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ABSTRACT
Introduction: Pancreatic cancer arising in the context of BRCA predisposition may benefit from poly(ADP- ribose) polymerase 
inhibitors. We analyzed real- world data on the impact of olaparib on survival in metastatic pancreatic cancer patients harboring 
germline BRCA mutations in Italy, where olaparib is not reimbursed for this indication.
Methods: Clinico/pathological data of pancreatic cancer patients with documented BRCA1- 2 germline pathogenic variants who 
had received first- line chemotherapy for metastatic disease were collected from 23 Italian oncology departments and the impact 
of olaparib exposure on overall survival (OS) was analyzed.
Results: Of 114, 53 BRCA- mutant pancreatic cancer patients had received olaparib for metastatic disease. OS was significantly 
longer in patients who were exposed to olaparib (hazard ratio [HR] 0.568, 95% confidence interval [CI] 0.351–0.918, log- rank 
p = 0.02) in any setting/line of treatment; similar results were obtained for patients who received olaparib as maintenance treat-
ment (in any line of treatment), patients who had stage IV disease at diagnosis, and patients who did not experience progres-
sive disease as their best response to first- line chemotherapy. Exposure to olaparib in the first- line maintenance setting after 
platinum- based chemotherapy, however, did not significantly impact survival. At multivariate analysis, CA19.9 levels at diag-
nosis and response to first- line chemotherapy were independently prognostic; however, when response to chemotherapy was 
excluded, any exposure to olaparib was a significant independent predictor of longer OS, together with CA19.9 levels.
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Conclusion: The real- world data presented here support the use of olaparib for metastatic disease in germline BRCA- mutant 
pancreatic cancer patients, as it may significantly prolong survival.

1   |   Introduction

Pancreatic cancer is the seventh leading cause of cancer- related 
deaths, accounting for 4.5% of cancer mortality worldwide [1]. 
In Italy, pancreatic cancer is estimated to have caused 12,900 
deaths in 2021 [2] and both incidence and mortality are pro-
jected to substantially increase in the next 20 years [3]. Despite 
progresses, 5- year survival for pancreatic cancer is the lowest 
among solid tumors (11% and 12% in men and women in Italy, 
respectively) with an estimated cure rate < 4% in both sexes [2].

Loss- of- function alterations in BRCA1 and/or BRCA2 genes im-
pair repair of DNA double- strand breaks, leading to genomic 
instability and malignant transformation; germline BRCA1- 2 
pathogenic variants (gBRCA1- 2pv) are indeed associated with 
increased risk of developing ovarian, breast, prostate, and pan-
creatic cancers [4–6]. Poly(ADP- ribose) polymerase inhibitors 
(PARPi) prevent the repair of DNA single- strand breaks, lead-
ing to the accumulation of damaged DNA, and their mecha-
nism of action can be exploited to produce synthetic lethality 
in tumors harboring homologous recombination repair defects 
(HRD), such as those arising in gBRCA1- 2pv carriers [7]. In 
Italy, gBRCA1- 2pv are found in approximately 8% of patients 
affected by pancreatic ductal adenocarcinoma (PDAC) [8]. In 
these patients, platinum- based combination chemotherapy 
has shown substantial activity  [9, 10]. Moreover, the Pancreas 
cancer OLaparib Ongoing (POLO) trial has demonstrated the 
efficacy of the PARPi olaparib as maintenance therapy in pa-
tients with gBRCA1- 2pv and metastatic PDAC, whose disease 
had not progressed on first- line platinum- based chemotherapy 
[11]. The trial met its primary endpoint of demonstrating a sta-
tistically significant and clinically meaningful improvement 
in progression- free survival (PFS) with olaparib maintenance: 
PFS was 7.4 months in the olaparib arm versus 3.8 months in the 
placebo arm (hazard ratio [HR] 0.53, 95% confidence interval 
[CI] 0.35–0.82, p = 0.004). Although no significant difference 
in median overall survival (OS) was observed, the estimated 3- 
year survival after random assignment was 33.9% versus 17.8% 
in the olaparib and placebo arms, respectively [12]; moreover, a 
number of clinically relevant secondary endpoints, such as me-
dian time to first subsequent cancer therapy or death (HR 0.44, 
95% CI 0.30–0.66, p < 0.0001), time to second subsequent cancer 
therapy or death (HR 0.61, 95% CI 0.42–0.89, p = 0.0111), and 
time to discontinuation of study treatment or death (HR 0.43, 
95% CI 0.29–0.63, p < 0001), also significantly favored olaparib, 
resulting in FDA and EMA approval in this indication. Despite 
regulatory approval and endorsement by major guidelines 
(NCCN, ASCO, AIOM), olaparib is currently not reimbursed by 
the Italian National Health System (NHS) for metastatic PDAC 
based on the lack of statistically significant OS benefit.

