
E U R O P E A N U R O L O G Y x x x ( x x x x ) x x x – x x x
avai lable at www.sciencedirect .com

journal homepage: www.europeanurology.com
Prostate Cancer

Rucaparib for the Treatment of Metastatic Castration-resistant
Prostate Cancer Associated with a DNA Damage Repair Gene
Alteration: Final Results from the Phase 2 TRITON2 Study
Wassim Abida a,*, David Campbell b, Akash Patnaik c, Alan H. Bryce d, Jeremy Shapiro e,

Richard M. Bambury f, Jingsong Zhang g, John M. Burke h, Daniel Castellano i, Albert Font j,

Vinod Ganju k, Anne-Claire Hardy-Bessard l, Ray McDermottm, Brieuc Sautois n, Dominique Spaeth o,

Eric Voog p, Josep M. Piulats q, Elias Pintus r, Charles J. Ryan s, Axel S. Merseburger t,

Gedske Daugaard u, Axel Heidenreich v,w, Karim Fizazi x, Andrea Loehr y, Darrin Despain y,

Andrew D. Simmons y, Melanie Dowson z, Jowell Go y, Simon P. Watkins z, Simon Chowdhury r

aGenitourinary Oncology Service, Memorial Sloan Kettering Cancer Center, New York, NY, USA; bBarwon Health, University Hospital Geelong, Geelong,
Victoria, Australia; cUniversity of Chicago Comprehensive Cancer Center, Chicago, IL, USA; dMayo Clinic, Phoenix, AZ, USA; eCabrini Hospital, Malvern, Victoria,
Australia; fCork University Hospital, Wilton, Cork, Ireland; gH. Lee Moffitt Cancer Center, Tampa, FL, USA; hRocky Mountain Cancer Centers and US Oncology
Research, Denver, CO, USA; iUniversity Hospital 12 de Octubre, Madrid, Spain; j Institut Català d’Oncologia, Hospital Universitari Germans Trias i Pujol,
Badalona, Spain; kHudson Institute of Medical Research, Clayton, Victoria, Australia; lCARIO HPCA, Plérin, France; mAdelaide and Meath Hospital
(Incorporating the National Children’s Hospital), Dublin, Ireland; nMedical Oncology, University Hospital of Liège, CHU Sart Tilman, Liège, Belgium; oCentre
d’Oncologie de Gentilly, Nancy, France; pClinique Victor Hugo Centre Jean Bernard, Le Mans, France; q Institut Català d’Oncologia, Barcelona, Spain; rGuy’s & St
Thomas’ NHS Foundation Trust Hospital, London, UK; sUniversity of Minnesota, Minneapolis, MN, USA; tUniversity Lübeck, University Hospital Schleswig-
Holstein, Lübeck, Germany; uCopenhagen University Hospital, Rigshospitalet, Copenhagen, Denmark; vUniversitätsklinikum Köln, Cologne, Germany;
wDepartment of Urology, Medical University Vienna, Vienna, Austria; x Institut Gustave Roussy, University of Paris Saclay, Villejuif Cedex, France; yClovis
Oncology, Inc., Boulder, CO, USA; zClovis Oncology UK, Ltd., Cambridge, UK
Article info

Article history:
Accepted May 17, 2023

Associate Editor:
Todd M. Morgan

Statistical Editor:
Andrew Vickers

Keywords:
Poly(ADP-ribose) polymerase
inhibitor
Metastatic castration-resistant
https://doi.org/10.1016/j.eururo.2023.05.021
0302-2838/Crown Copyright � 2023 Published b

Please cite this article as: W. Abida, D. Campbell,
ciated with a DNA Damage Repair Gene Altera
eururo.2023.05.021
Abstract

