm/day). For comparison to CIRF data, patients who described
themselves on prospective intake questionnaires as “past drinkers” are classified as “past
drinkers” regardless of the length of time since they stopped consuming alcohol.

Statistical Analysis

Results

To evaluate age at diagnosis, we implemented a generalized linear regression model with age
as the outcome variable. There were four potential explanatory variables: alcohol and smoking
use history (current vs. previous vs. never), gender, and the interaction between alcohol and
cigarette smoking history. Explanatory variables were chosen to enter the multiple models
based on P-value <0.250 in univariate regressions. The initial multivariate model included all
such explanatory variables. Non-significant variables were eliminated one at a time using a
backwards elimination strategy. Confounding among variables was evaluated by comparing
estimates and standard errors among univariate and multiple models. A P-value of less than
0.05 was considered statistically significant. All statistical analyses were performed using SAS
version 9.1 software (SAS Institute, Cary, NC).

Dataset and Patient Demographics

CIRF consisted of 29,239 pancreatic cancer patients with a mean age of 68.8 [standard
deviation (SD) =11.9] years; 49.1% were male, 85.5% were white and 11.7% were black. Data
for alcohol consumption and smoking history were available for 65.8% and 73.4% of entries,
respectively. UMPCR consisted of 922 patients; complete alcohol, smoking and diagnosis age
data were available for 820 patients (88.9%) which were included in our analyses. Data for
patients for whom smoking and alcohol consumption habits were not known were not analyzed.
Since patients were de-identified, it was not feasible to obtain this missing data. Mean age at
diagnosis in UMPCR was 63.0 (SD=11.3) years. The majority of patients were male (448,
54.6%), white (665, 92.5%), and non-diabetic (578, 70.6%), with no known family history of
pancreatic cancer (732, 92.1%). Approximately 54% were smokers and 51% were drinkers.
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Summary quantitative patient data on alcohol and cigarette smoking status from both databases
are shown in Table 1.

Effect of Smoking on Age at Diaghosis

Overall, current smokers were diagnosed at significantly earlier ages than their non-smoking
counterparts in CIRF and UMPCR (8.3 years and 6.3 years earlier, respectively; see table 2).
In both databases, combining current smokers with past smokers into an ‘ever smokers’ group
resulted in an intermediate age at diagnosis that was significantly younger than non-smokers.
Dose-dependent effects of cigarette smoking on age of diagnosis were observed in UMPCR.
Among nondrinkers, age at pancreatic cancer diagnosis differed by cigarette smoking pack-
year history and duration of smoking cessation (Figure 1). Nondrinkers with a 1-20 pack year
history and 21-40 pack year history of smoking presented 3.1 years (P = 0.077) and 6.6 years
(P =0.0001) earlier, respectively, than individuals who neither drank nor smoked.

The age of diagnosis for individuals who had stopped smoking differed modestly from non-
smokers; in the CIRF database, age at diagnosis for past smokers was 2.1 years younger than
age at diagnosis of non-smokers (P <0.001); in UMPCR, there was no significant difference
in age at diagnosis (64.4 vs 65.0 years, nonsmokers vs past smokers, P =0.49). The effect of
smoking cessation was illustrated in UMPCR; patients who had quit smoking 1-10 YPTD and
>10 YPTD had ages at diagnosis 3.3 (P <0.01) and 8.6 (P <0.0001) years later than those of
active smokers (Figure 2). Table 2 demonstrates effects of smoking on age at pancreatic cancer
diagnosis, stratified by gender. Gender effects in CIRF were isolated to non-smokers and
current smokers; female non-smokers were diagnosed with pancreatic cancer on average 3.6
years later than males (P <0.001), and female current smokers were diagnosed on average 2.1
years later than males (P <0.001).