Taking advantage of an ongoing Italian multicentric collabo-
rative effort, we set out to collect and analyze real- world data 
on olaparib's impact on OS in gBRCA1- 2pv patients undergoing 
treatment for metastatic PDAC.

2   |   Materials and Methods

This retrospective multicenter study involved 23 Italian oncol-
ogy departments and was based on clinico/pathological data 
retrieved from medical records and collected in an electronic 
database. Patients of any age with documented gBRCA1- 2pv 
were eligible for this analysis if they had a pathologically con-
firmed diagnosis of PDAC, had received first- line chemother-
apy for metastatic disease, irrespective of the regimen, and had 
available data on exposure to olaparib and long- term outcome. 
All patients enrolled in the study provided a written informed 
consent for germline BRCA1- 2 testing, which included the au-
thorization for the use of clinico/pathological and genomic data 
for scientific purposes, in full compliance with privacy policy.

Patients and tumor characteristics included type of gBRCA1- 
2pv, age, clinical stage (AJCC/UICC TNM 8th Edition, 2017) 
at diagnosis, presence/absence of liver metastases, levels of 
carbohydrate antigen 19.9 (CA19.9) at diagnosis, previous sur-
gery, regimen and setting (adjuvant, neoadjuvant/primary, first, 
second, third, or subsequent lines for metastatic disease) of the 
chemotherapy received, response to first- line chemotherapy, ex-
posure to olaparib (yes/no), setting of exposure to olaparib (first- 
line maintenance, second- line, second- line maintenance, third 
or subsequent lines, third-  or subsequent- line maintenance), 
and outcome (OS). OS was calculated from the date of first- line 
chemotherapy start until the date of death or last follow- up visit. 
Molecular analysis of BRCA1 and BRCA2 included sequencing 
of the whole coding regions and intronic junctions, as well as 
multiplex ligation- dependent probe amplification analysis for 
detection of large intragenic deletions/duplications; classifica-
tion of variants was carried out in agreement with the American 
College of Medical Genetics and Genomics and the Association 
for Molecular Pathology and Enhancing Neuro Imaging Genetics 
through Meta- Analysis (ENIGMA) criteria (www. enigm acons 
ortium. org), as previously reported [8]. Activity, tolerability, and 
long- term outcomes of first-  and second- line chemotherapy on 
a largely overlapping cohort of advanced PDAC patients, who 
were tested for gBRCA1- 2pv in Italy, have also been previously 
reported by our group [10, 13]. In the population analyzed (PDAC 
patients who were screened for gBRCA1- 2pv between 2015 and 
2021), olaparib was made available through either participa-
tion into clinical trials or atypical drug access schemes (named 
patient programs, 5% fund of the Italian Drug Agency—AIFA, 
hospital- supported off- label use); currently, olaparib is not reim-
bursed by the Italian NHS for metastatic PDAC.

2.1   |   Statistical Analysis

Data were summarized using basic descriptive statistics. The 
Mann–Whitney U test was used for comparing quantitative 
variables. The chi- square test or Fisher's exact test were used for 
categorical variables, when appropriate. HRs with 95% CIs were 
estimated for OS. A p < 0.05 was considered significant. Variables 
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found to be significant at univariate analysis were included in the 
multivariate analysis. A multivariate logistic regression and pro-
portional hazard model were developed using stepwise regres-
sion (forward selection, enter limit and remove limit, p = 0.10 and 
p = 0.15, respectively), to identify independent predictors of OS. 
Interactions between significant investigational variables were 
taken into account when developing the multivariate model. 
OS curves were generated using the Kaplan–Meier method. 
Log- rank test was used to evaluate differences between curves. 
Statistical analysis was performed by using the SPSS 29.0 pack-
age (SPSS Inc., Chicago, IL, USA) for Windows.

