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Abstract

Introduction: DNA damage repair genes are altered in 20-35% of metastatic castration-
resistant prostate cancer (mCRPC]). Poly-ADP (Adénosine Diphosphate]-ribose polymerase
inhibitors (PARPI) showed significant activity for these selected tumors, especially with
homologous recombination repair ([HRR) deficiency. These alterations could also predict
platinum sensitivity. Although carboplatin was inconclusive in unselected mCRPC, the
literature suggests an anti-tumoral activity in mCRPC with HHR gene alterations. We aimed to
assess the efficacy of carboplatin monotherapy in mCRPC patients with HRR deficiency.
Methods: This prospective multicenter single-arm two-stage phase Il addressed mCRPC men with
HRR somatic and/or germline alterations, pretreated with =2 taxane chemotherapy regimens and
one androgen receptor pathway inhibitor. Prior PARPI treatment was allowed. Enrolled patients
received intravenous carboplatin (AUCS5) every 21days for 6-9 cycles. The primary endpoint was
the best response rate according to adapted PCWG3 guidelines: radiological response (RECIST 1.1
criteria) and/or biological response [=50% prostate-specific antigen (PSA) decline].

Results: A total of 15 out of 16 enrolled patients started carboplatin treatment. Genomic
alterations were identified for BRCA2 (n=5), CDK12 (n=3), ATM (n=3) CHEK? (n=2), CHEK1
(n=1), and BRCAT (n=1) genes. Objective response (partial biological response + stable
radiological response) was achieved in one patient (6.7%), carrying a BRCA2 mutation and not
pre-treated with PARPI; stable disease was observed for five patients (33.5%). Among seven
patients (46.7%) with previous PARPI treatment, four patients (57.1%) had a stable disease.
The median progression-free and overall survivals were 1.9 [95% confidence interval (95%
Cl), 1.8-9.5] and 8.6 months (95% Cl, 4.3-19.5], respectively. The most common severe (grade
3-4) treatment-related toxicities were thrombocytopenia (66.7%), anemia (66.7%), and nausea
(60%). Overall, 8 (53.3%) patients experienced a severe hematological event.

Conclusion: The study was prematurely stopped as pre-planned considering the limited
activity of carboplatin monotherapy in heavily pre-treated, HHR-deficient mCRPC patients.
Larger experience is needed in mCRPC with BRCA alterations.

Trial registration: NCT03652493, EudraCT ID number 2017-004764-35.

Keywords: carboplatin, DNA damage repair, homologous recombination repair, phase Il trial,
prostate cancer

Received: 27 June 2023; revised manuscript accepted: 8 January 2024.

Ther Adv Urol
2024, Vol. 16: 1-10

DOI: 10.1177/
17562872241229876

© The Authorl(s), 2024.
Article reuse guidelines:
sagepub.com/journals-
permissions

Correspondence to:
Justine Lequesne
Department of Clinical
Research, Centre Francois
Baclesse, 3 Avenue du
Général Harris, F-14076
CAEN Cedex 05, France
j.lequesnef@baclesse.
unicancer.fr

Elodie Coquan
Pierre-Emmanuel
Brachet

Emeline Meriaux
Department of Medical
Oncology, Centre Francois
Baclesse, Caen, France

Department of Clinical
Research, Centre Francois
Baclesse, Caen, France

Nicolas Penel
Department of Medical
Oncology, Centre Oscar
Lambret, Lille, France

Université de Lille,

CHU Lille, ULR 2694

- Metrics: Evaluation des
technologies de santé et
des pratiques médicales,
Lille, France

Jérémy Boutrois

Marie Castera

Alexandra Leconte
Bénédicte Clarisse
Department of Clinical
Research, Centre Francois
Baclesse, Caen, France

Raphaél Leman

Nicolas Goardon

Genetic and Oncology
Biology Department,
Centre Francois Baclesse,
Caen, France

Inserm U1245, Cancer
Brain and Genome,
Normandie Univ,
UNICAEN, FHU G4
Génomique, Rouen, France

