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DNA 
DAMAGE 
REPAIR 
DEFECTS 
AND 
PANCREATIC 
CANCER

 PDAC incidence varies in different countries (highest incidence in 
high-income countries)

 Although the cause of PDAC is complex and multifactorial, a variety of 
inherited and non-inherited risk factors have been described, some of 
which may explain these variations.

Non-inherited risk factors:

 Chronic pancreatitis

 Diabetes mellitus

 Smoking

 Alcohol consumption

 Obesity 

 Possibly Helicobacter pylori infection
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Sporadic pancreatic cancer with 

somatic DDR gene mutations

 Large-scale genomic analysis revealed 63 genetic alterations per single PDAC, 
with ‘DNA damage control’ being one of the most prominent term.

 

 ATM serine/threonine kinase appears to be the most frequently mutated DDR 
gene in somatically mutated sporadic PDAC, with an overall mutational frequency 
of approximately 4%, followed by BRCA2, STK11 and BRCA1.

 Loss of ATM occurs in precancerous lesions such as PanINs or IPMNs and in primary 
tumors, underpinning its crucial role in genomic integrity.

 The ultimate therapeutic strategy for PDAC is the delineation of patient 
subgroups who might be susceptible to an interference with the DDR due to the 
intrinsically high DNA damage load, leading to a further increase beyond a 
tolerable threshold.
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Figure 2 Frequency of gene alterations in primary pancreatic ductal adenocarcinomas. Three available pancreatic 
cancer sequencing data sets123 124 125 (n=751) were assessed for somatic gene mutations (panel of 118 genes from 
16 123 and additionally extended in more detail for DNA damage repair genes from cBioPortal). DDR, DNA damage 
repair. 6



DDR gene mutations in the germline of 

patients with pancreatic cancer

Familial pancreatic cancers (FPC):

 Only 10%–20% have a clearly identifiable germline mutation. 

 Inheritance can be frequently attributed to germline DDR gene mutations 

(ATM, BRCA1, BRCA2, MLH1, MSH2, PALB2, PMS2 and STK11) and to mutations 

in classical cancer susceptibility genes such as CDKN2A or TP53. 
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Hereditary pancreatic cancer 

syndromes
Inherited cancer predisposition syndromes are characterised by usually monoallelic, 

dominantly inherited autosomal mutations that predispose to PDAC and other cancers 

such as prostate, breast and ovarian cancer.

 Peutz-Jeghers caused by STK11 mutations.

 Lynch syndrome caused by MLH1 and MSH2 mutations.

 Familial adenomatous polyposis caused by APC mutations.

 Familial atypical multiple-mole melanoma syndrome (FAMMM) caused by CDK2NA 

mutations.

 Hereditary pancreatitis caused by PRSS1 and SPINK1 mutations. 

 Li-Fraumeni syndrome caused by TP53 mutations.
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Sporadic pancreatic cancer with 

germline mutations

 Interestingly, in about 3.9%–13.5% of patients with apparently sporadic PDAC, DDR gene mutations 
can be detected in the germline, although negative family history of cancer (This mirrors an 

incomplete penetration, rather than a de novo mutation in the germline)

 ATM serine/threonine kinase is the most frequently mutated DDR gene in this group.

 Biallelic mutations in ATM cause a syndrome known as ataxia telangiectasia that predisposes to 

various cancers, including PDAC.

 BRCA1/2 mutations are also frequent in this subgroup and have the highest prevalence (12.1%) in 

Ashkenazi Jews.
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BRCAness revisited 

 Over the past 20 years, there has been considerable progress in our 
understanding of the biological functions of the BRCA1 and BRCA2 cancer 
susceptibility genes. 

 This has led to the development of new therapeutic approaches that target 
tumours with loss-of-function mutations in either BRCA1 or BRCA2 (PARP 
inhibitors, etc.)

 Tumors with ‘BRCAness’: share molecular features of BRCA-mutant tumors 

 BRCAness tumors may also respond to similar therapeutic approaches. 

(Christopher J. Lord and Alan Ashworth . Nature Review Cancer, 2016)
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• Smart tailored use of synergistically druggable vulnerabilities within the DNA damage 
repair machinery could be exploited to hit HRD tumors “hard and early” and prevent 
further MDR acquisition, as eg, recently shown upon inhibition of PARP, ATR and DNA-
PKcs. 14



Therapeutic 
interference with the 
DDR in
pancreatic cancer: 
Platinum analogues

 Platinum agents can crosslink purine bases on the 
DNA, thereby interrupting DNA transcription and stall 
replication which can consecutively lead to DSBs.

 The repair of interstrand crosslinks and consequent 
DSB uses the FA pathway, translesion synthesis and 
HR, making these agents interesting for patients with 
an HRDness (BRCAness) phenotype.

 Structural differences in platinum agents cause 
differences in DDR recognition as has been observed 
for cisplatin and oxaliplatin. These differences in 
recognition, excision and processing affect the 
cytotoxicity and activity of the individual platinum 
adducts.
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• The response of 820 patients with PDAC to a platinum-based regimen was recently evaluated in 
a large registry with a comprehensive genomic profiling program. 

• HRDness-causing germline or somatic mutations were grouped into three categories:

(i) BRCA1/BRCA2/PALB2

(ii) ATM/ATR 

(iii) FA core/MRN complex effectors.

 

• Overall, HR mutations were prevalent in 16.5% of patients. 

