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Abstract

Background—Severa environmental risk factors are known to predispose to pancreas cancer
and up to 15% of pancreatic cancers have an inherited component. Understanding metachronous
cancer associations can modify pancreas cancer risk. We sought to investigate the association of
non-pancreatic cancers with subsequent pancreatic adenocarcinoma.

Methods—We used data from the U.S. Surveillance, Epidemiology, and End-Results (SEER)
registries to identify 1,618,834 individuals with a primary malignancy and subsequent pancreatic
adenocarcinoma (n=4,013). We cal cul ated standardized incidence ratios as an approximation of
relative risk (RR) for occurrence of pancreatic adenocarcinoma after another primary malignancy.

Results—Among patients diagnosed with afirst primary malignancy at ages 20-49, the risk of
subsequent pancreatic adenocarcinomawas increased among patients with cancers of the
ascending colon (RR 4.62, 95%CI 1.86-9.52), hepatic flexure (5.42, 1.12-15.84), biliary system
(13.14, 4.27-30.66), breast (1.32, 1.09-1.59), uterine cervix (1.61, 1.02-2.41), testes (2.78,
1.83-4.05) and hematopoietic system (1.83, 1.28-2.53). Among patients with afirst malignancy at
ages 50-64, the risk was increased after cancers of the stomach (1.88, 1.13-2.93), hepatic flexure
(2.25, 1.08-4.13), lung and bronchus (1.46, 1.16-1.82), pharynx (2.26, 1.13-4.04) and bladder
(1.24, 1.03-1.48). Among patients with a primary cancer after age 65, the risk was increased after
cancers of the stomach (1.79, 1.23-2.53), hepatic flexure (1.76, 1.06-2.75), biliary system (2.35,
1.17-4.20), and uterus (1.23, 1.03-2.47).
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Conclusions—This population-based dataset suggests that pancreatic adenocarcinomais
associated with certain primary cancers. Genetic predisposition, common environmental and
behavioral risk factors may all contribute to this observation. Specific tumor associations will
guide future risk-stratification efforts.
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Introduction

Pancreatic cancer is the fourth leading cause of cancer-related mortality in the United States.
Cureisonly attainableif the cancer is detected at an early, resectable stage. However, only
15-20% of patients are surgical candidates at presentation (1). The current 5 year survival
rate is 5%, compared with ~2.5% in 1975-1979 (2). Known risk factors for pancreatic
cancer include tobacco use, diabetes mellitus, and chronic pancreatitis. |dentifying
individuals at risk for pancreatic cancer may result in earlier detection and improved
survival.

Up to 15% of pancreatic cancers have a genetic predisposition (3,4). Familial pancreatic
cancer is the clustering of pancreatic cancer within afamily and may be the result of
germline mutations in the palladin or PALB2 genes (5-8). Hereditary chronic pancreatitis
involves an autosomal dominant mutation of the cationic trypsinogen gene PRSS1 (9). Other
hereditary cancer syndromes that predispose individuals to an increased risk of pancreatic
cancer include familial breast and ovarian cancer syndrome (BRCA1/BRCA?2) (10-15),
Peutz-Jeghers syndrome (PJS) (16-18), familial atypical multiple mole melanoma
(FAMMM) syndrome (19-21), and hereditary non-polyposis colorectal cancer syndrome
(HNPCC) (22-25). Some have suggested that familial adenomatous polyposis (FAP) isaso
associated with an increased risk of pancrestic cancer (26).

Recent effortsin pancreatic cancer epidemiology have focused on the role of family history
in elucidating possible genetic predispositions. McWilliams and colleagues have shown that
first-degree relatives of patients with pancreatic adenocarcinoma have a significantly
increased risk of developing the disease themselves and that the median age of onset in
probands is younger when afamily history of syndromic cancers, such as breast, ovarian,
colorectal, or melanomais present (27,28). A similar study comparing rates of pancreatic
cancer in kindreds to those of the general US population found that the presence of afamily
member with early-onset pancreatic cancer (age <50) conferred an increased risk to familial,
but not sporadic cancer kindreds (29). Furthermore, relatives of an individual with
pancreatic cancer have an increased risk of dying from breast and ovarian cancers (30).
These findings led us to investigate the association of non-pancreatic primary malignancies
with the development of a subsequent pancreas cancer in the same individual. We stratified
individuals by age, asit islikely that cancers at a younger age have inherited predispositions
while cancers at older ages have significant environmental predispositions. We examined
whether or not multiple primary cancers associated with environmental or inherited risks
occur more frequently than expected within individuals (rather than within families).

