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ABSTRACT

BACKGROUND
Multiple loss-of-function alterations in genes that are involved in DNA repair, in-
cluding homologous recombination repair, are associated with response to
poly(adenosine diphosphate—ribose) polymerase (PARP) inhibition in patients with
prostate and other cancers.

METHODS

We conducted a randomized, open-label, phase 3 trial evaluating the PARP in-
hibitor olaparib in men with metastatic castration-resistant prostate cancer who
had disease progression while receiving a new hormonal agent (e.g., enzalutamide
or abiraterone). All the men had a qualifying alteration in prespecified genes with
a direct or indirect role in homologous recombination repair. Cohort A (245 pa-
tients) had at least one alteration in BRCA1, BRCA2, or ATM; cohort B (142 patients)
had alterations in any of 12 other prespecified genes, prospectively and centrally
determined from tumor tissue. Patients were randomly assigned (in a 2:1 ratio) to
receive olaparib or the physician’s choice of enzalutamide or abiraterone (control).
The primary end point was imaging-based progression-free survival in cohort A
according to blinded independent central review.

RESULTS

In cohort A, imaging-based progression-free survival was significantly longer in
the olaparib group than in the control group (median, 7.4 months vs. 3.6 months;
hazard ratio for progression or death, 0.34; 95% confidence interval, 0.25 to 0.47;
P<0.001); a significant benefit was also observed with respect to the confirmed
objective response rate and the time to pain progression. The median overall sur-
vival in cohort A was 18.5 months in the olaparib group and 15.1 months in the
control group; 81% of the patients in the control group who had progression
crossed over to receive olaparib. A significant benefit for olaparib was also seen
for imaging-based progression-free survival in the overall population (cohorts A
and B). Anemia and nausea were the main toxic effects in patients who received
olaparib.

CONCLUSIONS
In men with metastatic castration-resistant prostate cancer who had disease pro-
gression while receiving enzalutamide or abiraterone and who had alterations in
genes with a role in homologous recombination repair, olaparib was associated
with longer progression-free survival and better measures of response and patient-
reported end points than either enzalutamide or abiraterone. (Funded by AstraZeneca
and Merck Sharp & Dohme; PROfound ClinicalTrials.gov number, NCT02987543.)
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ETASTATIC CASTRATION-RESISTANT

prostate cancer is a heterogeneous dis-

ease with poor outcomes.® Tumors in
up to 30% of patients harbor deleterious aberra-
tions in genes involved in repairing DNA dam-
age.”® Among the most common of these altera-
tions, BRCA1 and BRCA2 are well-characterized
genes involved in homologous recombination
repair, and ATM functions as a DNA-damage
checkpoint and indirectly activates homologous
recombination repair.”® Loss-of-function altera-
tions in these and other genes with a direct or
indirect role in homologous recombination re-
pair are associated with more aggressive prostate
cancers.”™ Such gene alterations confer sensitiv-
ity to poly(adenosine diphosphate-ribose) poly-
merase (PARP) inhibition in prostate and other
cancers.’*’® The response to PARP inhibition
may occur through multiple mechanisms, in-
cluding PARP trapping, which is the physical
obstruction of replication forks leading to DNA
double-strand breaks and defects in homologous
recombination repair.?

The PROfound trial is a prospective, bio-
marker-selected, phase 3 trial involving men
with metastatic castration-resistant prostate
cancer who had disease progression while receiv-
ing a new hormonal agent (e.g., enzalutamide or
abiraterone). Patients with a qualifying altera-
tion in prespecified genes with a direct or indi-
rect role in homologous recombination repair
were randomly assigned to receive the PARP in-
hibitor olaparib or the physician’s choice of ei-
ther enzalutamide or abiraterone (control group).
The primary objective was efficacy, as assessed
by blinded independent central review of imag-
ing-based progression-free survival in patients
with alterations in BRCA1, BRCA2, or ATM.

METHODS

PATIENTS

Eligible patients were men (218 years of age) with
confirmed metastatic castration-resistant pros-
tate cancer whose disease had progressed during
treatment with enzalutamide or abiraterone, ad-
ministered for metastatic or nonmetastatic cas-
tration-resistant prostate cancer or for metastatic
hormone-sensitive prostate cancer. Previous taxane
chemotherapy was allowed. Men without previous
surgical castration were required to continue
luteinizing-hormone-releasing hormone analogue
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therapy. All the patients had adequate organ and
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.

