
Arch Iran Med. June 2018;21(6):228-233

Original Article

Mutations in Known and Novel Cancer Susceptibility Genes 
in Young Patients With Pancreatic Cancer
Sahar Alimirzaie, MSc1; Ashraf Mohamadkhani, PhD2; Sahar Masoudi, MSc3; Erin Sellars, MSc4; Paolo Boffetta, MD5; Reza Malekzadeh, 
MD2,3; Mohammad R. Akbari, MD, PhD6; Akram Pourshams, MD2,3*

1Faculty of Arts & Science, University of Toronto, Toronto, Canada 
2Liver and Pancreatobiliary Diseases Research Center, Digestive Disease Research Institute, Shariati Hospital, Tehran University of Medical 
Sciences, Tehran, Iran,
3Digestive Oncology Research Center, Digestive Disease Research Institute, Shariati Hospital, Tehran University of Medical Sciences, Tehran, 
Iran
4Women’s College Research Institute, University of Toronto, Toronto, Canada
5Tisch Cancer Institute, Mount Sinai School of Medicine, New York, USA
6Dalla Lana School of Public Health, University of Toronto, Toronto, Canada

Received: January 27, 2018, Accepted: April 25, 2018, ePublished: June 1, 2018 

Abstract
Background: Pancreatic cancer is the fourth most common cause of mortality due to cancer, globally. It has a poor prognosis and 
is usually diagnosed at later stages when tumor resection is not possible. Heritability for pancreatic cancer is relatively high and 
clinically significant. 
Methods: A group of 24 pancreatic cancer patients with young age at onset, from a referral hospital in Tehran University of Medical 
Sciences were screened for mutations in 710 cancer relevant genes using next generation sequencing technology. 
Results: Two patients had pathogenic mutations in known pancreatic cancer susceptibility genes, BRCA1/2. Two other patients 
also had potentially pathogenic mutations in 2 novel candidate genes including PARP4 and EXO1.
Conclusion: BRCA1/2 genes are the most commonly mutated pancreatic cancer susceptibility genes that should be considered in 
all pancreatic cancer cases with young age at onset or a family history of cancer. PARP4 and EXO1 also are potential candidate 
genes for susceptibility to pancreatic cancer. Identifying the hereditary cases of pancreatic cancer will help to offer more targeted 
treatments to the patients and also to prevent cancer in family members who might be a mutation carrier. 
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Introduction
Pancreatic cancer (OMIM accession number: 260350) 
ranks the fourth most common cause of  fatalities due 
to cancer worldwide.1 Pancreatic cancer holds one of  the 
worst prognoses among different cancer types. Five-year 
survival rate for pancreatic cancer differs between 3% to 
29% at different stages.1 According to the World Health 
Organization (WHO), incidence of  pancreatic cancer 
was estimated to be 337 872 new cases in 2012 in both 
men and women globally. The average lifetime risk for 
pancreatic cancer in both men and women is 1.5%.2

Previously, family-based studies have shown how 
familial clustering of  cancer and intergenerational 
propagation of  mutations may increase the risk of  disease 
in some families compared to the general population.3 
Lifetime risk for pancreatic cancer is 1.1%, and risk for 
a monozygotic twin and a dizygotic twin is 4.3% and 
3.7% respectively, if  one of  the twins is affected.4 These 

estimates suggest that heritability for pancreatic cancer is 
relatively high and clinically significant. Cancer heritability 
is defined as the proportion of  variance in cancer risk due 
to genetic differences.

In the last few decades, a number of  genes were 
reported to be associated with pancreatic cancer including 
BRCA1, BRCA2, PALB2, MLH1, MSH2, MSH6, PMS2, 
EPCAM, APC, STK11/LKB1, CDKN2A, PRSS1, 
SPINK1, CFTR, and ATM.3,5 Highly penetrant germline 
mutations in any of  these genes could enhance the risk 
of  pancreatic cancer development.3 These variations are 
transmitted through an autosomal dominance model and 
can cause familial clustering.3 Known pancreatic cancer-
associated genes are estimated to account for only 20% of 
familial pancreatic cancers.6 There are still many familial 
cases of  pancreatic cancer that could not be explained by 
mutations in known genes, and probably more pancreatic 
cancer susceptibility genes yet to be discovered.
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In this study, we sequenced 24 patients with early onset 
pancreatic cancer on a panel of  710 genes including 
known cancer susceptibility genes and genes that could 
potentially be involved in cancer pathogenesis. We 
evaluated these genes in search for known, and also 
novel pancreatic cancer susceptibility genes. We found 
2 variations in BRCA1/2 (OMIM accession number: 
113705, 600185), the well-known pancreatic cancer 
susceptibility genes, in addition to 2 truncating mutations 
in PARP4 (OMIM accession number: 607519), and 
EXO1 (OMIM accession number: 606063) genes.