3   |   Results

We retrospectively collected clinical data of a cohort of 114 
gBRCA1- 2pv PDAC patients undergoing treatment for metastatic 
disease at different Italian institutions as part of a multicentric col-
laborative effort; clinical characteristics of such patient cohort are 
reported in Table 1 and a flowchart relative to patients' selection 
criteria for each individual comparison is shown in Figure S1. Of 
114 PDAC patients, 53 (46%) received olaparib as first- line main-
tenance in 37 (70%) of patients, second- line or maintenance treat-
ment in the absence of progressive disease (PD) to second- line 
chemotherapy (second- line maintenance) in 7 (13%), and third or 
subsequent treatment lines in 9 (17%; only in 1 patient as mainte-
nance treatment in the absence of PD to third- line chemotherapy) 
(Table 2). Clinical characteristics of patients who did or did not 
receive olaparib were well balanced, except for median levels of 
CA19.9 at diagnosis (significantly lower in patients who received 
olaparib, p = 0.043) and exposure to platinum- containing chemo-
therapy (significantly less patients who did not receive olaparib 
had been exposed to platinum [in any line of treatment or as first 
line, p < 0.0001 for both comparisons; Table 1]). Median follow- up 
was significantly longer in patients receiving olaparib in any line 
of treatment (p < 0.0001; Table 1).

In the entire cohort of patients (n = 114), OS was significantly 
longer in patients who were exposed to olaparib (HR 0.568, 
95% CI 0.351–0.918, log- rank p = 0.02; Figure 1A and Table S1); 
a similar impact on OS was evident when considering patients 
who received olaparib as maintenance treatment in the absence 
of PD to chemotherapy in any line of treatment (Figure 1B).

Significant predictors of longer OS at univariate analysis in the 
entire population are shown in Table  S2 and included CA19.9 
levels below the median, previous surgery, exposure to olaparib 
(either any exposure or exposure in the maintenance setting), and 
response (complete response [CR]/partial response [PR] vs. stable 
disease [SD] or PD) to first- line chemotherapy; of these, CA19.9 
levels, surgery, and response to first- line chemotherapy main-
tained their independent prognostic value at multivariate analysis 
(Table S2). Given the strong independent prognostic power of pre-
vious surgery, we concentrated our prognostic analysis on the 87 
patients who were diagnosed with metastatic disease and there-
fore did not undergo surgery (M+; Table 3); CA19.9 levels below 
the median, exposure to olaparib (any treatment line, p = 0.003, 
and any maintenance, p = 0.009), and response (CR/PR vs. SD or 
PD) to first- line chemotherapy were significant predictors of lon-
ger OS at univariate analysis. When all significant factors were in-
cluded in the multivariate model (model 1 in Table 3), only CA19.9 

and response to chemotherapy retained their independent prog-
nostic value; however, when response to first- line chemotherapy 
was excluded from multivariate analysis, any exposure to olapa-
rib (but not exposure to maintenance olaparib) was a significant 
independent predictor of longer OS, together with CA19.9 levels 
(model 2 in Table 3). Consistently, exposure to olaparib signifi-
cantly impacted on the survival of patients who were diagnosed 
with stage IV disease (M+, n = 87; Figure 2A and Table S1) and of 
patients who did not experience PD as their best response to first- 
line chemotherapy (without PD, n = 94; Figure 2B and Table S1). 
Conversely, differences in survival favoring M+/without PD pa-
tients exposed to olaparib were only of borderline significance 
(n = 73, of whom 51 received platinum- based first- line chemother-
apy; Figure S2A and Table S1) and did not significantly differ in 
patients who received olaparib in its current indication (first- line 
maintenance in patients not progressing after platinum- based 
chemotherapy, n = 60; Figure S2B). Finally, 10 patients received 
olaparib as second (n = 2, Table 2) or third and further (n = 8) line 
of systemic treatment for metastatic disease, immediately after 
progressing to the previous chemotherapy line; characteristics of 
this small subgroup of patients are described in Table S3 and their 
median OS (34 months, 95% CI: 3–48 months) was similar to that 
of the entire population receiving olaparib (Figure S3).