An investigational clinical trial assay, based
on the FoundationOne CDx next-generation se-
quencing test developed in partnership with
Foundation Medicine, was used to prospectively
identify patients with qualifying deleterious or
suspected deleterious alterations in at least 1 of
the 15 prespecified genes selected for their di-
rect or indirect role in homologous recombina-
tion repair: BRCA1, BRCA2, ATM, BRIP1, BARDI,
CDK12, CHEK1, CHEK2, FANCL, PALB2, PPP2R2A,
RAD51B, RAD51C, RADS1D, and RADS4L. Tumor
testing was conducted centrally with the use of
archival or recent biopsy tissue from primary or
metastatic disease. The presence of a deleterious
or suspected deleterious alteration according to
the central tumor test was required for eligibili-
ty, irrespective of the zygosity of the alteration.
Additional details are provided in the Supplemen-
tary Appendix, available at NEJM.org. Exploratory
analyses of germline as compared with somatic
origin and variant zygosity are being investigat-
ed and are not reported here.

TRIAL DESIGN AND INTERVENTIONS

This was a prospective, randomized, open-label,
phase 3 trial. Eligible patients were included in
one of two cohorts depending on their qualifying
gene alteration. Patients with at least one altera-
tion in BRCAI1, BRCA2, or ATM were assigned to
cohort A, regardless of co-occurring qualifying
alterations in any of the other genes. Patients
with alterations in any of the other 12 genes
were assigned to cohort B. The overall popula-
tion comprised patients from cohort A and co-
hort B (i.e., patients with a qualifying alteration
in any of the 15 prespecified genes).

A central interactive voice-response or Web-
response system was used to randomly assign
patients in a 2:1 ratio to receive the standard
dose of olaparib tablets (300 mg twice daily) or
the prespecified physician’s choice of enzalutamide
(160 mg once daily) or abiraterone (1000 mg once
daily, plus prednisone at a dose of 5 mg twice
daily) (control group). Randomization was strat-
ified according to previous taxane use (yes or no)
and measurable disease (yes or no). Measurable
disease was determined by investigators at base-
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line according to the Response Evaluation Crite-
ria in Solid Tumors (RECIST), version 1.1 (longest
diameter of soft-tissue lesions, >10 mm; short-
axis diameter of lymph nodes, >15 mm). Treat-
ment was continued until objective imaging-based
disease progression, assessed by blinded central
review by an independent third-party vendor, or
until the occurrence of unacceptable toxic ef-
fects. Patients who were assigned to the control
group were eligible to cross over to receive
olaparib treatment after independent review—
confirmed imaging-based progression (see the
Supplementary Appendix).

END POINTS

The primary end point was imaging-based pro-
gression-free survival, assessed by an indepen-
dent review committee, in patients with at least
one alteration in BRCA1, BRCA2, or ATM (cohort
A). Imaging-based progression-free survival was
defined as the time from randomization until
soft-tissue disease progression (by RECIST, ver-
sion 1.1), bone lesion progression (by Prostate
Cancer Clinical Trials Working Group 3 criteria),
or death (see the Supplementary Appendix). A
prespecified sensitivity analysis that was based
on investigator assessment was performed. Im-
aging-based progression-free survival as assessed
by independent review in the overall population
was a key secondary end point.

Additional secondary end points included the
confirmed objective response rate (defined as the
percentage of patients who had an imaging-based
complete response or partial response), the time
to pain progression, overall survival (including a
prespecified interim analysis, which is reported
here), a reduction of at least 50% in the concen-
tration of prostate-specific antigen (PSA) (PSA,,
response), and the circulating-tumor-cell conver-
sion rate (defined as the percentage of patients
with a decrease in the number of circulating
tumor cells from >5 cells per 7.5 ml of whole
blood at baseline to <5 cells per 7.5 ml after
baseline). The response rate was assessed among
patients who could be evaluated and who had
measurable disease at baseline as assessed by
independent review according to RECIST, version
1.1. A prespecified sensitivity analysis for the
crossover effect on overall survival was performed.
Safety was assessed in the overall population
through reporting of adverse events according to
the Common Terminology Criteria Adverse Events,
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version 4.0, and collection of blood samples for
clinical chemical and hematologic analyses. As-
sessments are described in the Supplementary
Appendix.

