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Abstract
Background—Inherited predisposition to pancreas cancer accounts for approximately 10% of
cases. Familial aggregation may be influenced by shared environmental factors and shared genes.
We evaluate whether a family history of pancreas cancer is a risk factor for ten specified cancers in
first-degree relatives: bladder, breast, colon, head & neck, lung, lymphoma, melanoma, ovary,
pancreas and prostate.

Methods—Risk factor data and cancer family history were obtained for 1816 first-degree relatives
of pancreas cancer case probands (n=247) and 3157 first-degree relatives of control probands
(n=420). Unconditional logistic regression models using generalized estimating equations were used
to estimate odds ratios (ORs) and 95% confidence intervals of having a first-degree relative a
specified cancer.

Results—A family history of pancreas cancer was associated with a doubled risk of lymphoma
(OR = 2.83, 95% CI = 1.02–7.86) and ovarian cancer (OR = 2.25, 95% CI = 0.77–6.60) among
relatives after adjustment. Relatives with a family history of early-onset pancreas cancer in a proband
had a 7-fold increased risk of lymphoma (OR = 7.31, 95% CI = 1.45 – 36.7). Relatives who ever
smoked and had a family history of pancreas cancer had a 5-fold increased risk of ovarian cancer
(OR = 4.89, 95% CI = 1.16–20.6).
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Conclusion—Family history assessment of cancer risk should include all cancers. Assessment of
other known and suspected risk factors in relatives will improve risk evaluation. As screening and
surveillance methods are developed, identifying those at highest risk is crucial for a successful
screening program.
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pancreas cancer; lymphoma; ovarian cancer; family history of pancreas cancer; smoking; young age
at cancer diagnosis; genetic risk

Introduction
It is estimated that in 2007, there will be 37,170 new cases of pancreas cancer diagnosed, and
33,370 deaths from pancreas cancer 1. Pancreas cancer is rapidly fatal, with a median survival
of approximately 6 months after diagnosis 2. Over 75% of pancreas cancers are diagnosed in
regional or distant stages, leading to the dismal 5-year relative survival rate of 5% 3. Risk
factors for pancreas cancer include increasing age, cigarette smoking, a history of diabetes or
pancreatitis, and a family history of pancreas cancer 4–6. Inherited predisposition to pancreas
cancer accounts for approximately 10% of all cases 7.

Familial aggregation of pancreas cancer has been reported in various populations8–11,
including the families in this current study 12. Familial clustering of pancreas or other cancers
may be influenced by shared environmental factors and by shared genes. Here, we evaluate
whether a positive family history of pancreas cancer is a risk factor for ten specified cancers
in first-degree relatives: bladder, breast, colon, head & neck, lung, lymphoma, melanoma,
ovary, pancreas and prostate. Additionally, we examine whether younger age of the proband
at pancreas cancer diagnosis and whether the relatives’ positive smoking history further
increases risk of other cancers.

Methods
The study was approved by the local institutional review boards and written informed consent
was obtained from each individual proband participating in the study. Probands were selected
from a case-control study of pancreas cancer conducted from October 1, 1996 through March
31, 1999. We use the term proband to indicate the person from whom the family history of
cancer was obtained. Case probands were recruited by contacting eight hospital pathology
departments, medical records departments, various oncology and surgical physician groups
and tumor registries in Southeastern Michigan. Eligible case probands were between the ages
of 30 and 79 years, were residents of 18 counties (Hillsdale, Lenawee, Monroe, Jackson,
Washtenaw, Wayne, Ingham, Livingston, Oakland, Macomb, Shiawassee, Genesee. Lapeer,
St. Clair, Bay, Gratiot, Midland or Saginaw) at the time of diagnosis, were English-speaking
and could be contacted by phone. Because the median survival time for patients with pancreas
cancer was short, a rapid case finding system was used in the participating hospitals and
physician offices. Only those patients who had newly diagnosed adenocarcinoma of the
exocrine pancreas (topography codes C25.0–C25.3 and C25.7), confirmed by pathologic
criteria, were included in the study.

Of the 358 patients who were eligible for the study, 53 died before contact could be made and
37 were not contacted because of physician refusal. Of the remaining 268 case probands who
were invited to participate in the study, 247 (92%) agreed. Control probands were frequency
matched to case probands by age group (30–44, 45–59, 60–69, 70–79 years), gender, race,
(African-American, Caucasian and other) and county of residence (counties were grouped into
nine different areas based on population size and proximity to each other). In addition, eligible
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control probands were English-speaking and could be contacted by phone. Random digit
dialing techniques based on the Waksberg method were used to recruit control probands 13.
Of the 550 people invited to participate in the study, 420 (76%) agreed. Characteristics of the
case and control probands (age range, gender and ethnicity) were comparable and are reported
elsewhere 12.

