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Abstract
Metastatic prostate cancer is a major health burden worldwide, necessitating the continuous development of effective treat-
ment strategies. Androgen deprivation therapy remains the cornerstone of prostate cancer treatment, but novel approaches 
are needed for metastatic castration-resistant prostate cancer (mCRPC). Recent studies have highlighted the prevalence 
of mutations in DNA repair genes, including BRCA1 and BRCA2, in mCRPC patients, rendering them more susceptible 
to platinum-based chemotherapy and Poly (ADP-ribose) polymerase (PARP) inhibitors. Platinum-based chemotherapy, 
particularly in combination with taxanes, has demonstrated encouraging activity in mCRPC, as well as homologous recom-
bination gene alterations have shown increased sensitivity to platinum compounds in these patients. The combination of 
platinum-based chemotherapy with PARP inhibitors represents a novel and potentially effective therapeutic strategy for this 
subgroup of patients. However, the optimal sequence of administering these agents and the potential for cross-resistance 
and cross-toxicities remain areas requiring further investigation. Prospective randomized studies are essential to elucidate 
the most effective treatment approach for this challenging patient population. This review aims to explore the potential of 
platinum-based chemotherapy in the context of prostate cancer, and more in detail in homologous recombination repair 
(HRR) mutated patients. We discuss the synergistic effects of combining platinum compounds with PARP inhibitors and 
the potential benefits of adopting specific therapeutic sequences.

Keywords  Metastatic prostate cancer · Platinum-based chemotherapy · DNA damage repair · PARP inhibitors · 
Combination therapy

Introduction

Despite notable progress in the development of treatment strat-
egies during the past decade, prostate cancer (PC) remains the 
most prevalent malignancy and the second leading cause of 
cancer-related mortality in men worldwide [1]. PC exhibits a 
spectrum of clinical behaviors, spanning from indolent, slowly 
developing tumors to aggressive, rapidly advancing forms. 
Approximately 5–10% of PC patients receive a diagnosis of 
metastatic disease, and their prognosis is unfavorable, with 
a 5-year survival rate hovering around 30% [2]. The biology 
of PC encompasses a range of intricate processes, including 
hormonal regulation, genetic and molecular alterations, and 
interaction with various components of tumor microenviron-
ment. A comprehensive understanding of the biology of PC 
is essential to untangle the complexities involved in its onset, 
progression, and response to treatment. This dynamic field 

 *	 Martina Catalano 
	 martina.catalano@unifi.it

1	 Department of Health Sciences, Section of Clinical 
Pharmacology and Oncology, University of Florence, 
50139 Florence, Italy

2	 Department of Neuroscience, Psychology, Drug Research 
and Child Health, University of Florence, 50139 Florence, 
Italy

3	 School of Human Health Sciences, University of Florence, 
50134 Florence, Italy

4	 Department of Experimental and Clinical Medicine, 
University of Florence, 50134 Florence, Italy

5	 Department of Health Sciences, Section of Pathological 
Anatomy, University of Florence, 50139 Florence, Italy

6	 University of Florence, Viale Pieraccini 6, 50134 Florence, 
FI, Italy

http://crossmark.crossref.org/dialog/?doi=10.1007/s00280-023-04604-w&domain=pdf
http://orcid.org/0000-0003-1856-2848


2	 Cancer Chemotherapy and Pharmacology (2024) 93:1–9

1 3

continues to evolve, offering hope for more effective and tai-
lored therapies for PC patients.

However, androgen-deprivation therapy (ADT) continues 
to represent the cornerstone of PC treatment. Docetaxel and 
anti-androgens such as enzalutamide, apalutamide, daroluta-
mide, and abiraterone, as monotherapy or in combination, are 
approved for the treatment of metastatic hormone sensitive 
PC; while, the therapeutic scenario of metastatic castration-
resistant PC (mCRPC) has been considerably enriched by the 
introduction of abiraterone and enzalutamide, cabazitaxel, 
immuno-modulatory agent sipuleucel-T, radiopharmaceuti-
cal agents such as radium-223 (only in case of bone metas-
tasis), and 177Lutetium-prostate-specific membrane antigen 
(PSMA)-617 [3]. Recent investigations have revealed that 
approximately 25% of patients with mCRPC harbor tumor 
somatic or germline mutations in DNA damage repair (DDR) 
genes including breast cancer susceptibility genes BRCA1 
and BRCA2, as well as other genes implicated in homolo-
gous recombination repair (HRR) [4]. These genetic altera-
tions have been associated with an unfavorable prognosis in 
terms of both survival and disease progression [5]. Genomic 
aberrations affecting these genes, which lead to deficiencies 
in DNA damage sensing or repair, may increase the sensitiv-
ity of tumors to platinum-based chemotherapy as well as to 
Poly (ADP-ribose) polymerase (PARP) inhibitors (PARPis) 
[5–7]. Currently, the Food and Drug Administration (FDA) 
and the European Medical Agency (EMA) have approved two 
PARPis, olaparib and rucaparib, for the treatment of mCRPC 
patients [8–11]. Although platinum-based chemotherapy has 
demonstrated advantages in terms of palliative benefits, objec-
tive response, and progression-free survival (PFS) in phase II 
studies involving mCRPC, these improvements did not trans-
late improved overall survival (OS) [12–15].

