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ABSTRACT

Pancreatic ductal adenocarcinoma (PDAC) has a dismal prognosis,
with a 5-year survival rate of#7% across all stages. Most patients are
diagnosed with advanced disease and median overall survival is lim-
ited. The limited success of conventional therapies for PDAC is at
least partially attributable to its genetic heterogeneity. Extensive
genomic efforts have been made to subtype PDAC. The DNA dam-
age repair (DDR) deficiency subtype, also known as unstable gen-
ome/DSBR (DNA double-strand break repair) subtype, is one of the
most clinically relevant biologic abnormalities in PDAC. Increased
PDAC risk was found to be associated with inherited syndromes,
which are present in approximately 10% of patients with PDAC. Re-
cent updates to the ASCO and NCCN guidelines recommend risk as-
sessment for all individuals with PDAC, irrespective of personal or
family history or ethnicity. Germline BRCA mutations associated with
DNA repair dysfunction is one of the best illustrations of actionable
biologic subtypes in PDAC. This genetic alteration can indeed be tar-
geted by PARP inhibitors (PARPi). Treatment implications for germ-
line BRCA carriers with PDAC include the use of platinum-based
therapy and the validation of PARPi administration as a maintenance
strategy in platinum-sensitive patients. In the era of precision medi-
cine, this is the first convincing example of targeting identified germ-
line hereditary mutations in PDAC.
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Pancreatic ductal adenocarcinoma (PDAC) is one of the
most aggressive solid tumors. Most patients are diag-
nosed with advanced and inoperable disease. The me-
dian overall survival (OS) in patients with stage IV disease
is limited.1,2 General OS is approximately 4 to 11 months
and real-life data on OS are limited, although it is slightly
higher in patients selected for clinical trials.3–5 Manage-
ment of this disease is challenging, with patients present-
ing with severe debilitating symptoms at diagnosis,
including weight loss, radiating abdominal pain, loss of
appetite, depression, and deteriorated physical activity
and well-being.6 Furthermore, PDAC is resistant to chemo-
therapy, with patients treated with first-line combination
chemotherapy therapy experiencing 4 to 6 months or less
of progression-free survival (PFS). The response rate to
combination chemotherapy protocols is,40%.5,7

To improve the management of PDAC in an era of
precision medicine, it is highly important to identify sub-
sets of patients who can benefit from targeted treatments.
In particular, BRCA1/2 germline mutations (gBRCAm)
affect up to 7% of patients with PDAC.8 The BRCA1/2
proteins play a significant role in the repair of DNA dou-
ble-strand breaks (DSBs). Tumors with homologous recom-
bination repair (HRR) gene abnormalities such BRCA1/2 are
sensitive to both platinum and PARP inhibitors (PARPi).9

The platinum salts (carboplatinum, cisplatin, and
oxaliplatin) are well-documented DNA-damage–inducing
chemotherapies that generate covalent cross-links be-
tween DNA bases. The cytotoxic effects of these agents
are determined by the relative amount and specific struc-
ture of DNA adducts.10 The efficacy and response rates of
platinum salts have been found to be higher in tumor
cells with DSB repair apparatus deficiencies. PARP inhib-
ition causes the failure of single-strand break (SSB) re-
pairs. SSBs encountered by the replication fork result in
fork stalling and possible fork collapse or the formation of
DSBs. In the absence of BRCA1/2 functional proteins, the
replication fork cannot be restarted and collapses. PARP
inhibition mechanisms also include the “trapping” of the
PARP-1 protein on the site of DNA damage, leading to a
lack of PARP-1 protein release and recruitment of repair
proteins, and expression of cytotoxic DNA complexes.9

Based on the understanding of BRCA proteins and
their essential role in DNA repair, gBRCAm were found to
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be a specific predictive biomarker of DNA damage–
based treatment by platinum-based chemotherapies. In
2005, PARPi were introduced as a clinical option, and
based on their specific mode of inhibition and preclinical
data, BRCA-related tumors were tested in these early-
phase clinical trials.11

