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Abstract

Up to 10% of pancreatic cancer cases have a heritable component. Some of these are clearly defined tumour 
predisposition syndromes known as hereditary pancreatic cancers, but most are familial cases, defined by 
family history and where the underlying genetic causes remain unknown. Genetic counselling is important in 
suspected inherited pancreatic cancer cases, to enable risk assessment and relevant genetic testing. Screening 
trials are available for at-risk individuals (i.e. >5% lifetime risk), although more long-term data is required to 
determine the risks, benefits and optimal approaches to pancreatic cancer surveillance.

Pancreatic cancer is a lethal disease with an overall five-
year survival rate of 6%. It is the fifth most common cause 
of cancer death in Australia.1 Surgical resection offers the 
only potential for cure, but is limited because the majority 
of patients present with locally advanced or metastatic 
disease. Although early detection of pancreatic cancer 
is recognised as the best strategy to improve patient 
outcomes, population screening is not recommended 
because of low incidence and the lack of a robust 
screening test. Screening tests need to demonstrate 
validity, reliability yield, acceptable cost and the availability 
of accepted treatment to align with the World Health 
Organisation principles of early disease detection.2

Pancreatic cancer is aetiologically complex, arising from 
a combination of environmental and genetic factors. 
Established environmental risk factors include age, 
cigarette smoking, diabetes mellitus and obesity.3-5 Up 
to 10% of pancreatic cancer has a heritable component, 
presenting in three different clinical settings: 1. Hereditary 
tumour predisposition syndromes which account for 
15-20% of the burden of inherited disease; 2. Hereditary 
pancreatitis; 3. Familial pancreatic cancer, defined as 
a family with at least two first-degree relatives with 
pancreatic cancer who do not fulfill the diagnostic criteria 
for a hereditary tumour syndrome.

Hereditary tumour predisposition 
syndromes

Germline mutations in the BRCA1 and BRCA2 genes 
cause approximately 45% of hereditary breast-ovarian 
cancer. In addition to an increased risk of breast and 
ovarian cancer, pathogenic germline BRCA2 mutations 
place carriers at modestly increased risk of pancreatic 
cancer.6 In familial pancreatic cancer, the prevalence of 
pathogenic BRCA2 mutations increases with the number 
of affected relatives - 6-12% in families with two or more 
with pancreatic cancer and 16% in families with three 
or more with pancreatic cancer,7,8 and within ethnicities 
known to carry founder mutations. BRCA2 prevalence 

in unselected, likely sporadic pancreatic cancer cohorts 
range from 0.7 - 3.6%.9,10 The relative risk of pancreatic 
cancer in BRCA2 mutation carriers is 3.5-6 fold (table 1).11 
The lack of reported pancreatic cancer or breast-ovarian 
family history in BRCA2 pancreatic cancer patients is likely 
due to reduced penetrance for pancreatic cancer rather 
than a pancreatic cancer specific genotype-phenotype 
correlation for BRCA2 mutations.

In contrast, the role of BRCA1 mutations and predisposition 
to pancreatic cancer is less well defined. Initial studies in 
BRCA1 mutation positive families with young-onset breast 
or ovarian cancer suggested a 2.26 fold (95% CI = 1.26–
4.06) increased risk of pancreatic cancer, however BRCA1 
mutations are uncommon in families reporting a history of 
pancreatic cancer alone.12 

Familial melanoma is an autosomal dominant syndrome 
characterised by predisposition to melanoma and 
pancreatic cancer. Germline mutations in the CDKN2A 
gene have been reported in 25% of all melanoma prone 
families.13 CDKN2A carriers have a 13 to 22-fold risk of 
developing pancreatic cancer (table 1), which may be a 
genotype- phenotype effect. The CDKN2A-pancreatic 
cancer relationship has not been demonstrated in Australia, 
likely due to a broad spectrum of mutations.13 Reports of 
CDKN2A prevalence in familial pancreatic cancer vary 
(3.3% - 21.4%) and are not always associated with 
personal/family history of melanoma.14,15

Peutz-Jegher syndrome is an autosomal dominant 
disorder caused by germline STK11 mutations. Clinical 
presentation includes gastrointestinal tract polyposis and 
mucocutaneous pigmentation, often around the lips.16 
The pancreatic cancer risk in Peutz-Jegher syndrome 
individuals is 132 fold (95% CI = 44–261) (table 1).17 

Mutations in STK11 account for less than 1% of inherited 
pancreatic cancer.

