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ABSTRACT

BACKGROUND
Patients with a germline BRCAI or BRCA2 mutation make up a small subgroup of those The authors’ affiliations are listed in the

with metastatic pancreatic cancer. The poly(adenosine diphosphate-ribose) polymerase Appendix. Address reprint requests to Dr.
Golan at the Oncology Institute, Sheba

(PARD) inhibitor olaparib has had antitumor activity in this population. Medical Center, Tel Aviv University, Tel Aviv
METHODS 52621, Israfel, or at talia.golan@sheba
.health.gov.il.

We conducted a randomized, double-blind, placebo-controlled, phase 3 trial to evaluate
the efficacy of olaparib as maintenance therapy in patients who had a germline BRCA1
or BRCA2 mutation and metastatic pancreatic cancer and disease that had not pro-
gressed during first-line platinum-based chemotherapy. Patients were randomly as-
signed, in a 3:2 ratio, to receive maintenance olaparib tablets (300 mg twice daily)
or placebo. The primary end point was progression-free survival, which was assessed
by blinded independent central review.
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RESULTS

Of the 3315 patients who underwent screening, 154 underwent randomization and were
assigned to a trial intervention (92 to receive olaparib and 62 to receive placebo). The
median progression-free survival was significantly longer in the olaparib group than in
the placebo group (7.4 months vs. 3.8 months; hazard ratio for disease progression or
death, 0.53; 95% confidence interval [CI], 0.35 to 0.82; P=0.004). An interim analysis
of overall survival, at a data maturity of 46%, showed no difference between the olapa-
rib and placebo groups (median, 18.9 months vs. 18.1 months; hazard ratio for death,
0.91; 95% CI, 0.56 to 1.46; P=0.68). There was no significant between-group difference
in health-related quality of life, as indicated by the overall change from baseline in the
global quality-of-life score (on a 100-point scale, with higher scores indicating better
quality of life) based on the European Organization for Research and Treatment of
Cancer Quality of Life Questionnaire (between-group difference, —2.47 points; 95% CI,
—7.27 to 2.33). The incidence of grade 3 or higher adverse events was 40% in the olapa-
rib group and 23% in the placebo group (between-group difference, 16 percentage
points; 95% CI, —0.02 to 31); 5% and 2% of the patients, respectively, discontinued the
trial intervention because of an adverse event.

CONCLUSIONS
Among patients with a germline BRCA mutation and metastatic pancreatic cancer,
progression-free survival was longer with maintenance olaparib than with placebo.
(Funded by AstraZeneca and others; POLO ClinicalTrials.gov number, NCT02184195.)
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ETASTATIC PANCREATIC CANCER IS

particularly refractory to treatment.!

Current standard-of-care first-line treat-
ments are associated with a median progression-
free survival of approximately 6 months, and
fewer than 10% of patients are alive 5 years after
the initial diagnosis.™?

Loss-of-function mutations in BRCA1, BRCA2,
or both (BRCA) genes are linked to an increased
risk of ovarian and breast cancers*; such muta-
tions are also associated with an increased risk
of pancreatic cancer, and 4 to 7% of patients
with pancreatic cancer have a germline BRCA
mutation.”® BRCA genes code for proteins that
are involved in homologous recombination repair
of DNA double-strand breaks.’ Cells with a defi-
ciency in homologous recombination repair, such
as those with a BRCA mutation, are sensitive to
poly(adenosine diphosphate-ribose) polymerase
(PARD) inhibition through multiple mechanisms,
including trapping of PARP on DNA at sites of
single-strand breaks. These processes prevent
repair of single-strand breaks and lead to genera-
tion of double-strand breaks in replicating cells,
which cannot be repaired accurately in tumors
with defects in homologous recombination re-
pair. Thus, PARP inhibitors cause an accumula-
tion of DNA damage and tumor-cell death.!® The
PARP inhibitor olaparib has been shown to have
clinical efficacy in patients with a germline BRCA
mutation and ovarian or breast cancer,'>!? and in
a phase 2 trial, olaparib had antitumor activity in
heavily pretreated patients with a germline BRCA
mutation and metastatic pancreatic cancer.