TRIAL OVERSIGHT

This trial was performed in accordance with the
principles of the Declaration of Helsinki, Good
Clinical Practice guidelines, and the AstraZeneca
and Merck policies on bioethics. The trial was
designed by representatives of AstraZeneca in
collaboration with the trial steering committee.
AstraZeneca was responsible for overseeing the
collection, analysis, and interpretation of the
data. All the authors had full access to the data.
Merck provided input regarding the interpreta-
tion of the data. The manuscript was written
with medical writing assistance funded by Astra-
Zeneca and Merck Sharp & Dohme, with critical
review and input by the authors. The authors
attest to the accuracy and completeness of the
data and the fidelity of the trial to the protocol.

STATISTICAL ANALYSIS

Efficacy data were analyzed on an intention-to-
treat basis, and safety data were reported for all
the patients who received at least one dose of a
trial drug. With a sample size of approximately
240 patients in cohort A, 143 progression events
or deaths (approximately 60% maturity) would
provide the trial with 95% power, at a two-sided
significance level of 5%, to show a significant
difference in imaging-based progression-free sur-
vival between the olaparib group and the control
group, under the assumption of a hazard ratio
for progression or death of 0.53. For time-to-event
end points, imaging-based progression-free sur-
vival, time to pain progression, and overall sur-
vival, P values were calculated with the use of
stratified log-rank tests. Hazard ratios and 95%
confidence intervals were calculated with the
use of Cox proportional-hazards models, with
stratification factors as covariates. The Kaplan—
Meier method was used to calculate medians for
each trial group. Logistic-regression models that
were adjusted for stratification factors were used
to analyze objective responses.

A multiple-testing procedure was used to
control for the trial-wide type I error rate. If the
primary end point in cohort A showed statistical
significance, testing of key secondary end points
was to be performed in a hierarchical manner:
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objective response rate (in cohort A), imaging-
based progression-free survival (in the overall
population), time to pain progression (in cohort
A), and overall survival (in cohort A), according
to the sequential calculation of a two-sided al-
pha level of 0.05 (Fig. S1 in the Supplementary
Appendix). For overall survival, the two-sided
5% level of alpha was split at the interim analy-
sis (0.01) and final analysis (0.047) with the use
of an O’Brien-Fleming spending function.”! Ad-
ditional details are available in the Supplemen-
tary Appendix, and the statistical analysis plan
is available with the protocol.

RESULTS

SCREENING AND RANDOMIZATION

Overall, 4425 patients were enrolled for screen-
ing at 206 sites in 20 countries; 4047 patients
had tumor tissue available for testing. Of these
samples, 2792 (69%) were successfully sequenced
with a biomarker status outcome reported. A
qualifying alteration in 1 or more of the 15 pre-
specified genes with a direct or indirect role in
homologous recombination repair was detected
in 778 of 2792 patients (28%). Of these patients,
387 (50%) met all eligibility criteria and thus un-
derwent randomization from April 2017 through
November 2018. (For details on screening, ran-
domization, and follow-up, see Fig. S2.)

PATIENT CHARACTERISTICS

In cohort A, 162 patients were randomly assigned
to receive olaparib and 83 to the control treat-
ment. In cohort B, 94 patients were randomly
assigned to receive olaparib and 48 to the control
treatment. The alteration status for the pre-
specified genes is summarized in Table S2. Al-
though baseline characteristics appeared balanced
overall between the olaparib group and the control
group, the control group had a higher percentage
of patients with visceral metastases and a higher
median baseline PSA concentration, and the
olaparib group had a higher percentage of pa-
tients with an ATM alteration (Table 1).

EFFICACY
Patients with at Least One Alteration in BRCAL,
BRCA2, or ATM (Cohort A)

Analysis of the primary end point was performed
after 174 of 245 patients in cohort A had had im-
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aging-based progression by independent review
or had died (data maturity, 71%; data cutoff date,
June 4, 2019). The median imaging-based pro-
gression-free survival was significantly longer
in the olaparib group than in the control group
(7.4 months vs. 3.6 months; hazard ratio for pro-
gression or death, 0.34; 95% confidence interval
[CI], 0.25 to 0.47; P<0.001) (Fig. 1A). A prespeci-
fied sensitivity analysis that was based on inves-
tigator assessment yielded similar results to the
primary analysis (hazard ratio, 0.24; 95% CI,
0.17 to 0.34) (Table S4). Prespecified subgroup
analyses are shown in Figure 2.