Lynch Syndrome is caused by germline mutations in the 
DNA mismatch repair (MMR) genes MSH2, MLH1, MSH6 
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and PMS2. Patients have an increased risk of early-onset 
colorectal and endometrial cancer, as well as lower risk 
of other tumour types including pancreatic cancer. A 
prospective cohort study of 446 MMR mutation carriers 
identified two pancreatic cancer cases, corresponding to a 
SIR of 10.68 (95% CI 2.7 – 47.7) and a 10-year pancreatic 
cancer risk of 0.95% (table 1).18 The prevalence of germline 
MMR gene mutations in pancreatic cancer patients with a 
personal or family history of colorectal cancer is as high as 
10% but may represent selection bias.9,19

Familial adenomatous polyposis is primarily caused by 
mutations in the adenomatous polyposis coli (APC) gene. 
Patients are at risk for thyroid tumours, gastric, duodenal 
and ampullary adenocarcinoma. The relative risk for 
pancreatic cancer has been reported as 4.46 (95% CI 1.2 
– 11.4),20 but this may be due to coding errors as recent 
data suggests the prevalence of pancreatic cancer is low.21

Li-Fraumeni syndrome is a rare highly penetrant autosomal 
dominant cancer predisposition syndrome, frequently 
caused by mutations in the TP53 gene. It is characterised 
by early onset tumours including sarcoma, adrenocortical 
carcinoma, breast cancer, leukaemia and brain tumours. 
The risk of pancreatic cancer is increased but unquantified.22 

Hereditary pancreatitis

Hereditary pancreatitis is a rare autosomal dominant form 
of pancreatitis. Mutations in the cationic trypsinogen gene 
(PRSS1) are found in up to 80% of cases. Patients with 
hereditary pancreatitis have a significantly increased risk 

of developing pancreatic cancer, estimated to be 58-fold 
(95% CI 23 – 105) (table 1).23 Cigarette smoking is a 
major co-risk factor for pancreatic cancer development, 
increasing the risk by two-fold and lowering age at 
diagnosis by 20 years.24

Familial pancreatic cancer 

Familial pancreatic cancer is defined as a kindred, with at 
least two first-degree relatives with pancreatic cancer not 
otherwise fulfilling the diagnostic criteria for a hereditary 
tumour syndrome.25 The relative risk of developing 
pancreatic cancer increases with each additional affected 
first-degree relative: one first degree relative 4.6 (CI 0.5 
– 6.4); two first degree relative 6.4 (CI 1.8 – 16.4); three 
first degree relative 32.0 (CI 10.2 – 74.7) (table 1).26 The 
risk is two to three times higher in smokers, particularly 
males under the age of 50.27 The presence of pancreatic 
cancer cases <50 years confers an additional risk.28 

Furthermore, familial pancreatic cancer kindreds have 
other cancers including breast, ovarian, endometrial and 
melanoma.29,30 

Many familial pancreatic cancer kindreds demonstrate 
probable autosomal dominant inheritance, yet less than 
25% have a mutation identified. PALB2 and ATM are 
moderate risk familial pancreatic cancer susceptibility 
genes accounting for 4.2% and 3.6% respectively.31,32 

Whole genome sequencing technology holds the 
potential to identify additional lower-penetrance genes 
that contribute to the remaining familial pancreatic 
cancer cases.

Genetic risk group Syndrome Relative risk (95% CI)
Estimated lifetime pancreatic 

cancer risk (70 – 80 years)

STK11 Peutz Jeghers syndrome 132 (44-261) 11 – 32%

PRSS1 Hereditary pancreatitis 58 (23-105) 20 – 40% (higher range in smokers)

CDKN2A Familial melanoma 38 (10-97) 17%

BRCA2 HBOC/familial pancreatic cancer 3.51 (1.87-6.58) 3 – 8 %

MSH2, MLH1, MSH6, PMS2 Lynch syndrome 8.6 (4.7-15.7) 3.6% 33

BRCA1 HBOC 2.26 (1.26-4.06) 2.1%

APC Familial adenomatous polyposis 4.46 (1.2 – 11.4) Elevated but not defined

TP53 Li-Fraumeni Syndrome Elevated but not defined Elevated but not defined

PALB2 Familial pancreatic cancer Elevated but not defined Elevated but not defined

ATM Familial pancreatic cancer (monallelic) Elevated but not defined Elevated but not defined

Clinical risk group Syndrome Relative risk (95% CI)
Estimated lifetime pancreatic 

cancer risk (70 – 80 years)