No targeted therapies have been approved
specifically for patients with a germline BRCA
mutation and pancreatic cancer, although clini-
cal evidence suggests that these patients may have
improved outcomes when treated with platinum-
based chemotherapies.’*?® Maintenance treat-
ments that aim to extend progression-free and
overall survival without compromising health-
related quality of life are used in the manage-
ment of many cancers and provide an opportu-
nity to prolong responses.’® In ovarian cancer,
maintenance olaparib has provided a clinically
meaningful benefit with regard to progression-
free survival among patients with a BRCA muta-
tion.!»!” Maintenance treatment is a new concept
in pancreatic cancer, although early studies of
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maintenance sunitinib and fluorouracil have
shown promising results.!®°

We conducted the POLO (Pancreas Cancer
Olaparib Ongoing) trial to evaluate the efficacy
of maintenance therapy with olaparib in patients
with a germline BRCA mutation and metastatic
pancreatic adenocarcinoma that had not pro-
gressed during first-line platinum-based chemo-
therapy.

METHODS

PATIENTS

Patients were eligible if they were 18 years of age
or older and had histologically or cytologically
confirmed pancreatic adenocarcinoma and a docu-
mented deleterious or suspected deleterious germ-
line mutation in BRCA1 or BRCA2. Eligibility was
based on detection of a germline BRCA mutation
by central testing with the use of the BRAC-
Analysis CDx test (Myriad Genetic Laboratories)
or by local testing with subsequent confirmation
with the use of the BRACAnalysis CDx test after
randomization.

Patients had received at least 16 weeks of con-
tinuous first-line platinum-based chemotherapy
for metastatic pancreatic cancer; the duration
was unlimited as long as no evidence of disease
progression was noted by the investigator at
randomization. The platinum component of che-
motherapy could have been discontinued because
of toxic effects at any time after 16 weeks. Toxic
effects from previous treatment for cancer must
have resolved to grade 1 (according to the Na-
tional Cancer Institute Common Terminology
Criteria for Adverse Events [NCI CTCAE], version
4.0) before randomization, except for alopecia,
grade 3 peripheral neuropathy, and grade 2 ane-
mia (if the hemoglobin level was >9 g per deci-
liter, with no blood transfusions in the preced-
ing 28 days).

Eligible patients had normal organ and ac-
ceptable bone marrow function. Full eligibility
criteria are provided in the trial protocol, available
with the full text of this article at NEJM.org. All
the patients provided written informed consent.

TRIAL DESIGN AND INTERVENTIONS
The randomized, double-blind, placebo-controlled,
phase 3 POLO trial was conducted at 119 sites in
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12 countries. With the use of a central interac-
tive voice or Web response system that incorpo-
rated a block randomization scheme, patients
were randomly assigned, in a 3:2 ratio, to receive
maintenance olaparib tablets (300 mg twice
daily) or matching placebo. No stratification fac-
tors were used. The maintenance trial interven-
tion was initiated 4 to 8 weeks after the last dose
of first-line chemotherapy had been adminis-
tered. The intervention was continued until the
occurrence of objective radiologic disease pro-
gression (determined by investigator assessment
according to the modified Response Evaluation
Criteria in Solid Tumors [RECIST], version 1.1)
(see the Methods section in the Supplementary
Appendix, available at NEJM.org) or unaccept-
able toxic effects.?® Crossover to olaparib was
not permitted during this trial. After discontinu-
ation of the trial intervention, subsequent ther-
apies were administered at the investigators’
discretion.

END POINTS AND ASSESSMENTS

The primary end point was progression-free sur-
vival, which was defined as the time from ran-
domization until objective radiologic disease
progression, as assessed by blinded independent
central review according to modified RECIST,
version 1.1, or death from any cause. Prespeci-
fied sensitivity analyses of progression-free sur-
vival were performed (see the Methods section in
the Supplementary Appendix).

Secondary end points included the following:
overall survival; second progression-free survival,
defined as the time from randomization to sec-
ond progression (investigator-assessed objective
radiologic or symptomatic progression) or death;
the objective response rate, assessed by blinded
independent central review according to modi-
fied RECIST, version 1.1, in patients with data
that could be evaluated; and the change in
scores for global health-related quality of life
(measured as the adjusted mean change from
baseline).

