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Abstract

IMPORTANCE DNA repair gene aberrations occur in 20% to 30% of patients with castration-

resistant prostate cancer (CRPC), and some of these aberrations have been associated with

sensitivity to poly(ADP-ribose) polymerase (PARP) inhibition or platinum-based treatments.

However, previous trials assessing platinum-based treatments in patients with CRPC havemostly

included a biomarker-unselected population; therefore, efficacy in these patients is unknown.

OBJECTIVE To characterize the antitumor activity of platinum-based therapies in men with CRPC

with or without DNA repair gene alterations.

DESIGN, SETTING, AND PARTICIPANTS In this case series, data from 508 patients with CRPC

treated with platinum-based therapy were collected from 25 academic centers from 12 countries

worldwide. Patients were grouped by status of DNA repair gene aberrations (ie, cohort 1, present;

cohort 2, not detected; and cohort 3, not tested). Data were collected from January 1986 to

December 2018. Data analysis was performed in 2019, with data closure in April 2019.

EXPOSURE Treatment with platinum-based compounds either as monotherapy or

combination therapy.

MAINOUTCOMES ANDMEASURES The primary end points were as follows: (1) antitumor activity

of platinum-based therapy, defined as a decrease in prostate-specific antigen (PSA) level of at least

50% and/or radiological soft tissue response in patients with measurable disease and (2) the

association of response with the presence or absence of DNA repair gene aberrations.

RESULTS A total of 508menwith a median (range) age of 61 (27-88) years were included in this

analysis. DNA repair gene aberrations were present in 80 patients (14.7%; cohort 1), absent in 98

(19.3%; cohort 2), and not tested in 330 (65.0%; cohort 3). Of 408 patients who received platinum-

based combination therapy, 338 patients (82.8%) received docetaxel, paclitaxel, or etoposide, and

70 (17.2%) received platinum-based combination treatment with another partner. A PSA level

decrease of at least 50%was seen in 33 patients (47.1%) in cohort 1 and 26 (36.1%) in cohort 2

(P = .20). In evaluable patients, soft tissue responses were documented in 28 of 58 patients (48.3%)

in cohort 1 and 21 of 67 (31.3%) in cohort 2 (P = .07). In the subgroup of 44 patients with BRCA2 gene

alterations, PSA level decreases of at least 50%were documented in 23 patients (63.9%) and soft

tissue responses in 17 of 34 patients (50.0%) with evaluable disease. In cohort 3, PSA level decreases

of at least 50% and soft tissue responses were documented in 81 of 284 patients (28.5%) and 38 of

185 patients (20.5%) with evaluable disease, respectively.
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Abstract (continued)

CONCLUSIONS ANDRELEVANCE In this study, platinum-based treatment was associated with

relevant antitumor activity in a biomarker-positive population of patients with advanced prostate

cancer with DNA repair gene aberrations. The findings of this study suggest that platinum-based

treatment may be considered an option for these patients.

JAMA Network Open. 2020;3(10):e2021692.

Corrected on November 18, 2020. doi:10.1001/jamanetworkopen.2020.21692

Introduction

Despite significant progress in drug development for advanced prostate cancer patients in the past

decade, new active compounds, ideally for molecularly selected patients, are urgently needed.1,2

Platinum-based compounds have been evaluated in clinical trials and used clinically as monotherapy

or in combination with other chemotherapy agents mainly in the setting of castration-resistant

disease but also in hormone-sensitive disease.3,4 A phase 3 clinical trial of satraplatin compared with

prednisone5 demonstrated an improvement in progression-free survival and pain control, but no

overall survival benefit was seen in unselected patients.