General Population NA 1 0.96%

1 FDR pancreatic cancer Familial pancreatic cancer 4.6 (0.5 - 6.4) 4%

2 FDR pancreatic cancer Familial pancreatic cancer 6.4 (1.8 - 16.4) 8-12% 26

≥3 FDR pancreatic cancer Familial pancreatic cancer 32 (10.2 - 74.7) 16-30% 26

Table 1: Genetic risk factors for pancreatic cancer.
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Genetic counselling and testing for 
inherited pancreatic cancer

Obtaining a complete three-generation pedigree of 
malignancy, including pathological confirmation where 
possible, is important as it can suggest an underlying 
genetic predisposition or common environmental factor. 
It also facilitates risk assessment and discussions of 
genetic testing and risk-reducing strategies in family 
members.29 PancPro is a Bayesian model developed from 
National Familial Pancreatic Tumour Registry pedigree 
data. It calculates the risk that a person carries a high-
penetrance pancreatic cancer gene and the age-related 
risk of developing cancer.34 PancPro demonstrates an 
observed to predicted pancreatic cancer ratio of 0.83 
(95% CI, 0.52 to 1.20).35

Testing for known pancreatic cancer susceptibility genes 
is carried out by local familial cancer clinics according 
to genetic testing and clinical management guidelines 
(e.g. eviQ,36 National Comprehensive Cancer Network).37 

When clinically indicated (table 2), genetic testing is 
best offered to individuals with a confirmed diagnosis of 
pancreatic cancer. Because of the high mortality rate, 
storing DNA from pancreatic cancer cases with any 
family history is important. Genetic testing in unaffected 
individuals is informative only when the mutation in an 
affected relative is known.

Affected and unaffected family members may be eligible 
to participate in familial pancreatic cancer research 
projects. Familial pancreatic cancer registries have been 
established to further understand the aetiology of familial 
pancreatic cancer, identify candidate pancreatic cancer 
susceptibility genes and provide high-risk populations for 
early detection studies.38 

Early detection in inherited  
pancreatic cancer

Screening the general population for pancreatic cancer 
is not feasible because of its low incidence, absence 

of a suitable biomarker or imaging modality and lack 
of proven early interventions. However, it has been 
proposed that a high-risk population could benefit from 
early detection strategies. Global screening studies are 
underway to determine appropriate screening modalities 
and parameters.

The primary imaging modalities utilised in these 
studies are endoscopic ultrasound, magnetic 
resonance imaging with/without magnetic resonance 
cholangiopancreatography and computerised 
tomography. Findings from the pancreatic cancer 
screening studies to date are difficult to consolidate 
because of differing populations, imaging modalities 
and endpoints used. Many studies have successfully 
demonstrated that precursor lesions or invasive 
cancers can be detected in a significant proportion of 
at-risk individuals, but none to date have successfully 
demonstrated better outcomes for patients. 

There is also no consensus as to the timing, inclusion 
criteria and initiation/cessation ages for pancreatic cancer 
surveillance programs. Guidelines suggest those with a 
minimum 5-10 fold-increased risk should be considered. 
An international consortium agreed that the following 
groups: familial pancreatic cancer with at least two first 
degree relatives affected; patients with Peutz-Jeghers 
syndrome; patients carrying BRCA1/2, CDKN2A, or 
MMR gene mutations with at least one FDR affected 
should be screened if eligible for surgical treatment.41 

Conclusion

Inherited cases of pancreatic cancer are rare, which 
hinders understanding of the genetic etiology and then 

introduction of clinical management guidelines for this 
complex disease. Family cancer clinics are important 
for assessing family history and identification of possible 
hereditary tumour predisposition syndromes. Familial 
pancreatic cancer research cohorts are vital for identification 

Clinical criteria Syndrome to consider Gene(s) to consider

PC diagnosed any age, if any of the following criteria are met:
• ≥ 2 cases pancreatic cancer in close relatives
• ≥ 2 cases breast, ovarian or prostate cancer in close relatives
• Ashkenazi Jewish ancestry