Computed tomography or magnetic resonance
imaging of the chest, abdomen, and pelvis were
performed at baseline, every 8 weeks for 40 weeks,
and then every 12 weeks until disease progres-
sion. Survival, second progression, and subse-
quent treatments for cancer were assessed every
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8 weeks after progression. Health-related quality
of life was assessed with the use of the 30-item
European Organization for Research and Treat-
ment of Cancer Quality of Life Questionnaire
(EORTC QLQ-C30), which was completed by the
patients at baseline, every 4 weeks until disease
progression, at discontinuation of the trial inter-
vention, and 30 days after the last dose of the
trial agent. Global scores on the EORTC QLQ-C30
range from 0 to 100, with higher scores indicat-
ing better quality of life; an increase or decrease
of at least 10 points was considered to be a
clinically meaningful change.?! Adverse events
were graded according to the NCI CTCAE, ver-
sion 4.0.

TRIAL OVERSIGHT

This trial was performed in accordance with the
principles of the Declaration of Helsinki, Good
Clinical Practice guidelines, and the AstraZeneca
policy of bioethics.”? The trial was designed by
the first and last authors in collaboration with
AstraZeneca. AstraZeneca was responsible for
overseeing the collection, analysis, and interpre-
tation of the data. All the authors had full access
to the data. Olaparib is being codeveloped by
AstraZeneca and Merck Sharp & Dohme (MSD,
a subsidiary of Merck), and MSD provided input
regarding the interpretation of the data. The
manuscript was written with medical writing
assistance funded by AstraZeneca and MSD,
with critical review and input by the authors.
The authors attest to the accuracy and complete-
ness of the data and the fidelity of the trial to
the protocol.

STATISTICAL ANALYSIS

We determined that with a sample size of 145
patients, 87 cases of disease progression or
death would provide the trial with 80% power,
at a one-sided significance level of 2.5% (one-
sided because we did not think that the superior-
ity of placebo was a possible outcome), to show
a significant difference in progression-free sur-
vival between the olaparib group and the placebo
group, assuming a hazard ratio for disease pro-
gression or death of 0.54. An interim futility
analysis of progression-free survival was con-
ducted after 44 events had occurred. A prespeci-
fied interim analysis of overall survival was
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performed at the time of the primary analysis of
progression-free survival.

Data on efficacy were analyzed in the inten-
tion-to-treat population (all patients who under-
went randomization). Data on safety were sum-
marized in the safety population (patients who
received 21 dose of a trial agent), and data on
health-related quality of life were analyzed in all
patients with a form on baseline health-related
quality of life that could be evaluated (see the
Methods section in the Supplementary Appendix).

The primary analysis of progression-free sur-
vival was performed with a log-rank test, with
calculation of a hazard ratio, an accompanying
95% confidence interval, and a P value. Data on
patients who had not had disease progression
and who had not died at the time of the primary
analysis, or who had progression or had died
after two or more missed visits, were censored at
the date of the last tumor assessment for which
data could be evaluated. Subgroup and multi-
variate analyses of progression-free survival were
conducted with the use of a Cox proportional-
hazards model. All time-to-event curves were
generated with the use of the Kaplan—Meier
method and were used to calculate medians for
each trial group.” Overall survival and second
progression-free survival (defined as the time
from randomization to second progression oc-
curring while the patient was receiving salvage
therapy) were analyzed with the same method as
that used for progression-free survival.

The adjusted mean change from baseline in the
EORTC QLQ-C30 global health-related quality-
of-life score was analyzed with a mixed model
for repeated measures (see the Methods section
in the Supplementary Appendix). A change of 10
points in either direction was considered to be a
clinically significant difference.

A multiple-testing procedure was used to con-
trol for the type 1 error rate, with a test for
progression-free survival to be performed first,
followed by a planned interim test for overall
survival if there was a significant difference in
progression-free survival between the trial groups.
The final overall survival analysis is planned
after 106 deaths. All reported P values are two-
sided and coincide with the reported two-sided
confidence intervals. The statistical analysis plan
is available with the protocol at NEJM.org.
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RESULTS

PATIENTS

A total of 3315 patients were screened for trial
entry; 247 (7.5%) of these patients had a germ-
line BRCA mutation. Between January 2015 and
January 2019, a total of 154 patients underwent
randomization (Table S1 in the Supplementary
Appendix), and 90 of 92 patients who were as-
signed to olaparib and 61 of 62 patients who
were assigned to placebo received the trial inter-
vention (Fig. 1). At the time of data cutoff for
this analysis (January 15, 2019), 30 patients were
still receiving olaparib and 8 were still receiving
placebo. The median duration of follow-up for
disease progression in patients with censored
data was 9.1 months (range, 0 to 39.6) in the
olaparib group and 3.8 months (range, 0 to 29.8)
in the placebo group. The baseline characteris-
tics of the patients are listed in Table 1, and in
Table S2 in the Supplementary Appendix.