The confirmed objective response rate among
patients who could be evaluated was 33% (28 of
84 patients) in the olaparib group and 2% (1 of
43 patients) in the control group (odds ratio for
an objective response, 20.86; 95% CI, 4.18 to
379.18; P<0.001). The median time to pain pro-
gression was significantly longer in the olaparib
group than in the control group (hazard ratio,
0.44; 95% CI, 0.22 to 0.91; P=0.02) (Fig. 3A). A
sensitivity analysis including death as an event
in the absence of pain progression yielded simi-
lar results (Table S7). At this time, an interim
analysis for overall survival was also conducted
when 93 of 245 patients had died (data maturity,
38%) and yielded a median overall survival of
18.5 months with olaparib and 15.1 months
with the control treatment (hazard ratio for
death, 0.64; 95% CI, 0.43 to 0.97; P=0.02)
(Fig. 1B). Among patients in the control group
with independent review—confirmed imaging-
based disease progression, 81% crossed over to
receive olaparib treatment at the investigators’
discretion. The results of a sensitivity analysis
for overall survival with adjustment for switch-
ing to olaparib treatment are shown in Table S8.

Among patients who could be evaluated, 43%
(66 of 153) in the olaparib group and 8% (6 of
77) in the control group had a PSA_ response.
Clearance of circulating tumor cells was ob-
served in 30% (29 of 97) and 11% (5 of 44) of
patients who could be evaluated in the olaparib
and control groups, respectively.

Overall Population (Cohorts A and B)

In the overall population, the median imaging-
based progression-free survival by independent
review was significantly longer in the olaparib
group than in the control group (median, 5.8
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Table 1. Characteristics of the Patients at Baseline.*

Characteristic Cohort A Cohorts A and B
Olaparib Control Olaparib Control
(N=162) (N=283) (N=256) (N=131)

Median age at randomization (range) — yr 68 (47-86) 67 (49-86) 69 (47-91) 69 (49-87)

Age =65 yr at randomization — no. (%) 108 (67) 60 (72) 174 (68) 97 (74)

Metastatic disease at initial diagnosis — 38 (23) 19 (23) 66 (26) 25 (19)

no. (%)

Missing data 7 (4) 4 (5) 11 (4) 7 (5)
Gleason score =8 — no. /total no. (%) 105/157 (67) 54/80 (67) 183/251 (73) 95/127 (75)
Patients with alterations in a single gene —

no. (%)

BRCA1 8 (5) 5 (6) 8 (3) 5 (4)

BRCA2 30 (49) 47 (57) 31 (32) 47 (36)

ATM 60 (37) 24 (29) 62 (24) 24 (18)

CDK12 NA NA 61 (24) 28 (21)
Median PSA at baseline (IQR) — pg/liter 62.2 112.9 68.2 106.5

(21.9-280.4) (34.3-317.1) (24.1-294.4) (37.2-326.6)
Measurable disease at baseline — no. (%)§ 95 (59) 46 (55) 149 (58) 72 (55)
Metastases at baseline — no. (%)§

Bone only 57 (35) 23 (28) 36 (34) 38 (29)

Visceral: lung or liver 46 (28) 32 (39) 68 (27) 44 (34)

Other 49 (30) 23 (28) 38 (34) 41 (31)
ECOG performance status — no. (%)

0 34 (52) 34 (41) 131 (51) 55 (42)

1 67 (41) 46 (55) 112 (44) 71 (54)

2 11(7) 3 (4) 13 (5) 4(3)

Missing data 0 0 0 1(1)
Previous new hormonal agent — no. (%) 9

Enzalutamide only 68 (42) 40 (48) 105 (41) 54 (41)

Abiraterone only 62 (38) 29 (35) 100 (39) 54 (41)

Enzalutamide and abiraterone 32 (20) 14 (17) 51 (20) 23 (18)
Previous taxane use — no. (%) 106 (65) 52 (63) 170 (66) 84 (64)

Docetaxel only 74 (46) 32 (39) 115 (45) 58 (44)

Cabazitaxel only 2(1) 0 3(1) 0

Docetaxel and cabazitaxel 29 (18) 20 (24) 51 (20) 26 (20)

Paclitaxel only 1 (<1) 0 1(<1) 0

s

« Cohort A included patients with at least one alteration in BRCA1, BRCA2, or ATM. Cohort B included patient with
alterations in any of 12 other prespecified genes: BRIP1, BARD1, CDK12, CHEK1, CHEK2, FANCL, PALB2, PPP2R2A,
RAD51B, RAD51C, RAD51D, and RAD54L. In both cohorts, patients in the control group received the physician’s
choice of enzalutamide or abiraterone. ECOG denotes Eastern Cooperative Oncology Group, IQR interquartile range,
NA not applicable, and PSA prostate-specific antigen.

i In general, scores on the Gleason scale range from 6 to 10, with higher scores indicating a worse prognosis.