Data from clinical trials in ovarian cancer helped
clarify the use of PARPi in solid tumors. An additional im-
portant lesson learned from PARPi in ovarian cancer tri-
als and basket trials in other solid tumors was that there
was a cross-resistance between platinum salts and PARPi
in gBRCAm.12–16 These results suggested that PARPi
should first be tested as a maintenance strategy to maxi-
mize its potential efficacy and obtain biologic tumor sta-
bilization (ie, stable or in remission with chemotherapy).
Recent, more efficient polychemotherapies (ie, 5-FU/
irinotecan/oxaliplatin [FOLFIRINOX]) have improved the
control of PDAC tumors. This has facilitated a change of
paradigm, including the development of maintenance
strategies that preserve a steady state between a tumor
with reduced activity and the host, that does not negatively
affect patients’ quality of life (QoL) by using treatments
that are less toxic than platinum-based chemotherapy. In
particular, retrospective data in PDAC have shown that the
median OS in patients with gBRCAm is as poor as in those
with sporadic PDAC. Certain retrospective clinical data
suggest that patients with gBRCAm and PDAC may have
long-lasting responses to platinum-based chemotherapy
and an extended OS. This is supported by recent retro-
spective and prospective clinical data. These combined da-
tasets have shown that although gBRCAm is a predictive
biomarker, it is not prognostic.17–19

There were certain difficulties in the development of
PARPi for patients with PDAC. First, the exact prevalence
and potential geographic/ethnic variability of the gBRCAm
were unclear, making it difficult to plan a strategic clinical
trial. Furthermore, it is unclear whether a biologically
guided maintenance approach can be evaluated in the
presence of metastatic PDAC with a short OS.

In the phase III POLO study designed in 2014, the
PARPi olaparib was given as maintenance treatment fol-
lowing first-line platinum-based chemotherapy in pa-
tients with gBRCAm metastatic PDAC versus placebo.20

Patients had to receive at least 16 weeks of first-line plat-
inum-based chemotherapy, without tumor progression.
No upper limit to the duration of chemotherapy was
defined in the eligibility criteria of the study, giving trial
investigators flexibility and facilitating enrollment. The
study design included a prescreening period for eligible
patients with metastatic PDAC. Of the 3,315 patients
enrolled in the prescreening process, 7.5% were found
to have a gBRCAm, including approximately 1.5% with a
known mutation before the trial. Approximately two-thirds

of the patients with PDAC had a gBRCA2m and one-third
had a gBRCA1m, whereas most patients with ovarian or
breast cancer had BRCA1mutations.

In the POLO trial, 38% of patients were not eligible
for randomization for maintenance therapy, most be-
cause of disease progression during first-line platinum-
based chemotherapy (near 30%). These patients probably
had an innate (primary) resistance to DNA-damaging
chemotherapy despite the gBRCAm, for example due to
the acquisition of a reverse mutation during platinum
treatment, upregulation of the ATR/CHK1 pathway, or re-
storing RAD51 foci formation.

Finally, the 154 eligible patients for the POLO trial
were randomized 3:2 to either olaparib tablets at 300 mg
twice daily or placebo, and continued treatment until dis-
ease progression or unacceptable toxicity.

The primary endpoint was PFS assessed by a blinded
independent central review. PFS was measured from the
time of randomization, which occurred after first-line
chemotherapy had been completed. Key secondary end-
points included time to second progression, objective
response rate, health-related quality of life, safety and tol-
erability, and OS. The primary analysis was prespecified
at 87 events of PFS, which would give the study a power
of 80% to detect a significant difference between arms
with a one-sided alpha of 0.025.

Patient characteristics were well balanced between
the two arms. Multivariate analysis showed that minor
imbalances between arms did not influence the results of
PFS. One-third of olaparib arm patients were still on
treatment at the time of data cutoff (January 15, 2019).

The primary endpoint (PFS) was 7.4 months in the ola-
parib arm and 3.8 months in the placebo arm (hazard ratio,
0.53; P5.0038). Prespecified analyses were performed of the
proportion of patients who were progression-free at 6, 12,
18, and 24 months. From 6 months onwards, more than
twice the proportion of patients in the olaparib arm were
progression-free compared with the placebo arm, which is
consistent with the hazard ratio of 0.53. All of the subgroup
analyses of PFS favored olaparib. An additional interesting
finding was that the PFS in patients in the olaparib arm was
similar among those with stable disease and those with a re-
sponse to first-line chemotherapy before randomization.