Pernelle Lavaud
Department of Oncology,
Institut Gustave Roussy,
Villejuif, France

journals.sagepub.com/home/tau

@ @ Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative Commons Attribution-NonCommercial 4.0 License
@ (https://creativecommons.org/licenses/by-nc/4.0/) which permits non-commercial use, reproduction and distribution of the work without further permission
BY NC

provided the original work is attributed as specified on the Sage and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://uk.sagepub.com/en-gb/journals-permissions
https://uk.sagepub.com/en-gb/journals-permissions
https://journals.sagepub.com/home/tau
mailto:j.lequesne@baclesse.unicancer.fr
mailto:j.lequesne@baclesse.unicancer.fr

THERAPEUTIC ADVANCES in

Urology

Volume 16

Zoé Neviere
Department of Medical
Oncology, Centre
Francois Baclesse, Caen,
France

Aurélien Carnot
Department of Medical
Oncology, Centre Oscar
Lambret, Lille, France

Etienne Muller
Genetic and Oncology
Biology Department,
Centre Francois
Baclesse, Caen, France

Antoine Thiery-Vuillemin
Department of Oncology,
CHRU Besancon Hopital
Jean Minjoz, Besancon,
France

Florence Joly
Department of Medical
Oncology, Centre
Francois Baclesse, Caen,
France

Department of Clinical
Research, Centre
Francois Baclesse, Caen,
France

Normandie University,
UNICAEN, INSERM
U1086 “ANTICIPE”
(Interdisciplinary
Research Unit for
Cancers Prevention

and Treatment], Centre
Francois Baclesse, Caen,
France

Introduction

In the area of personalized medicine, studies of
metastatic prostate cancer (mPC) identified
potentially actionable genomic aberrations. The
most frequently altered and targetable pathway is
loss-of-function alterations in DNA damage
repair (DDR) genes, occurring in 20-25% of
cases.! Among these, BRCA2 plays a critical role
in the homologous recombination repair (HRR)
of double-strand DNA breaks and its alteration is
the most commonly observed in mPC, account-
ing for 6-12% of cases across studies.! Based on
the concept of synthetic lethality, the poly-ADP-
ribose polymerase inhibitors (PARPi) were suc-
cessfully evaluated in these biomarker-selected
metastatic castration-resistant prostate cancer
(mCRPC) patients: in the phase III trial
PROfound, olaparib significantly prolonged radi-
ographic progression-free survival (rPFS) and
overall survival (OS) compared with physician’s
choice of enzalutamide or abiraterone (control) in
mCRPC patients with alterations in HRR
genes.23 These results led to the market approval
of olaparib by the U.S. Food and Drug
Administration for men with deleterious germline
or somatic HRR gene-mutated mCRPC who
have progressed following previous treatment
with enzalutamide or abiraterone. Taking into
account the variability of results among the
altered genes, the European Medicines Agency
(EMA) restricted the indications of olaparib to
mCRPC  patients with BRCA1/2 gene
alterations.

Evidence suggests HRR pathway status is not
only a predictive factor of PARPI efficacy but also
predicts sensitivity to platinum-based chemother-
apy in several tumoral types.%> Carboplatin effi-
cacy has been already assessed in biomarker
unselected mCRPC patients with low efficacy;
similarly, a phase III trial with satraplatin, an oral
platinum compound, failed to demonstrate a sur-
vival benefit.%7 Thus, platinum-based chemo-
therapy is not a standard of care for mCRPC.
Nevertheless, some case reports reported impres-
sive responses in BRCA-mutated mCRPC and
retrospective studies suggested clinical benefit in
HRR-altered mCRPC compared with all comers
mCRPC. Yet, to date, there have been no pro-
spective dedicated studies.8-12

The PRO-CARBO study aimed to prospectively
assess the efficacy of carboplatin chemotherapy in
a selected population of mCRPC patients who
presented HRR gene alterations.