Familial pancreatic cancer, 
hereditary breast and ovarian 

cancer

BRCA1, BRCA2, PALB2, 
ATM BRCA1, BRCA2, PALB2 

BRCA1, BRCA2

Pancreatic cancer and ≥1 PJ polyp Peutz-Jegher syndrome STK11

Pancreatic cancer and ≥ 2 additional cases of any Lynch 
syndrome associated cancer in the same person or close 

relative 
Lynch syndrome MSH2, MLH1, PMS2, MSH6

≥ 3 cases of pancreatic cancer and/or melanoma in close 
relatives or pancreatic cancer and melanoma in the same 

person
Familial melanoma CDKN2A

Personal history of ≥2 attacks of acute pancreatitis of unknown 
aetiology, a family history of pancreatitis, or early age of onset of 

chronic pancreatitis
Hereditary pancreatitis PRSS1

Table 2: Clinical indications for cancer predisposition assessment.39,40
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of additional pancreatic cancer susceptibility genes and 
defining effective screening protocols translatable into 
clinical practice.  
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Useful links

https://www.eviq.org.au/

http://www.genetics.edu.au/

http://www.pancreaticcancer.net.au/afpacc

https://www.pancare.org.au/patient-support-services/
clinical-trials/

http://bcb.dfci.harvard.edu/bayesmendel/pancpro.php

References
1. 2015. AIoHaWA. Australian Cancer Incidence and Mortality (ACIM) books: 

Pancreatic cancer (ICD-10 code C25). Canberra: AIHW.
2. Wilson JMG, Jungner G. Principles and practice of screening for disease. 

In: Organization WH, ed. Geneva, Switzerland: Public Health Papers; 1968.
3. Bosetti C, Lucenteforte E, Silverman DT, et al. Cigarette smoking and 

pancreatic cancer: an analysis from the International Pancreatic Cancer 
Case-Control Consortium (Panc4). Ann Oncol. 2012;23:1880-8.

4. Ben Q, Xu M, Ning X, et al. Diabetes mellitus and risk of pancreatic cancer: 
A meta-analysis of cohort studies. Eur J Cancer (Oxford, England : 1990) 
2011;47:1928-37.

5. Li D, Morris JS, Liu J, et al. Body mass index and risk, age of onset, and 
survival in patients with pancreatic cancer. Jama. 2009;301:2553-62.

6. Moran A, O’Hara C, Khan S, et al. Risk of cancer other than breast or 
ovarian in individuals with BRCA1 and BRCA2 mutations. Familial cancer. 
2012;11:235-42.

7. Hahn SA, Greenhalf B, Ellis I, et al. BRCA2 germline mutations in familial 
pancreatic carcinoma. J Natl Cancer Inst. 2003;95:214-21.

8. Couch FJ, Johnson MR, Rabe KG, et al. The prevalence of BRCA2 
mutations in familial pancreatic cancer. Cancer Epidemiology Biomarkers & 
Prevention. 2007;16:342-6.

9. Grant RC, Selander I, Connor AA, et al. Prevalence of germline mutations 
in cancer predisposition genes in patients with pancreatic cancer. 
Gastroenterology. 2015;148:556-64.

10. Holter S, Borgida A, Dodd A, et al. Germline BRCA Mutations in a Large 
Clinic-Based Cohort of Patients With Pancreatic Adenocarcinoma. Journal 
of clinical oncology : official journal of the American Society of Clinical 
Oncology. 2015.

11. 11. 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. 2005;42:711-9.

12. Iqbal J, Ragone A, Lubinski J, et al. The incidence of pancreatic cancer 
in BRCA1 and BRCA2 mutation carriers. Br J Cancer. 2012;107:2005-9.

13. Goldstein AM, Chan M, Harland M, et al. Features associated with germline 
CDKN2A mutations: a GenoMEL study of melanoma-prone families from 
three continents. J Med Genet. 2007;44:99-106.

14. McWilliams RR, Wieben ED, Rabe KG, et al. Prevalence of CDKN2A 
mutations in pancreatic cancer patients: implications for genetic counseling. 
Eur J Hum Genet : EJHG. 2011;19:472-8.

15. Harinck F, Kluijt I, van der Stoep N, et al. Indication for CDKN2A-mutation 
analysis in familial pancreatic cancer families without melanomas. J Med 
Genet. 2012;49:362-5.

16. Beggs AD, Latchford AR, Vasen HF, et al. Peutz-Jeghers syndrome: 
a systematic review and recommendations for management. Gut. 
2010;59:975-86.

17. Korsse SE, Harinck F, van Lier MG, et al. Pancreatic cancer risk in Peutz-
Jeghers syndrome patients: a large cohort study and implications for 
surveillance. J Med Genet. 2013;50:59-64.

18. Win AK, Young JP, Lindor NM, et al. Colorectal and other cancer risks for 
carriers and noncarriers from families with a DNA mismatch repair gene 
mutation: a prospective cohort study. J Clin Oncol : official journal of the 
American Society of Clinical Oncology 2012;30:958-64.