Background: Initial TRITON2 (NCT02952534) results demonstrated the efficacy of ruca-
parib 600 mg BID in patients with metastatic castration-resistant prostate cancer
(mCRPC) associated with a BRCA1 or BRCA2 (BRCA) or other DNA damage repair (DDR)
gene alteration.
Objective: To present the final data from TRITON2.
Design, setting, and participants: TRITON2 enrolled patients with mCRPC who had pro-
gressed on one or two lines of next-generation androgen receptor–directed therapy
and one taxane-based chemotherapy.
Outcome measurements and statistical analysis: The primary endpoint was objective
response rate (ORR; as per the modified Response Evaluation Criteria in Solid Tumor
Version 1.1/Prostate Cancer Clinical TrialsWorking Group 3 criteria in patients withmea-
surable disease by independent radiology review [IRR]); prostate-specific antigen (PSA)
response rate (�50% decrease from baseline [PSA50]) was a key secondary endpoint.
y Elsevier B.V. on behalf of European Association of Urology. All rights reserved.
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Results and limitations: As of July 27, 2021 (study closure), TRITON2 had enrolled 277
patients, grouped by mutated gene: BRCA (n = 172), ATM (n = 59), CDK12 (n = 15),
CHEK2 (n = 7), PALB2 (n = 11), or other DDR gene (Other; n = 13). ORR by IRR was 46%
(37/81) in the BRCA subgroup (95% confidence interval [CI], 35–57%), 100% (4/4) in
the PALB2 subgroup (95% CI, 40–100%), and 25% (3/12) in the Other subgroup (95% CI,
5.5–57%). No patients within the ATM, CDK12, or CHEK2 subgroups had an objective
response by IRR. PSA50 response rates (95% CI) in the BRCA, PALB2, ATM, CDK12,
CHEK2, and Other subgroups were 53% (46–61%), 55% (23–83%), 3.4% (0.4–12), 6.7%
(0.2–32%), 14% (0.4–58%), and 23% (5.0–54%), respectively.
Conclusions: The final TRITON2 results confirm the clinical benefit and manageable
safety profile of rucaparib in patients with mCRPC, including those with an alteration
in BRCA or select non-BRCA DDR gene.
Patient summary: Almost half of TRITON2 patients with BRCA-mutated metastatic
castration-resistant prostate cancer had a complete or partial tumor size reduction with
rucaparib; clinical benefits were also observed with other DNA damage repair gene
alterations.
Crown Copyright � 2023 Published by Elsevier B.V. on behalf of European Association of

Urology. All rights reserved.
1. Introduction

Inhibition of poly(ADP-ribose) polymerase (PARP) proteins
has emerged as an attractive treatment strategy for patients
with metastatic castration-resistant prostate cancer
(mCRPC) associated with a DNA damage repair (DDR) gene
defect [1–3]. The PARP inhibitor rucaparib received acceler-
ated approval from the US Food and Drug Administration
for the treatment of patients with BRCA1 or BRCA2 (BRCA)
mutation-associated mCRPC who were previously treated
with androgen receptor–directed therapy and taxane-
based chemotherapy [2,4].

This approval was based on the initial results from the
TRITON2 open-label, international, phase 2 study investi-
gating rucaparib in patients with mCRPC associated with
DDR deficiency [2,4]. Rucaparib demonstrated meaningful
activity in patients with a BRCA alteration, with an objective
response rate (ORR) of 44% (95% confidence interval [CI],
31–57%; 27/62 patients) assessed by independent radiology
review (IRR), and a prostate-specific antigen (PSA) response
rate of 55% (95% CI, 45–64%; 63/115 patients) [2]. Among
TRITON2 patients with a non-BRCA DDR gene alteration
(n = 78), tumor responses were observed in patients with
a FANCA, PALB2, BRIP1, or RAD51B gene alteration [5]. Here,
we present the final data from the TRITON2 study of
patients with mCRPC associated with a deleterious alter-
ation in BRCA or other DDR gene.
2. Patients and methods

2.1. Study design

TRITON2 (ClinicalTrials.gov identifier: NCT02952534) was an interna-

tional, open-label, phase 2 study evaluating rucaparib in patients with

mCRPC associated with DDR deficiency. Enrollment criteria have previ-

ously been reported [2] and are included in the Supplementary material.

This study was approved by local or national review boards and was

performed in accordance with the Declaration of Helsinki and Good Clin-

ical Practice guidelines of the International Council for Harmonization.