EFFICACY

The analysis of the primary end point was per-
formed after 104 of 154 patients had had disease
progression (assessed by blinded independent
central review) or had died (data maturity, 68%).
The median progression-free survival was sig-
nificantly longer in the olaparib group than in
the placebo group (7.4 months vs. 3.8 months;
hazard ratio for disease progression or death,
0.53; 95% confidence interval [CI], 0.35 to 0.82;
P=0.004), and from 6 months onward, the per-
centage of patients who were alive and free from
disease progression was more than twice as high
in the olaparib group as in the placebo group
(Fig. 2A). The results of a prespecified sensitivity
analysis of investigator-assessed progression-free
survival, performed to evaluate for ascertainment
bias, were consistent with those of the primary
analysis (hazard ratio for disease progression or
death, 0.51; 95% CI, 0.34 to 0.78) (Table S5 in
the Supplementary Appendix). Prespecified sub-
group analyses of progression-free survival showed
no evidence of differences with respect to the
benefit of olaparib, including between the sub-
group of patients who had had a response to
previous platinum-based chemotherapy and those
who had stable disease (Fig. 3). A multivariate
Cox regression analysis showed that the treat-
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3315 Patients were assessed for eligibility

247 Had a germline BRCA mutation
198 Had unknown germline BRCA
mutation status before screening
49 Had known germline BRCA
mutation status before screening

80 Were excluded
43 Had disease progression or died
11 Did not meet eligibility criteria
26 Were not enrolled because of
patient or physician decision

167 Provided written consent to undergo
randomization

13 Were excluded
11 Did not meet eligibility criteria
2 Declined to participate

154 Underwent randomization and were
included in the efficacy analyses

92 Were assigned to receive olaparib 62 Were assigned to receive placebo
90 Received olaparib and were 61 Received placebo and were
included in the safety analyses included in the safety analyses
2 Did not receive olaparib 1 Did not receive placebo
1 Withdrew consent 1 Did not meet eligibility criteria
1 Did not meet eligibility criteria
53 Discontinued placebo
60 Discontinued olaparib 40 Had objective disease
43 Had objective disease progression
progression 9 Had disease progression
12 Had disease progression determined
determined by investigator assessment
by investigator assessment 2 Had adverse event
4 Had adverse event 1 Withdrew
1 Withdrew 1 Did not meet eligibility criteria
30 Were still receiving olaparib 8 Were still receiving placebo
at data cutoff at data cutoff

Figure 1. Screening, Enrollment, Randomization, and Intervention.

One patient in the placebo group incorrectly received olaparib and was included in the olaparib group for the safety
analyses. After initiation of the trial intervention, another patient in the placebo group was found not to have met
the eligibility criteria, and the intervention was discontinued on day 3 at the decision of the trial sponsor. In addition
to this patient, one patient in each trial group was found, after randomization, not to have met the eligibility criteria.
Both were included in the intention-to-treat efficacy analyses. Neither patient received a trial intervention, and so
neither was included in the safety analyses.
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Table 1. Baseline Characteristics of the Patients.*

Characteristic
Age at randomization — yr
Median
Range
Age =65 yr at randomization — no. (%)
Male sex — no. (%)
ECOG performance status — no. (%)
0, normal activity
1, restricted activity
Missing data
Germline BRCA mutation — no. (%)
BRCA1
BRCA2
Both BRCA1 and BRCA2
Time from diagnosis to randomization — mo
Median
Range

First-line platinum-based chemotherapy
—no. (%)

FOLFIRINOX variants
Gemcitabine—cisplatin

Other platinum-based treatments
Missing data

Duration of first-line chemotherapy before
randomization

Median — mo
Range — mo

16 wk—6 mo — no. (%)
>6 mo — no. (%)
Missing data — no. (%)