Materials and Methods
Study Subjects
The methods for cases and controls recruitment were 
extensively explained before, and are briefly described 
here.7 Cases were selected from patients who referred 
to a university affiliated hospital (Shariati hospital) in 
Tehran, Iran for endoscopic ultrasonography (EUS), 
from January 2011 to December 2014. All cases had 
pathology proven pancreatic adenocarcinoma. Informed 
consent was obtained from each patient included in the 
study. A structured valid and reliable questionnaire was 
used for data collection by a few trained interviewers.8 
Twenty-four of  the cases younger than 50 years were 
used for this candidate genes assessment.

Laboratory Method
The germline DNA extracted from white blood cells 
at the time of  cancer diagnosis, was sequenced on the 
Cancer Relevant Genes (CRG) panel by using Agilent 
Sure Select chemistry (Agilent Technologies Inc., Santa 
Clara, CA) for capturing the sequence regions of  interest. 
The CRG panel targets 10,165 coding exons (plus 10 bp 
from introns in each side of  an exon) of  710 known 
cancer susceptibility genes, cancer driver genes as 
reported in Cancer Genes Census (http://cancer.sanger.
ac.uk/census), or genes that could potentially contribute 
to cancer if  mutated. The genes on the CRG panel are 
implicated with cell processes known to be of  significance 
in cancer development, such as genome maintenance, 
cell cycle control mechanisms, and cellular differentiation 
signaling. Briefly, the germline DNA samples were 
sheared (200–400 bp) and illumina adaptors were added 
to their ends. For each sample, the DNA fragments were 
barcoded by tagging a specific oligonucleotide to all 
DNA fragments of  that sample. The regions of  interest 
from each sample DNA library were captured from the 
rest of  the genome by hybridizing them with biotinylated 
RNA strand probes which were complementary to the 
DNA sequence of  the regions of  interest. The hybridized 
DNAs with biotinylated probes bound to streptavidin-
coated magnetic beads and were separated from the 

rest of  the genomic DNA in a magnetic field. Every 12 
samples were pooled and used for paired-end sequencing 
for 600 cycles (generating 300 bp reads) on an Illumina 
MiSeq while using a V3 sequencing cartridge (Illumina 
Inc., San Diego CA). All pathogenic variants identified 
using next-generation sequencing were confirmed by 
using Sanger sequencing.

Data Analysis
The Burrows-Wheeler Aligner1 aligned the sequence 
reads to the reference human. Picard (http://
broadinstitute.github.io/picard/; accessed August 2, 
2016) converted SAM files to BAM format, and organized 
BAM files. GATK2 removed reads that went unmapped, 
were aligned to more than one human genome region, or 
were duplicates. The HaplotypeCaller module of  GATK 
identified SNVs and indels. Variants were considered if 
they had at least 20x depth of  coverage and the alternate 
allele ratio was present in at least 25% of  the reads. 
Variants on CRG panel were narrowed down in multiple 
steps. We focused on truncating variants and also checked 
all missense variants to see if  there are any previously 
known pathogenic mutations among them. The types of 
mutations considered as truncating includes nonsense 
mutations, frame shift insertion/deletion, splice site 
consensus mutations, and initial codon mutations.

Results
To search for mutations in known and novel pancreatic 
cancer susceptibility genes, we undertook sequencing of 
24 early onset pancreatic cancer patients with a 50:50 
male to female distribution. The average age of  the 
probands was 43.9 years (range: 29-49 years). Detailed 
characteristics of  the cases are shown in Table 1.

The data on the CRG panel were evaluated for all 
known pancreatic cancer susceptibility genes. As a 
result, 2 out of  24 probands were found to harbor each 
unique mutation in BRCA1 (c.301+1G>A), and BRCA2 
(c.260_261delCT). These mutations are presented in 
Table 2. Subsequently, we checked the mutations in 
other genes of  the CRG panel that could potentially 
increase the risk of  cancer if  they have been mutated. 
We detected 2 splicing mutations in 2 genes that could be 
potentially pathogenic in 2 other patients each harboring 
one: EXO1 (c.2212-1G>C), and PARP4 (c.3667-1G>A). 
These variations are presented in Table 3.