At the time of the primary PFS analysis, a predefined
interim OS analysis was performed as part of a hierarchic-
al testing plan. Median OS was 18.9 months with olaparib
and 18.1 months with placebo, with a hazard ratio of 0.91.
Subsequent treatments after tumor progression (mainly
reintroduction of chemotherapy) may have influenced
our OS results. In particular, 14.5% of patients in the pla-
cebo arm received subsequent treatment with a PARPi
that was not part of the study design. Final OS analysis
will be performed once 106 deaths have occurred.
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The blinded independent central review of the ob-
jective response rate in patients with measurable disease
was 11.5% for placebo and 23.1% for olaparib, with 2
complete responses. The onset of response occurred ear-
lier in the placebo arm, suggesting that these responses
were a carryover from/influenced by first-line platinum-
based chemotherapy.

In the POLO trial, median duration of response was
6 months, but it was much longer (.24 months) in a sub-
set of patients (23%) who had objective response at imag-
ing, which is exceptional in patients with metastatic
PDAC. Patient-reported health-related QoL in the first 6
months of treatment was not significantly deteriorated in
those receiving olaparib based on the EORTC QLQ-C30
questionnaire using a 10-point change in the 100-point
scale.21 Forty percent of patients in the olaparib arm had
a grade $3 adverse event (AE). However, only 5.5% of
AEs required treatment discontinuation. Median dur-
ation of treatment was 6 months for olaparib and 3.7
months for placebo. The toxicity profile of olaparib was

similar to that identified in other tumors. The most com-
mon AEs were fatigue, nausea, and diarrhea. Anemia and
fatigue were the most frequent grade$3 AEs.

Other PARPi are being evaluated in patients with
PDAC (Table 1). In a randomized phase II study compar-
ing modified FOLFIRI 1 veliparib versus FOLFIRI alone
for metastatic PDAC in the second-line setting (SWOG
S1513), the addition of veliparib increased toxicity and
did not improve OS in biomarker-unselected patients.22

In another study by O’Reilly et al,18 50 patients with
gBRCA- or PALB2-mutated PDAC were randomized to
receive the combination of gemcitabine (600 mg/m2) and
cisplatin (25 mg/m2) on day 3 and 10 either alone or with
veliparib (80 mg) orally twice daily from day 1 to 12 cycled
every 3 weeks. The response rate among patients in the
veliparib arm was not superior to those in the other arm
(74.1% vs 65.2%; P5.55). Median PFS was 10.1 months
(95% CI, 6.7–11.5 months) and 9.7 months (95% CI,
4.2–13.6 months; P5.73), respectively, and median OS was
15.5 months (95% CI, 12.2–24.3 months) and 16.4 months

Table 1. Clinical Trials: PARPi PDAC
Treatment Trial Population

Olaparib NCT02677038 Patients without gBRCAm but evocative
family history, or somatic BRCAness

Olaparib 1 cediranib1 NCT02498613 Solid tumors including PDAC

ATR kinase inhibitor AZD6738 as single agent
or combined with olaparib

NCT03682289 According to status of BAF250a

Niraparib NCT03601923 Germline or somatic mutation of DNA
repair genes

Niraparib after platinum-based chemotherapy NCT03553004 Germline or somatic BRCAness mutation

Niraparib 1 ipilumab2 or nivolumab3 after
platinum-based chemotherapy

NCT03404960 Germline or somatic BRCAness mutation

Rucaparib NCT03140670 BRCA1/2 or PALB mutations

Rucaparib NCT04171700 Solid tumors and deleterious mutations in
HRR genes (BRCA1/2 vs other)

Cometinib4 or olaparib phase II NCT04005690 Study of pretreatment and posttreatment
histology

NMS-03305293 NCT04182516 gBRCAm (dose escalation)

Fluzoparib 1 mFOLFIRINOX followed by
fluzoparib (SHR-3162)

NCT04228601 gBRCAm or PALB2 mutations

Olaparib or selumetinib (MEK1/2 inhibitor) 1
durvalumab (anti–PD-L1) after mFOLFIRINOX