With emerging data indicating a high prevalence of 
somatic and germline alterations in DDR genes among 
patients with advanced PC, coupled with the efficacy of 
PARPis in this patient population, interest in platinum-based 
drug treatments has also been renewed. The hypothesis is 
that platinum-based therapy may exhibit higher efficacy in 
this specific subgroup of PC patients, as observed in individ-
uals with other types of cancer such as triple-negative breast 
cancer (TNBC) [16]. In this comprehensive review, our 
objective is to summarize the current findings and explore 
potential future directions of platinum-based chemotherapy 
in the metastatic setting of PC.

Platinum‑based chemotherapy in prostate 
cancer

Platinum compounds exert their antitumor effects by forming 
covalent adducts with cellular DNA, inducing DNA damage 
during the G2 phase, and cell death [17]. Nonetheless, the 

literature suggests that only a fraction, possibly ranging from 
1 to 10%, of intracellular cisplatin can ultimately penetrate 
the nucleus and initiate a reaction with DNA, leading to cell 
cycle arrest and apoptosis in rapidly proliferating tumor cells 
[18]. Cisplatin, the pioneer of platinum-based anti-cancer 
drugs, was initially discovered in the late 1960s and received 
approval for cancer treatment in 1978 [19]. Its therapeu-
tic efficacy has been demonstrated in various malignan-
cies, including ovarian, breast, and gastrointestinal cancers. 
However, despite its anti-tumor properties, the prolonged 
use of cisplatin is associated with non-specific therapeutic 
effects and systemic toxicity mainly represented by myelo-
suppression, neurotoxicity, nephrotoxicity, and ototoxicity, 
leading to significant damage to normal tissues [17, 20]. The 
other two clinically approved platinum drugs, carboplatin 
and oxaliplatin, show different activity and toxicity profiles 
compared with cisplatin.

Platinum compounds are administered intravenously. 
However, the efficacy of these compounds as single agents in 
unselected patients has generally been moderate, and some 
combination therapies have led to significant toxicity. In the 
context of PC, platinum compounds have been extensively 
studied both as monotherapy and in combination therapy 
[21]. However, most of these studies have involved small 
case series and have recruited patients without considering 
tumor molecular characteristics.

In a pooled analysis conducted by Leal et al., various 
studies investigating platinum-containing chemotherapy 
regimens for patients with CRPC were collected [22]. Over-
all, the data indicated a statistically significant benefit of 
platinum-based chemotherapy in terms of clinical overall 
response rate, but there was insufficient evidence to dem-
onstrate or exclude improvements in PFS or OS. Notably, 
response rates were higher when platinum compounds 
combined with other cytotoxic agents were compared with 
platinums alone. It is worth mentioning that some of these 
studies were conducted prior to the approval of taxanes 
for the treatment of CRPC [22]. Also, data from a limited 
number of randomized trials included in this meta-analyses 
confirmed increased response rates for chemotherapy regi-
mens containing platinum compounds compared to other 
regimens. However, specific patient populations, such as 
those with aggressive variants of PC or genomic defects in 
DDR pathways, seem to derive more substantial benefits 
from platinum-based treatments [22].

In the past, a phase III clinical trial (SPARC study) 
investigated the potential efficacy of satraplatin, an oral 
platinum-based compound in patients with mCRPC expe-
riencing progression after one prior chemotherapy regimen 
[12]. Satraplatin combined with prednisone demonstrated 
improvements in PFS (p < 0.001) and pain control compared 
with prednisone plus placebo, but there was no OS benefit 
observed between the two arms (p = 0.80). Satraplatin was 
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well tolerated, although myelosuppression and gastrointesti-
nal disorders occurred more frequently compared to placebo 
[12]. To date, research on satraplatin in Western countries 
has been substantially stopped.

Taxane–platinum combinations have shown promising 
activity in mCRPC in single-group clinical studies, but not 
in randomized trials. For instance, the RECARDO trial, a 
randomized phase II trial comparing docetaxel alone versus 
docetaxel plus carboplatin in patients with CRPC who pro-
gressed after responding to prior docetaxel chemotherapy, 
did not reveal any differences in PFS or OS [23]. This incon-
sistency may be attributed to the previous docetaxel treat-
ment as well as the lower dose of docetaxel used in combi-
nation with carboplatin and the use of docetaxel instead of 
cabazitaxel, the agent of choice in CRPC patients previously 
treated with a docetaxel-containing treatment regimen [24].