Discussion
In an effort to identify known and novel mutations 
associated with pancreatic cancer, we conducted 
sequencing of  710 cancer relevant genes in 24 early onset 
pancreatic cancer patients. In this panel, 2 mutations in 
known pancreatic cancer susceptibility genes BRCA1, 

http://cancer.sanger.ac.uk/census
http://cancer.sanger.ac.uk/census
http://broadinstitute.github.io/picard/
http://broadinstitute.github.io/picard/
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and BRCA2 were identified in 2 out of  24 probands 
(8.3%). According to previous studies, BRCA1/2 are the 
most commonly mutated pancreatic cancer susceptibility 
genes.9,10 Mutations in BRCA1/2 genes happens in 3%–
5% of  the pancreatic cancer patients. The results of  our 
study confirm the findings in previous studies on the 
importance of  BRCA1 and BRCA2 in pancreatic cancer. 
The higher mutation frequency rate among our patients 
is explained by the fact that the study was restricted to 
patients with early onset pancreatic cancer, therefore the 
chance of  pancreatic cancer being hereditary is expected 
to be higher. The carrier of  the BRCA2 mutation 
was diagnosed with pancreatic cancer at age 48 and 
her sister had a history of  breast cancer as well. The 
BRCA1 mutation carrier was diagnosed at age 40 which 
is considered a young age for pancreatic cancer onset; 
however, he did not have any family history of  breast or 
ovarian cancer.

Subsequently, we identified 2 rare mutations in 2 other 
patients in candidate cancer susceptibility genes, EXO1 
and PARP4. None of  these 2 mutation carriers had any 
family history of  cancer, however, both of  them were 
diagnosed with pancreatic cancer at very young ages 
(29 and 42 for EXO1 and PARP4, respectively). The 
frequency of  truncating mutations among non-TCGA 
(The Cancer Genome Atlas) samples of  the ExAC 
database is one out of  200 and 232 for EXO1 and 
PARP4 respectively, vs. 1/24 in our series. ExAC is an 
aggregate of  exome sequencing data from a variety of 
large-scale sequencing projects,11 and although it is not 
a perfect control set for our patients, it gives a sense of 
expected frequencies of  truncating mutations in these 
genes among general population.

PARP4 is a member of  the poly (ADP-ribose) 
polymerase (PARP) protein family.12 The PARP 
proteins are responsible for a variety of  cell sustaining 
events such as genome maintenance and regulation, 
and RNA interference.13,14 PARP4 contains BRCA1 
carboxyterminal (BRCT) domain repeats, owing to that 
PARP4 is thought to have a role in genome repair.15,16 
The BRCT domain in PARP4 binds to damage-sensing 
surveillance proteins signaling PARPs for DNA repair 

initiation.15 The impairment of  DNA repair pathways by 
and large is pathogenic in nature, and is a well-known 
event as initiation of  tumorigenesis. A previous study 
indicated that proliferation of  PARP4-knocked down 
breast cancer cells was expedited suggesting a tumor 
suppression role for PARP4.16 Moreover, PARP4 has a 
specific N-terminal motif  with the ability to bind and 
co-regulate estrogen receptors playing a role in breast 
cancer development.17 Interestingly, in addition to its 
role in genome maintenance, another role of  PARP4 is 
in telomere replication regulation.18 Telomeres, base pair 
repeats at the ends of  chromosomes, are vital for survival 
of  cancer cells.19 Another member of  the PARP family is 
Tankyrase (PARP5) which contains a similar N-terminal 
domain as PARP4, regulating telomere elongation.18 
The highest Tankyrase activity has been seen in the 
pancreas.20 The accumulation of  these facts indicates that 
Tankyrase has the ability to regulate telomere elongation 
and therefore tumorigenesis, and this action mostly takes 
place in the pancreas. The polypeptide enzyme Tankyrase 
is similar to PARP4 protein in this effect. Therefore, 
these lines of  evidence support the findings of  this study 
suggesting that PARP4 could be potentially a candidate 
pancreatic cancer susceptibility gene. 