EUDRACT: 2019–004366-18 BRCAness/KRAS somatic mutations

AZD5305 as monotherapy, and in combination
with paclitaxel or paclitaxel 1 carboplatin
phase I/IIa

NCT04644068 Ovarian, pancreatic, prostate cancers

Talazoparib NCT04550494 Various tumors including PDAC

Multiple targeted agents including PARPi NCT04584008 Various tumors including PDAC

Nal-IRI,5 5-FU,6 LV,7 and rucaparib phase I/II NCT03337087 Select gastrointestinal metastatic tumors
including PDAC

Niraparib and dostarlimab3 phase II NCT04493060 BRCA1/2 or PALB2 mutation

Abbreviations: gBRCAm, germline BRCA mutation; HRR, homologous recombination repair; LV, leucovorin; mFOLFIRINOX, modified 5-FU/irinotecan/oxali-
platin; PARPi, PARP inhibitor; PDAC, pancreatic ductal adenocarcinoma.
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(95% CI, 11.7–23.4 months; P5.6), respectively. Overall,
veliparib did not to improve the results and provided more
grade 3/4 hematologic toxicity. This study underlined the
valuable efficacy of combination gemcitabine 1 cisplatin.
However, it should be noted that unlike in the POLO study,
patients received PARPi as frontline therapy, with no pre-
selection chemotherapy with a platinum agent.

In the inclusion criteria of the POLO study there was
no upper limit to how many cycles of treatment a patient
could receive. The decision to stop chemotherapy in
whole or part was left to the discretion of the treating
physician. It seems that switching to PARPi usually oc-
curs around 6 months, based on the median time from
diagnosis to randomization in the POLO study (6.9
months [range, 3.6–38.4 months]). However, based on trial
design and results, this is still open for discussion between
patients and physicians. Moreover, at the time of study ini-
tiation, the results of the (still unpublished) PANOPTIMOX
study comparing 5-FU maintenance versus continuation
of FOLFIRINOX (reported at the ASCO meeting in 2018)
were not evaluable (NCT02352337); otherwise, to our
knowledge, prospective evaluation of the role of FOLFIRI
or capecitabine maintenance has not been performed.

PDAC resistance to PARPi is a challenge. In the POLO
trial, approximately 40% of patients with controlled tu-
mors after being randomized to platinum-based chemo-
therapy had a primary resistance to olaparib. Analysis of
circulating cell-free DNA for BRCA reversion mutations
will probably help guide therapeutic decisions in the fu-
ture.23 Otherwise, combining PARPi with other agents, such
as checkpoint inhibitors and bromodomain and extra-
terminal domain protein inhibitors such as JQ1, could in-
crease the efficacy of PARPi.24

Finally, the value of PARPi and the best management
of progressive tumors on olaparib must be evaluated in
earlier forms of PDAC, those with rarer BRCAness signa-
tures (eg, PALB2, RAD51, ATM), or those with somatic
mutations leading to HRR deficiency.

Conclusions
The POLO study provides the first evidence of mainten-
ance therapy with a targeted agent in patients with
PDAC. First, it is challenging to combine PARPi with cyto-
toxic chemotherapy due to toxicity concerns. It also in-
cludes the conundrum of when to add PARPi if platinum
resistance predicts PARPi resistance. The maintenance
strategy takes advantage of higher response rates with
cytotoxic chemotherapy, in addition to lower toxicity of
PARPi compared with platinum-based therapy over time.
There was a statistical increase in PFS with this drug
compared with placebo, and tumors were controlled for
.2 years in a significant number of patients while QoL
was maintained. Despite the limited target population,
the positive results of this phase III trial will change prac-
tices for patients with PDAC and a gBRCAm. Olaparib
was approved by the FDA in the maintenance setting on
December 27, 2019.

These results confirm the importance of testing
for BRCA and other germline mutations in all patients
with PDAC, which is now recommended by both ASCO
and NCCN guidelines.25,26 A strategic approach with
first-line platinum-based chemotherapy followed by
maintenance olaparib treatment should become a
new standard of care for patients with metastatic
PDAC who have a gBRCAm.
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