Platinum chemotherapy activity has been associated with its ability to crosslink with purine

bases in DNA, interfering with DNA repair mechanisms and causing DNA damage and apoptosis. In

various cancer types, responses are enhanced in the presence of underlying double-strand DNA

repair alterations in the tumor, resulting in synthetic lethality.6 In triple-negative breast cancer

(TNBC), carboplatin is highly effective in patients with known BRCA1 (OMIM 113705) and BRCA2 (OMIM

600185) tumors,7 and 2 phase 3 trials have shown benefit of poly(ADP-ribose) polymerase (PARP)

inhibitors in patients with TNBC and germline BRCA variations.8 The role of these agents in an

unselected TBNC population is controversial; however, there is evidence that some patients with

variations in homologous recombination genes other than BRCA1 and BRCA1 (germline or somatic) can

derive benefit from platinum-based treatment.9On the other hand, alterations in other

non–homologous recombination DNA damage response genes, such as PTEN (OMIM601728), are not

associated with response to the same extent.9

Genomic aberrations that impair DNA repair genes occur at a frequency of up to 20% to 30%

in advanced prostate cancer.10-12 Some of these aberrations, which can either be found as germline or

somatic alterations in homologous recombination DNA repair genes or DNA damage checkpoints,

have been associated with sensitivity to platinum compounds and/or PARP inhibition in preclinical

studies and in clinical trials.13-17

Three published case series,18-20which included a total of 14 patients with metastatic prostate

cancer with DNA repair gene aberrations treated with platinum-based chemotherapy, reported

encouraging antitumor activity. The recently presented prospective phase 3 PROFOUND study

evaluating the PARP-inhibitor olaparib in molecularly selected patients with advanced prostate

cancer harboring DNA repair gene aberrations has shown a significant benefit in radiographic

progression-free survival and overall response rate for olaparib compared with the sequential use of

abiraterone or enzalutamide, thereby strengthening the previously reported findings of the TOPARP

study.21-23 Data from these trials suggest higher antitumor activity in patients with BRCA2

alterations.22

Through the collaborative efforts of an international consortium, we identified a large series of

patients with castration-resistant prostate cancer (CRPC) who were treated with platinum-based

chemotherapy. Using these data, we performed a retrospective analysis to characterize the

antitumor activity (ie, decrease in prostate-specific antigen [PSA] level, radiographic response, and

time receiving treatment) of platinum-based therapies (monotherapy and/or combination) in men

with CRPCwith or without DNA repair gene alterations.
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Methods

Patients

Patients with biochemically or histologically confirmed advanced prostate cancer (metastatic or

locally advanced and not amenable to locoregional treatment with curative intent) treated with a

platinum compound (cisplatin or carboplatin) either as monotherapy or as part of combination

chemotherapy were eligible for this analysis. Patients with primary pure small cell carcinoma of the

prostate or insufficient data for analysis of the primary end point were excluded. Clinical data from 25

cancer centers from 12 countries worldwidewere collected by local investigators. Investigators were

encouraged to include all patients eligible at their site for the analysis. Approval of the local ethics

committee was obtained before data collection, and informed consent was obtained depending on

local regulations. Clinical data were collected locally at each center and assembled in an electronic

master database at the coordinating center. Quality control was assured by queries in cases of

nonplausible data and inconsistencies; however, no review of the source documentation was

performed. The the reporting guideline for case series was followed.24

The primary outcomemeasure was evaluation of antitumor activity (decrease in PSA level and

soft tissue response) to platinum-based therapy (monotherapy and/or combination therapies) and

association of responsewith the presence or absence of DNA repair gene aberrations in patients with

advanced prostate cancer. Local assays for assessment of DNA repair gene aberrations on tumor

tissue or circulating DNA (ctDNA) were used. DNA repair gene alterations were defined as

deleterious variations, such as protein truncating variations, splice site variations, deleterious

missense variation, and homozygous deletions, in genes involved in the repair of DNA damage.