All patients provided written informed consent.
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2.2. Procedures

Patients had a deleterious germline or somatic alteration in one or more

genes: BRCA1, BRCA2, ATM, CDK12, CHEK2, PALB2, or other DDR genes

(FANCA, BARD1, BRIP1, NBN, RAD51, RAD51B, RAD51C, RAD51D, or RAD54L

[Other]), which was determined by central tissue or plasma testing by

Foundation Medicine, Inc. [6,7] or through local testing. Designated

germline testing was performed by Color Health, Inc. [8,9].

Patients initiated treatment with 600 mg oral rucaparib twice daily.

Additional procedural details have been reported previously [2] and are

included in the Supplementary material.
2.3. Patient populations

Patients were grouped by mutated gene: BRCA, ATM, CDK12, CHEK2,

PALB2, or Other. Patients with co-occurring DDR gene alterations were

allocated into a subgroup as per the hierarchy above. Zygosity was eval-

uated only in patients whose tissue was tested and had sufficiently high

quality. The PSA response rate was assessed in all evaluable patients

(overall efficacy population), and ORR was assessed in the subset of

patients who had measurable disease at baseline as per the blinded cen-

tral IRR assessment (IRR-evaluable population). Efficacy evaluations

based on parameters assessed by IRR were undertaken in patients with

IRR-evaluable disease only. Efficacy evaluations based on investigator

assessment were undertaken in all randomized patients. The safety pop-

ulation included all patients who received one or more doses of ruca-

parib 600 mg.

This study is complete, and the analyses presented herein are based

on the data collected as of the study closure on July 27, 2021. IRR-

assessed radiographic progression-free survival (rPFS) events occurred

in 55% of patients; overall survival (OS) events occurred in 66%.
2.4. Outcomes

The primary endpoint for patients with measurable disease was con-

firmed ORR by IRR (complete or partial response) as per the modified

Response Evaluation Criteria in Solid Tumors version 1.1/Prostate Cancer

Working Group Guidelines version 3 criteria in the IRR-evaluable popu-

lation. Patients without measurable disease were assessed for a con-

firmed PSA response (�50% decrease from baseline confirmed by a

consecutive measurement �3 wk later [PSA50]), which was measured

in the overall efficacy population.
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The secondary efficacy endpoints in the overall efficacy population

included a confirmed PSA response rate of �90% decrease (PSA90), time

to PSA progression, clinical benefit rate, and OS; the IRR-evaluable pop-

ulation endpoints included rPFS, duration of radiographic response

(DOR), and safety. The definitions of secondary endpoints are included

in the Supplementary material.

Exploratory endpoints included an examination of ORR and PSA

response rates in patients with BRCA alterations with co-occurring alter-

ations in TP53, PTEN, or RB1.

2.5. Statistical analysis

Confirmed ORR and PSA responses were summarized descriptively with

frequencies and 95% CIs (Clopper-Pearson). Time-to-event variables

were summarized using the Kaplan-Meier methodology. Statistical anal-

yses were performed using SAS version 9.4 (SAS Institute, Cary, NC, USA).
3. Results

3.1. Patients and genomic characteristics

A total of 277 patients were enrolled in the TRITON2 study,
with 187 selected based on eligible alterations detected
from central screening of tissue and/or plasma samples.
Additionally, 90 patients were enrolled based on the results
from local genomic testing. Of enrolled patients, 133 were
IRR evaluable for ORR, and rPFS, and all 277 were evaluable
for PSA response, clinical benefit rate, OS, and safety (Fig. 1).
Baseline characteristics are shown in Supplementary Table 1
for the BRCA (n = 172), ATM (n = 59), CDK12 (n = 15), CHEK2
(n = 7), PALB2 (n = 11), and Other (n = 13) subgroups. The
Other subgroup included patients with an alteration in
BARD1 (n = 1), FANCA (n = 5), NBN (n = 3), RAD51 (n = 1),
RAD51B (n = 1), and BRIP1 (n = 2).