Data Collection
Trained interviewers conducted in-person interviews with the probands to collect data
regarding first-degree family history of ten selected cancers (bladder, breast, colon, head &
neck, lung, lymphoma, melanoma, ovary, pancreas and prostate). Data collected on all first-
degree relatives (parents, siblings and offspring) included the age of each relative at interview
date or at death, gender, history of selected cancers, history of “other” cancer(s), age at cancer
diagnosis or age at death for every reported cancer. In addition, history of diabetes, and cigarette
smoking status (more than 100 cigarettes in lifetime) was collected on each relative.

The interviewer also requested proband demographic information (age, gender, ethnicity,
marital status, educational level, annual income), cigarette smoking history, personal history
of selected medical conditions and personal exposure history (residential and occupational) to
selected chemicals. Data were double entered and algorithms were created and employed to
detect out of range values, logical errors and omissions in the database.

Statistical Analysis
The analyses treated each first-degree relative of a case proband or control proband as a study
subject. These subjects were then categorized as being related to a case proband or a control
proband. To determine whether risk of other cancer varied with relationship to a case or control
proband (i.e., a family history of pancreas cancer in a first-degree relative), unconditional
logistic regression models using generalized estimating equations (GEEs), that take into
account family correlation structures were used to estimate odds ratios and confidence
intervals. The models were adjusted for the age, sex, and smoking status of the subject, and
the age (at diagnosis or interview (<60, ≥ 60)), race and smoking status of the proband. The
outcome variable in the models was the specified cancer in the study subjects. For those cancers
with a significant or marginally significant association with pancreas cancer in a proband, two-
level interactions of family history of pancreas cancer with smoking status (ovarian cancer) or
age of proband (lymphoma) were evaluated. Individuals with missing data for any of the
variables were excluded from the analyses. All statistical tests were two-sided and all analyses
were performed by SAS version 8.0 (Cary, NC).

Results
A total of 247 pancreas cancer case probands and 420 control probands were interviewed,
resulting in 1,991 first-degree relatives of case probands and 3,286 first degree relatives of
control probands. Complete data was available for 1,816 relatives of case probands (91.2%)
and 3,157 relatives of control probands (96.1%). The distribution of reported cancers among
these 4,973 subjects is depicted in Table 1. Of the 10 cancer sites specifically asked for each
relative, risk of lymphoma (OR=2.83, 95% CI=1.02–7.86) and pancreas (OR=2.49 95%
CI=1.32–4.69) cancer were statistically significantly associated with having a family history
of pancreas cancer (i.e., being a relative of a case proband) compared to being a relative of a
control proband, after adjusting for each subject’s age, sex, smoking status, the age of the
proband at diagnosis or interview (<60, ≥ 60), proband race and proband smoking status. Risk
for ovarian cancer was increased among relatives of pancreas case probands versus relatives

Cote et al. Page 3

J Gastrointest Cancer. Author manuscript; available in PMC 2009 July 31.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



of control probands, but the results were not statistically significant (OR=2.25, 95% CI=0.77–
6.60).

Further analyses of subjects with lymphoma and ovarian cancer are presented in Table 2. The
distribution of the relationship type (i.e., parents, siblings and children) of the relatives of the
case probands and control probands were not statistically significantly different, nor were the
mean ages of these relatives. The case probands reported 11 first-degree relatives with
lymphoma (5 parents, 5 siblings, and 1 offspring) compared to 6 relatives with lymphoma in
control subjects (3 parents, 2 siblings and 1 offspring). After accounting for multiple
occurrences of lymphoma in families, 3.6% (9/247) of case probands interviewed reported a
first-degree relative with lymphoma compared with 1.4% (6/420) of control probands. There
were 11 ovarian cancers reported in case families (4 mothers, 6 siblings, and 1 offspring)
compared to 6 ovarian cancers in control relatives (3 mothers, 2 siblings, and 1 offspring).
After accounting for multiple occurrences of ovarian cancer in families, 3.2% (8/247) of case
probands interviewed reported a first-degree relative with ovarian cancer compared with 1.4%
(6/420) of control probands. Individuals with missing data were dropped from the regression
models in Table 1, resulting in 2 fewer lymphomas among relatives of case probands (n=9),
and 3 fewer ovarian cancers among relatives of case probands (n=8). The overall percentage
of affected case and control relatives were not statistically different, and for those affected, the
ages at diagnosis were also not statistically different.

We next assessed whether there were two-way interactions between smoking, family history,
and age of the proband at diagnosis (for cases) or age at interview (for controls) on risk of
lymphoma or risk of ovarian cancer. We found a seven-fold increased risk of lymphoma (OR
= 7.31, 95% CI = 1.45–36.7) among relatives of cases with early-onset pancreas cancer (age
<60) compared to relatives of older control probands (≥60 years of age at interview) (Table
3). We found a 5-fold increased risk of ovarian cancer (OR = 4.89, 95% CI = 1.16–20.6) among
case relatives with a smoking history (ever smoked), compared to never smoking control
relatives (Table 4). None of the other subgroups were statistically significant.