Exploratory analysis of the prognostic/predictive impact of 
gBRCA1pv versus gBRCA2pv revealed no significant difference 
in the overall population (p = 0.35 and p = 0.14 by log- rank and 
Tarone–Ware tests, respectively), regardless of whether patients 
had (p = 0.63 and p = 0.36 by log- rank and Tarone–Ware tests, re-
spectively) or had not received olaparib (p = 0.44 and p = 0.34 by 
log- rank and Tarone–Ware tests, respectively; data not shown).

4   |   Discussion

In this retrospective analysis of real- world data on metastatic 
PDAC patients carrying gBRCA1- 2pv, exposure to olaparib, re-
gardless of the treatment line or setting, was associated with an 
increase in OS, which was both statistically significant and clin-
ically meaningful. To our knowledge this is the first real- world 
evidence of a potential survival benefit of a PARPi in advanced 
PDAC patients carrying gBRCA1- 2pv, obtained in the Italian 
setting, in which olaparib is only available through atypical 
drug access schemes (named patient programs, off- label use, 
etc.). The POLO trial failed to demonstrate a statistically signif-
icant OS advantage for metastatic gBRCA1- 2pv PDAC patients 
not progressing after at least 16 weeks of a platinum- based first- 
line regimen and receiving maintenance olaparib, as compared 
to placebo [12]. Potential reasons behind the observed lack of 
OS advantage are subject of intense biological and clinical spec-
ulation, including subsequent exposure to PARPi of patients 
initially randomized in the placebo arm: overall, a total of 109 
patients (92 initially randomized to olaparib and 17 [27%] of 62 
initially randomized to placebo who received a PARPi in fur-
ther treatment lines, after progression on placebo), accounting 
for 71% of the entire trial population, were exposed to a PARPi 
during the course of metastatic disease, making it difficult to 
assess olaparib's impact on OS [12].

Selection biases, intrinsic to the retrospective nature of a real- 
world data collection, may explain discrepancies in olaparib's 
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TABLE 1    |    Comparison of clinicopathologic characteristics of pancreatic ductal adenocarcinoma (PDAC) patients carrying gBRCA1- 2pv who did 
or did not receive olaparib for metastatic disease.

Patients' characteristics Entire population n (%)

Olaparib

pYes (n = 53) No (n = 61)

Age (years) Median: 59 Median: 57 Median: 59 n.s.

Range: 34–84 Range: 35–76 Range: 34–84

Gender

M 51 (45) 25 (47) 26 (43) n.s.

F 63 (55) 28 (53) 35 (57)

Stage at diagnosis

I 5 (4) 3 (6) 2 (3) n.s.

II 13 (11) 7 (13) 6 (10)

III 9 (8) 3 (6) 6 (10)

IV 87 (76) 40 (75) 47 (77)

Liver metastases

Yes 43 (38) 21 (40) 22 (36) n.s.

No 69 (60) 31 (58) 38 (62)

N/A 2 (2) 1 (2) 1 (2)

gBRCA mutations

BRCA1 27 (24) 11 (21) 16 (26) n.s.

BRCA2 85 (75) 40 (75) 45 (74)

BRCA1+2 2 (2) 2 (4) 0 (0)

Previous surgery

Yes 33 (29) 17 (32) 16 (26) n.s.

No 81 (71) 36 (68) 45 (74)

Neoadjuvant chemotherapy

Yes 16 (14) 6 (11) 10 (16) n.s.

No 98 (86) 47 (89) 51 (84)

Adjuvant chemotherapy

Yes 13 (11) 8 (15) 5 (8) n.s.