Materials and methods

Study design

The PRO-CARBO trial was a prospective, multi-
center single-arm, two-stage study assessing the
efficacy of carboplatin as a single-agent therapy in
heavily pretreated mCRPC patients with HRR
gene alterations. It was conducted in three French
cancer centers. The local ethics committee (Ref.
2018-53, Comité de protection des personnes
Sud-Est I) and the French Health Authority (Ref.
MEDAECNAT-2018-06-00011) approved the
study protocol. All patients gave written informed
consent before inclusion. This trial is registered as
EUDRACT 2017-004764-35, Clinical trial
NCT03652493. It was conducted in accordance
with the Declaration of Helsinki and the
International Conference on Harmonization/
WHO Good Clinical Practice standards.

Patients

Eligible patients were men aged =18years with
progressive mCRPC with adenocarcinoma histol-
ogy and somatic pathogenic variants in a pre-spec-
ified list of 32 genes involved directly or indirectly
in the HRR pathway (available upon request).
The variants were interpreted according to the
French Genetics and Cancer Group guidelines
(https://recherche.unicancer.fr/fr/les-groupes-d-
experts/groupe-genetique-et-cancer/). Only path-
ogenic or likely pathogenic variants were reported.

Progressive disease was defined as two consecu-
tive increases of prostate-specific antigen (PSA)
values within an interval of at least 1 week, and/or
soft-tissue disease progression assessed by
Response Evaluation Criteria in Solid Tumors
version 1.1 (RECIST 1.1), and/or bone disease
progression assessed by apparition of two or more
bone metastatic lesions on bone scans according
to Prostate Working Group 3 criteria (PCWG?3).
Disease should have progressed during or after
treatment by docetaxel for metastatic or non-met-
astatic CRPC and cabazitaxel and one novel hor-
mone therapy (enzalutamide or abiraterone) for
mCRPC, with no limited number of treatment
lines. Prior treatment with PARPi was allowed.
Other inclusion criteria were a performance sta-
tus of 0-2; bilateral orchiectomy or ongoing
androgen deprivation therapy with a gonadotro-
pin-releasing hormone agonist or antagonist with
a serum testosterone of 50ng/dl or less at screen-
ing and adequate organ and bone marrow func-
tion, in particular hemoglobin >9g/dl without
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blood transfusion in the 28 days before inclusion,
and platelets >100,000/mm?.

Study treatment

Enrolled patients received monotherapy intrave-
nous carboplatin area under the curve (AUC) 5
every 21days for 6-9 cycles at the discretion of
the investigator.1> G-CSF, erythropoietin, anti-
emetic, and bisphosphonates treatments may be
used according to local practice guidelines. Other
systemic anticancer treatments, including bone
palliative radiation, were not allowed. Treatment
should be discontinued in case of disease progres-
sion, unacceptable toxicities, investigator, or
patient decision.

Assessments

Radiographic tumoral assessments by thoraco-
abdomino-pelvic CT scan and whole-body radio-
nuclide bone scan were performed at inclusion,
thereafter every three cycles. Biological tests
(including PSA measurement) and clinical assess-
ments of safety were performed at screening and
before each carboplatin cycle. Adverse events
were reported using the National Cancer Institute
Common Toxicity Criteria version 5.0.

Study objectives

The primary objective of this trial was to evaluate
the antitumor activity of carboplatin in patients
with mCRPC with alterations in HRR genes. As a
primary endpoint, the carboplatin antitumor
activity was assessed through the tumor response
rate using adapted PCGW?3 criteria, defined as
the proportion of patients achieving a PSA decline
of =50% confirmed by a second PSA value
=3weeks later or/and a radiological objective
response rate according to RECIST vl.1 criteria
on CT scan evaluation, with no evidence of bone
progression on bone scan per PCWGS3 criteria.!4
Key secondary endpoints included duration of
response, radiological progression-free survival
(rPFS), OS, and treatment tolerance profile.