The occurrence of multiple primary cancersin an individual may reflect a genetic
predisposition, common environmental or behavioral risk factors, iatrogenic effects dueto
treatment of the first malignancy, or a combination of these factors (31). To date, no
population-based study has examined these hypotheses with regards to pancreatic
adenocarcinoma. The aim of this study was to use the National Cancer Institute's
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Surveillance, Epidemiology, and End-Results (SEER) Program to investigate whether
certain primary malignancies are associated with an increased risk of subsequent pancreatic
adenocarcinoma, and the extent to which this risk varies with age at onset of the first
malignancy. We hypothesized that persons with pancreatic cancer associated syndromic
cancers (Table 1) (10-26), common environmental risk factors, and iatrogenic effects of
prior treatment would be at an increased risk of subsequent pancreatic adenocarcinoma.

Materials and Methods

Results

The methods used in this paper have been previously described (32). The National Cancer
Ingtitute's Surveillance, Epidemiology, and End-Results (SEER) Program collects
information on cancer incidence, survival, and patient demographics from cancer registries
that previously covered about 14% of the population and was recently expanded to cover
approximately 26% of the population of the United States. Approximately 3.7 million /n situ
and invasive cancer cases are included in the SEER 9 database (33).

Using SEER* Stat software (34), Multiple Primary-Standardized Incidence Ratios (MP-SIR)
were calculated to investigate the incidence of pancreatic adenocarcinomawith prior
metachronous malignancies. Histology codes 8010-8012, 8015, 8020-8022, 8140-8141,
8143, 8147, 8210-8211, 8230-8231, 8260-8263, 8440, 8450, 8452-8453, 8470-8471,
8480-8481, 8490, 8503-8504, 8507-8508, 8510, 8514, 8521, 8560, 8562, 8570-8576 were
used to select for adenocarcinoma specifically. The cancer events occurred from January 1,
1973 through Dec 31, 2006. We included all cancersin persons >20 years that were reported
as malignant and microscopically confirmed. We excluded diagnoses that were noted solely
on the death certificate or at autopsy. For the primary analysis we required alatency period
of two years to reduce the possibility of pre-existing or incidental pancreatic
adenocarcinoma being discovered during the workup of the initial primary cancer. Results
were unchanged when we used a six-month latency period.

Within the limits set above, a cohort with any primary malignancy was followed over time
and subsequent pancreatic adenocarcinoma was noted. Follow-up time was calculated in
person-years of observation from the date of diagnosis of primary malignancy to the first of
either the date of diagnosis of the pancreatic adenocarcinoma or the date of death or
censoring by December 31, 2006. We calculated the cumulative age-, sex- and race-
specific person years at risk for each patient and multiplied these by the incidence rate of
pancreatic adenocarcinomain the SEER population to obtain the expected number of
subsequent pancreatic adenocarcinomas in the study cohort. We then computed standardized
incidence ratios (SIRs), as an approximation of relative risk, by dividing the observed
number of subsequent pancreatic adenocarcinomas by the expected number of subsequent
pancreatic adenocarcinomas for the various primary malignancies (observed/expected). We
calculated 95% confidence intervals using a Byar approximation to the exact Poisson test
(35). Datawere stratified by age at diagnosis of the first primary malignancy in three groups
(20-49, 50-64, 65+).

We identified 1,618,834 individuals diagnosed with a primary malignancy between Jan 1,
1973 to December 31, 2006 who met our eligibility criteria (Table 2). Of these patients,
4,013 were diagnosed with a primary pancreatic adenocarcinoma at least two years after this
initial diagnosis.
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between pancreatic adenocarcinoma and primary malignancies