EXO1 encodes Exonuclease 1, a member of  the 
RAD2 nuclease family involved in genome repair 
through interaction with DNA Mismatch Repair 
(MMR) complexes.21,22 Impairment of  MMR repair 
system is pathogenic and results in accumulation of 
mutations in turn leading to formation of  various types 
of  tumors.23 Several studies on MMR pathway suggest 
that insufficiencies of  this important system could lead 
to gastrointestinal, ovary and endometrial cancers, as 
well as pancreatic cancer.22,24–26 Furthermore, in addition 
to its role in maintaining DNA fidelity, dysfunctionality 
of  MMR enzymes such as EXO1 could also prevent 
apoptosis in cancerous cells.25,27 A previous study suggests 
that deletion of  EXO1 in mice and human cells lead to 
inactivation of  apoptosis signaling pathway, generating 
gastric and colorectal cancers.28 Another study suggests 
that various SNPs in EXO1 induce susceptibility to lung 
cancer.22 A study suspected that pathogenic truncating 

Table 2. Mutations in Known Pancreatic Cancer Susceptibility Genes

Patient ID Age at Diagnosis Gene Transcription Accession Number Exon Number Nucleotide Sequence Ontology

130468 48 BRCA2 NM_007294.3 3 c.260_261delCT Frameshift variant

131234 40 BRCA1 NM_007294.3 5-6 c.301+1G>A Splice donor variant

Table 3. Truncating Variants Identified in Potentially Cancer Susceptibility Genes

Patient ID Age at Diagnosis Gene Transcription Accession Number Exon Number Nucleotide Change Sequence Ontology

130919 29 EXO1 NM_006027.4 12-13 c.2212-1G>C Splice acceptor variant

130857 41 PARP4 NM_006437.3 30-31 c.3667-1G>A Splice acceptor variant
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mutations in MMR genes such as EXO1 may be involved 
in development of  cervical cancer.23 Interestingly, a 
previous study showed that variations in EXO1 could be 
involved in and exacerbate overall survival of  pancreatic 
cancer patients.25 In addition, several studies suggest a role 
for EXO1 mutations in inducing hereditary nonpolyposis 
colorectal cancer (HNPCC) predisposition.29 Therefore, 
mostly due to the role this gene plays in controlling the 
MMR system, loss of  function truncating mutations 
in EXO1 could be pathogenic in nature and could 
potentially contribute to tumorigenesis in pancreas.

One of  the strengths of  this study is the inclusion 
of  well-characterized patients with early onset disease. 
These cases are more likely to be of  a hereditary nature. 
Another notable strength is the large number of  known 
and suspected cancer genes analyzed here. Limitations of 
the study may include the small sample size, lack of  a 
specific control set, and no access to DNA samples from 
other family members for co-segregation analysis.

Most pancreatic tumors are highly aggressive and 
prone to metastasis by virtue of  the constantly altering 
nature of  the unstable genome in tumor cells.30 Surgical 
treatment is usually palliative and not always an option for 
some patients, since tumors are usually diagnosed at later 
stages.30 These features indicate the need for predictive 
and prognostic genetic markers, which may lead to better 
individualization of  cancer therapy in addition to targeted 
treatment and prevention. BRCA1/2 genes are the most 
commonly mutated pancreatic cancer susceptibility genes 
which should be screened in all patients with young age 
at onset or family history of  cancer, especially breast or 
ovarian cancers. This study identified the genes EXO1 
and PARP4 as potential candidate susceptibility genes for 
pancreatic cancer. Further studies for confirming these 
findings are needed.

Authors’ Contribution
AP designed and directed the project. MRA contributed to the 
design, analysis of the results and to the writing of the manuscript. 
AM and SM contributed to sample preparation and processed the 
data. SA and ES performed the measurements and contributed to 
the interpretation of the results. PB and RM supervised the findings 
of this work. All authors discussed the results and commented on 
the manuscript.

Conflict of Interest Disclosures
The authors have no conflicts of interest.

Ethical Statement
The study protocol was approved by Institutional Review Board 
Digestive Disease Research Center, Tehran University of Medical 
Sciences (IRB number: IRB00001641, Federal wide Assurance 
number: FWA00015916) in December 2010, based on ethical 
guidelines of 1975 Declaration of Helsinki as reflected in a prior 
approval by institution’s human research committee. 

Acknowledgment
Research reported in this publication was supported by Elite 

Researcher Grant Committee under award number 958381 from the 
National Institutes for Medical Research Development (NIMAD), 
Tehran, Iran.

References 
1. Nuttall R, Bryan S, Dale D, De P, Demers A, Ellison L, et al. 