Discussion
This study focuses on first-degree relatives of pancreas cancer cases and includes each subject’s
smoking status, age, diabetes and cancer history. As previously reported, we identified
increased risk of pancreas cancer in first-degree relatives of patients with pancreas cancer 12.
This current analysis also suggests that those with a family history of pancreas cancer in a first-
degree relative may be at greater risk for lymphomas compared to those without a family history
of pancreas cancer. Statistically significant increased risk of ovarian cancer was also seen in
ever smoking women with a family history of pancreas cancer compared to never smoking
women without a family history of pancreas cancer

Lymphoma is comprised of two main sub-types: Hodgkin’s Disease and Non-Hodgkin’s
Lymphoma (NHL) 14. NHL comprises the largest percentage of lymphomas, accounting for
89% of the estimated 71,380 new lymphomas in 2007 1. Immunosuppression is a suspected
risk factor for NHL, including both acquired and inherited immunodeficiency syndromes (i.e.,
congenital X-linked immunodeficiency, severe combined immunodeficiency, ataxia-
telangiectasia (AT) and Wiskott-aldrich syndrome) 14, 15. Other risk factors for NLH include
infectious agents (HTLV-I, HIV, H. pylori), and previous chemotherapy6, 15–17.

In addition to our study, there is limited evidence supporting or refuting a relationship between
increased risk of lymphoma associated with a family history of pancreas cancer. In a case-
control study of lymphohematopoetic cancers that included Caucasian men with and without
NHL, Pottern et al. reported a fourfold increased risk of NHL among those with a sibling history

Cote et al. Page 4

J Gastrointest Cancer. Author manuscript; available in PMC 2009 July 31.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



of pancreas cancer (OR = 4.4, 95% CI = 1.4 to 14.7), although a parental history of pancreas
cancer was not significant 18. A study of the first-degree relatives of 426 pancreas cases seen
at the Mayo Clinic found decreased risk of lymphoma (Standardized incidence ratio, (SIR)
=0.28 95% CI=0.12–0.55), including a non-statistically significant decreased risk in relatives
of early-onset (proband <60 years) pancreas cancer cases (SIR=0.39 95% CI=0.05–1.42) 19.
This study used population-based Surveillance, Epidemiology and End Results (SEER) data
as the reference group, which does not collect information on smoking histories. Another case-
control study of 526 men and women with pancreas cancer identified from three population-
based cancer registries, with a mix of races and ethnicities more similar to our Michigan
population, did not report an association between lymphoma and a family history of pancreas
cancer, although it was unclear how many, if any, lymphomas were reported in this population
20. While epidemiological evidence is inconclusive regarding the familial aggregation of
lymphoma and pancreas cancer, risk associated with early-onset pancreas cancer, where we
saw the highest risk, should continue to be explored.

Ovarian cancer is the 8th estimated leading cause of cancer-related incidence in 2007 and 5th

leading cause of cancer-related mortality among women in the United States1. Risk factors
include older age, being of Northern European descent, having a family history of ovarian
cancer, being part of a family that carries the mutated BRCA1 or BRCA2 genes, nulliparity,
infertility, and obesity 21. While we report that a positive family history of pancreas cancer and
smoking was associated with increased risk of ovarian cancer, overall, smoking has not been
shown to be a risk factor for the majority of ovarian cancers (those of serous or endometrioid
origin) although increased risk for mucinous ovarian cancer has been suggested among heavy
smokers 22, 23.

The first report of familial aggregation of pancreas and ovarian cancers was from a study of
662 women diagnosed with primary ovarian cancer ascertained from the Utah Cancer Registry
24. Through linkage to the Utah Population Database, Kerber et al. reported that a family history
of pancreas cancer accounted for 4.8% of ovarian cancer cases and that having any first-degree
relative with pancreas cancer was associated with increased risk of ovarian cancer (OR=2.88,
95% CI 1.57–5.28) 24. A population-based case-control study in a more racially diverse
population reported a similar association between ovarian and pancreas cancers. Individuals
with a family history of ovarian cancer had a statistically significant increased risk of pancreas
cancer (RR=5.3, 95% CI = 1.4 to 20.2) 20. It should be noted that this study did not evaluate
the contribution of smoking habits of the relatives when evaluating familial aggregation of
ovarian and pancreas cancers.