Effect of Alcohol consumption on Age at Diaghosis

Overall, current drinkers were diagnosed at significantly younger ages than their never-
drinking counterparts in both CIRF and UMPCR (Table 3). In the CIRF database, females were
consistently diagnosed at later ages than males in all three alcohol consumption groups. In
UMPCR, gender disparity was significant only for never-drinkers (63.4 vs 66.4 years, male vs
female, P =0.01). In both databases, combining current drinkers with past drinkers into a group
called “ever drinkers’ resulted in an intermediate age at diagnosis that was significantly younger
than never-drinkers. Dose-dependent effects of alcohol on diagnosis age were observed in
UMPCR (data not shown). Among nonsmokers, age at pancreatic cancer diagnosis differed in
a linear and progressive fashion according to the amount of alcohol consumed; patients
reporting minimal, moderate and heavy alcohol consumption presented 6.2, 7.5 and 8.7 years
earlier than lifelong non-smokers/non-drinkers, respectively (all P <0.01). Past drinkers were
diagnosed a non-significant 4.6 years earlier than their non-smoking/non-drinking
counterparts.

Interaction of cigarette smoking and alcohol consumption

The interactive effects of cigarette smoking and alcohol consumption on age difference at
pancreatic cancer diagnosis are displayed in table 4. In CIRF, current smokers who were also
current drinkers were diagnosed a significant average of 10.2 years earlier than lifetime non-
users. The effects of current smoking for non-drinkers on diagnosis age were greater than
current drinking for non-smokers (8 years earlier for the former vs. 3.6 years earlier for the
latter). In UMPCR, compared to never drinkers/never smokers, current smokers/current
drinkers were diagnosed a significant 8.6 years earlier, while past drinkers/current smokers
were diagnosed a significant 9.8 years earlier than never users. Similar to CIRF, current
smoking in UMPCR had a greater effect on diagnosis age in non-drinkers than current drinking
in non-smokers. In CIRF, past smokers who were lifetime non-drinkers were diagnosed 1.5
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years earlier than lifetime non-smokers/non-drinkers; in UMPCR, past smokers were not
diagnosed significantly earlier in any drinking category than lifetime non-smokers.

Discussion

Recent nationally representative Surveillance Epidemiology End Results (SEER) data
observed that fewer than 12.5% of pancreatic cancer cases are diagnosed before age 55 and
over two-thirds (68.6%) of all cases are diagnosed at or above age 65.1° Our study provides
evidence that current cigarette smoking substantially reduces the age at pancreatic cancer
diagnosis in the general population, while past cigarette smoking has less substantial effects
on diagnosis age. Additionally, consuming alcohol significantly decreases the apparent age of
pancreatic cancer presentation regardless of cigarette smoking habits. This information is
unequivocally valuable to clinicians who should have increased vigilance for this highly fatal
cancer among particular subsets of patients.

Cigarette smoking is a well-established risk factor for pancreatic cancer®:16 although the exact
mechanism by which smoking triggers pancreatic tumor development is undefined. Dozens of
carcinogens found in cigarette smoke reach the pancreas from the bloodstream and refluxed
bile.1’~19 Both tobacco-specific nitrosamines nicotine metabolites have been found in the
pancreatic juice of smokers.20 Some susceptible individuals may lack functional protective
enzyme systems necessary to detoxify tobacco products such as cytochrome P 4501A2 and n-
acetyl transferase enzymes, which may differentially affect risk among smokers.21 Smoking
also up-regulates pancreatic heterogeneous nuclear ribonucleoprotein, which may play a role
in cancer development.22 Additionally, cigarette smoking may trigger chronic inflammation,
23 gvidenced by its effects on risk and progression of inflammatory-related conditions, such as
alcohol-induced chronic pancreatitis?4 and Crohn’s disease.2>

Parallel trends in age at pancreatic cancer diagnosis have been reported in smokers from high
risk pancreatic cancer-prone kindreds and smokers with hereditary pancreatitis.>10 A recent
study of early-onset pancreatic cancer noted that both family history and cigarette smoking
influenced the age of diagnosis of pancreatic cancer2; the authors observed that the proportion
of early-onset pancreatic cancer worldwide correlated strongly with lung cancer mortality,
suggesting that about half of the variation in the proportion of early-onset pancreatic cancer
might be explained by smoking.

Our study re-enforced the observation that current, active smoking may have a greater impact
than past smoking on pancreatic carcinogenesis. Similarly, a frequently cited study published
in 1996 noted a 2.5-fold increased risk of pancreatic cancer among active smokers®; however,
risk decreased by 48% within 2 years of smoking cessation and 10 years after cessation,
pancreatic cancer risk was almost equivalent to lifetime non-smokers. Other studies have
observed similar decreases in risk in as little as 5 years of smoking cessation.2” Our results
clarify the continued need for smoking cessation programs on local and national levels.