19. Gargiulo S, Torrini M, Ollila S, et al. Germline MLH1 and MSH2 mutations in 
Italian pancreatic cancer patients with suspected Lynch syndrome. Familial 
cancer. 2009;8:547-53.

20. Giardiello FM, Offerhaus GJ, Lee DH, et al. Increased risk of thyroid 
and pancreatic carcinoma in familial adenomatous polyposis. Gut. 
1993;34:1394-6.

21. Moussata D, Senouci L, Berger F, et al. Familial adenomatous polyposis 
and pancreatic cancer. Pancreas. 2015;44:512-3.

22. Ruijs MW, Verhoef S, Rookus MA, et al. TP53 germline mutation testing in 
180 families suspected of Li-Fraumeni syndrome: mutation detection rate 
and relative frequency of cancers in different familial phenotypes. J Med 
Genet. 2010;47:421-8.

23. Lowenfels AB, Maisonneuve P, DiMagno EP, et al. Hereditary Pancreatitis 
and the Risk of Pancreatic Cancer. J Natl Cancer Inst. 1997;89:442-6.

24. Lowenfels AB, Maisonneuve P, Whitcomb DC, et al. Cigarette smoking as 
a risk factor for pancreatic cancer in patients with hereditary pancreatitis. 
Jama. 2001;286:169-70.

25. Brand RE, Lerch MM, Rubinstein WS, et al. Advances in counselling and 
surveillance of patients at risk for pancreatic cancer. Gut. 2007;56:1460-9.

26. Klein AP, Brune KA, Petersen GM, et al. Prospective risk of pancreatic cancer 
in familial pancreatic cancer kindreds. Cancer research. 2004;64:2634-8.

27. Rulyak SJ, Lowenfels AB, Maisonneuve P, et al. Risk factors for the 
development of pancreatic cancer in familial pancreatic cancer kindreds. 
Gastroenterology. 2003;124:1292-9.

28. Brune KA, Lau B, Palmisano E, et al. Importance of age of onset in 
pancreatic cancer kindreds. J Natl Cancer Inst. 2010;102:119-26.

29. Wang L, Brune KA, Visvanathan K, et al. Elevated cancer mortality in 
the relatives of patients with pancreatic cancer. Cancer epidemiology, 
biomarkers & prevention : a publication of the American Association for 
Cancer Research, cosponsored by the American Society of Preventive 
Oncology. 2009;18:2829-34.

30. Humphris JL, Johns AL, Simpson SH, et al. Clinical and pathologic features 
of familial pancreatic cancer. Cancer. 2014;120:3669-75.

31. Jones S, Hruban RH, Kamiyama M, et al. Exomic sequencing identifies 
PALB2 as a pancreatic cancer susceptibility gene. Science. 2009;324:217-.

32. Roberts NJ, Jiao Y, Yu J, et al. ATM mutations in patients with hereditary 
pancreatic cancer. Cancer discovery. 2012;2:41-6.

33. Kastrinos F, Mukherjee B, Tayob N, et al. Risk of pancreatic cancer in 
families with Lynch syndrome. Jama. 2009;302:1790-5.

34. Klein AP, Lindstrom S, Mendelsohn JB, et al. An absolute risk model to 
identify individuals at elevated risk for pancreatic cancer in the general 
population. PloS one 2013;8:e72311.

35. Wang W, Chen S, Brune KA, et al. PancPRO: risk assessment for individuals 
with a family history of pancreatic cancer. J Clin Oncol. 2007;25:1417-22.

36. eviQ Cancer Treatments Online. 2015. (Accessed 1 October 2015, at 
https://http://www.eviq.org.au/.)

37. Network. NCC. Breast and/or ovarian cancer genetic assessment. 
Version 2. 2015. (Accessed 20 September 2015, at http://www.nccn.org/
professionals/physician_gls/f_guidelines.asp.)

38. Klein AP. Identifying people at a high risk of developing pancreatic cancer. 
Nature reviews Cancer. 2013;13:66-74.

39. Hampel H, Bennett RL, Buchanan A, et al. A practice guideline from the 
American College of Medical Genetics and Genomics and the National 
Society of Genetic Counselors: referral indications for cancer predisposition 
assessment. 2015;17:70-87.

40. Whitcomb DC, Shelton CA, Brand RE. Genetics and Genetic Testing in 
Pancreatic Cancer. Gastroenterology. 2015;149:1252-64.e4.

41. Canto MI, Harinck F, Hruban RH, et al. International Cancer of the Pancreas 
Screening (CAPS) Consortium summit on the management of patients with 
increased risk for familial pancreatic cancer. Gut. 2013;62:339-47.