I A total of 28 patients (21 in cohort A and 7 in cohort B) had mutations in more than one gene. A total of 4 patients
were incorrectly assigned to cohort B (1 in the olaparib group had an alteration in BRCA2, 1 in the control group had
alterations in BRCA2 and CDK12, and 2 in the olaparib group had alterations in ATM).

§ Data were derived from electronic case-report forms as assessed by the investigator.

9 A total of 13 patients received a new hormonal agent for disease before a diagnosis of metastatic castration-resistant

prostate cancer; all others received a new hormonal agent after the development of metastatic castration-resistant

prostate cancer.
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Figure 1 (facing page). Kaplan—Meier Estimates
of Imaging-Based Progression-free Survival
and Interim Overall Survival.

Panel A shows imaging-based progression-free survival,
as assessed by blinded independent central review, in
patients with at least one alteration in BRCA1, BRCA2,
or ATM (cohort A), who received either olaparib or the
physician’s choice of enzalutamide or abiraterone (con-
trol group); Panel B shows interim overall survival in
the same cohort. For patients with censored data in co-
hort A, the median duration of follow-up for imaging-
based progression-free survival was 7.5 months in the
olaparib group and 5.4 months in the control group; the
median duration of follow-up for overall survival was
12.6 months and 13.2 months, respectively. Panel C
shows imaging-based progression-free survival in co-
horts A and B (overall population); patients in cohort B
had alterations in any of 12 other prespecified genes.
For patients with censored data in the overall popula-
tion, the median duration of follow-up for imaging-
based progression-free survival was 7.4 months in the
olaparib group and 5.5 months in the control group.
Overall, at the time of the analysis of imaging-based
progression-free survival by blinded independent cen-
tral review, 10 patients (4%) in the olaparib group and 8
(6%) in the control group had withdrawn consent, and
their data were censored. (For interim overall survival in
the overall population, see Fig. S3.)

months vs. 3.5 months; hazard ratio, 0.49; 95%
CI, 0.38 to 0.63; P<0.001) (Fig. 1C). This finding
was supported by sensitivity analysis by investi-
gator assessment (Table S4). Exploratory find-
ings with respect to imaging-based progression-
free survival for individual genes are reported in
Figure 2B, with additional details in the Supple-
mentary Appendix.

Among patients who could be evaluated, the
confirmed objective response rate was 22% (30
of 138 patients) in the olaparib group and 4% (3
of 67 patients) in the control group (odds ratio,
5.93; 95% CI, 2.01 to 25.40). After 6 months,
85% of the patients in the olaparib group were
free of pain progression, as compared with 75%
in the control group (Fig. 3B). The median over-
all survival at interim analysis (data maturity,
41%) was 17.5 months in the olaparib group and
14.3 months in the control group (hazard ratio
for death, 0.67; 95% CI, 0.49 to 0.93) (Fig. S3).
Among patients in the control group with inde-
pendent review—confirmed imaging-based pro-
gression, 82% crossed over to olaparib treatment.

Among patients who could be evaluated, a
PSA, response was confirmed in 30% (73 of 243)
in the olaparib group and 10% (12 of 123) in the
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control group. Among patients who could be
evaluated, 27% (41 of 153) in the olaparib group
and 10% (7 of 68) in the control group had con-
version of circulating tumor cells. Results of ex-
ploratory analyses of efficacy in genomic sub-
groups and in patients with genes other than
BRCA1, BRCA2, or ATM are provided in the Sup-
plementary Appendix.