The decrease in PSA level is reported as per Prostate Cancer Working Group Criteria,25with

percentage change from baseline (increase or decrease) at 12 weeks and, separately, the maximal

change (increase or decrease) at any time using a waterfall plot. Clinically significant PSA changes are

defined as decreases of at least 50%. Soft tissue response was defined according to the Response

Evaluation Criteria in the Solid Tumors guidelines version 1.1, with response being defined as an at

least 30% decrease in the sum of the longest diameter of all target lesions (maximum of 2 lesions per

organ and 5 lesions total), taking the baseline sum as reference. Tumor assessmentswere performed

by local investigators. Time on platinum-based treatment was defined as time from start of

platinum-based treatment to progression (defined as the end of treatment for clinical or radiological

progressive disease or other reasons) or death; overall survival (OS) was defined as time from start

of platinum-based treatment to death or last contact. Patients not experiencing an event were

censored at the time of data cutoff (ie, September 24, 2019) or at last contact.

Statistical Analysis

Continuous data were summarized bymedian, minimum, andmaximum values. Categorical data

were presented as absolute numbers and percentages. Time to event end points were assessed by

the Kaplan-Meier method and are presented as median and interquartile range (IQR). The number of

missing data points is given for all analyses. Frequency counts of categorical data in subgroups were

statistically compared by Fisher exact tests. Between subgroup comparisons of numerical data were

carried out by Kruskal-Wallis tests. Time to event end points were compared between subgroups

using the log-rank test. The a priori significance level was P < .05, and all statistical tests were 2 sided.

All analyses were done in R version 3.5.0 (R Project for Statistical Computing).

To simultaneously assess several factors that could be associated with OS, we performed a

multivariable analysis using a Cox proportional hazards model (SAS version 9.4 [SAS Institute]),

including clinically relevant and established prognostic factors, ie, age, presence of visceral

metastases, presence or absence of DNA repair gene aberrations, treatment line, and type of

platinum-based treatment (combination vs monotherapy) as independent variables.
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Results

A total of 508menwhowere diagnosedwith prostate cancer between 1986 and 2018were included

in the study (median [range] age, 61 [37-88 ] years; baseline median [range] PSA level, 18.5 ng/mL

[0.7-7577 ng/mL] [to convert to micrograms per liter, multiply by 1.0]). Overall, 216 (42.5%) had de

novometastatic disease at diagnosis and treated with platinum-based chemotherapy between 1999

and 2019. A total of 178 patients (35.0%) hadmolecular profiling, with DNA repair gene aberrations

detected in 80 patients (15.7%; cohort 1) and no aberrations detected in 98 patients (19.3%; cohort

2). In 330 patients (65.0%), tumor genomic profiling was not performed (cohort 3) (Figure 1).

Patients with known DNA repair gene aberrations, compared with patients without DNA repair

gene aberrations, had highermedian (range) PSA levels at diagnosis (33.0 [2.1-1759.0] ng/mL vs 17.5

[1.1-1530.0] ng/mL, P = .20), higher rates of de novo metastatic disease (42 [52.5%] vs 40 [40.8%],

P = .10) (eTable 1 in the Supplement), and a shorter median (IQR) time from diagnosis of CRPC to

start of platinum-based treatment (32.7 [11.8-80.6] months vs 52.5 [20.4-89.2] months; P = .06),

although none of the differences were statistically significant. Nearly 70% of patients (341 [67.1%])

had received at least 1 prior line of systemic therapy before platinum-based chemotherapy was

started. Of note, a high percentage of patients with visceral metastases (cohort 1, 44 [55.0%]; cohort

2, 57 [58.2%]) at the start of platinum-based therapy were included.

DNA repair gene aberrations were detected by various methods: 27 patients (33.8%), fresh

biopsy material; 24 (30.0%), archival tissue; 22 (27.5%), ctDNA; and 7 (8.8%), unknownmethods.

Themost common aberrations included alterations in BRCA2 (44 [55.0%]), ATM (OMIM 607585; 12

[15.0%]), and BRCA1 (3 [3.8%]). These were somatic alterations in 57 patients (71.3%). Germline

alterations were found in 23 patients (28.8%) andweremainly BRCA2 (17 [73.9%]), BRCA1 (2 [8.7%]),

and ATM (3 [13.0%]). Baseline characteristics depending on type of DNA repair gene aberration are

summarized in eTable 2 in the Supplement.