No 101 (89) 45 (85) 56 (92)

Platinum- based chemotherapy

Anya 100 (88) 53 (100) 47 (77) < 0.0001

First line 75 (66) 45 (85) 30 (49) < 0.0001

Second or subsequent 20 (17) 7 (13) 13 (21) 0.326

No platinum 14 (12) 0 (0) 14 (23) 0.002

CA19.9 levels at diagnosis 
(IU/L)

Median: 475 Median: 238 Median: 815 0.043

Range: 0.7–456,308 Range: 0.7–104,429 Range: 0.8–456,308

Olaparib exposure

Any 53 (46) 53 (46) n.a. n.a.

First- line maintenance 37 (32) 37 (32)

Any maintenance 43 (38) 43 (38)

Follow- up (months)b Median: 16.5 Median: 21.6 Median: 11.2 < 0.0001

Range: 2–156 Range: 2–156 Range: 2–106
aFive patients received platinum- based chemotherapy as either adjuvant (n = 2) or neoadjuvant (n = 5, two of whom also received platinum- based adjuvant) treatment, 
but not for metastatic disease (one in the group that went on to receive olaparib, four in the group that did not receive olaparib).
bFollow- up was calculated from the start of first- line chemotherapy.
Abbreviations: n.a., not applicable; n.s., not significant.
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impact on the OS of gBRCA1- 2pv PDAC patients analyzed in our 
experience, as compared to the POLO trial population. Indeed, 
in our experience, median CA19.9 levels were lower in patients 
who had received olaparib and significantly more patients in 
the olaparib group had previously been exposed to platinum 
(either in first or in any treatment line). Albeit coming from 
retrospective/real- world experiences, the potential impact of 
platinum exposure on the OS of advanced PDAC patients car-
rying gBRCA1- 2pv [9] or whose tumors display HRD (particu-
larly germline or somatic BRCA1/2 and PALB2 mutations) [14] 
is well known and has recently been confirmed by our own data 
in gBRCA1- 2pv both in first and second line, favoring the use 
of multiagent regimens (platinum- containing triplets and qua-
druplets, as opposed to doublets) and as early as possible in the 
course of metastatic disease (first, as opposed to second or sub-
sequent, line[s]) [10, 13]. Response to platinum is also of great 
importance in predicting sensitivity to PARPi [15–17]; given 
the overlap in the biologic mechanisms of susceptibility and re-
sistance to platinum and PARPi, resistance to platinum- based 
chemotherapy is generally considered predictive of resistance 
to PARPi treatment [18–20], though a clinically solid definition 
of platinum sensitivity/resistance in PDAC is currently lacking. 
This might explain why, in our analysis, the OS impact of plati-
num response (particularly the occurrence of CR/PR) obscures 

that of olaparib exposure in multivariate analysis; if response to 
platinum is not considered in the prognostic model, exposure 
to olaparib (in any treatment setting) remains a significant pre-
dictor of longer OS at multivariate analysis. Consistent with the 
results reported by the POLO trial in pancreatic cancer [11] and 
those reported in other BRCA- related malignancies [21–23], no 
significant differences in OS were observed in our series when 
comparing gBRCA1pv and gBRCA2pv, regardless of whether pa-
tients had or had not received olaparib (data not shown). Besides 
the current approach of using response to platinum as a mean to 
select patients who may benefit most from PARPi, the issue of 
identifying reliable, biology- based, pretreatment biomarkers of 
response to platinum and/or PARPi remains open; whether en-
compassing parallel germline and somatic sequencing to iden-
tify biallelic gene inactivation, signature- based definition(s) of 
HRD, or functional testing (e.g., by qualitative and quantitative 
RAD51 foci formation) [24–26], this represents the top transla-
tional research priority in the field.

