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Abstract

Background & Aims— Pancreatic adenocarcinoma has been associated with several familial
cancer syndromes that also predispose to other malignancies. Younger ages of onset of pancreatic
cancer (PC) have been reported in families with these syndromes.

Methods— Six hundred twenty-four consecutive patients (probands) from the Mayo Clinic
Pancreatic Cancer Patient Registry who completed questionnaires were analyzed for family history
of cancer and cigarette smoking. The ages at diagnosis of those probands who reported a family
history (first- or second-degree relative) of PC, breast, ovarian, colorectal cancer, or melanoma were
compared with those probands who did not. Multivariable regression analyses were performed with
age at diagnosis as the primary outcome variable.

Results— As expected, smokers had a younger median age of onset of PC than nonsmokers in
dose-dependent fashion (P = .0003). After controlling for tobacco exposure and gender, those
probands with a family history of breast (—3.23 years, P = .001), ovarian (— 5.63 years, P = .005),
colorectal (— 3.19 years, P =.002) cancers, and melanoma (— 5.75 years, P =.017) had a younger
age of onset of PC than those who did not. Those with a family history of PC (—.61 years, P = .65)
exhibited no difference. Probands reporting other cancers in relatives showed no difference (+.78
years, P =.49) in age of onset of PC.

Conclusion— A family history of cancers (breast, ovarian, colorectal, melanoma) associated with
specific cancer syndromes that are known to contribute also to PC risk is associated with a younger
onset of PC. A family history of PC does not appear to affect age of onset of PC.

Pancreatic cancer (PC) is a highly lethal, common malignancy, accounting for an annual
incidence between 1-10/100,000% and a mortality rate of 96%.2 Of the approximately 30,000
incident cases diagnosed each year in the United States, 5%-10% have a family history of PC,
3 and there are ongoing efforts to study genetic factors.4® Although PC is predominantly a
cancer of the elderly, it is of great interest and relevance that approximately 20% of patients
diagnosed with PC are younger than the age of 60 years.6 This represents a significant
proportion of potential years of life lost from PC. Younger patients are likely the best candidates
for early surgical intervention if the cancer is caught early enough. It would be of great value
to understand the identifiable risk profile for young-onset PC, so that it could be incorporated
into strategies for prevention or screening.
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There is some evidence to date that genetic predisposition to PC is associated with a younger
age of onset of disease. James et al’ reported an analysis of 30 patients with familial pancreatic
cancer (FPC) in a cohort of 826 patients seen at Roswell Park Cancer Institute. The age of onset
of those with FPC was younger (57.6 years) versus sporadic PC patients (61.0), although the
difference was not statistically significant. Notably, the FPC group had a higher proportion of
ever-smokers (87% vs 66%).

Hahn et al® described 64 PC patients from 26 families with FPC, defined as kindreds containing
at least 2 affected first-degree relatives. The median age at diagnosis was 60 years (range, 33—
81 years), with 14 patients (22%) younger than 50 years at diagnosis and 50% younger than
60 years at diagnosis. This is substantially younger than for non-FPC patients (20% younger
than 60 years in Surveillance, Epidemiology, and End Results 9 databasee), although a referral
bias cannot be excluded. In a report from the Pancreatic Cancer Genetic Epidemiology
Consortium (PACGENE), of which Mayo Clinic is a participant, affected probands from PC
families were significantly younger than patients in the Surveillance, Epidemiology, and End
Results database at diagnosis of PC (64.8 vs 70.0 years, P < .001). The age of onset was
progressively younger as more relatives carried the diagnosis of pc.9

Families known to carry BRCA2 mutations had a median age of onset of PC similar to those
families without mutations (59 years; range, 42—78 years).® Lorenzo Bermejo and
HemminkiZ0 reported data from the population-based Swedish Family-Cancer Database
regarding history of breast cancer and risk for PC. Families with 2 or more cases of breast
cancer younger than age 50 years had an increased risk for PC younger than the age of 50 years
(standardized incidence ratio [SIR], 5.50; 95% confidence interval [Cl], 1.43-14.2), but not
PC overall. Smoking status was not reported.