Some studies demonstrate an association between heavy alcohol consumption and pancreatic
cancer development.8:13:14 A recent study of 808 pancreatic cancer patients and 808 healthy,
frequency-matched controls who underwent in-person interviews found a 1.6-fold increased
risk of pancreatic cancer among heavy drinkers—the same risk level that they noted among
‘ever’ smokers.8 The relationship is plausible, because alcohol’s metabolites, ethanol and
acetaldehyde, are known carcinogens.?8 Theoretically, heavy alcohol consumption may

increase the risk of chronic pancreatitis or diabetes, known risk factors for pancreatic cancer.
29-30

Individuals who were smokers and reported minimal to moderate alcohol consumption were
diagnosed with pancreatic cancer at a slightly later age than active smokers without a history
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of drinking. The seemingly protective effect of minimal to moderate alcohol consumption was
confined to active smokers. Health effects of alcohol consumption have been characterized as
having a J- or U-shaped curve, with non-drinkers and heavy drinkers having increased health
risks while moderate drinkers have decreased risks of illnesses such as heart disease and
diabetes, and overall mortality.31:32 Two past studies noted decreased pancreatic cancer risk
in regular or moderate wine drinkers.33:34 Moderate alcohol consumption may function as a
surrogate for a healthy lifestyle and related, preventive behaviors, such as exercising or not
smoking, might be responsible for the observed protective health effects.3> An alternative
explanation for the association of earlier diagnosed pancreatic cancer in heavy drinkers is that
heavy drinking is simply a surrogate marker for chronic pancreatitis.

We noted a difference in age at pancreatic cancer diagnosis between men and women within
similar smoking and drinking categories. In the United States, pancreatic cancer incidence is
lower for women than for men in all racial groups.3° Theories of why this disparity exists have
focused on the protective role of reproductive factors, although the only consistent observation
has been that increased parity may be protective for women.36:3” Because only broad categories
were available in CIRF, women may have had lower use levels than men, reflective of national
trends in cigarette smoking and alcohol consumption.38:39

Smokers may be hypothesized to have an earlier age of pancreatic cancer presentation than
non-smokers due to competing risks of mortality.#? Cigarette smoking is recognized as having
one of the greatest attributable risks for mortality in the United States, causing a variety of
cancers as well as cardiovascular disease and stroke.1:42 The phenomena of competing
mortality risks was addressed in a study by Zisman et al*3 that examined age at colorectal
cancer diagnosis in relation to cigarette smoking and alcohol consumption, similarly using the
CIRF database. The authors noted that if competing causes of mortality were responsible for
the younger age at colorectal cancer diagnosis observed for smokers, the age of diagnosis of
all cancers should be earlier. Thereafter, they examined age of prostate cancer diagnosis in the
CIRF database in relation to cigarette smoking, because prostate cancer development is not
known to be associated with cigarette smoking.** The authors found that smoking was not
related to age at prostate cancer diagnosis; in fact, prostate cancer patients who were current
smokers were diagnosed at later ages than patients who were lifetime non-smokers.

Strengths of our study include study size and histological verification of pancreatic cancer for
all cases. These studies were possible because the CIRF database is sufficiently powered to
evaluate the impact of cigarette smoking on patient age at diagnosis among the general United
States population. Data contained in the CIRF registry derive from a very large number of
hospitals and cancer centers and all cancer diagnoses must be recorded in the National Cancer
Data Base (NCDB). CIRF data is a valid population sample which accurately reflects national
observations; race, gender, stage of disease at diagnosis and tumor location are consistent with
those found in the SEER database (data not shown).1®

Our study has some notable limitations. Being a case-only study, our research did not evaluate
causation, but rather effects on age at diagnosis of pancreatic cancer; the results demonstrate
correlation although cause cannot explicitly be implied. Another limitation of this study was
that many potentially confounding factors could not be addressed because the CIRF database
is not linked to medical records. A recent review of pancreatic cancer epidemiology noted the
influence of numerous host and/or environmental factors on risk, including family history,

chronic pancreatitis, body mass index, dietary mutagens, exercise habits, diabetes mellitus,