Statistical considerations

We used an optimal Simon’s two-stage phase II
design to determine the sample size and decision
rules. To assess the antitumor activity of carbopl-
atin, we assumed a tumor response rate p<<20%
as insufficient, and a p>40% as demonstrating
efficacy in this setting. With an alpha level of 5%

Assessed for eligibility
N=17

Excluded (n=1) :
- Renal insufficiency

Included
n=16

- 1 patient dit not start
treatment

Assessable patients for

efficacy and safety
n=15

Figure 1. CONSORT diagram of the PRO-CARBO
study.

and statistical power of 80%, 43 assessable
patients were required, including 13 in the first
stage. At interim analysis planned after the inclu-
sion of 13 assessable patients, at least four patients
with tumor response were required to pursue the
inclusion of 30 additional assessable patients in
the second stage. At final analysis, a minimum of
13 tumor responses in 43 assessable patients
would allow us to conclude efficacy. The study
was planned not to stop enrolment during the
interim analysis.

The Kaplan—Meier method was used to estimate
rPFS and OS distributions.

Results

Patient characteristics

From October 2018 to February 2021, a total of
16 patients were enrolled in the PRO-CARBO
study, after which the planned interim analysis
based on Simon’s two-stage design was per-
formed. One patient dropped out of the study
before starting treatment due to rapid deteriora-
tion of general condition (Figure 1). Baseline
characteristics of the 15 assessable patients are
presented in Table 1. Briefly, patients were heav-
ily pretreated: all patients received both docetaxel
(among them 26.7% in hormone-sensitive stage)
and cabazitaxel chemotherapy, 11 (73.3%)
received two or more previous androgen signaling
inhibitor therapies, and 7 (46.7%) were already
pre-treated with a PARPi. Two patients were
treated with other DNA-damaging agents: one
patient received mitoxanthrone and one patient
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Table 1. Baseline characteristics of patients (N=15).

Variables N=15

Age (years) at diagnosis: median [min-max] 60 [47-75]
Age (years) at inclusion: median [min-max] 67 [64-72]
Time from diagnosis [min-max] 8.5[2.1-20.2]
Metastatic stage at diagnosis 7 (46.7%)

Gleason score at diagnosis

7 5 (33.3%)
8 7 (46.7%)
9 3(20%)

Previous systemic therapies

Docetaxel in HSPC 5 (33.3%)

Docetaxel in mCRPC 10 (66.7%)

Cabazitaxel in mCRPC 15 (100%)

Mitoxanthrone 1(6.7%)

PSMA lutetium (Prostate-Specific Membrane Antigen) 1(6.7%)
Previous androgen signaling inhibitor therapies (number of lines)

1 15 (100%)

2 11 (73.3%)
Previous treatment with PARP 7 (46.7%)
Initial PSA at trial entry 28.8 [0.3-3455]
ECOG performance status score (Eastern Cooperative Oncology Group)

0 3(20%)

1 9 (60%)

2 3(20%)
Metastasis sites at study entry

Bone 14 (93.3%)

Lymph nodes 9 (60%)

Visceral

*Liver 2 (13.3%)
*Lung 2 (13.3%)

Gene alterations

BRCA2 5 (33.3%)

ATM 3(20%)

CDK12 3(20%)

CHEK2 2(13.3%)

BRCA1 1(6.7%)

CHEK1 1(6.7%)

HSPC, hormone-sensitive prostate cancer; mCRPC, metastatic resistant castration prostate cancer; PARPI, poly-ADP-
ribose polymerase inhibitors; PSA, prostate-specific antigen.
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Table 2. Genomic alterations of patients and best response.