Platinum-based therapy was given as first-line CRPC treatment in 167 patients (32.8%), second-

line treatment in 145 patients (28.5%), and third-line treatment in 68 patients (13.4%) (Table 1). The

percentage of patients receiving first-line platinum treatment was comparable between all cohorts,

and in most cases, combination therapy was chosen (139 [83.2%]). Most patients (408 [80.3%])

received a platinum-combination treatment. Combination chemotherapy drugs used included

docetaxel (180 [44.1%]), etoposide (92 [22.5%]), and paclitaxel (66 [16.2%]). Only 100 patients

(19.7%) were treated with platinum-based monotherapy (88 [88.0%] with carboplatin); however,

the proportion was higher in cohort 1 compared with cohort 2 (31 [38.8%] vs 11 [11.2%]; P < .001).

Outcomes of Cohort 1 vs Cohort 2

A PSA level decrease of at least 50%was seen in 33 patients (47.1%) in cohort 1 vs 26 (36.1%) in

cohort 2 (P = .20) (Table 2 and Figure 2A). A soft tissue response was seen in 28 patients (48.3%) in

cohort 1 vs 21 (31.3%) in cohort 2 (P = .07) (Table 2).

Patient groups with different DNA repair gene aberrations had different proportions of PSA

level decreases of at least 50% (BRCA2, 23 of 44 [63.9%]; BRCA1, 0 of 3; ATM, 4 of 11 [36.4%]; other,

Figure 1. Study FlowDiagram

508 Patients received platinum treatment

80 Patients with known DNA repair deficits
grouped in cohort 1

31 Received platinum
monotherapy

49 Received platinum
combination therapy

11 Received platinum
monotherapy

87 Received platinum
combination therapy

58 Received platinum
monotherapy

272 Received platinum
combination therapy

98 Patients with no DNA repair deficits
grouped in cohort 2

330 Patients with no profiling available
grouped in cohort 3
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Table 1. Characteristics of Study Participants at Start of Platinum-Based Chemotherapy

Characteristic

Patients, No. (%) P value

Cohort 1, with DNA repair
gene aberrations(n = 80)

Cohort 2, no DNA repair
gene aberrations (n = 98)

Cohort 3, not assessed
(n = 330) All cohorts Cohorts 1 vs 2

Baseline characteristics at start of platinum therapy

Age, median (range), y 65 (38-81) 67 (49-86) 67 (42-90)
.006 .02

Missing. No. 0 0 2

PSA level, median (range), ng/mL 120 (0.02-4124) 90.2 (0.05-3030) 136.6 (0.01-9145)
.04 .05

Missing, No. 5 14 16

Alkaline phosphatase level, median (range), U/L 161.5 (44-1661) 159 (30-1260) 140 (12-3870)
.50 .50

Missing, No. 10 15 75

Lactate dehydrogenase level, median (range), U/L 327 (12-2680) 282.5 (9-6714) 330.5 (131-5432)
.20 .30

Missing, No. 18 24 154

Hemoglobin leve, median (range)l, g/dL 11.0 (7.0-15.0) 10.9 (7.5-15.0) 10.9 (6.0-15.6)
.80 .90

Missing, No. 11 13 55

Albumin level, median (range), g/dL 3.4 (1.9-4.3) 3.3 (2.0-4.3) 3.6 (2.0-6.6)
.10 .80

Missing, No. 17 26 125

Opiates

No 26 (41.3) 30 (35.7) 94 (33.3)

.04 .01
Strong opioid 30 (47.6) 35 (41.7) 136 (48.2)

Weak opioid 7 (11.1) 19 (22.6) 52 (18.4)

Missing, No. 17 14 48

Time from diagnosis to platinum based chemotherapy,
median (IQR), mo

33 (12-81) 53 (20-89) 65 (28-100)