Best response with first-line chemotherapy
—no. (%)

Complete or partial response
Stable disease

Missing data

Olaparib
(N=92)

57
37-84
28 (30)
53 (58)

5.0
2.5-35.2
61 (66)
30 (33)

1Q)

Placebo
(N=62)

57
36-75
13 (21)
31 (50)

7.0
4.1-30.2

50 (81)
3(5)
8 (13)
1(2)

5.1
3.4-20.4
40 (65)
21 (34)
1Q)

* Percentages may not total 100 because of rounding. ECOG denotes Eastern

Cooperative Oncology Group, and FOLFIRINOX fluorouracil, leucovorin, irino-

tecan, and oxaliplatin.

7 Four patients who underwent randomization on the basis of results of a local
germline BRCA mutation test did not undergo confirmatory BRACAnalysis CDx

testing as part of the trial (see the Results section in the Supplementary Ap-

pendix). BRACAnalysis CDx results from the remaining 150 patients are pro-

vided in Table S3 in the Supplementary Appendix.
i Further details regarding first-line platinum-based chemotherapy regimens re-
ceived before randomization are provided in Table S4 in the Supplementary

Appendix.

Downloaded from nejm.org at UNIVERSITY COLLEGE LONDON on June 20, 2019. For persona use only. No other uses without permission.

N ENGL J MED

ment effect was not affected by imbalances in
baseline factors between the trial groups (Table
S6 in the Supplementary Appendix).

At the primary data cutoff date, 41 patients in
the olaparib group and 30 patients in the pla-
cebo group had died. A planned interim analysis
of overall survival that took place at a data matu-
rity of 46% showed no evidence of a difference
in overall survival between the groups (median,
18.9 months in the olaparib group and 18.1 months
in the placebo group; hazard ratio for death,
0.91; 95% CI, 0.56 to 1.46; P=0.68) (Fig. 2B). A
primary analysis of overall survival was planned
after 106 events (data maturity, 69%). One patient
in the olaparib group and 9 patients in the pla-
cebo group received treatment with a PARP in-
hibitor after discontinuation of the trial interven-
tion (Table S7 in the Supplementary Appendix).

At a data maturity of 46%, an analysis of
second progression-free survival showed a me-
dian time from randomization to second disease
progression or death of 13.2 months in the
olaparib group and 9.2 months in the placebo
group (hazard ratio, 0.76; 95% CI, 0.46 to 1.23)
(Fig. S1 in the Supplementary Appendix).

Overall, 18 patients in the olaparib group
(20%) and 6 patients in the placebo group (10%)
had a response. Among patients with measur-
able disease at baseline, the response rate as
assessed by blinded independent central review
was 23% in the olaparib group (18 of 78 pa-
tients) and 12% in the placebo group (6 of 52
patients) (odds ratio, 2.30; 95% CI, 0.89 to 6.76).
Two patients, both in the olaparib group, had a
complete response; both complete responses were
ongoing at the time of data cutoff. The median
duration of response was 24.9 months (95% CI,
14.8 to could not be calculated) and 3.7 months
(95% CI, 2.1 to could not be calculated) and the
median time to response was 5.4 months and
3.6 months in the olaparib and placebo groups,
respectively.

SAFETY

In the 151 patients who received a trial agent,
the total median duration of treatment was 6.0
months (range, 0.8 to 45.3) in the olaparib group
and 3.7 months (range, 0.1 to 30.1) in the pla-
cebo group (related data on dose intensity are
provided in the Results section in the Supple-
mentary Appendix). Table 2 shows the most
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A Progression-free Survival

1.0+

0.9+
— 084 Progression-free Olaparib Placebo
[ .
2 Survival Group Group
2 mo %
3 07-
A 6 53.0 23.0
é 12 33.7 14.5
£ 0.67 18 27.6 9.6
2 24 22.1 9.6
wn
% 0.5+ Median, 7.4 mo vs. 3.8 mo
o Hazard ratio, 0.53 (95% Cl, 0.35-0.82)
&6 0.4 P=0.004
Z
5 034
[
0
3
024 Olaparib (N=92; 60 events)