In Familial Atypical Multiple Mole Melanoma syndrome (FAMMM), Lynch et alll reported
5 families with identified mutations in the causal gene CDKN2A/p16. There were 14 cases of
PC reported in these families with a median age of onset of 62 years (range, 46—78 years),
which again is suggestive of a younger onset of disease in this familial syndrome.

Park et all2 reported 33 Korean and 42 Dutch families meeting the Amsterdam Criteria for
Hereditary Non-Polyposis Colorectal Cancer. In the Korean families, 4 patients were diagnosed
with PC at a mean age of 44.7 years. No PC cases were reported in the Dutch families. Again,
this age of onset was substantially decreased over PC in population-based data, in which the
mean age of onset is 65 years.13

A population-based study of 27,005 PC patients reported in abstract form that tobacco smoking
lowered the age of onset of PC.14 The ages of onset of disease among never-smokers (73.0
years) and ever-smokers (67.0 years) were highly statistically significant (P <.001). In
addition, Rulyak et alld have reported an earlier age of onset by nearly a decade (59.6 vs 69.1
years, P =.01) among smoking members in FPC families. Therefore, in our proposed analysis
of age of diagnosis by family history, smoking status was included in the analysis.

Six hundred twenty-four consecutive primary pancreatic adenocarcinoma patients (probands)
from the Mayo Clinic Pancreatic Cancer Patient Registry were included in this study, diagnosed
from October 2000—-April 2005. Patients were enrolled by using ultra-rapid case ascertainment,
meaning they were entered into the study at the time of their Mayo Clinic visit by a study
coordinator in the hospital, in Gastroenterology clinic, or in Gastrointestinal Oncology clinic.
Any patients missed through this approach were recruited by mail. This is in contrast to
population-based PC studies that use rapid case ascertainment (retrospectively recruiting
patients identified from tumor registries) for PC, in which up to 55% of potential patients might
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be deceased by the time they are contacted.16 More than 70% of all patients with pancreatic
adenocarcinoma seen at Mayo Clinic during this time period have been enrolled in the study.
On enrollment, a risk-factor and family history questionnaire is self-completed, and the
diagnosis of PC is clinically confirmed. Age at time of diagnosis is computed from date of
birth to date of medically confirmed diagnosis of pancreatic adenocarcinoma.

Of 895 total study participants, 271 patients who did not complete the questionnaire were

excluded from the analysis. Six hundred twenty-four patients who returned questionnaires were
included in the analysis. Mean age at diagnosis was 66.2 years, 55% were male, and 96% were
white. Sixty-one percent of probands reported some smoking history, whereas 62% of never-
smokers reported cohabitation with a regular smoker (environmental tobacco smoke [ETS]).

Self-reported family history (limited to first- or second-degree relatives) of any cancer
(excluding non-melanoma skin cancers) was included in the analysis. Gender and smoking
intensity were included in the multivariate analysis, comparing those who had family history
of the cancers of interest versus those who did not. Because of the potential confounding of an
age-at-diagnosis analysis with a pack-year tobacco exposure variable (older patients would
likely have higher pack-year totals), smoking intensity was chosen as the tobacco variable for
the analysis. Smoking intensity incorporated both ETS and personal smoking history.
Increasing smoking intensity was categorized in the following manner: never-smoker with no
ETS, never-smoker with ETS, smoker with 0-1/2 pack-per-day at maximum usage in lifetime,
smoker with >1/2-1 pack per day, and smoker with >1 packs per day. ETS exposure was
defined as patient report on the questionnaire that their mother and/or father smoked cigarettes,
or if the patient’s spouse smoked cigarettes.

Statistical Methods

Results

Kaplan-Meier survival analyses (with diagnosis of PC as the event and age at diagnosis of PC
as the time to event) were implemented to examine the univariate associations between
potential risk factors (smoking intensity and family history of various cancers) and the age of
PC onset. Kaplan-Meier curves were used to visualize the trend in age of onset, and log-rank
tests were used to test any apparent univariate associations for statistical significance. Linear
regression models were used to estimate the mean effect on age of onset for potential risk
factors after adjusting for important covariates. All tests were two-sided, and P values <.05
were considered statistically significant. All analyses were performed by using SAS Version
8.2 (SAS Institute, Cary, NC).