<.001 .06

Missing, No. 7 0 7

Distribution of metastases at start of platinum based
treatment

Bone metastases 66 (82.5) 89 (90.8) 295 (89.4) .20 .20

Lymph node metastases 55 (68.8) 55 (56.1) 231 (70) .02 .09

Visceral metastases 44 (55) 57 (58.2) 173 (52.4) .70 .80

Missing, No. 1 0 5 NA NA

Platinum therapy

Platinum monotherapy

Overall 31 (38.8) 11 (11.2) 58 (17.6)

<.001 <.001Carboplatin, No./total No. (%) 30/31 (96.8) 8/11 (72.7) 50/58 (86.2)

Cisplatin, No./total No. (%) 1/31 (3.2) 3/11 (27.3) 8/58 (13.8)

Platinum combination therapy

Overall 49 (61.3) 87 (88.8) 272 (82.4)

<.001 <.001
Carboplatin, No./total No. (%) 38/49 (77.6) 73/87 (83.9) 252/272 (92.6)

Cisplatin, No./total No. (%) 11/49 (22.4) 14/87 (16.1) 18/272 (6.6)

Oxaliplatin, No./total No. (%) 0 0 2/272 (0.7)

Combination partner

Docetaxel, No./total No. (%) 17/49 (34.7) 24/87 (27.6) 139/272 (51.1)

<.001 .090
Etoposide, No./total No. (%) 13/49 (26.5) 31/87 (35.6) 48/272 (17.6)

Other, No./total No. (%) 16/49 (32.7) 17/87 (19.5) 37/272 (13.6)

Paclitaxel, No./total No. (%) 3/49 (6.1) 15/87 (17.2) 48/272 (17.6)

Prior treatment lines

0 25 (31.2) 36 (36.7) 106 (32.1)

<.001 .80
1 16 (20) 15 (15.3) 114 (34.5)

2 14 (17.5) 18 (18.4) 36 (10.9)

≥3 25 (31.2) 29 (29.6) 74 (22.4)

Abbreviations: IQR, interquartile range; NA, not applicable; PSA, prostate specific antigen.

SI conversion factors: To convert albumin and hemoglobin to grams per liter, multiply by 10; alkaline phosphatase and lactate dehydrogenase tomicrokatals per liter, multiply by

0.0167; and PSA tomicrograms per liter, multiply by 1.0.
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6 of 21 [28.6%]; P = .02) (Figure 2C); however, no significant difference in soft tissue responses was

observed, irrespective of type of DNA repair gene aberration (Table 2). In the 12 patients with ATM

alterations, a PSA decline of at least 50%was documented in 4 patients (33.3%) and a soft tissue

response in 2 of 7 patients (28.6%) with evaluable disease.

Median (IQR) treatment duration on platinum-based treatment was 3.0 (1.7-4.6) months

without relevant differences between cohorts (Table 2; eFigure 1 in the Supplement). Seven patients

(8.8%) with known DNA repair alterations had PARP therapy before platinum treatment. Of these

patients, only 1 (14.3%) had a documented PSA decrease of at least 50% on platinum-based

chemotherapy.

Median (IQR) OS from start of platinum-based therapywas lower in patients without DNA repair

gene aberrations compared with patients with known DNA repair gene aberrations (9.2 [5.5-19.5]

months vs 14.1 [5.7-33.7] months), although this did not reach statistical significance (P = .20)

(Figure 3; Table 2).

Median OS differed significantly in cohorts with different DNA repair gene alterations; namely,

median (IQR) OS from start of platinum-based therapy was 15.2 (9.9-33.7) months in patients with

BRCA2 alterations, 9.3 (6.5 to 11.0) months in patients with ATM alterations, 4.1 (3.8 to 4.4) months in

patients with BRCA1 alterations, and 4.9 (3.6 to not reached) in patients with other alterations

(P = .04) (Table 2; eFigure 2 in the Supplement). In a multivariable Cox regression for OS, only type

of platinum-treatment remained significant (hazard ratio, 0.52; 95% CI, 0.31-0.90; P = .01) (eTable 3

in the Supplement).