Laboratory studies provided etiological evidence supporting the association between pancreas
and ovarian cancers, when, in 1995, Schutte et al. reported a homozygous deletion at the
BRCA2 locus in pancreas carcinoma, leading to the localization of the BRCA2 gene later that
year 25, 26. Germline mutations in BRCA2 have been reported in approximately 10% of sporadic
pancreas carcinomas 27. In a study performed at the Johns Hopkins Medical Institutions of
pancreas cancer patients with familial pancreas cancer (defined as at least two affected first-
degree relatives), 17% of individuals had BRCA2 mutations 28. A similar study done in Europe
yielded remarkably similar findings, with 19% of individuals with familial pancreas cancer
harboring BRCA2 mutations 29. In 173 families with known BRCA2 mutations identified in
Europe and North America, there was a 3.5-fold risk of pancreas cancer (RR=3.51 95% CI
1.87–6.58) 30. A smaller study of 139 BRCA2 families in the Netherlands reported a 6-fold
relative risk (RR=5.9, 95% CI=3.2–10) 31. We did not see an increased risk of breast cancer
in our study population. While neither the American College of Medical Genetics nor the
United States Preventive Services Task Force has issued recommendations regarding genetic
testing for BRCA2 mutations with respect to pancreas cancer, testing for BRCA2 mutations and
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mutations in other cancer associated genes has been suggested for individuals with a family
history of pancreas and other cancers 32.

Increased risk of pancreas cancer has been identified in families with other cancer syndromes.
Mutations in BRCA1, which is associated with increased breast and ovarian cancer risk, may
also increase risk of pancreas cancer. In a study of 699 families with known BRCA1 mutations,
individuals with known mutations were 2.26 times more likely to have pancreas cancer than
those who did not carry mutations 33. Other syndromes also transmitted in the autosomal
dominant fashion that have been associated with risk of pancreas cancer include Peutz-Jeghers
syndrome 34, familial atypic multiple mole melanoma (FAMMM) syndrome 35, 36, familial
adenomatous polyposis37 and possibly hereditary nonpolyposis colorectal cancer (HNPCC)
38. An autosomal recessive disorder has also been associated with increased risk of pancreas
cancer. Lymphomas, ovarian, pancreas and breast cancers are part of the ataxia-telangiectasia
genetic syndrome39, 40. This syndrome is the result of defects in the ataxia telengectasia
mutated gene (ATM) and results in impaired DNA double-strand break response 41. While
homozygous mutations in ATM are rare, (approximately 1 of every 40,000 live births in the
US), individuals with heterozygous mutations (approximately 1% of the population) may also
be at increased risk of certain cancers 42. While these known syndromes account for a small
proportion of the attributable risk of pancreas cancer, it is likely other genes that influence risk
have yet to be identified. Examining other cancers in families with a history of pancreas cancer
may provide important insight into the genetic mechanisms involved in carcinogenesis.

Our study had a number of methodological strengths. We obtained data from in-person
interviews with newly diagnosed incident case probands. In-person interviews provide for the
collection of more reliable and detailed information than self-administered questionnaires or
telephone interviews 43. We also enumerated each first degree relative and collected specific
information (age, diabetes and smoking status) regardless of whether or not the individual had
cancer. Our family-based study design allowed a more comprehensive assessment of familial
aggregation of cancer than is possible in a simple case-control study. In addition, we had high
participation among case probands and control probands. In order to determine how successful
our case identification was, we assessed the thoroughness of our case finding mechanisms for
Wayne, Oakland, and Macomb counties by searching the metropolitan Detroit population-
based Surveillance, Epidemiology and End Results registry to identify eligible case probands
at participating hospitals who had been missed. We found only three such case probands,
indicating that substantial selection bias in case ascertainment was unlikely. Lastly, we
included only those case probands with histological confirmation of adenocarcinoma of the
exocrine pancreas.

Our study also had several limitations. Our findings are restricted to relatives of cases who
were diagnosed between the ages of 18 and 79. Our response rate of 69% among the cases,
while high for a population-based study of a rapidly fatal cancer is not representative of
pancreas cancer cases diagnosed at age 80 and above, and may also not fully represent all
younger cases. Additionally, we relied on the proband to report information about each first-
degree relative’s age, smoking habits, history of diabetes, and history of cancer. While proxy
reporting has been found to be reliable for cancers 44, 45 and smoking 46, there is still potential
for recall bias. Recall bias regarding family history of cancer may have contributed to an
overestimate of risk because the case probands may have been more attuned than the control
probands to their families’ cancer experience. Although we did not verify diagnoses in the
relatives, we did collect information on several types of cancers among the first-degree relatives
of the probands. The proportion and ranking of reported cancers in relatives by the pancreas
cancer case probands was similar to the proportion and ranking of reported cancers in relatives
by the control probands. For example, approximately 30% of cancers reported in first-degree
relatives of case probands were breast cancer compared with 29% in control probands. Prostate
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cancer reporting in case relatives and control relatives was also similar (20% and 22%,
respectively) as were colon cancers (15% of cancers were colon cancer reported by case
probands versus 14% in control probands). Thus, recall bias by the case probands is unlikely
to have played a major role. Case probands were also somewhat less likely to completely report
all of the information regarding their relatives’ smoking status, diabetes status, or age.
Individuals with missing data were dropped from the regression models, resulting in 2 fewer
lymphomas among case relatives (n=9), and 3 fewer ovarian cancers among case relatives
(n=8), while no cases were dropped from control families. Therefore, risk estimates may be
somewhat conservative. Lastly, we asked specifically about 10 cancers, and then asked the
proband about any other diagnosed cancers. Due to the differing methods, we did not include
any cancers reported from the open-ended question in the analysis. We were also not able to
obtain any specific histological information about the cancers (i.e. NHL versus Hodgkin’s
Lymphoma). It should also be noted that the risk estimates often represent a limited number
of cancers among both the case and control relatives, resulting in large confidence intervals.
These findings should be considered hypothesis-generating in nature, rather than conclusive
evidence of elevated risk of disease.