In patients diagnosed with a primary malignancy, the risk of subsequent pancreatic
adenocarcinomawas increased after several malignancies (Table 3). Among patients
diagnosed between the ages of 20-49, right-sided colon (ascending colon (RR 4.62, 95%Cl
1.86-9.52) and hepatic flexure (5.42, 95%CI 1.12-15.84)), hepatobiliary (13.14, 95%Cl
4.27-30.66), breast (1.32, 95%Cl 1.09-1.59), testicular (2.78, 95%CI 1.83-4.05), uterine
cervix (1.61, 95%CI 1.02-2.41), and hematopoietic malignancies (1.83, 95%Cl 1.28-2.53)
were associated with a significantly increased risk of pancreatic adenocarcinoma as a second
malignancy. Among patients diagnosed between the ages of 50-64, the risk of pancreatic
adenocarcinomawas significantly increased after cancers of the hepatic flexure (2.25,
95%CI 1.08-4.13), pharynx (2.26, 95%Cl 1.13-4.04), stomach (1.88, 95%Cl 1.13-2.93),
bladder (1.24, 95%CI 1.03-1.48), and lung/bronchus (1.46, 95%CI 1.16-1.82). Among
patients diagnosed with a primary cancer after age 65, we observed a significantly increased
risk of subsequent pancreatic adenocarcinoma after cancers of the biliary system (2.35,
95%ClI 1.17-4.20), stomach (1.79, 95%CI 1.23-2.53), hepatic flexure (1.76, 95%ClI
1.06-2.75) and uterus (1.23, 95%CI 1.03-2.47). Rectal cancer (0.65, 95%CIl 0.46-0.87) was
associated with a significantly decreased risk of pancreatic adenocarcinomain this age
group. Cancers of the small intestine, ovary, prostate, adrenal, thyroid, and brain aswell as
melanoma showed no statistically significant association with pancreatic adenocarcinoma at

any age group.

Discussion

Association

The occurrence of multiple primary cancersin an individual may reflect a genetic
predisposition, although only a small number of cancers are aresult of genetic syndromes.
Many cancers, particularly in individuals at advanced age, can be aresult of common
environmental or behavioral risk factors, iatrogenic effects due to treatment of the first
malignancy, or a combination of these factors (31). Our analysisis novel because we use a
population-based dataset to suggest that the relative risk of subsequent pancreatic
adenocarcinomais increased in persons who have malignancies that are known to be
associated with genetic syndromes and environmental risk factors (Tables 1 and 3).

between pancreatic adenocarcinoma and known genetic syndromes

Our data suggest an association between early age familia breast cancer (frequently BRCA
1/BRCA2) and pancreatic adenocarcinoma. We observed a significantly increased risk after
breast cancer in those diagnosed between the ages of 20-49. The absence of a significant
association in the older age groups could be explained by the declining incidence of breast
cancer in BRCA1L/BRCAZ2 carriers, as these women increasingly elect for prophylactic
mastectomy or oophorectomy (36). In addition, many patients with BRCA mutations
undergo screening with MRI and thermal imaging, which may detect pre-malignant breast
lesions not otherwise detectable with mammaography aone. Sporadic breast cancer also
accounts for a higher proportion of cancersin older than younger women (37). We did not
see asignificantly increased risk of pancreatic adenocarcinoma after ovarian cancer.
Approximately 70% of both hereditary and non-hereditary ovarian cancer patients present
with stage |11 or IV disease, limiting survival and hence opportunity to devel op a subsequent
pancreatic cancer even in individuals with BRCA 1/BRCAZ2 (38). We did not observe a
significantly increased risk after prostate cancer; however, BRCA1/BRCA2 does not
predispose to an earlier age of onset of this malignancy (39-42). Patients therefore die with
prostate cancer, as opposed to from it, and since we excluded cases reported by autopsy
alone, our results are not unexpected.
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We did not detect a significantly increased risk of pancreatic adenocarcinoma after
melanoma. This result contrasts with two previous studies from 1998 and 2003 that report an
association between these malignancies (43, 44). However, our data do not exclude an
association between the malignancies of FAMMM syndrome and pancreatic
adenocarcinoma. Individuals with FAMMM now undergo intense cancer screening and
surveillance, dysplastic lesions are frequently removed at a pre-neoplastic or nevus stage.
These data are not reported in SEER. As such, we hypothesize that these patients may
develop pancreatic adenocarcinoma in the absence of frank melanoma. We observed a
significantly increased risk of pancreatic adenocarcinomain patients with pharyngesal
cancer, an environmentally induced cancer also included in the FAMMM syndrome. (21).
Asthese cancers are al so associated with cigarette exposure, the increased risk likely
represents the additive effect of a germline mutation and of tobacco exposure.