A total of 31 patients (38.8%) with known DNA repair gene aberrations and 11 patients (11.2%)

without DNA repair gene aberrations were treated with platinummonotherapy. In patients with

known DNA repair gene aberrations, 10 (32.3%) had a PSA level decrease of at least 50%. Soft tissue

response was seen in 14 patients (45.2%) in cohort 1 with measurable disease. Response to

monotherapy was lower in patients without DNA repair gene aberrations, with PSA level decreases

of at least 50% and soft tissue response in 3 patients (27.3%) (eTable 4 in the Supplement). Median

(IQR) OS was 6.4 (3.6-15.2) months in patients with known alterations and 6.7 (3.5-15.2) months in

patients without alterations (eFigure 3 in the Supplement).

Overall, 49 patients (61.3%) with known DNA repair gene aberrations and 87 patients (88.8%)

without DNA repair gene aberrations were treated with platinum-based combination therapy. In

patients with known DNA repair gene aberrations, 23 (46.9%) had a decrease in PSA level of at least

50%. Soft tissue response was seen in 14 patients (28.6%) with measurable disease. Response to

combination therapywas again lower in patients without DNA repair gene aberrations, with PSA level

Table 2. Antitumor Activity of PlatinumChemotherapy in Cohorts 1 vs 2 and in Subgroups of PatientsWith DNARepair Gene Aberrations

Outcome

Patients with DNA repair gene
aberrations, No. %

P value,
cohort 1 vs 2

Patients with DNA repair gene
aberrations, No. %

P value,
among
subgroups

Cohort 1, yes
(n = 80)

Cohort 2, no
(n = 98)

BRCA2

(n = 44)
BRCA1

(N = 3)
ATM

(N = 12)
Other
(N = 21)

PSA level decrease
of ≥50% on
platinum therapy

33 (47.1) 26 (36.1)

.20

23 (63.9) 0 4 (36.4) 6 (28.6)

.02

Missing, No. 10 26 8 1 1 0

Soft tissue response on
platinum therapy

28 (48.3) 21 (31.3)

.07

17 (50.0) 0 2 (28.6) 9 (56.3) .60

Missing, No. 22 31 10 2 5 5

Time receiving
treatment and survival,
median (IQR), mo

3.4 (1.6-6) 2.8 (1.7-4.6)

.30

7.1 (3.7-13) 3.2 (0-NA) 4.7 (2.2-10) 2.8 (1.8-NA)

.20

Missing, No. 0 1 0 0 0 0

OS from start of platinum
therapy, median (IQR), mo

14 (5.7-34) 9.2 (5.5-19)

.20

15 (10-34) 4.1 (3.8-4.4) 9.3 (6.5-11) 4.9 (3.6-NA)

.04

Missing, No. 0 0 0 0 0 0

Abbreviations: IQR, interquartile range; OS, overall survival; PSA, prostatic-specific antigen.
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decreases of at least 50% in 23 patients (26.4%) and soft tissue response in 18 (20.7%) (eTable 4 in

the Supplement). Median (IQR) OSwas 15.2 (9.9-33.7) months in patients with known alterations and

9.8 (6.1-19.5) months in patients without alterations (eFigure 3 in the Supplement).

Outcomes in Cohort 3

Patients in cohort 3 (ie, those without genomic profiling) had an overall PSA level decrease of at least

50% in 81 of 284 patients (28.5%) (eFigure 4 in the Supplement); soft tissue responsewas reported

in 38 of 185 (20.5%) with evaluable disease. A total of 58 patients (17.6%) were treated with

platinum-basedmonotherapy and 272 (82.4%) with platinum-based combination therapy, and

detailed response data are summarized in eTable 5 in the Supplement.

Median (IQR) treatment duration on platinum-based treatment was 3.0 (1.7-4.6) months and

comparable with cohorts 1 and 2 (eFigure 5 in the Supplement). Median (IQR) OS from start of

platinum therapy was 10.0 (5.7-17.7) months (eFigure 6 in the Supplement).