0.1 o °

Placebo (N=62; 44 events)
0'0 T T T T T T T T T T T T T T T T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
Months since Randomization
No. at Risk

Olaparib 92 69 50 41 34 24 18 17 14 10 10 8 8 7 5 3 3 3 3 2 1 1 1 ©
Placebo 62 39 23 10 6 6 4 4 4 2 2 2 2 1 1 0

B Overall Survival

1.0+
0.9
0.8
Median, 18.9 mo vs. 18.1 mo
= | Hazard ratio, 0.91 (95% CI, 0.56—1.46)
S 07
S P=0.68
=]
2 06
[
g
O 0.54
s
.‘? 04_ .
3 : Olaparib (N=92; 41 events)
4
& 0.3
0.2 Placebo (N=62; 30 events)
0.1+
0'0 T T T T T T T T T T T T T T T T T T T T T T T T 1
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No. at Risk

Olaparib 92 87 80 71 61 51 46 39 31 28 2016 14 12 9 6 5 4 4 4 2 1 1 0
Placebo 62 60 56 50 44 32 29 27 20 18 1410 8 & 6 6 4 1 1 1 1 1 1 O

Figure 2. Kaplan—Meier Estimates of Progression-free Survival and Overall Survival.

Panel A shows Kaplan—Meier estimates of progression-free survival (based on blinded independent central review),
and Panel B shows Kaplan—Meier estimates of overall survival in the olaparib group and the placebo group.
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Subgroup Olaparib Placebo Hazard Ratio (95% Cl)
no. of patients with
events/total no. (%) ,
All patients 60/92 (65.2) 44/62 (71.0) H@H: 0.53 (0.35-0.82)
Previous chemotherapy H
FOLFIRINOX variants 50/79 (63.3) 35/50 (70.0) |—.—| 0.54 (0.35-0.84)
Other 8/10 (80.0)  6/8 (75.0) —et—| 0.76 (0.27-2.32)
Absence of biliary stent 59/91 (64.8) 40/58 (69.0) @ 0.54 (0.36-0.82)
Type of previous chemotherapy H
Doublet chemotherapy 12/15 (80.0)  8/10 (80.0) |—0—5—| 0.59 (0.24-1.50)
Triplet chemotherapy 4573 (61.6) 33/46 (71.7) @ 0.51 (0.32-0.82)
Duration of first-line treatment before E
randomization 0
16 wk to 6 mo 42/61 (68.9) 29/40 (72.5) @+ 0.69 (0.43-1.12)
>6 mo 18/30 (60.0)  15/21 (71.4) —eo— 035 (0.17-0.72)
Best response with first-line treatment '
Partial or complete response 30/46 (65.2) 20/30 (66.7) I—.—H 0.62 (0.35-1.12)
Stable disease 30/45 (66.7) 24/31 (77.4) —e—: 0.50 (0.29-0.87)
Disease at baseline E
Measurable 53/78 (67.9) 39/52 (75.0) @ 0.57 (0.37-0.88)
Not measurable or no evidence of disease  7/13 (53.8)  5/6 (83.3) |—0—5—| 0.45 (0.14-1.57)
Germline BRCA mutation type 1
(determined by BRACAnalysis CDx test) 1
BRCA1 20/29 (69.0) 12/16 (75.0) —eo—i 0.40 (0.20-0.85)
BRCA2 38/59 (64.4) 32/45 (71.1) @ 0.63 (0.39-1.02)
Age at randomization E
<65 yr 39/64 (60.9) 37/49 (75.5) @ ! 0.45 (0.28-0.72)
=65 yr 21/28 (75.0)  7/13 (53.8) |_._| 1.02 (0.45-2.60)
Sex 1
Male 33/53 (62.3) 23/31 (74.2) —eo—: 0.46 (0.27-0.80)
Female 27/39 (69.2) 21/31 (67.7) —eo—+ 0.66 (0.37-1.19)
White race 55/82 (67.1) 41/59 (69.5) |—Q—| 0.59 (0.39-0.90)
o1 1o 100
Olaparib Better Placebo Better
Figure 3. Subgroup Analysis of Progression-free Survival.
Subgroups in which fewer than five progression-free survival events occurred per group were not included in the
analysis. The sizes of the circles are proportional to the number of events. The dashed line indicates the point of
no effect (hazard ratio=1). The prespecified gemcitabine—cisplatin subgroup included two patients in the olaparib
group and three patients in the placebo group; this subgroup did not meet the threshold for inclusion in the sub-
group analysis. Patients who received gemcitabine—cisplatin were not included in the “other” subcategory of the
“previous chemotherapy” subgroup but are included in the “doublet chemotherapy” subgroup. Race was determined
from patient records.

common adverse events in the trial groups. Seri-
ous adverse events occurred in 24% of the pa-
tients who received olaparib and in 15% of the
patients who received placebo.