Canadian cancer society’s advisory committee on cancer 
statistics. Canadian Cancer Statistics 2017. Available from: http://
www.cancer.ca/en/cancer–information/cancer–101/canadian–
cancer–statistics–publication/?region=on. Published 2017.

2. American cancer society. Cancer Facts & Figures 2017. Available 
from: https:// www.cancer.org/research/cancer–facts–statistics/
all–cancer–facts–figures/cancer–facts–figures–2017.html. 
Published 2017.

3. Shi C, Hruban RH, Klein AP. Familial Pancreatic Cancer. Arch 
Pathol Lab Med. 2009;133(3):365-74. doi: 10.1043/1543-2165-
133.3.365.

4. Mucci LA, Hjelmborg JB, Harris JR, Czene K, Havelick DJ, 
Scheike T, et al. Familial risk and heritability of cancer among 
twins in nordic countries. JAMA. 2016;315(1):68-76. doi: 
10.1001/jama.2015.17703.

5. Carrera S, Sancho A, Azkona E, Azkuna J, Lopez – Vivanco G. 
Hereditary pancreatic cancer: related syndromes and clinical 
perspective. Hered Cancer Clin Pract. 2017;15:9. doi: 10.1186/
s13053–017–0069–6.

6. Bartsch DK, Gress TM, Langer P. Familial pancreatic cancer—
current knowledge. Nat Rev Gastroenterol Hepatol. 2012;9:445. 
doi: 10.1038/nrgastro.2012.111.

7. Shakeri R, Kamangar F, Mohamadnejad M, Tabrizi R, Zamani 
F, Mohamadkhani A, et al. Opium use, cigarette smoking, 
and alcohol consumption in relation to pancreatic cancer. 
Medicine (Baltimore). 2016;95(28):e3922. doi: 10.1097/
MD.0000000000003922.

8. Farrokhzad S, Nedjat S, Kamangar F, Kamali M, Malekzadeh R, 
Pourshams A. Validity and reliability of a questionnaire designed 
to assess risk factors of pancreatic cancer in Iran. Arch Iran Med. 
2014;17(2):102-5. 

9. Tulinius H, Olafsdottir GH, Sigvaldason H, Tryggvadottir L, 
Bjarnadottir K. Neoplastic diseases in families of breast cancer 
patients. J Med Genet. 1994;31(8):618-21. doi: 10.1136/
jmg.31.8.618.

10. Lal G, Liu G, Schmocker B, Kaurah P, Ozcelik H, Narod SA, 
et al. Inherited predisposition to pancreatic adenocarcinoma: 
role of family history and germ – line p16, BRCA1, and BRCA2 
mutations. Cancer Res. 2000;60(2):409-16.

11. Futreal PA, Coin L, Marshall M, Down T, Hubbard T, Wooster 
R, et al. A census of human cancer genes. Nat Rev Cancer. 
2004;4(3):177-83. doi: 10.1038/nrc1299.

12. Kickhoefer VA, Siva AC, Kedersha NL, Inman EM, Ruland C, 
Streuli M, et al. The 193 – kD vault protein, Vparp, Is a Novel 
Poly(Adp – Ribose) Polymerase. J Cell Biol. 1999;146(5):917-28. 

13. Gibson BA, Kraus WL. New insights into the molecular and 
cellular functions of poly(ADP – ribose) and PARPs. Nat Rev Mol 
Cell Biol. 2012;13:411. doi: 10.1038/nrm3376.

14. Márton J, Fodor T, Nagy L, Vida A, Kis G, Brunyánszki A, et al. 
PARP10 (ARTD10) modulates mitochondrial function. PLoS One. 
2018;13(1):e0187789. doi: 10.1371/journal.pone.0187789.

15. Manke IA, Lowery DM, Nguyen A, Yaffe MB. BRCT repeats 
as phosphopeptide – binding modules involved in protein 
targeting. Science. 2003; 302(5645):636–639. doi: 10.1126/
science.1088877.

16. Ikeda Y, Kiyotani K, Yew PY, Kato T, Tamura K, Yap KL, et al. 
Germline PARP4 mutations in patients with primary thyroid 
and breast cancers. Endocr Relat Cancer. 2016;23(3):171-9. 
doi:10.1530/ERC-15-0359.

17. Tints K, Prink M, Neuman T, Palm K. LXXLL Peptide converts 
transportan 10 to a potent inducer of apoptosis in breast 
cancer cells. Int J Mol Sci. 2014;15(4):5680-98. doi: 10.3390/
ijms15045680.