Figure 2. Prostate-Specific Antigen (PSA) Level Changes FromBaseline toWeek 12 andMaximal PSA Change to Any Time Point
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Discussion

In this multicenter retrospective analysis of 508 patients with CRPC, most of whom had received at

least 1 prior line of therapy, we found encouraging antitumor activity for treatment with platinum-

based therapies in the cohort of patients with tumors harboring DNA repair gene aberrations.

Although we observed numerically higher rates of PSA level decreases and soft tissue responses in

patients with DNA repair gene aberrations compared with those without, there was no statistically

significant difference and no OS benefit. In the subgroup of 44 patients with BRCA2 gene alterations,

PSA level decreases of at least 50%were documented in 23 patients (63.9%) and soft tissue

responses in 17 patients (38.6%) with evaluable disease. This series is unique because it is among the

largest to date that evaluates patients with identified DNA repair gene aberrations who received a

platinum-based chemotherapy, very few of whom had previously received treatment with a PARP

inhibitor because use of these agents outside of clinical trials was very limited.

Historically, platinum compounds as monotherapy or combination therapy have been widely

studied in prostate cancer.26 Besides the SPARC trial,5 the studies were mostly small, recruited a

molecularly unselected patient population, and demonstrated only moderate antitumor activity.

However, a subgroup of patients seemed to derive benefit,3 namely patients with aggressive variant

adenocarcinoma of the prostate (with alterations in at least 2 of the following: TP53 [OMIM 191170], RB1

[OMIM614041], and PTEN, detected by next-generation sequencing or immunohistochemistry).27With

emerging data of a meaningful prevalence of somatic and germline DNA repair gene aberrations in

patients with advanced prostate cancer28 and activity of PARP inhibitors in these patients,12 interest in

platinum-based treatment arose again, with the hypothesis of increased activity in this specific

subpopulation of patients with prostate cancer, analogous to data from patients with TNBC. Generally,

combination treatment should be recommended; however,monotherapy remains an option, and there

is expert consensus from the 2019 advanced prostate cancer consensus conference for carboplatin

with target area under the curve (AUC) of 5 to 6 every 3 weeks as a preferred regimen.33

Response to platinum-basedmonotherapy in patients with DNA repair gene aberrations in our

cohort was comparable with the recently presented trials of PARP monotherapy. In the phase 2

TOPARP-B trial assessing 2 different dosing levels of olaparib in patients with DNA repair

alterations,21 olaparib at 400mg and 300mgwas associated with soft tissue response of 24.2% and

16.2% of patients, respectively, and a PSA level decrease of at least 50% in 37.0% and 30.2%,

respectively. This is in line with the overall response rate of 43.9%with rucaparib in patients with

measurable disease in the phase 2 TRITON trial.29 Evenmore importantly, the PROFOUND trial,

evaluating olaparib vs physician’s choice of enzalutamide or abiraterone in patients with CRPC and

known DNA repair gene aberrations progressing on prior new hormonal agent, demonstrated a

median OS of 18.5 months with olaparib in the total population, and an objective response rate of

Figure 3. Overall Survival Among PatientsWith andWithout DNA Repair Gene Aberrations Receiving

Platinum-Based Therapy
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33%was reported for patients with BRCA1, BRCA2, or ATM alterations.22,23Olaparib and rucaparib

were approved by the US Food and Drug Administration in May 2020 for patients with advanced

prostate cancer and germline or somatic homologous recombination repair genemutations

(rucaparib only for BRCA1 or BRCA2).

Response to platinum-based combination treatment in our cohort was more favorable than

platinum-basedmonotherapy, and in most cases, a taxane was chosen as the combination partner,

which represents the current standard-of-care chemotherapy in the unselected advanced prostate

cancer population. However, it seems that in our data set monotherapy was more often used in

patients with known DNA repair gene aberrations, whereas in patients without alterations or

unknownmolecular status, combination therapywas preferred. Taxanes are widely used in advanced

prostate cancer in different treatment settings and the combination of carboplatin and paclitaxel as

first-line, second-line, or third-line chemotherapy in patients with CRPC. In 2019, Castro et al30

presented the results of a prospective cohort study investigating the association of germline DNA

repair gene aberrations with CRPC outcomes. In their cohort, response to taxanes was not different

between variation carriers and noncarriers; however, duration of response was shorter in carriers,

and treatment sequencing seemed to be of importance.30,31 Therefore, activity of the taxane

component has to be taken into some account when interpreting our efficacy data in patients

receiving combination treatment.