Conclusion
Pancreas cancer is a rapidly fatal disease for which earlier intervention is greatly needed.
Family history assessment should include all other cancers, in addition to pancreas cancer.
Assessment of other known and suspected risk factors in relatives (such as smoking status)
will also improve risk assessment for relatives of pancreas cancer cases. Although there is no
formal screening program recommended for those at high risk of pancreas, lymphoma or
ovarian cancers, clinicians can use family history information to strongly encourage individuals
to adopt healthier lifestyles (i.e. smoking cessation, dietary changes) and to seek appropriate
medical care. In addition, as screening methods and surveillance techniques are developed for
these and other cancers, identifying those at highest risk is crucial for a successful screening
program. Future research exploring the genetic and environmental interactions associated with
lymphomas, ovarian cancer and pancreas cancer may identify additional risk factors or serve
to better define what proportion of seemingly sporadic cancers are actually due to inherited
predisposition.

Acknowledgments
This research was supported by the National Institute of Environmental Health Sciences RO1 ES07129 and the
National Cancer Institute RC25-CA7716 and NO1-CN-65064, and by gifts from the Schreiber Foundation for Cancer
Research, the Marlin Pemberton Fund, and a gift in memory of Adrian Mayer, MD. “The original publication is
available at www.springerlink.com”.

References
1. Society, AC. Cancer Facts and Figures--2006. Atlanta, Georgia: American Cancer Society; 2006.
2. Hezel AF, Kimmelman AC, Stanger BZ, Bardeesy N, Depinho RA. Genetics and biology of pancreatic

ductal adenocarcinoma. Genes Dev May 15;2006 20(10):1218–1249. [PubMed: 16702400]
3. Ries, L.; Harkins, D.; Krapcho, M., et al. SEER Cancer Statistics Review, 1975–2003. Bethesda, MD:

National Cancer Institute; 2006.
4. Lowenfels AB, Maisonneuve P. Risk factors for pancreatic cancer. J Cell Biochem Jul 1;2005 95(4):

649–656. [PubMed: 15849724]
5. Lowenfels AB, Maisonneuve P. Epidemiology and risk factors for pancreatic cancer. Best Pract Res

Clin Gastroenterol Apr;2006 20(2):197–209. [PubMed: 16549324]
6. Schottenfeld, D.; Fraumeni, JF., Jr, editors. Cancer Epidemiology and Prevention. Vol. 3. Oxford Press;

2006.

Cote et al. Page 7

J Gastrointest Cancer. Author manuscript; available in PMC 2009 July 31.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



7. Lynch HT, Smyrk T, Kern SE, et al. Familial pancreatic cancer: a review. Semin Oncol Apr;1996 23
(2):251–275. [PubMed: 8623061]

8. Ehrenthal D, Haeger L, Griffin T, Compton C. Familial pancreatic adenocarcinoma in three
generations. A case report and a review of the literature. Cancer May 1;1987 59(9):1661–1664.
[PubMed: 3828965]

9. Friedman JM, Fialkow PJ. Familial carcinoma of the pancreas. Clin Genet May;1976 9(5):463–469.
[PubMed: 1269168]

10. Ghadirian P, Boyle P, Simard A, Baillargeon J, Maisonneuve P, Perret C. Reported family aggregation
of pancreatic cancer within a population-based case-control study in the Francophone community in
Montreal, Canada. Int J Pancreatol Nov-Dec;1991 10(3–4):183–196. [PubMed: 1787333]

11. Tersmette AC, Petersen GM, Offerhaus GJ, et al. Increased risk of incident pancreatic cancer among
first-degree relatives of patients with familial pancreatic cancer. Clin Cancer Res Mar;2001 7(3):
738–744. [PubMed: 11297271]