SAFETY

The median total duration of assigned treatment
for patients in the overall population (cohorts A
and B) was 7.4 months (range, 0 to 22.7) in the
olaparib group and 3.9 months (range, 0.6 to
19.5) in the control group. The incidence of ad-
verse events of grade 3 or higher — irrespective
of attribution, dose modification, and treatment
discontinuation owing to adverse events — was
higher with olaparib than with the control treat-
ment (Table 2). The most common adverse events
of any grade were anemia, nausea, and fatigue
or asthenia with olaparib and fatigue or asthenia
with the control treatment. A total of 11 cases of
pulmonary embolism (4% of patients) were re-
ported in the olaparib group, as compared with
1 (1%) in the control group; none were fatal. No
reports of myelodysplastic syndromes or acute
myeloid leukemia were noted. Three patients
reported new primary cancers: 1 in the olaparib
group (glioma) and 2 in the control group (gas-
tric cancer and transitional-cell carcinoma). One
death in each group was considered by the inves-
tigators to be related to trial treatment. (For
more details on safety, see the Supplementary
Appendix.)

DISCUSSION

Our findings validate phase 1 and 2 data on the
antitumor activity of olaparib in metastatic cas-
tration-resistant prostate cancer.!*'>%22 Imag-
ing-based progression-free survival was signifi-
cantly longer in the olaparib group than in the
control group among patients with at least one
alteration in BRCA1, BRCA2, or ATM (cohort A),
with a 66% lower risk of disease progression or
death. Prespecified subgroup analyses of base-
line demographic, disease, and clinical charac-
teristics showed a consistency of treatment ef-
fect in favor of olaparib over the control
treatment. Among patients with at least one al-
teration in BRCA1, BRCA2, or ATM, an interim
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OLAPARIB FOR METASTATIC PROSTATE CANCER

A Cohort A

Probability of No Progression of Pain

© Control

Hazard ratio for pain progression, 0.44
0.00 T T T T T T T T T T T T T T T T T T T T T T T 1
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Months since Randomization
No. at Risk
Olaparib 162 109 94 91 82 77 73 69 58 50 41 31 26 21 19 12 12 6 4 0 0 O O
Control 8 46 35 29 22 17 13 12 8 6 4 3 3 3 3 1 1 1 1 1 0 0 O
B Cohorts Aand B
c  1.00¢ Value at 6 mo
‘©
o 0.85
3-6 0.90 )
S 0380
[~} .
'g 0.704 © Olaparib
& 0.60-
<
a  0.50+ © © © Control
2 040
s 0.30
F
ZF 020+
-§ 0.104 Hazard ratio for pain progression, 0.64
a 0‘00 T T T T T T T T T T T T T T T T T T T T T T T 1
o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
Months since Randomization
No. at Risk
Olaparib 256 172 147 136 123 114 106 99 76 66 47 35 29 23 21 14 14 7 5 1 1 0
Control 131 76 60 52 33 25 19 16 10 8 4 3 3 3 3 1 1 1 1 1 0 O

Figure 3. Time to Pain Progression.

Shown is the probability that patients had no progression of pain during treatment with olaparib or the control drug
in cohort A (Panel A) and in cohorts A and B (Panel B). In this analysis, death was not considered as a competing
risk. Time to pain progression was based on the worst-pain score (item 3) on the Brief Pain Inventory—Short Form

and on opioid use.

analysis of overall survival (secondary end point)
showed a benefit for olaparib that was not sig-
nificant. The survival benefit may have been
obscured by the more than 80% crossover to
olaparib among the patients in the control group
whose disease had progressed. In addition to the
imaging findings, the delay in pain progression
in the olaparib group showed a direct patient
benefit for olaparib as compared with the con-
trol treatment among patients with at least one
alteration in BRCA1, BRCA2, or ATM.

Olaparib was also associated with a signifi-
cantly longer duration of imaging-based pro-

N ENGL J MED

gression-free survival than the control treatment
in the overall population (patients with an al-
teration in any of the 15 prespecified genes),
although this finding may also reflect the ben-
efit seen in a subgroup of patients including the
population with BRCA1 or BRCA2 alterations.
This treatment benefit was supported by find-
ings on overall survival and other clinical end
points in this broader population.