Our results showed consistently higher response rates of platinum-based treatment in

molecularly selected patients, even though these patients often received platinum-based

monotherapy, which seems to be less active than combination therapy overall. Subgroups for specific

types of DNA repair gene aberrations were too small to draw any definitive conclusions, but the

response rate (PSA decrease and objective response rate) in patients with BRCA2 alterations was

encouraging. These results are in line with the PROFOUND results, in which treatment benefit was

more pronounced in patients with BRCA1, BRCA2, and ATM alterations compared with alterations in

other gene alterations.22 In the exploratory analysis of gene-by-gene radiographic progression-free

survival, benefit in patients with BRCA1 and ATM alterations was less pronounced compared with

patients with BRCA2 alterations. In the TRITON phase 2 trial, evaluating rucaparib in patients with

DNA repair gene aberrations, radiographic and PSA responses were observed in only 2 of 19 patients

(10.5%) with exclusively ATM alterations.32 The antitumor activity of platinum compounds in our

small cohort of 12 patients with ATM alterations is noteworthy. Overall, different DNA repair gene

aberrations are most likely distinct entities with varying responses to platinum as well as PARP

inhibition; therefore, they cannot be collectively addressed. More research with prospective trials in

molecular subgroups is needed to better characterize which patients might derive benefit.

Importantly, the activity of platinum-based treatment was also seen in the unselected cohort 3

(ie, patients were not tested for DNA repair gene aberrations). This population is possibly most

reflective of the general CRPC population seen in many centers around the world, where testing for

DNA repair gene aberrations may not be available in daily clinical practice.

Limitations

Our analysis has several limitations, including the retrospective design and data collection, including

missing data in a subset of patients. Furthermore, even though quality control was assured by the

coordinating center by queries in the case of nonplausible or inconsistent data, no formal review

process of the source documentation of each individual contributing center was performed. Also,

there was no control of patients excluded from the database on the center level. The bias was

minimized by including all patients treated with a platinum-based chemotherapy and not only

patients with known DNA repair gene alteration. Radiographic responses (ie, soft tissue response)

were assessed retrospectively by local investigators. Patient selection is also an important limitation

because the use of a platinum-based chemotherapy, especially in the first-line CRPC setting, could

reflect the availability of treatment options; clinical factors, such as the high rate of de novo

metastatic disease; and the presence of visceral metastases and/or molecular features. DNA repair
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gene aberrations were assessed by local assays and were not standardized; therefore, the number of

genes tested differed by center. Many patients received platinum-taxane combination treatment

and the contribution of taxane and platinum to the response cannot bemeasured separately. The

high number of first-line platinum-based combination treatments suggests that patients with

aggressive features were included; of note, we excluded patients with de novo pure small cell

carcinoma from the analysis. Molecular profilingwas performed in only 178 patients, of whom80had

a defect (cohort 1) and 98 patients did not (cohort 2). However, the remaining 330 patients (cohort

3) most likely represent a mixed population, including perhaps some patients with DNA repair gene

aberrations, and therefore, the results of this cohort have to be interpretedwith caution. Currently,

several prospective phase 2 trials (randomized and nonrandomized) evaluating carboplatin alone or

in combination with docetaxel in molecularly selected patients with CRPC are recruiting.34-37

Conclusions

In this multicenter international case series, platinum-based treatment was associated with

promising activity in a biomarker-preselected population of patients with CRPC and DNA repair gene

aberrations. These results need prospective validation, which hopefully will be provided from the

currently recruiting trials in molecularly selected prostate cancer populations. Based on our analysis,

platinum-containing therapy should be considered in patients with DNA repair gene aberrations,

especially if access to a PARP inhibitor is not available.
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