No adverse events that occurred during the
trial intervention resulted in death. One stent-
related duodenal perforation in a patient who
received olaparib occurred during the 30-day
follow-up period after discontinuation of ther-
apy, and that patient subsequently died (see the
Results section in the Supplementary Appendix).

Adverse events led to discontinuation of the

N ENGL J MED

trial agent in 5% of the patients who received
olaparib and in 2% of the patients who received
placebo (Table S8 in the Supplementary Appen-
dix); adverse events were usually managed by
dose interruption or reduction. No cases of my-
elodysplastic syndrome or acute myeloid leuke-
mia were reported in either group. In two patients
who received placebo, new primary cancers de-
veloped more than 30 days after the end of the
trial intervention (one patient had rectal cancer,
and the other had a possible ovarian cancer,
which resulted in death). One diagnosis of grade 1
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Table 2. Summary of Adverse Events.*
Olaparib Placebo Between-Group Difference
Variable (N=91) (N=60) (95% ClI)
Any Grade Grade =3 Any Grade  Grade =3 Any Grade Grade =3
number (percent) percentage points
Adverse event
Any 87 (96) 36 (40) 56 (93) 14 (23) 2 (-5t012) 16 (-0.02 to 31)
Fatigue or asthenia 55 (60) 5(5) 21 (35) 1(2) 25 (7 to 41) 4 (-4to 11)
Nausea 41 (45) 0 14 (23) 1(2) 22 (4 to 36) -2 (-9to 3)
Anemiat 25 (27) 10 (11) 10 (17) 2(3) 11 (-3 to 24) 8 (-2to 17)
Abdominal pain 26 (29) 2(2) 15 (25) 1(2) 4 (-12to 18) 1(-8to6)
Diarrhea 26 (29) 0 9 (15) 0 14 (-1 to 26) NC
Decreased appetite 23 (25) 3(3) 4(7) 0 19 (5 to 30) 3(-3t09)
Constipation 21 (23) 0 6 (10) 0 13 (-0.02 to 25) NC
Vomiting 18 (20) 1(1) 9 (15) 1(2) 5(-9to17) -1(-8to5)
Back pain 17 (19) 0 10 (17) 1(2) 2 (-12to 14) -2 (-9to 3)
Arthralgia 14 (15) 1(1) 6 (10) 0 5 (-7 to 16) 1(-5to6)
Interruption of intervention owing 32 (35) NA 3 (5) NA 30 (17 to 42) NA
to adverse event
Dose reduction owing to adverse 15 (16) NA 2 (3) NA 13 (2to0 23) NA
event
Discontinuation of intervention 5(5) NA 1(2) NA 4 (-4to 11) NA
owing to adverse event

* The table includes adverse events of any grade that occurred in at least 15% of the patients in the safety population of either trial group dur-
ing the trial intervention or up to 30 days after discontinuation of the trial intervention. Adverse events were graded according to the
National Cancer Institute Common Terminology Criteria for Adverse Events, version 4.0. NA denotes not applicable, and NC not calculated.

T The anemia category includes anemia, decreased hemoglobin level, decreased red-cell count, decreased hematocrit, erythropenia, macrocytic

anemia, normochromic anemia, normochromic normocytic anemia, and normocytic anemia.

pneumonitis in a patient in the olaparib group
was not considered by the investigators to be
causally related to the trial intervention (see the
Results section in the Supplementary Appendix).