Our results in this randomized trial are broad-
ly consistent with preliminary observations in a
small number of patients receiving rucaparib*® or
niraparib™ monotherapy in similar study popu-
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Table 2. Adverse Events in the Overall Population (Cohorts A and B).*

Event

Adverse event

Any

Anemiaf

Nausea

Fatigue or asthenia

Decreased appetite

Diarrhea

Vomiting

Constipation

Back pain

Peripheral edema

Cough

Dyspnea

Arthralgia

Urinary tract infection
Interruption of intervention due to adverse event
Dose reduction due to adverse event
Discontinuation of intervention due to adverse event

Death due to adverse event

All Grades Grade =3

Olaparib (N=256) Control (N=130)
All Grades Grade =3

number (percent)

244 (95) 130 (51) 114 (88) 49 (38)
119 (46) 55 (21) 20 (15) 7 (5)
106 (41) 3 (1) 25 (19) 0
105 (41) 7(3) 42 (32) 7 (5)
77 (30) 3(1) 23 (18) 1(<1)
54 (21) 2 (<1) 9(7) 0
47 (18) 6 (2) 16 (12) 1(<1)
45 (18) 0 19 (15) 0
35 (14) 2 (<1) 15 (12) 2(2)
32 (12) 10 (8) 0
28 (11) 0 3(2) 0
26 (10) 6(2) 4(3) 0
24 (9) 1(<1) 14 (11) 0
18 (7) 4(2) 15 (12) 5 (4)
115 (45) NA 24 (18) NA
57 (22) NA 5 (4) NA
46 (18) NA 11 (8) NA
10 (4) NA 5 (4) NA

* The table shows adverse events of any grade (=10% of patients in either group) with corresponding adverse events of
grade 3 or higher according to the Common Terminology Criteria for Adverse Events and irrespective of attribution,
dose modifications owing to adverse events, and dose discontinuations owing to adverse events.

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

anemia. Anemia was reported in 46% of the patients, and a

decreased hemoglobin level was reported in less than 1%.

lations. The TOPARP-A and -B studies showed
that tumors with BRCA1 or BRCA2 alterations
were more sensitive to olaparib monotherapy
than tumors harboring any of the other homolo-
gous recombination repair-related genes studied.”
Gene-level analyses in our trial are complex, and
comparisons may be confounded by multiple
considerations including sample size and treat-
ment history; however, exploratory analyses sug-
gest that patients with BRCA1 or BRCA2 altera-
tions derived the most benefit. It is important
that olaparib showed activity in patients with
alterations in other prespecified genes with a
direct or indirect role in homologous recombina-
tion repair; detailed analyses are ongoing.

Drug administration was nearly twice as long
in the olaparib group as in the control group,

N ENGL J MED

The New England Journal

Copyright © 2020 Massachusetts Medical

which may have contributed to the higher inci-
dence of certain adverse events (e.g., peripheral
edema, back pain, and constipation) in the
olaparib group. The safety profile of olaparib was
similar to that described in other monotherapy
studies.’®'® Pulmonary embolism is not a recog-
nized complication of olaparib treatment, and the
clinical significance of the occurrence of these
cases is difficult to interpret.

The physician’s choice of either enzalutamide
or abiraterone was selected as the comparator
because switching between these agents does
occur in practice, despite the lack of randomized
evidence to support this approach.? Appropriate
sequencing of the new hormonal agents is not
defined, and the antitumor activity that has been
reported in prospective and retrospective studies

NEJM.ORG
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has varied.?% Our trial included both patients
who had not previously received chemotherapy
and those who had, with nearly two thirds having
previously received taxane therapy. Efficacy in
cohort A and in the overall population was seen
regardless of whether olaparib monotherapy was
administered before chemotherapy or after che-

an alteration in any of the 15 prespecified genes
with a direct or indirect role in homologous re-
combination repair. The most frequent adverse
events with olaparib were anemia and nausea, as
previously noted with the drug.'**®

Supported by AstraZeneca and Merck Sharp & Dohme (a sub-

sidiary of Merck).
Disclosure forms provided by the authors are available with

motherapy. ms pr
I ith . . . the full text of this article at NEJM.org.
n men with metastatic castration-resistant A data sharing statement provided by the authors is available

prostate cancer who had BRCA1, BRCA2, or ATM with the full text of this article at NEJM.org.
mutations and who had disease progression We thank the patients who participated in the PROfound trial,

hil .. h 1 1 ib their families and caregivers, and our coinvestigators; Allison
while receiving a new hormonal agent, olapari Allen, Ph.D., of Global Medicines Development at AstraZeneca

led to a significantly longer imaging-based pro- for her role as the trial medical scientist; Claire Corcoran, Ph.D.,
gression_free survival than the physician’s choice and Caroline Sibilla, Ph.D., of Precision Medicine, AstraZeneca,

£ 1 id bi Ab fi for their contributions in enabling delivery of diagnostic test
of enzalutamide or abiraterone. enefit was results in the trial; and Debbi Gorman, Ph.D., of Mudskipper
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