This patient population was heavily pretreated, with 136
(49%) patients having received three or more prior CRPC
therapies. The median long-term follow-ups obtained using
the reverse Kaplan-Meier method for patients in the BRCA
and non-BRCA groups were 23.7 and 25.8 mo, respectively.
Patients screened
(n = 2231)

Overall efficacy population (n = 277)
• BRCA (n = 172)
• ATM (n = 59)
• CDK12 (n = 15)
• CHEK2 (n = 7) 
• PALB2 (n = 11)
• Other DDR gene (n = 13)

Safety population
Enrolled/treateda

(n = 277)

IRR-evaluable pop
• BRCA (n = 81)
• ATM (n = 23)
• CDK12 (n = 9)
• CHEK2 (n = 4) 
• PALB2 (n = 4)
• Other DDR gene 

Fig. 1 – Patient flow diagram. DDR = DNA damage repair; IRR = independent r
alterations detected from central screening of tissue and/or plasma samples; 90
study closed on July 27, 2021; 23 patients continued to receive rucaparib outside
gene [n = 3]).
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3.2. Efficacy

3.2.1. BRCA subgroup
A confirmed objective response was observed in 37/81
(46%; 95% CI, 35–57%) patients with IRR-evaluable disease
associated with a BRCA alteration (Table 1 and Fig. 2).
Among patients in this subgroup, 67% demonstrated a sin-
gle best reduction in the sum of target lesions of �30% from
baseline (Fig. 3A). The DOR by IRR was 15.5 mo (95% CI, 6.4–
not reached [NR]), although heavily censored (Supplemen-
tary Fig. 1A). DOR by investigator and median rPFS by IRR
in the BRCA subgroup are presented in Supplementary Fig-
ure 1B and Figure 4A. PSA50, best PSA reduction �50% from
baseline, clinical benefit rate, PSA90 response, time to PSA
progression, and median OS are presented in Table 1; Fig-
ures 2, 3B, and 4B; Supplementary Table 2; and Supplemen-
tary Figure 2. For time-to-event analyses, median follow up
time for patients without the event is provided in Supple-
mentary Table 3.

Zygosity was available in 31/81 (38%) patients with a
BRCA alteration and measurable disease. Responses are as
follows: 14/25 (56%) in patients with biallelic alterations,
2/6 (33%) in those with monoallelic alterations, and 21/50
(42%) in those with unknown zygosity. The biallelic popula-
tion was heavily skewed by patients with homozygous
deletions (11/14 responders).

The confirmed ORR as per the IRR was 48% among
patients with a BRCA2 alteration and 30% among those with
a BRCA1 alteration (Fig. 2). ORR was similar between
patients with a germline or somatic BRCA alteration and
between those with or without co-occurring TP53, PTEN,
or RB1 alterations, except that ORR was numerically lower
for patients in the BRCA subgroup with a co-occurring RB1
alteration (3/13, 23%, 95% CI 5.0–54, Fig. 2). PSA50 response
rates were 59% for patients with a BRCA2 alteration and 18%
for those with a BRCA1 alteration (Fig. 2); however, we did
not observe a difference in response rates among patients
with co-occurring mutations in TP53, RB1, or PTEN.
ulation (n = 133)

(n = 12)

Did not meet eligibility criteria (n = 1954)
• No DDR gene alteration (n = 1816)
• Inadequate organ function (n = 48)
• Presence of contraindicated condition (n = 24)
• Other reason (n = 66)

adiology review. a A total of 187 patients were enrolled based on eligible
patients were enrolled based on the results from local genomic testing. The
of the study after study closure (BRCA [n = 19], CHEK2 [n = 1], and other DDR

or the Treatment of Metastatic Castration-resistant Prostate Cancer Asso-
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Table 1 – Confirmed ORR and PSA50 response by gene in the IRR-evaluable population

BRCA
(n = 81)

PALB2
(n = 4)

ATM
(n = 23)

CDK12
(n = 9)

CHEK2
(n = 4)

Other
(n = 12)

Confirmed ORR as per IRR a,
n (%; 95% CI)

37 (46; 35–57) 4 (100; 40–100) 0 (0; 0–15) 0 (0; 0–34) 0 (0; 0–60) 3 (25; 5.5–57)

Best overall confirmed response, n (%)
CR 8 (9.9) 0 0 0 0 2 (17) b

PR 29 (36) 4 (100) 0 0 0 1 (8.3) c

SD 34 (42) 0 17 (74) 6 (67) 3 (75) 6 (50)
PD 8 (9.9) 0 5 (22) 2 (22) 1 (25) 2 (17)
NE 2 (2.5) 0 1 (4.3) 1 (11) 0 1 (8.3)