Among the 624 probands, median onset of PC was 66.2 years; 342 (55%) were male, 382
(61%) reported any history of smoking, 74 (12%) reported a family history of PC, 15 (2%)
reported a family history of breast cancer, 29 (5%) ovarian cancer, 131 (21%) colorectal cancer,
and 21 (3%) melanoma. As expected, ever-smoker patients had a younger median age of onset
of PC than never-smokers (—3.2 years, P = .042), and a dose-dependent effect of tobacco
exposure on age of onset was demonstrated (P = .0003).

The ages of diagnosis of PC by gender were not different (67.4 years/female, 67.5 years/male;
P = .31). The ages of onset of those probands who reported family history (first- or second-
degree relatives) of pancreatic, breast, ovarian, melanoma, colorectal, lung, bladder, and head/
neck cancer were compared with those probands who did not. Multivariable regression
analyses were performed with age of onset as the primary outcome variable, adjusted for gender
and smoking intensity for each malignancy. The patients excluded from the analysis who did
not return questionnaires were similar to those included with regard to race distribution, gender,
age, and stage distribution.
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After controlling for tobacco exposure and gender, those probands with a family history of
breast, ovarian, colorectal cancers, and melanoma had a younger age of onset than those
probands who did not (Table 1, Figure 1). Those with a family history of PC (—.61 years, P = .
65) had a similar age of onset to those who did not. Those probands with at least 2 other PCs
in their family (N = 8) tended to be younger at diagnosis (—7.75 years), but this did not reach
statistical significance (P = .056).

No difference was seen in age of onset of PC for patients with a family history of other smoking-
related cancers: bladder (—1.83 years, P =.34), head/neck (+.43, P =.81), or lung cancer (-1.91,
P =.07). In addition, ages of diagnosis of PC among all other patients reporting any family
history of cancer besides pancreatic, colorectal, breast, ovarian cancer, or melanoma (n = 227)
were compared with those who reported no such history (n = 134) (Figure 1). No difference
was noted (+.78 years, P = .49) in age at diagnosis of PC.

Discussion

In an analysis intended to identify underlying factors conferring a younger onset of PC, we
found that several cancers known to be associated with familial cancer syndromes that include
PC might be important. Patients reporting a family history (first- or second-degree relative) of
breast cancer, ovarian cancer, colorectal cancer, or melanoma have a younger age of onset of
PC, after taking into account reported smoking intensity and gender. Surprisingly, having a
family history of PC was not associated with a younger age at diagnosis, although probands
with more than 1 affected family member trended toward a younger age of onset. Family history
of all other cancers combined and other smoking-related cancers (bladder, head/neck, and lung
cancer) also showed no difference in the age of onset of PC in our probands.

Possibilities for this association include shared genetic risk factors such as the familial cancer
syndromes described earlier, shared environmental factors, reporting bias, and chance. The
cancer family syndromes that have been identified are thought to be relatively rare. However,
when present, they could shift the age of onset enough to give the results found. Interestingly,
studies involving breast cancer patients note an earlier age of onset not only in patients with
known BRCA1/2 mutations but also in those with relatives affected with breast cancer in the
absence of detected mutations.1”