12. Schenk M, Schwartz AG, O’Neal E, et al. Familial risk of pancreatic cancer. J Natl Cancer Inst Apr
18;2001 93(8):640–644. [PubMed: 11309441]

13. Hartge P, Brinton LA, Rosenthal JF, Cahill JI, Hoover RN, Waksberg J. Random digit dialing in
selecting a population-based control group. Am J Epidemiol Dec;1984 120(6):825–833. [PubMed:
6334439]

14. Kirsner RS, Federman DG. The epidemiology of non-Hodgkin’s lymphoma. Conn Med Oct;1996 60
(10):579–582. [PubMed: 8952129]

15. Grulich AE, Vajdic CM, Cozen W. Altered immunity as a risk factor for non-hodgkin lymphoma.
Cancer Epidemiol Biomarkers Prev Mar;2007 16(3):405–408. [PubMed: 17337643]

16. Engels EA. Infectious agents as causes of non-hodgkin lymphoma. Cancer Epidemiol Biomarkers
Prev Mar;2007 16(3):401–404. [PubMed: 17337646]

17. Krishnan B, Morgan GJ. Non-hodgkin lymphoma secondary to cancer chemotherapy. Cancer
Epidemiol Biomarkers Prev Mar;2007 16(3):377–380. [PubMed: 17372233]

18. Pottern LM, Linet M, Blair A, et al. Familial cancers associated with subtypes of leukemia and non-
Hodgkin’s lymphoma. Leuk Res 1991;15(5):305–314. [PubMed: 2046383]

19. McWilliams RR, Rabe KG, Olswold C, De Andrade M, Petersen GM. Risk of malignancy in first-
degree relatives of patients with pancreatic carcinoma. Cancer Jul 15;2005 104(2):388–394.
[PubMed: 15912495]

20. Silverman DT, Schiffman M, Everhart J, et al. Diabetes mellitus, other medical conditions and familial
history of cancer as risk factors for pancreatic cancer. Br J Cancer Aug;1999 80(11):1830–1837.
[PubMed: 10468306]

21. Runnebaum IB, Stickeler E. Epidemiological and molecular aspects of ovarian cancer risk. J Cancer
Res Clin Oncol Feb;2001 127(2):73–79. [PubMed: 11216917]

22. Franks AL, Lee NC, Kendrick JS, Rubin GL, Layde PM. Cigarette smoking and the risk of epithelial
ovarian cancer. Am J Epidemiol Jul;1987 126(1):112–117. [PubMed: 3591776]

23. Zhang Y, Coogan PF, Palmer JR, Strom BL, Rosenberg L. Cigarette smoking and increased risk of
mucinous epithelial ovarian cancer. Am J Epidemiol Jan 15;2004 159(2):133–139. [PubMed:
14718214]

24. Kerber RA, Slattery ML. The impact of family history on ovarian cancer risk. The Utah Population
Database. Arch Intern Med May 8;1995 155(9):905–912. [PubMed: 7726698]

25. Schutte M, Rozenblum E, Moskaluk CA, et al. An integrated high-resolution physical map of the
DPC/BRCA2 region at chromosome 13q12. Cancer Res Oct 15;1995 55(20):4570–4574. [PubMed:
7553631]

26. Wooster R, Bignell G, Lancaster J, et al. Identification of the breast cancer susceptibility gene BRCA2.
Nature Dec 21–28;1995 378(6559):789–792. [PubMed: 8524414]

27. Goggins M, Schutte M, Lu J, et al. Germline BRCA2 gene mutations in patients with apparently
sporadic pancreatic carcinomas. Cancer Res Dec 1;1996 56(23):5360–5364. [PubMed: 8968085]

28. Murphy KM, Brune KA, Griffin C, et al. Evaluation of candidate genes MAP2K4, MADH4,
ACVR1B, and BRCA2 in familial pancreatic cancer: deleterious BRCA2 mutations in 17%. Cancer
Res Jul 1;2002 62(13):3789–3793. [PubMed: 12097290]

Cote et al. Page 8

J Gastrointest Cancer. Author manuscript; available in PMC 2009 July 31.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



29. Hahn SA, Greenhalf B, Ellis I, et al. BRCA2 germline mutations in familial pancreatic carcinoma. J
Natl Cancer Inst Feb 5;2003 95(3):214–221. [PubMed: 12569143]

30. Cancer risks in BRCA2 mutation carriers. The Breast Cancer Linkage Consortium. J Natl Cancer Inst
Aug 4;1999 91(15):1310–1316. [PubMed: 10433620]

31. van Asperen CJ, Brohet RM, Meijers-Heijboer EJ, et al. Cancer risks in BRCA2 families: estimates
for sites other than breast and ovary. J Med Genet Sep;2005 42(9):711–719. [PubMed: 16141007]