PSA50 response rate in the overall
efficacy population, n/N (%; 95% CI)

92/172
(53; 46–61)

6/11
(55; 23–83)

2/59
(3.4; 0.4–12)

1/15
(6.7; 0.2–32)

1/7
(14; 0.4–58)

3/13
(23; 5.0–54)

BRCA = BRCA1, or BRCA2; CI = confidence interval; CR = complete response; IRR = independent radiology review; NE = not evaluable; ORR = objective response
rate; PCWG3 = Prostate Cancer Working Group Guidelines version 3; PD = progressive disease; PR = partial response; PSA50 = confirmed prostate-specific
antigen response of �50% decrease from baseline; RECIST = Response Evaluation Criteria in Solid Tumors version 1.1; SD = stable disease.
a AS per the modified RECIST/PCWG3 criteria.
b One patient with a FANCA alteration and one with a BRIP1 alteration (subsequently found to have a co-occurring homozygous BRCA2 deletion).
c The patient had a RAD51B alteration.

PSA50 response rate in
overall efficacy population,

n/N (%) [95% CI]

ORR in IRR-evaluable
population,

n/N (%) [95% CI]

BRCA-mutated
Subgroups within BRCA

Gene
BRCA1
BRCA2

Germline/somatic status
Germline
Somatic

TP53mut

TP53wt

PTENmut

PTENwt

RB1mut

RB1wt

Non-BRCA gene
PALB2
FANCA

37/81 (46) [35–57]

3/10 (30) [6.7–65]
34/71 (48) [36–60]

15/33 (45) [28–64]
22/48 (46) [31–61]

10/29 (34) [18–54]
26/51 (51) [37–65]

11/27 (41) [22–61]
25/52 (48) [34–62]

3/13 (23) [5.0–54]
33/66 (50) [37–63]

4/4 (100) [40–100]
1/4 (25) [0.6–81]

92/172 (53) [46–61]

4/22 (18) [5.2–40]
88/150 (59) [50–67]

41/70 (59) [46–70]
49/99 (49) [39–60]

33/65 (51) [38–63]
57/103 (55) [45–65]

24/50 (48) [34–63]
66/117 (56) [47–66]

13/20 (65) [41–85]
77/147 (52) [44–61]

6/11 (55) [23–83]
1/5 (20) [0.5–72]

ORR in IRR-evaluable
population (95% CI)

0 20 40 60 80 100 0 20 40 60 80 100
PSA50 response rate in

overall efficacy population (95% CI)

Fig. 2 – FOREST PLOTS OF ORR AND PSA50 RESPONSE RATE BY SUBGROUP. The vertical dotted line corresponds to the ORR or PSA50 response in the BRCA-
mutated group. CI = confidence interval; IRR = independent radiology review; ORR = objective response rate; PSA50 = prostate-specific antigen ≥50% decrease
from baseline.
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3.2.2. Patients with PALB2, ATM, CDK12, CHEK2, or other DDR
gene alterations
All four patients with measurable disease by IRR and a
PALB2 alteration had a confirmed objective response
(100%, 95% CI 40–100%; Table 1 and Fig. 2), with a median
DOR of 10.1 mo (95% CI, NR–NR; Supplementary Fig. 1). Of
11 patients with a PALB2 alteration, six (55%; 95% CI, 23–
83%) had a PSA50 response (Table 1 and Fig. 2); PSA90
response rates, median rPFS, OS, clinical benefit rate, and
time to PSA progression are presented in Figure 4A, Supple-
mentary Table 2, and Supplementary Figure 2.
Please cite this article as: W. Abida, D. Campbell, A. Patnaik et al., Rucaparib f
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For the 11 patients with PALB2 alterations, zygosity
could be determined only for three patients, two of whom
responded (one with a monoallelic and one with a biallelic
alteration).