Subject

Gene

Gene alteration

Protein alteration

Best response

PARP inhibitor-naive patients

01 CHEK2 c.1100DEL p.[THR307METFS*15)

03 CHEK1 c.783DEL p.(ASP262LLEFS*42)

06 BRCA2 c.7806-1G>T p.?

09 CDK12 ¢.334DEL p.(ARG112VALFS*12)

10 ATM c.58186>T p.(GLU1940%)

12 BRCA? ¢.7069_7070DEL p.(LEU2357VALFS*2)

15 CDK12 ¢.2055_2056DEL p.(PRO686ARGFS*13)

17 ATM E1978* €.5932G>T p.(GLU1978%)

PARP inhibitor pre-treated patients

04 BRCA1 c.212+3A>G p.?

05 CHEK2 UK p.[THR367FS*15)

07 CDK12 UK p.(LYS232FS*106)
CDK12 UK p.(SER192FS*4)

08 BRCA? c.1597DEL p.(THR533LEUFS*25)
PTEN ¢.900_906DELINS14 p.(ASP301CYSFS*13)

11 BRCA2 ¢.5073DUP p.(TRP1692METFS*3)
BRCA? ¢.7307DEL p.(ASN2436THRFS*33)
FANCI c.3184C>T p.(GIN1062*)
FANCG c.11436>C p.(ARG381SER])

14 ATM c.7031G>A p.(TRP2344*)
SMARCA2 c.4369C>T p.(ARG1457CYS)

16 BRCA? UK UK

PD
PD
PR

PD
PD

SD

PD

PD

SD

PD

SD

SD

PD

SD

PD

PR, partial response; PD, progression disease; SD, stable disease.

received PSMA-lutetium. Five (33.3%) patients
received palliative bone radiotherapy. Dealing
with genomic alterations (Table 2), 5 (33.3%)
tumors displayed a BRCAZ2 variant, 1 (6.7%) had
a BRCALI variant, and 3 (20%) had an ATM or
CDK12 or CHEKI1/2 variant. Three (20%)
tumors (two tumors with BRCA2 variant and one
tumor with ATM variant) had co-occurring DDR
gene alterations.

Treatment administration

All 15 patients received at least one cycle of car-
boplatin AUC 5, with a median of three delivered
cycles [min 1-max 9]. Toxicities induced delays
in carboplatin administration for 7 (46.7%)
patients, and dose reduction for 4 (26.7%)
patients. One (6.7%) patient stopped carboplatin
for degradation of a general condition not related
to carboplatin. The main reasons for permanent
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Table 3. All-cause adverse events.

N (%) All grades Grade 1-2 Grade 3 Grade 4 Grade 5
Any 15 (100.0) 15 (100.0) 9 (60.0) 2(13.3) 2(13.3)
Thrombocytopenia 10 (66.7) 6 (40.0) 3(0.2) 1(6.7) 0
Asthenia or fatigue 10 (66.7) 10 (66.7) 0 0 0
Nausea 9 (60) 9 (60.0) 0 0 0
Anemia 7 (46.7) 3(20.0) 4(26.7) 0 0
Neutropenia 6 (40.0) 3(20.0) 2(13.3) 1(6.7) 0
Decreased appetite 5(33.3) 4(26.7) 1(6.7) 0 0
Bone pain 4(26.7) 4(26.7) 0 0
Dyspnea 3(0.2) 3(0.2) 0 0 0
Diarrhea 3(0.2) 3(0.2) 0 0 0
Vomiting 2(13.3) 2(13.3) 0 0 0
Pain 2(13.3) 0 2(13.3) 0 0
Weight loss 2(13.3) 2(13.3) 0 0 0
Arthralgia 2(13.3) 2(13.3) 0 0 0
Bone marrow failure 1(6.7) 0 0 1(6.7) 0
Lymphopenia 1(6.7) 1(6.7) 0 0 0
Blurred vision 1(6.7) 1(6.7) 0 0 0
Constipation 1(6.7) 1(6.7) 0 0 0
Dry mouth 1(6.7) 1(6.7) 0 0 0
Chest pain 1(6.7) 1(6.7) 0 0 0
General physical alteration health 1(6.7) 0 0 0 1(6.7)
Cholestasis 1(6.7) 1(6.7) 0 0 0
Urinary tract infection 116.7) 0 116.7) 0 0
Fall 1(6.7) 1(6.7)
Increased ALP (Alkaline Phosphatase) 1 (6.7) 11(6.7) 0 0 0
Hypokalemia 1(6.7) 1(6.7) 0 0 0
Pain in extremity 116.7) 106.7) 0 0 0
Headache 1(6.7) 1(6.7) 0 0 0
Syncope 1(6.7) 1(6.7) 0 0 0
Tremor 1(6.7) 11(6.7) 0 0 0
Acute kidney injury 1(6.7) 1(6.7)) 0 0 0
Chronic kidney disease 11(6.7) 1(6.7) 0 0 0
Genital oedema 1(6.7) 11(6.7) 0 0 0
Hot flush 11(6.7) 1(6.7) 0 0 0
Leading to dose reduction 4(0.27) NA
Leading to delay 7 (46.7) NA
Leading to discontinuation 1(0.07) NA
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discontinuation were disease progression for 11
patients (73.3%), protocol ending for 2 patients
(13.3%), toxicity for 1 patient (6.7%), and death
for 1 patient (6.7%).