32. Maitra A, Kern SE, Hruban RH. Molecular pathogenesis of pancreatic cancer. Best Pract Res Clin
Gastroenterol Apr;2006 20(2):211–226. [PubMed: 16549325]

33. Thompson D, Easton DF. Cancer Incidence in BRCA1 mutation carriers. J Natl Cancer Inst Sep
18;2002 94(18):1358–1365. [PubMed: 12237281]

34. Giardiello FM, Brensinger JD, Tersmette AC, et al. Very high risk of cancer in familial Peutz-Jeghers
syndrome. Gastroenterology Dec;2000 119(6):1447–1453. [PubMed: 11113065]

35. Goldstein AM, Fraser MC, Struewing JP, et al. Increased risk of pancreatic cancer in melanoma-
prone kindreds with p16INK4 mutations. N Engl J Med Oct 12;1995 333(15):970–974. [PubMed:
7666916]

36. Parker JF, Florell SR, Alexander A, DiSario JA, Shami PJ, Leachman SA. Pancreatic carcinoma
surveillance in patients with familial melanoma. Arch Dermatol Aug;2003 139(8):1019–1025.
[PubMed: 12925390]

37. Giardiello FM, Offerhaus GJ, Lee DH, et al. Increased risk of thyroid and pancreatic carcinoma in
familial adenomatous polyposis. Gut Oct;1993 34(10):1394–1396. [PubMed: 8244108]

38. Lynch HT, Voorhees GJ, Lanspa SJ, McGreevy PS, Lynch JF. Pancreatic carcinoma and hereditary
nonpolyposis colorectal cancer: a family study. Br J Cancer Aug;1985 52(2):271–273. [PubMed:
4027169]

39. Duker NJ. Chromosome breakage syndromes and cancer. Am J Med Genet Oct 30;2002 115(3):125–
129. [PubMed: 12407692]

40. Swift M, Chase CL, Morrell D. Cancer predisposition of ataxia-telangiectasia heterozygotes. Cancer
Genet Cytogenet May;1990 46(1):21–27. [PubMed: 2184933]

41. Savitsky K, Bar-Shira A, Gilad S, et al. A single ataxia telangectasia gene with a product similar to
PI-3 kinase. Science 1995;268:1749–1753. [PubMed: 7792600]

42. Ball LG, Xiao W. Molecular basis of ataxia telangiectasia and related diseases. Acta Pharmacol Sin
Aug;2005 26(8):897–907. [PubMed: 16038621]

43. Kelsey, J.; Whittemore, A.; Evans, A.; Thompson, W. Methods in Observational Epidemiology. Vol.
2. New York: Oxford University Press; 1996.

44. Murff HJ, Spigel DR, Syngal S. Does this patient have a family history of cancer? An evidence-based
analysis of the accuracy of family cancer history. Jama Sep 22;2004 292(12):1480–1489. [PubMed:
15383520]

45. Theis B, Boyd N, Lockwood G, Tritchler D. Accuracy of family cancer history in breast cancer
patients. Eur J Cancer Prev Jul;1994 3(4):321–327. [PubMed: 7950886]

46. McLaughlin JK, Mandel JS, Mehl ES, Blot WJ. Comparison of next-of-kin with self-respondents
regarding questions on cigarette, coffee, and alcohol consumption. Epidemiology Sep;1990 1(5):
408–412. [PubMed: 2078619]

Cote et al. Page 9

J Gastrointest Cancer. Author manuscript; available in PMC 2009 July 31.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Cote et al. Page 10
Ta

bl
e 

1
R

is
k 

es
tim

at
es

 o
f c

an
ce

rs
 in

 fi
rs

t d
eg

re
e 

re
la

tiv
es

 o
f p

an
cr

ea
s c

an
ce

r c
as

e 
pr

ob
an

ds
 a

nd
 c

on
tro

l p
ro

ba
nd

s

C
an

ce
rs

 in
 r

el
at

iv
es

 o
f c

as
e 

pr
ob

an
ds

C
an

ce
rs

 in
 r

el
at

iv
es

 o
f c

on
tr

ol
 p

ro
ba

nd
s

C
an

ce
r 

Si
te

Y
es

N
o

Y
es

N
o

A
dj

us
te

d 
O

R
a  (9

5%
 C

I)

A
ll 

C
an

ce
rs

23
4

15
89

38
9

27
86

1.
01

 (0
.8

4,
 1

.2
2)

Ly
m

ph
om

a 
c

9
18

14
6

31
69

2.
83

 (1
.0

2,
 7

.8
6)

Pa
nc

re
as

 b
23

17
93

16
31

41
2.

49
 (1

.3
2,

 4
.6

9)

O
va

ry
8

87
0

6
15

34
2.

25
 (0

.7
7,

 6
.6

0)

H
ea

d 
an

d 
N

ec
k

18
18

05
22

31
53

1.
41

 (0
.7

4,
 2

.6
8)

C
ol

on
30

17
93

39
31

36
1.