Among patients with IRR-evaluable disease in the Other
subgroup, a confirmed objective response was observed in
3/12 (25%) patients (95% CI, 5.5–57%). The three patients
had alterations in FANCA, RAD51B, and BRIP1 (Table 1 and
Fig. 3A), although the responder with a BRIP1 alteration
was later found to have had a co-occurring homozygous
BRCA2 deletion at the time of enrollment. No patients
or the Treatment of Metastatic Castration-resistant Prostate Cancer Asso-
e Phase 2 TRITON2 Study, Eur Urol (2023), https://doi.org/10.1016/j.
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Fig. 3 – Best change from baseline in (A) sum of target lesion(s) in the IRR-evaluable population and (B) PSA in the overall efficacy population. In Figure 3A, the
upper dotted line indicates the threshold for progressive disease, a 20% increase in the sum of the longest diameter of the target lesions; the lower dotted line
indicates the threshold for partial response, a 30% decrease in the sum of the longest diameter of the target lesions. In Figure 3B), the upper dotted line
indicates the threshold for PSA progression, a 25% increase from baseline (accompanied by an absolute increase of ≥2 ng/ml above the nadir); the lower dotted
line indicates the threshold for PSA response, a 50% decrease from baseline. Bars were capped at 100% for visual clarity. PSA increases for the 15 leftmost
patients were 689%, 373%, 319%, 231%, 220%, 183%, 146%, 142%, 133%, 132%, 126%, 125%, 109%, 106%, and 101%. In both panels, patients with 0% change from
baseline are shown as 0.5% for visual clarity. IRR = independent radiology review; PSA50 = prostate-specific antigen ≥50% decrease from baseline.
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within the ATM, CDK12, or CHEK2 subgroups had an objec-
tive response by IRR (Table 1 and Fig. 3A).

A PSA50 response was observed in 2/59 (3.4%) patients in
the ATM subgroup (95% CI, 0.4–12%), 1/15 (6.7%) patients in
Please cite this article as: W. Abida, D. Campbell, A. Patnaik et al., Rucaparib f
ciated with a DNA Damage Repair Gene Alteration: Final Results from th
eururo.2023.05.021
the CDK12 subgroup (95% CI, 0.2–32%), 1/7 (14%) patients in
the CHEK2 subgroup (95% CI, 0.4–58%), and 3/13 (23%)
patients in the Other subgroup (95% CI, 5.0–54%; Table 1
and Fig. 3B). The PSA90 response rates were 14% and 23%
or the Treatment of Metastatic Castration-resistant Prostate Cancer Asso-
e Phase 2 TRITON2 Study, Eur Urol (2023), https://doi.org/10.1016/j.
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in the CHEK2 and Other subgroups, respectively; a PSA90
response was not observed in the ATM or CDK12 subgroup
(Supplementary Table 2). The median time to PSA progres-
sion ranged from 3.1 to 7.5 mo across the PALB2, ATM,
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CDK12, CHEK2, and Other subgroups (Supplementary
Fig. 2), and the clinical benefit rate ranged from 13% to
82% at 6 mo and from 0% to 27% at 12 mo across these sub-
groups (Supplementary Table 2).
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Table 2 – Most commonly reported TEAEs in the safety population

TEAEs, n (%) Overall safety
population (N = 277)

Any grade Grade �3

Number of patients with �1 TEAE 274 (99) 178 (64)
Asthenia or fatigue 164 (59) 31 (11)
Nausea 140 (51) 7 (2.5)
Anemia or decreased hemoglobin 133 (48) 80 (29)
Decreased appetite 96 (35) 5 (1.8)
ALT or AST increased 82 (30) 16 (5.8)
Constipation 76 (27) 2 (0.72)
Vomiting 70 (25) 5 (1.8)
Diarrhea 66 (24) 3 (1.1)
Rash 64 (23) 4 (1.4)
Thrombocytopenia or decreased platelet count 61 (22) 22 (7.9)

ALT = alanine aminotransferase; AST = aspartate aminotransferase;
TEAE = treatment-emergent adverse event.
MedDRA preferred terms are combined for the following adverse events:
asthenia or fatigue, anemia or decreased hemoglobin, ALT or AST
increased, rash, and thrombocytopenia or decreased platelet count.
Any-grade TEAEs were reported in �20% of patients, as well as corre-
sponding grade ��3 TEAEs.
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Among patients in the non-BRCA subgroups, the median
rPFS by IRR ranged from 5.1 to 13.6 mo (Fig. 4A), and the
median OS ranged from 10.5 to 17.7 mo (Fig. 4B).
3.3. Safety