We detected significant positive associations between HNPCC-associated malignancies,
including cancer of the right colon, endometrium, stomach, and hepatobiliary system, and
pancreatic adenocarcinoma, specifically in younger age groups. Relative risks ranged from
1.23 to 13.14. These associations have also been noted in prior studies of various
metachronous malignancies in large population cohorts (43, 45-46).

Our data cannot be used to support or refute an association between the malignancies seenin
PJS and FAP with pancreatic adenocarcinoma. In considering PJS, although we observed a
significantly increased risk of pancreatic adenocarcinomain women after breast cancer, this
malignancy is common to BRCAL/BRCA?2 as well, and the vast mgjority of breast cancer
cases are not syndromic in nature. Furthermore, cancers of the stomach, lung, and testes are
associated to alarge degree with environmental risk factors, and thus cannot be attributed to
genetic factors alone. With regards to FAP, given its rarity on a population based level,
future studies that are more adequately powered than ours must be done to further
investigate this hypothesis.

between environmental risk factors and pancreatic adenocarcinoma

Pancreatic adenocarcinoma was frequently associated with tobacco-related malignancies.
The significantly increased risk among individuals diagnosed with afirst primary
malignancy between 50-64 years of age after lung, bladder, stomach and pharyngeal cancer
support the etiologic role of smoking, as noted by other investigators (43, 45, 47). A
significantly increased incidence of pancreatic adenocarcinoma after testicular cancer as
well as lymphatic and hematol ogic malignancies suggests a possible association with
therapeutic radiation (45, 48). A review of the SEER therapeutic data suggests that 51%
(18/35) of patients with primary testicular and 23% (50/218) of patients with primary
hematological malignancies that subsequently developed primary pancreatic
adenocarcinoma received therapeutic radiation. The increased risk after stomach cancer
among individuals older than 50 years may also suggest the role of H. py/oriinfection asa
common cause of non-cardia gastric cancer and pancreatic adenocarcinoma. Although the
SEER database cannot be used to investigate the association between pancreatic
adenocarcinomaand alcohol intake, BMI, or diet, these are important risk factors that must
be examined with future population based studies.

The study has several limitations. First, while a genetic predisposition to cancer is suggested
by our data, only a small proportion (fewer than 15%) of pancreatic malignancies are
attributable to genetic syndromes (3, 4). Not all susceptibility genes are known and not all
syndromes are defined. Although we selected for metachronous cancers, we cannot assume
that all of our cases resulted from syndromic processes. Only aminority of patients with
second primary pancreatic cancers will have a germline genetic mutation. Second, we were
not able to control for important environmental factors such as tobacco, alcohol, H. py/lori
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incidence, BMI, and diet in our analysis. As such, the associations that we observed are
likely, in part, attributable to unaccounted for cofactors. Since we could not review data on
the actual habits of individualsin our population, we do not know whether or not individuals
with malignancies associated with, for example, tobacco use, actually smoked. However,
most environmental risk factors predispose to malignancy at advanced ages after cumulative
exposure, while many of our observed associations were in the youngest age group when
most genetic cancers are manifest. Third, we may have missed true associations due to our
small sample size. Although we tried to group anatomic sites together to avoid calculating
relative risks based on small expected values, this was not possible for some cancer sites.
Finally, we did not have access to the family history of the patients followed. Although we
are more concerned with multiple primary cancers in the same individual, information
regarding syndromic cancers within families would have been very useful for comparison.

In summary, our data reveal an increased risk of pancreatic adenocarcinoma following some
malignancies associated with certain genetic syndromes specifically in the youngest age
group. Our results also indicate an increased risk of pancreatic cancer after tobacco-related
malignancies, cancers treated with radiation, and possibly other environmental factors, such
as H. pyloriinfection. Efforts to decrease the mortality from pancreatic cancer involve both
lifestyle modification and screening protocols in appropriate populations, such as those with
apositive family history, a genetic syndrome that predisposes to the disease, or
environmental risk factors (3, 49-53). An increased awareness of the association between
pancreatic cancer and other malignancies may aid future pancreas risk stratification
strategies and cancer surveillance efforts.
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