At a closer look, when we progressively restricted the analysis 
to a population that had received olaparib in a setting closer 
to that of the POLO trial (M+/no PD, first- line maintenance; 
Figure S2), the impact of olaparib on OS was progressively lost; 
along these lines, having received olaparib as maintenance in 
the absence of PD to chemotherapy (in any treatment line) 
was not an independent predictor of longer OS, even when 
response to chemotherapy was not considered (multivariate 
model 2 in Table 3); however, overall our data support the im-
portance of exposing gBRCA1- 2pv advanced PDAC patients to 
olaparib, at any point during their metastatic disease course, 
as it may confer clinical and possibly OS benefit. This raises 
the interesting biological and clinical question of whether the 
best sequencing option for PARPi in PDAC is their use directly 
after a platinum- based regimen, as first- line maintenance. 
Even though this approach is largely supported by clinical 
data in ovarian cancer, in breast and prostate cancer (the other 
approved indications of PARPi) exposure and/or response to 
platinum is not a prerequisite for PARPi use [27, 28]. Since 
molecular mechanisms of acquired resistance to platinum 
compounds and PARPi are partially overlapping [17, 29], one 

TABLE 2    |    Treatment phase in which olaparib was administered.

n (%)a

First- line maintenance 37 (70)

Second- line 2 (4)

Second- line maintenance 5 (9)

Third-  or subsequent 8 (15)

Third- line maintenance 1 (2)

Total number of patients receiving olaparib 
(any treatment line)

53/114 (46%)

aPercentages are calculated out of the total number of patients receiving olaparib 
(n = 53), unless otherwise indicated.

FIGURE 1    |    Impact of olaparib exposure on overall survival (OS). (A) Kaplan–Meier curves for OS for the entire population of gBRCA1- 2pv 
pancreatic ductal adenocarcinoma (PDAC) patients (n = 114), according to having (yes, black line) or not having (no, gray line) received olaparib, are 
shown; hazard ratio (HR) with 95% confidence interval (CI) and statistical significance of the differences between curves according to log- rank test 
are reported. (B) Kaplan–Meier curves comparing gBRCA1- 2pv PDAC patients who received maintenance olaparib in any line of treatment in the 
absence of progression to the previous line of chemotherapy (yes, black line; n = 43) or did not receive any olaparib (no, gray line; n = 61) are shown; 
HR with 95% CI and statistical significance of the differences between curves according to log- rank test are reported.
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might speculate that while chemonaïve, platinum- sensitive, 
gBRCA- defective cancer cells are characterized by somatic 
loss of heterozygosity (LOH) of the remaining allele, plati-
num exposure could select out preexisting BRCA- proficient 
cells (so- called “restoration of heterozygosity”) [30], which in 
turn would be cross- resistant to both platinum and PARPi and 
cause relatively rapid disease progression upon maintenance 
treatment; conversely, a platinum- free interval may poten-
tially allow cells carrying BRCA LOH to outcompete BRCA- 
proficient cells, thereby restoring functional BRCA- deficiency 
and potential sensitivity to platinum compounds and PARPi. 
Thus, from a clinical standpoint, not using a PARPi immedi-
ately after platinum might theoretically be advantageous. A 
variable proportion of BRCA- mutant PDAC patients is treated 
with PARPi after progression to a platinum- containing regi-
men in real world (e.g., 28% in ref. [31] and 19% in our expe-
rience) and unexpected responses/prolonged disease control 
are occasionally reported [32–36]; in our series, median OS 
from the start of first- line systemic treatment for metastatic 
disease of the 10 patients who received olaparib straight after 
progressing on the previous chemotherapy line was not dif-
ferent from that of the entire population of patients receiving 
olaparib (34 months). Interestingly, most of these unexpected 
responses occur in patients who are treated with PARPi not 
immediately after progressing on a platinum- containing 
regimen, but after one or two intervening, nonplatinum- 
containing, treatment lines [32–36]. Albeit intriguing mecha-
nistically, this hypothesis remains speculative at present and 
the most likely explanation for the lack of OS benefit in the 
POLO trial remains a potential confounding effect of cross-
over to PARPi in subsequent treatment lines in the placebo 
group (see before).

5   |   Conclusions

Despite limitations, the real- world data presented here strongly 
support the importance of exposing gBRCA1- 2pv advanced 

PDAC patients to olaparib at any point during their metastatic 
disease course, as it confers substantial clinical and possible OS 
benefit. Although alternative treatment sequencing may specu-
latively be explored, first- line maintenance should be pursued 
as the setting currently most supported by scientific evidence 
[12, 37].
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