The safety population included 277 patients who received
one or more doses of rucaparib. The median treatment
duration was 7.1 mo (interquartile range, 3.6–11.2) for all
patients and 8.2 mo (interquartile range, 5.0–12.0) in the
BRCA subgroup. Most patients (98.9%) experienced any-
grade treatment-emergent adverse events (TEAEs), with
178 patients (64%) reporting grade �3 TEAEs. The most
common any-grade TEAEs were asthenia/fatigue (59%),
nausea (51%), and anemia/decreased hemoglobin (48%;
Table 2). The most common grade �3 TEAEs were anemia/
decreased hemoglobin (29%) and asthenia/fatigue (11%).
TEAEs led to treatment interruption in 160 (58%) patients,
dose reduction in 106 (38%) patients, and treatment discon-
tinuation in 32 (12%) patients. The most common TEAEs
leading to treatment discontinuation were decreased ane-
mia/hemoglobin (3%) and asthenia/fatigue (2%).

Excluding disease progression, the following TEAEs led to
death in seven (3%) patients (n = 1 each): acute respiratory
distress syndrome, cerebral hemorrhage, intestinal ische-
mia, lung infection (pneumonia), pneumonia legionella,
pulmonary embolism, and Torsades de Pointes. Of these,
acute respiratory distress syndrome and Torsades de Poin-
tes were considered related to rucaparib by the study inves-
tigator. No myelodysplastic syndrome (MDS) or acute
myeloid leukemia (AML) events were reported during treat-
ment or long-term follow-up. In the safety population, 92
(33%) patients had at least one transfusion and 19 (7%)
patients received concomitant antianemic medications.
4. Discussion

PARP inhibitors are an important targeted treatment option
for patients with mCRPC and certain DDR gene alterations,
as observed in phase 2 (eg, GALAHAD, TALAPRO-1, and TRI-
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TON2) and phase 3 (eg, PROfound, MAGNITUDE, and PRO-
pel) studies [2,5,10–14]. The TRITON2 study investigated
rucaparib treatment in patients with mCRPC and a deleteri-
ous germline or somatic alteration in one of 15 DDR genes.
The final results from TRITON2 shown here confirm the pre-
viously reported interim efficacy and safety profile of ruca-
parib in patients with mCRPC.

Patients with a germline or somatic BRCA alteration
showed improved clinical outcomes with rucaparib, con-
firming the robust benefit demonstrated previously in
patients with a BRCA alteration. BRCA1 and BRCA2 are cen-
tral mediators of homologous recombination repair (HRR),
and deficiencies in this repair pathway result in synthetic
lethality with PARP inhibition [15]. Targeting BRCA-
mutated mCRPC tumors with rucaparib demonstrated
meaningful radiographic and PSA response rates of 46%
(37 of 81) and 53% (92 of 172), respectively, and 6- and
12-mo clinical benefit rates of 58% and 21%, respectively.
Co-occurring alterations in the tumor suppressor genes
TP53, RB1, or PTEN, which are associated with poor progno-
sis in prostate cancer [16–19], did not appear to affect
radiographic and PSA response rates in our study, although
the number of patients with an RB1 alteration was limited.

Notably, patients with a PALB2 alteration had the highest
ORR and PSA response rate, and the longest rPFS, median
time to PSA progression, and OS among all genomic groups
investigated. Maintenance treatment with rucaparib has
also demonstrated activity in patients with pancreatic can-
cer and a germline PALB2mutation [20], and talazoparib has
demonstrated efficacy in patients with advanced breast
cancer and a germline PALB2 mutation [21]. PALB2 acts as
a bridging protein between BRCA1 and BRCA2; thus, these
results are consistent with its central role in HRR. Although
the number of patients in each subgroup was small, this
analysis included the largest group of patients with mCRPC
and PALB2-mutated tumors treated with a PARP inhibitor to
date.

Beyond BRCA and PALB2, radiographic responses were
observed in patients with rare alterations in other DDR
genes, specifically RAD51B [22], FANCA, and BRIP1; however,
we hypothesize that the response in one of two patients
with BRIP1-mutated tumors was likely driven by a co-
occurring homozygous BRCA2 loss identified after
enrollment.