18. Smith S. The world according to PARP. Trends Biochem Sci. 

http://www.cancer.ca/en/cancer101/canadianstatistics
http://www.cancer.ca/en/cancer101/canadianstatistics
http://www.cancer.ca/en/cancer101/canadianstatistics
http://www.cancer.org/research/cancerstatistics/allfactsfacts2017.html
http://www.cancer.org/research/cancerstatistics/allfactsfacts2017.html


                                                                                                     Arch Iran Med, Volume 21, Issue 6, June 2018  233

Hereditary Pancreatic Cancer

                    © 2018 The Author(s). This is an open-access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.
org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

2001;26(3):174-9. doi: 10.1016/s0968-0004(00)01780-1.
19. Jafri MA, Ansari SA, Alqahtani MH, Shay JW. Roles of telomeres 

and telomerase in cancer, and advances in telomerase – targeted 
therapies. Genome Med. 2016;8:69. doi: 10.1186/s13073-016-
0324-x.

20. Kuimov AN, Zhozhikashvili AS, Manskikh VN, Platonova L 
V, Dyuzheva TG. Tankyrase activity in organs and tissues 
of mice. Biochem. 2016;81(3):255-62. doi:10.1134/
S0006297916030081.

21. Keijzers G, Bohr VA, Rasmussen LJ. Human exonuclease 1 (EXO1) 
activity characterization and its function on flap structures. 
Biosci Rep. 2015;35(3):e00206. doi: 10.1042/BSR20150058.

22. Jin G, Wang H, Hu Z, Liu H, Sun W, Ma H, et al. Potentially 
functional polymorphisms of EXO1 and risk of lung cancer in 
a Chinese population: A case – control analysis. Lung Cancer. 
2008;60(3):340-6. doi: 10.1016/j.lungcan.2007.11.003.

23. Luo X, Hong XS, Xiong XD, Zeng LQ, Lim CED. A Single 
nucleotide polymorphism in EXO1 gene is associated with 
cervical cancer susceptibility in chinese patients. Int J Gynecol 
Cancer. 2012;22(2). doi: 10.1097/IGC.0b013e318234fd8a

24. Jiricny J, Nyström-Lahti M. Mismatch repair defects in cancer. 
Curr Opin Genet Dev. 2000;10(2):157-1. doi: 10.1016/S0959-
437X(00)00066-6.

25. Dong X, Li Y, Hess KR, Abbruzzese JL, Li D. DNA mismatch 
repair gene polymorphisms affect survival in pancreatic 
cancer. Oncologist. 2011;16(1):61-70. doi: 10.1634/
theoncologist.2010-0127.

26. Hu ZI, Shia J, Stadler ZK, Varghese A, Capanu M, Salo–Mullen 
E, et al. Evaluating mismatch repair deficiency in pancreatic 
adenocarcinoma: challenges and recommendations. Clin 
Cancer Res. 2018. doi: 10.1158/1078-0432.CCR-17-3099

27. Cleal K, Norris K, Baird D. Telomere length dynamics and 
the evolution of cancer genome architecture. Int J Mol Sci. 
2018;19(2). doi: 10.3390/ijms19020482.

28. Park SW, Hur S, Yoo N, Lee S. Somatic frameshift mutations 
of bone morphogenic protein receptor 2 gene in gastric and 
colorectal cancers with microsatellite instability. APMIS. 
2010;118(11):824-9. doi: 10.1111/j.1600-0463.2010.02670.x.

29. Kwong A, Shin VY, Cheuk IWY, Chen J, Au CH, Ho DN, et 
al. Germline RECQL mutations in high risk Chinese breast 
cancer patients. Breast Cancer Res Treat. 2016;157(2):211-15. 
doi:10.1007/s10549–016–3784–1.

30. 30. Pancreatic cancer facts 2017. Available from: https://
pancreaticcanceraction.org/about-pancreatic-cancer/medical-
professionals/stats-facts/facts-and-statistics/. Published 2017.

https://pancreaticcanceraction.org/about-pancreatic-cancer/medical-professionals/stats-facts/facts-and-statistics/
https://pancreaticcanceraction.org/about-pancreatic-cancer/medical-professionals/stats-facts/facts-and-statistics/
https://pancreaticcanceraction.org/about-pancreatic-cancer/medical-professionals/stats-facts/facts-and-statistics/