• Patients with advanced HR-defective (HRD) PDAC had a worse outcome than patients with HR-
proficient (HRP) PDAC if they were not treated with platinum, underpinning their overall more 
aggressive tumour biology and particular platinum susceptibility (mOS: HRD 0.76 years vs HRP 
1.13 years, p=0.1535). 

• In line platinum treatment substantially prolonged mOS in the HRD patients (n=53) compared 
with the HRP patients (n=258) (mOS: HRD 2.37 years vs HRP 1.45 years; p=0.000072; HR, 0.44, 
95% CI 0.29 to 0.66).
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 Golan et al collected data from 43 patients with advanced BRCA1/2-

mutated PDAC, showing a significant survival benefit for platinum treatment 

compared with platinum-naïve patients (22 vs 9 months; p<0.039).84
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• Platinum agents are 
assoiciated with longer 
survival in HRD 
(Homologous 
recombination deficient) 
compared with HRP 
(homologous 
recombination proficient) 
patients
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• FOLFIRINOX is the only platinum-containing treatment for 
patients with advanced PDAC established in a positive phase 
III trial.

• However, only about 25% of patients are eligible for 
FOLFIRINOX, due to its high level of adverse effects.
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PARP inhibitors

PARP1 was originally described in SSB repair through base excision but is 

now well-accepted as also participating in:

 DSB repair (HR)

 Stalled replication fork sensing 

 Recruitment of DNA repair proteins at DNA damage sites

 As PARP1/2 are crucial enzymes during HR-mediated DSB repair in 

most cancer cells, targeting these enzymes in HRD tumors seems to be 

an elegant method (the principle of synthetic lethality).
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Synthetic lethality

 Two genes or proteins are synthetic lethal when inactivation of 

either one is compatible with cell viability but inactivation of both 

genes or proteins results in cell death.
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 While the efficacy of PARP1 inhibitors is established in BRCA-

associated cancer types (Ovary and Breast), their specific role in 

PDAC has only recently been demonstrated. 

 Studies without genetic stratification did not show a meaningful 

benefit.
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PARP inhibitors 
represent the first 
targeted therapy to 
show efficacy in a 
subpopulation of 
patients with 
advanced PDAC in a 
phase III clinical trial.

 The most promising evidence of PARP inhibition in advanced 
PDAC was published recently from the phase III POLO trial:

Patients with germline BRCA1/BRCA2-mutated advanced PDAC 
without progress to platinum-based first-line chemotherapy (≥16 
weeks) received either olaparib as maintenance treatment or 
placebo. Olaparib nearly doubled the median PFS compared with 
placebo (7.4 vs 3.8 months; p=0.004), while OS remained similar in 
both arms (18.9 vs 18.1 months).

 The interim analysis of a single-arm phase II trial with rucaparib 
as maintenance therapy after platinum-based induction in the 
case of any pathogenic BRCA1, BRCA2 or PALB2 mutation also 
demonstrated an ORR of 37% with minimal toxicity in 19 
patients.
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Which DDR gene assigns sensitivity to PARP 

inhibitors (HRDness-causing mutations)

 Most of the data collected are on BRCA1/2 mutations and data on non-BRCA 

mutations are purely preclinical.
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Inducing 
homologous 
recombination 
deficiency and 
future directions

 New treatment modalities aim at inducing or maintaining an 
HRD state independent of the mutational make-up of a given 
tumor. This could increase the efficacy of DDR-interfering agents 
and increase the patient cohort. 

 Hypoxia might impair HR, for instance, by silencing the BRCA1 
promoter or downregulation of RAD51/52.

 Anti-angiogenic agents (AA) counteract hypoxia-induced 
angiogenesis and, in turn, lower blood perfusion and thereby 
oxygen tension.
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• The phosphoinositide 3-kinase (PI3K)-Akt-mTor pathway seems relevant in maintaining HR, thereby 
blocking PI3K sensitizing to PARP inhibitors via BRCA1/2 downregulation in triple-negative breast cancer 
cells.112 

• MEK inhibition causes repression of both HR and NHEJ repair activity in PDAC cells.

• Inhibition of the nuclear serine/threonine kinase WEE1 can induce HRDness in PDAC. The DNA damage 
checkpoint WEE1 impairs unscheduled replication origin firing and thus prevents nucleotide pool depletion 
and replication stress, ultimately resulting in DSBs.

• Molecules mimicking BRCA2 mutations that disrupt the RAD51-BRCA2 complex.

• ATM inhibitors (AZD0156, KU60019, AZD1390), which directly prevent downstream ATM phosphorylation, 
can sensitize tumour cells to DDR interfering strategies.
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CONCLUSIONS
 Impaired DNA damage repair is an important characteristic of PDAC.

 Loss-of- function mutations in genes involved in DNA damage repair justify therapeutic targeting 

with a platinum agent in the polychemotherapy and/or PARP inhibitors.

 At least for BRCA-associated cancer types (pancreatic, prostate, breast or ovarian cancer), 

BRCA1/2 mutations remain clinically relevant.

 Maintenance with PARP inhibitors after induction chemotherapy is a promising approach that is 
likely to be incorporated in clinical practice for patients with a BRCA1/2 germline mutation. 

 With the ultimate goal of hitting PDACs ‘hard and early’ and avoiding the emergence of resistant 

clones, more studies are urgently needed to demonstrate the efficacy of combinatorial 

approaches to DDR inhibition and to identify the best combinations. 

 Potential ‘HRDness inducers’ creating artificial vulnerabilities, in combination with DNA-damaging 

drugs such as PARP inhibitors and/or alternative DDR inhibitors, could provide a significant benefit 

for a larger group of patients with PDAC.
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Konecny
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