Although two patients in the ATM subgroup had
investigator-assessed partial responses in the interim TRI-
TON2 analysis [5], no objective IRR-assessed responses
were observed in patients with an ATM alteration, including
those with germline alterations or homozygous gene dele-
tions. Similarly, no radiographic responses were observed
in patients with CDK12, CHEK2, BARD1, or NBN alterations;
these genes all play an auxiliary role in HRR. Objective
responses were observed in a small proportion of patients
with ATM or CDK12 mutations in PROfound [23].

These results from TRITON2 align with the results of
other trials of PARP inhibitors in mCRPC. In TRITON2, the
ORRs in patients with a BRCA2 and a BRCA1 mutation were
48% and 30%, respectively. In the phase 3 PROfound study of
olaparib in patients with mCRPC, which included those with
and without prior taxane treatment, the ORR was 56% in
or the Treatment of Metastatic Castration-resistant Prostate Cancer Asso-
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patients with a BRCA2mutation; there were no radiographic
responses in patients with a BRCA1 mutation [23]. In the
phase 2 GALAHAD study, niraparib demonstrated antitumor
activity in BRCA-mutated mCRPC [12], with an ORR by
investigator of 34%. Among patients in the phase 2
TALAPRO-1 [11] study evaluating talazoparib in mCRPC,
the ORR by IRR was 46%.

In a retrospective study of patients with taxane-
refractory mCRPC treated with platinum-based chemother-
apy (one or more cycles of carboplatin or cisplatin as
monotherapy or in combination with a taxane or etopo-
side), a PSA50 response was more likely in patients with a
DDR alteration than in those without [24]. These findings
further highlight the potential of DDR mutation status as a
biomarker for patient selection.

Radiographic responses were not observed in TRITON2
patients with a CHEK2 or BRIP1 alteration; partial responses
were observed in the PALB2 group. In the TALAPRO-1 study,
among patients with a non-BRCA DDR gene alteration, no
responses were observed in the CHEK2 subgroup, while
the ORR in the small PALB2 subgroup was somewhat lower
than that of the BRCA group [11].

The rucaparib safety profile in patients with mCRPC was
consistent with that observed in patients with ovarian can-
cer or other solid tumor types treated with rucaparib
[20,25,26], and in studies of patients with mCRPC who
received other PARP inhibitors; asthenia/fatigue, gastroin-
testinal adverse effects, and myelosuppression were among
the most common TEAEs reported [10,11]. Transient eleva-
tions in liver enzymes and creatinine were reported, consis-
tent with studies of PARP inhibitors in ovarian cancer; these
elevations were not associated with liver or kidney toxicity
[4,23,27–29].

No MDS or AML events were reported in TRITON2, con-
sistent with previous reports of PARP inhibitor treatment
in patients with mCRPC [10,11]. Despite reports of fatal
pneumonitis with other PARP inhibitors [23], interstitial
lung disease has not been identified as a potential risk from
rucaparib treatment across multiple tumor types; alterna-
tive etiologies were identified in the majority of cases, and
most resolved with continued rucaparib treatment or after
dose treatment interruption, with a negative rechallenge.

Strengths of this study are the large number of patients
included in the BRCA and ATM subgroups, and the descrip-
tion of responses in rare subgroups, including PALB2 and
RAD51B, which support the use of PARP inhibition, espe-
cially in patients with a PALB2 alteration. Limitations
include the small sample size of several genomic subgroups,
which limited power to compare outcomes among them,
and the lack of a control arm in this phase 2 study.
5. Conclusions

In conclusion, the final results from TRITON2 demonstrate
the efficacy of rucaparib in patients with BRCA-altered
mCRPC, with signs of activity in patients with less common
alterations such as PALB2. The rucaparib safety profile is
consistent with prior TRITON2 data [2,5]. Primary results
from the open-label, randomized, international, phase 3
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TRITON3 study (NCT02975934) have confirmed the rPFS
benefit of rucaparib versus physician’s choice of therapy in
patients with BRCA1/2-mutated mCRPC in the pretaxane
chemotherapy setting [30].
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