19
 (0

.7
2,

 1
.9

8)

Fe
m

al
e 

B
re

as
t

35
84

3
62

14
78

0.
93

 (0
.6

0,
 1

.4
5)

M
el

an
om

a 
c

13
18

10
25

31
50

0.
89

 (0
.3

6,
 2

.2
0)

Lu
ng

30
17

93
62

31
13

0.
85

 (0
.5

3,
 1

.3
6)

U
rin

ar
y 

B
la

dd
er

6
18

17
12

31
63

0.
84

 (0
.3

1,
 2

.3
1)

Pr
os

ta
te

23
92

2
44

15
91

0.
83

 (0
.4

9,
 1

.4
2)

a N
ot

e:
 A

dj
us

te
d 

by
 fi

rs
t-d

eg
re

e 
re

la
tiv

e’
s a

ge
, s

ex
, s

m
ok

in
g 

st
at

us
, p

ro
ba

nd
’s

 a
ge

 (<
60

, >
=6

0)
, r

ac
e 

an
d 

ev
er

 sm
ok

in
g 

st
at

us
.

b A
dj

us
te

d 
by

 v
ar

ia
bl

es
 in

 a
 a

nd
 d

ia
be

te
s.

c Th
e 

m
od

el
 is

 n
ot

 a
dj

us
te

d 
by

 ra
ce

 b
ec

au
se

 a
ll 

th
e 

ca
nc

er
s o

cc
ur

re
d 

in
 th

e 
sa

m
e 

ra
ce

 (C
au

ca
si

an
).

J Gastrointest Cancer. Author manuscript; available in PMC 2009 July 31.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Cote et al. Page 11
Ta

bl
e 

2
C

ha
ra

ct
er

is
tic

s o
f F

am
ily

 M
em

be
rs

 o
f C

as
e 

Pr
ob

an
ds

 a
nd

 C
on

tro
l P

ro
ba

nd
s

N
o.

M
ea

n 
A

ge
N

o.
 w

ith
 L

ym
ph

om
a

M
ea

n 
ag

e 
at

D
xa

N
o.

 w
ith

 O
va

ri
an

C
an

ce
r

M
ea

n 
ag

e 
at

D
xa

R
el

at
iv

es
 o

f C
as

e 
Pr

ob
an

ds

A
ll 

Fa
m

ily
 M

em
be

rs
19

91
53

.5
11

48
.1

11
52

.3

Fi
rs

t D
eg

re
e 

R
el

at
iv

es

 
Pa

re
nt

s
51

8
72

.7
5

54
.4

4
63

.8

 
Si

bl
in

gs
76

0
57

.6
5

45
.6

6
49

.0

 
O

ff
sp

rin
g

71
3

35
.5

1
29

.0
1

26
.0

R
el

at
iv

es
 o

f C
on

tr
ol

 P
ro

ba
nd

s

A
ll 

Fa
m

ily
 M

em
be

rs
32

86
51

.7
6

47
.7

6
46

.5

Fi
rs

t D
eg

re
e 

R
el

at
iv

es

 
Pa

re
nt

s
84

0
70

.8
3

55
.0

3
58

.0

 
Si

bl
in

gs
12

63
55

.4
2

56
.0

2
43

.0

 
O

ff
sp

rin
g

11
83

34
.4

1
32

.5
1

19
.0

a N
ot

e:
 M

ea
n 

ag
e 

at
 d

ia
gn

os
is

 o
nl

y 
w

as
 c

al
cu

la
te

d 
fo

r t
ho

se
 re

la
tiv

es
 w

ith
 sp

ec
ifi

c 
ca

nc
er

J Gastrointest Cancer. Author manuscript; available in PMC 2009 July 31.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Cote et al. Page 12

Table 3
Interaction between family history of pancreas cancer and age at diagnosis or interview of the proband on the risk of
lymphoma in first degree relatives of pancreas cancer case probands and control probands

Lymphoma
OR (95% CI)

Relative Cohort

Proband’s age at
pancreas cancer
diagnosis or interview Yes No

Control Relative ≥60 2 2011 1.00

Control Relative < 60 4 1269 2.79 (0.52, 15.2)

Case Relative ≥60 4 1293 3.32 (0.61, 18.1)

Case Relative < 60 6 585 7.31 (1.45, 36.7)
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Table 4
Interaction between smoking and family history of pancreas cancer on the risk of ovarian cancer

Ovarian Cancer
OR (95% CI)

Relative Cohort Relative smoking history Yes No

Control Relative Never 3 943 1.00

Control Relative Ever 3 613 1.73 (0.33, 9.11)

Case Relative Never 3 571 1.68 (0.35, 8.14)

Case Relative Ever 8 359 4.89 (1.16, 20.6)
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