A shared genetic association, however, would likely increase overall risk for the respective
cancers in families with PC, and no increase in risk for breast (SIR, .73), ovarian (SIR, .90),
colorectal (SIR, .83) cancers, and melanoma (SIR, .65) was seen in our prior studies in relatives
of PC patients.18 However, a trend was noted in families of PC patients diagnosed younger
than the age of 60 years toward an increased risk for ovarian cancer (SIR, 2.20; 95% Cl, .72—
5.12), melanoma (SIR, 1.73; 95% CI, .70-3.57), and colorectal cancer (SIR, 1.37; 95% Cl, .
80-2.19). Although not statistically significant, these data could be expected if a subset of
patients who carry shared genetic risk for pancreatic and these other cancers went on to develop
pancreatic cancer at a young age. Hemminki and Lilina population registry in Sweden showed
increased risk for lung cancer (SIR, 3.14; 95% ClI, 1.86-4.97) in offspring of PC patients
diagnosed younger than the age of 60 years. Bladder cancer (1.57), melanoma (1.92),
endometrial (1.97), colon (1.46), rectal (1.45), and PC all showed trends toward increased risk,
but they did not reach significance. Smoking status was not included in that analysis. Further
studies assessing the impact of genetic mutation carriers in young-onset PC will be necessary
to determine the full contribution of these genetic syndromes to young-onset PC. In the absence
of definitive genetic testing, these family history associations provide some insight into
potential underlying genetic predispositions. We included first- and second-degree relatives to
maximize the number of relatives who have achieved ages of risk for the relevant cancers,
whereas limiting the analysis to first-degree relatives would have enabled us only to have
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parents included in the analysis, because children of most patients would not have reached the
peak ages of risk for most cancers, and siblings might or might not be a potential source of
bias, on the basis of the age of the proband.

Shared environmental factors are another possible explanation, and our adjustment for smoking
intensity helped to address this common risk factor. The lack of association of tobacco-related
cancers and age of onset along with the dose-dependent effect of tobacco on age of onset in
our study support our approach to correct the analysis for smoking. Although unknown risk
factors could theoretically affect our results, no other environmental factor is known at this
time to affect age of onset, and hence no further corrections were applied in our study. Reporting
bias of family history of cancers could also affect the results, but prior validation of our family
history reporting showed high sensitivity (86.4%) and specificity (100%) for reporting of
cancer in first-degree relatives of PC patients.18 Finally, there is a possibility that our results
are due to chance. However, our sample is probably the most comprehensive and unbiased
sample of self-reported family history of cancer by PC patients to date. Our ultra-rapid
ascertainment ensures that we obtained data from the majority of all PC patients approached
at our institution. The patterns of associations observed are also inconsistent with chance
associations.

The earlier age of onset in patients with a family history of these cancers has implications for
genetic counseling. Persons with family histories of breast cancer, ovarian cancer, melanoma,
or colorectal cancer appear to be at risk for PC at a younger age. As screening and prevention
studies and strategies emerge for PC, identifying populations at risk, especially those at a
younger age, will be vital for targeting these interventions.

Interestingly, we did not observe that a family history of PC alone affects age of onset, a finding

. . . 7,
that was not expected, given prior reports of a younger age of onset among FPC kindreds.
1519 No prior studies had controlled for smoking status, which could potentially be the sole
cause for these reports of younger ages of onset in FPC.

Conclusion

A family history of cancers seen in familial cancer syndromes that are known to contribute to
inherited risk (breast, ovarian, melanoma, colorectal), including PC, is associated with a
younger onset of PC, when corrected for smoking and gender. A family history of PC alone
does not appear to affect age of onset. Further research is needed in families known to have
BRCAZ2, p16, Peutz-Jeghers syndrome, and mismatch repair mutations before any counseling
recommendations can be made regarding their risk for earlier-onset PC.
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Controlled for Smoking Intensity and Gender

Table 1

of Pancreatic Adenocarcinoma,
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Cancer N Median age at Corrected 95% ClI P value
diagnosis of PC difference in age
] W]
Breast 155 65.6 -3.23 -5.19t0 -1.27 .001
Ovarian 29 57.9 -5.63 —9.59 to -1.68 .005
Colorectal 131 62.7 -3.19 -5.27t0-1.13 .002
Melanoma 21 65.1 —5.75 -10.5t0 -1.01 .017
Breast, ovarian, 263 64.3 -3.73 -5.44 t0 —.2.02 <.001
colorectal, or
melanoma
All others besides 227 69.4 +.78 —1.46 to +3.03 49
breast, ovarian,
colorectal, melanoma
Pancreatic 74 65.5 -.61 —3.26 to +2.04 .65
Bladder 33 64.9 -1.83 —5.60 to +1.95 .34
Lung 141 64.0 -1.91 -3.97to +.15 .07
Head/neck 39 66.1 +43 —3.08 to +3.93 .81
No history of cancer 134 69.6 +.26 —.811t0 +3.35 .23
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