fruit and vegetable consumption, and additional factors that we could not evaluate in our study.
45
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Another study limitation is the broad classification of substance use in the CIRF database. ‘Past
users,” for instance, may include patients with low-level substance who stopped many years
earlier as well as individuals who were heavy or very heavy users and quit more recently. There
is a well-established correlation between nicotine addiction and alcoholism and use of one
substance often predicts use of the other.#® The lack of cigarette and alcohol use levels
prevented us from assessing dose-response effects on pancreatic cancer risk in the CIRF
database, a limitation we addressed by including UMPCR data in separate analyses. Although
approximately one third of patients lacked smoking and/or alcohol data, these substances are
not universally recognized pancreatic cancer risk factors (as opposed to lung or liver cancer,
respectively), and a great use differential between groups that did or did not have use habits
documented is unlikely. Sensitivity analysis demonstrated that given any assumptions
regarding smoking status of the non-responders, the results remained statistically significant
(data not shown).

In summary, our study is the first to provide compelling evidence that smoking and drinking
significantly decrease the age at pancreatic cancer diagnosis among individuals not in high-
risk groups. Our results underscore the importance of counseling patients who smoke on the
value of quitting. They also reassert the need to focus efforts on preventing smoking initiation
as well as the continued institution of smoking cessation programs, to diminish mortality and
potential years of life lost due to this lethal disease.
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Figure 1.

Dose effects (lifetime pack years of cigarette smoking) vs. non-smoking on age at pancreatic
cancer diagnosis for non-drinkers in UMPCR
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Effect of Smoking Cessation
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Figure 2.

Comparison of years of smoking cessation vs. active smoking on age at pancreatic cancer
diagnosis in UMPCR
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Table 1

Quantity and percentage of patients in each smoking and drinking category, both databases

Page 12

CIRF UMPCR
Number % Number %

Current Smoker 5597 26.1 208 25.4
Past Smoker 6595 30.8 237 28.9
Never Smoker 9256 43.2 375 45.7
Total 21,448 820

Current Drinker 5318 276 332 40.5
Past Drinker 2158 11.2 83 10.1
Never Drinker 11,764 61.1 405 49.4
Total 19,240 820
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Table 2

Age at Pancreatic Cancer Diagnosis and Lifetime Cigarette Smoking Habits, Stratified by Gender

Page 13

CIRF

Males only Females only Both genders
Current Smokers 61.9+11.02 64.0 +11.62 62.8+11.3%
Past Smokers 69.0 +10.2 69.3 + 10.62 69.1 +10.42
Never smokers! 68.9+12.0 725+11.6 71.2+11.9
Ever Smokers 65.9+11.22 66.7 +11.42 66.2+11.32
Never smokers! 68.9+12.0 725+11.6 71.2+11.9

UMPCR

Males only Females only Both genders
Current Smokers 58.1+8.62 58.2 +11.62 58.1+10.02
Past Smokers 64.6+95 65.9+9.0 65.0+9.3
Never smokers' 62.3+12.1 66.5+12.2 64.4+12.3
Ever Smokers 61.8+9.7 61.8+11.18 61.8+10.2P
Never smokers' 62.3+12.1 66.5+12.2 64.4+12.3

7 .
reference group is never smokers

3 <001

bP <.05
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Table 3

Age at Pancreatic Cancer Diagnosis and Lifetime Alcohol Consumption Habits, Stratified by Gender

Page 14

CIRF
Alcohol Use Males only Females only Both genders
Current drinkers 64.0+11.32 66.3+11.82 65.5 + 11.52
Past drinkers 65.3+10.82 66.7 + 11.42 65.6 +11.02
Never drinkers' 68.5+11.7 712117 702+118
Ever drinkers 65.1+11.12 66.4+11.82 65.5 + 11.42
Never drinkers' 68.5+11.7 71.2£11.7 70.2+118
UMPCR

Alcohol Use Males only Females only Both genders
Current drinkers 61.1+11.1° 60.9+11.22 61.0+11.13
Past drinkers 61.3+86 59.0 + g,zb 60.7 + 8_8b
Never drinkers' 63.4+10.8 66.4 +12.0 65.1+11.6
Ever drinkers 61.2 +10.6° 60.6 + 10.92 61.0 +10.7°
Never drinkers! 63.4+10.8 66.4 +12.0 65.1+11.6

7 . .
reference group is never drinkers

8p <001

bP <.05
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