Antitumor activity

Among the first 13 assessable patients, only one
observed partial tumor response (decrease
PSA=50% with stable disease on radiological
exams), which was lower than the minimum
number of responses required to pursue at second
stage. The trial was therefore closed to inclusion
after the results of the interim analysis for insuf-
ficient efficacy. However, during the interim anal-
ysis and up to the availability of the results,
recruitment was ongoing and two additional
patients were included with no further response.
In total, one patient had a tumoral response, with
a duration of response of 10 months, leading to a
tumor response rate of 6.6%. Precisely, 5 (33.5%)
patients observed stable disease, and 9 (60%)
patients had progressive disease. Among the
seven patients who received prior treatment with
PARPI, carboplatin single-agent treatment led to
stable disease for 4 (57.1%) patients and to dis-
ease progression for 3 (42.9%) patients (Table 2).
Among the eight patients who did not receive
PARPi, two (25%) patients had a partial response
or stable disease, and six (75%) patients had dis-
ease progression. Disease responses by gene alter-
ations were reported in Table 2. Median
progression-free survival was 1.9months [95%
confidence interval (CI) 1.8-9.5] and median OS
was 8.6 months [95% CI 4.3-19.5].

Safety profile

Overall, carboplatin demonstrated a predictable
safety profile in this population heavily pre-treated
as described in Table 3. Eight (53%) patients
experienced a treatment-related grade 3—4 hema-
tological event. The most common grade 3—4
toxicities observed were thrombocytopenia
(66.7%), asthenia (66.7%), and nausea (60%).
Four patients required at least one dose reduction
because of grade=2 thrombocytopenia and 7
(46.7%) patients required a carboplatin delay
mainly because of hematological toxicity. One
patient died further to a fall, concomitantly with a
grade 2 thrombocytopenia related to treatment
and one patient died on degradation of general
condition, not related to treatment.

Discussion

To our knowledge, the PRO-CARBO trial is the
first phase II study aiming to evaluate prospec-
tively carboplatin monotherapy in a biomarker-
selected population of HRR-deficient pre-treated
mCRPC. Using tumor tissue analysis, biomarker
selection consisted of a panel of 32 genes involved
in the HRR pathway that were likely to be sensi-
tive to PARPI and platinum-based chemotherapy.
Unfortunately, our study failed to demonstrate
sufficient carboplatin efficacy in this population,
since only one tumor response (6.7%) was
observed among 15 treated patients. Interestingly,
this tumor response occurred in a patient with a
BRCAZ2 alteration and was not pre-treated with a
PARPi. The disappointing results of our study
differed from prior publications, relative to retro-
spective studies or case reports.810:15-17 Cheng
et al.l® reported in ASCO GU 2020 Congress
preliminary results of a pilot prospective phase II
study assessing the efficacy of docetaxel and car-
boplatin for the treatment of patients with
mCRPC containing bi-allelic inactivation of
genes in the DDR genes. Patients should have
progressed after any prior treatment, including
prior docetaxel and/or PARPi. Seven out of eight
(88%) patients with BRCA1, BRCA2, and ATM
alterations and 10 out of 13 (77%) patients with
other DDR-related genes including CDKI12,
CHD1, MRE11A, and PALB2 variants achieved
a PSA decline of =50%. Final data remain war-
ranted but these results in favor of carboplatin
efficacy in HRR defect mCRPC differ from our
findings.