PATIENT-REPORTED OUTCOMES

No clinically meaningful change from baseline
was noted in the EORTC QLQ-C30 global health-
related quality-of-life score in either group, and
there was no significant difference in the overall
change from baseline between the groups. The
adjusted mean (+SE) change from baseline across
all time points was —1.20+1.42 (95% CI, —4.01 to
1.62) in 84 patients in the olaparib group and
1.274+1.95 (95% CI, —2.58 to 5.12) in 54 patients
in the placebo group. The corresponding esti-
mated between-group difference of —2.47 points
(95% CI, —7.27 to 2.33) on a 100-point scale was
not clinically meaningful.

N ENGL J MED

DISCUSSION

The primary analysis of the trial showed that
patients who had a germline BRCA mutation and
metastatic pancreatic cancer that had not pro-
gressed during first-line platinum-based chemo-
therapy had significantly longer progression-free
survival with maintenance olaparib than with
placebo. Separation between the Kaplan—Meier
curves for the two trial groups can be seen from
approximately 5 months; this result provides
support for the observed 47% reduction in the
risk of disease progression or death; at 2 years,
22.1% of the patients in the olaparib group ver-
sus 9.6% of patients in the placebo group did not
have disease progression. Patients received plati-
num-based chemotherapy immediately before
maintenance olaparib; therefore, the combined
first-line platinum-based chemotherapy and main-
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tenance olaparib strategy resulted in a progres-
sion-free survival of more than 1 year among
patients with a germline BRCA mutation who
had disease that had not progressed while they
were receiving previous platinum-based chemo-
therapy. However, our data do not include pa-
tients with disease that progressed during the
first 4 months of platinum-based treatment or
who may have continued to receive chemother-
apy for an extended period.>?

The POLO trial was a global trial, and when
the trial was designed, 6-month treatment with
FOLFIRINOX (fluorouracil, leucovorin, irinotecan,
and oxaliplatin) was a standard of care.? Eligible
patients could undergo randomization after at
least 16 weeks of chemotherapy; no maximum
length of first-line chemotherapy was mandated.
In some clinical practices, patients may receive
platinum-based chemotherapy for more than
6 months; however, peripheral neuropathy and
other cumulative treatment-related side effects
limit an extended duration, making placebo a
suitable comparator to maintenance treatment
after first-line chemotherapy.?

Overall survival data from an interim analysis
at a data maturity of 46% (the final analysis was
planned at a data maturity of 69%) show no
significant difference in survival between the
trial groups. Overall survival may be confounded
by subsequent therapies, including that of nine
patients in the placebo group (15%) who went
on to receive a PARP inhibitor after disease pro-
gression during the trial intervention (Table S7
in the Supplementary Appendix).® The POLO trial
was designed as a maintenance trial, and imag-
ing analyses were performed regularly; there-
fore, patients in the placebo group with disease
that progressed during the trial intervention went
on to receive additional DNA-damaging agents,
which are known to have some activity in this
patient population.’

An analysis of the time to second disease
progression suggested a trend toward benefit
from maintenance olaparib through the next
treatment. Although there is no precedent in

pancreatic cancer, this end point has been as-
sessed in studies of other tumor types and has
been interpreted as a possible indicator of treat-
ment benefit beyond disease progression.'?

The adverse-effect profile of maintenance
olaparib was similar to that observed in other
tumor types.”1217 Health-related quality of life
was preserved with olaparib, and there was no
significant difference between the groups.

Of 3315 patients screened for entry in the
POLO trial, 7.5% had a germline BRCA mutation.
A substantial percentage of these potentially eli-
gible patients had disease progression during
platinum-based chemotherapy before trial entry,
consistent with observations from previous
FOLFIRINOX trials.? In this trial, dual selection
criteria were used to identify patients who would
be likely to benefit from PARP inhibition. Pa-
tients had to have a germline BRCA mutation and
no disease progression during at least 16 weeks of
platinum-based chemotherapy. In an unselected
population with metastatic pancreatic cancer, it
is expected that approximately 30% of patients
will have disease progression during their first
4 months of treatment with FOLFIRINOX.? A
total of 43 of the 198 patients (21.7%) with a
germline BRCA mutation who were screened for
trial entry before first-line treatment had disease
progression during platinum-based chemother-
apy before randomization.

In conclusion, the POLO trial showed that
maintenance olaparib provided a significant pro-
gression-free survival benefit to patients with a
germline BRCA mutation and metastatic pan-
creatic cancer that had not progressed during

platinum-based chemotherapy.
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