Several explanations could be discussed. First, we
reported a high level of carboplatin dose reduc-
tion or delay due to toxicity. Toxicity was
expected, notably hematological adverse events in
relation to the patient’s frail profile: heavy pre-
treatment with hematological toxicity, the pres-
ence of bone metastasis, and advanced age. Even
if the risk toxicity was well known and managea-
ble for physicians, the dose intensity of the treat-
ment was not optimal.

Second, in our study, all patients had already
received at least two lines of taxane-based chemo-
therapy and half of the patients were pre-treated
with a PARPI. Recent data in ovarian cancer show
that overlapping mechanisms of resistance exist
between PARPi and platinum chemotherapy,
leading to decreased efficacy of platinum
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chemotherapy after PARPi treatment.!%20 This
phenomenon of cross-resistance is well known in
mCRPC between taxanes or between different
chemotherapy regimens and documented in pre-
clinical and clinical studies.?'-23 In our study,
seven (46.7%) patients were pre-treated with
PARPi mostly in clinical trials, of whom four
(57.1%) patients had a BRCA1/2 mutation. We
observed four (57.1%) patients with stable dis-
ease and three (42.9%) patients with disease pro-
gression. Therefore, the optimal treatment
sequence is still a matter of debate. To answer to
this question, the ongoing COBRA trial compares
the efficacy of the sequence of carboplatin and
olaparib in mCRPC presenting BRCA1, BRCA2,
or PALB2 alterations (NCT04038502).

Finally, when the trial was designed, it was not
completely understood which DDR alterations
were useful predictive biomarkers for sensitivity
to PARP inhibition. Recent results from trials
with PARPi demonstrated that all proteins
involved in the DDR pathways did not have the
same predictive value. In the PROfound trial,
patients were enrolled into two separate cohorts
based on tumor genomics: those with alterations
in the genes BRCA2, BRCAI1, or ATM were eli-
gible for cohort A and those with alterations in 12
other DDR-related genes (CDK12, CHEKI,
CHEK2, FANCL, PALB2, PPP2R2A, RAD51B,
RAD51C, RAD51D, RAD54C, BARDI1, and
BRIP1) were enrolled in cohort B. Biomarkers
subgroups analyses showed that olaparib was less
effective in cohort B as well as in ATM-deleted
tumors,?* explaining the decision of the EMA to
restrict the approval of olaparib to patients with
BRCA1/2-mutated mCRPC. Similar discordant
results among DDR gene alterations in mCRPC
were obtained with other PARPi.25-%7 Fan et al
conducted a retrospective study on 23 patients
with mCRPC with DDR alterations who received
platinum-based chemotherapy. If the patients
have better outcomes than the patients with all-
comers tumors, results showed distinct responses
to platinum chemotherapy according to the gene
alterations. In particular, tumors with BRCA2
and/or ATM alterations showed superior out-
comes compared to those with CDKI12 defects.®
Since a better comprehension of the biological
process of DNA repair, other treatments were
currently developed to target specifically other
DDR alterations, such as CDK12 alterations and
immune checkpoint inhibitors, or ATM altera-
tions and ATR inhibitors.28:2° In our study, we
selected patients with a large panel of genes

involved directly or indirectly in the HRR path-
way, and the unique tumor response was obtained
in a BRCA2-mutated tumor. These results move
to assess the efficacy of carboplatin in a more
restrictive list of HRR biomarkers known to be
sensitive to PARPi and/or in tumors presenting a
functional defect of this pathway with functional
tests or signatures as developed in ovarian can-
cer.3% Final results of Cheng ez al.’s!8 study that
included an enriched population of mCRPC with
BRCA1/2 alterations to evaluate the combination
of docetaxel plus carboplatin are warranted
(NCT02598895).

To conclude, the negative results of the PRO-
CARBO study put in question the best therapeu-
tic sequence between PARPi, taxanes, and
platinum-based chemotherapy, and to better
select patients with restricted biomarkers known
to be sensitive to PARPi. We await the conclu-
sions of ongoing trials regarding the optimal com-
binations and sequence of treatments.
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