A more recent phase I/II randomized study evaluated the 
efficacy of cabazitaxel plus carboplatin in men with progres-
sive mCRPC [15]. The addition of carboplatin to cabazitaxel 
showed improved clinical efficacy compared to cabazitaxel 
alone. At a median follow-up of 31.0 months, the combi-
nation therapy resulted in a median PFS of 7.3 months, 
compared to 4.5 months with cabazitaxel alone. Although 
adverse events were more common with combination 
therapy, it was generally safe and well-tolerated. The most 
common grades 3–5 adverse events were fatigue, anemia, 
neutropenia, and thrombocytopenia and no treatment-related 
deaths were reported [15]. These findings suggest that tax-
ane-platinum combinations have a clinically beneficial role 
in advanced PC, although randomized phase III study should 
be planned to further investigate their efficacy.

Platinum‑based chemotherapy in HHR 
mutated prostate cancer

Genomic instability is a commonly observed characteristic 
of tumorigenesis, and impaired DNA repair is recognized as 
a fundamental feature of cancer development [25]. HRR is a 
DNA repair mechanism that specifically acts on DNA dou-
ble-strand breaks (DSBs) and interstrand cross-links (ICL) 
[26]. Deficiencies in the HRR pathway have been linked to 
various tumor types, such as breast, ovarian, prostate, and 
pancreatic cancers. This deficiency is referred to as homolo-
gous recombination deficiency (HRD), while tumors exhibit-
ing intact HRR are described as homologous recombination 
proficient (HRP) [27]. The presence of HRD in tumors can 
render them more susceptible to combined treatments with 
platinum drugs, that induce ICLs, and PARPis, resulting in 
synthetic lethality [25] (Fig. 1).

Genomic abnormalities impairing DNA repair genes 
are present in 20%–30% of advanced PC [6, 28, 29]. These 
actionable molecular alterations and aberrations in HR occur 

in a considerable fraction of localized PCs and, even more 
frequently in metastatic disease [30]. Some of these altera-
tions, which can be germline or somatic, have been associ-
ated with sensitivity to platinum compounds and/or PARPis 
in both preclinical studies and clinical trials [31].

In TNBC, carboplatin has demonstrated high efficacy in 
patients with known tumors carrying variations in BRCA1 
and BRCA2 [32]. Moreover, there is evidence that patients 
with variations in other HR genes, aside from BRCA1 and 
BRCA2, can benefit from platinum-based treatment. Con-
versely, alterations in other non-homologous recombination 
DNA damage response genes, such as PTEN, do not result in 
a similar level of response [32]. Accumulated data in ovar-
ian cancer have shown that the approach of assessing HR 
deficiency is a positive predictor of response to platinum-
based drugs [33].

Encouraging anti-tumor activity of platinum-based 
chemotherapy in a patient with mCRPC and DNA repair 
gene defects (i.e., BRCA1/2 mutations) has been found 
[34]. In a study by Mota et al., response to platinum-based 
chemotherapy was retrospectively assessed in patients with 
mCRPC who underwent somatic and germline genomic 
sequencing [35]. They found that prostate-specific antigen 
(PSA) responses occurred more frequently in patients with 
genomic alterations in DDR genes. Although, there was a 
trend toward longer time on treatment in the DDR-mutant 
group, no difference in OS was observed. Importantly, the 
analysis was limited to patients who received platinum-
based chemotherapy after progressing on taxane therapy, 
where the response was more likely attributed to the plati-
num agent compared to platinum and taxane combination 
therapy [35]. These findings are not only consistent with 
previous reports of improved response of BRCA​-altered 
tumors to platinum-based chemotherapy but also highlight 
responses in tumors with non-BRCA​ DDR gene alterations, 
including PALB2, FANCA, and CDK12 [36–38]. This sug-
gests that a broader DDR gene panel, including non- BRCA​ 
mutations, could be used to identify a higher number of 
mCRPC patients more likely to benefit from platinum chem-
otherapy, whether administered alone or combined with a 
taxane. Moreover, other clinical subsets of PC, described as 
aggressive variants, including those with low PSA expres-
sion, visceral metastasis, or histologic neuroendocrine differ-
entiation, may also derive particular benefit from platinum 
chemotherapy, and the presence of a genomic alteration in 
a DDR gene is just one variable that could aid in patient 
selection for this therapy [39]. Like small cell lung cancer, 
neuroendocrine prostate cancer (NEPC) tends to exhibit 
an initial responsiveness to platinum-based chemotherapy, 
demonstrating objective response rates ranging from 50 to 
60% [40, 41]. The mechanisms underlying the response of 
NEPC and aggressive variant prostate cancer (AVPC) to this 
treatment regimen may also be influenced by inherent tumor 
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suppressor gene losses and/or aberrations in DNA repair 
pathways. The rational use of a combination chemotherapy 
involving cabazitaxel and carboplatin is particularly note-
worthy in the context of NEPC, given the efficacy of cabazi-
taxel in CRPC and the frequent observation of mixed tumor 
histologies (comprising both adenocarcinoma and NEPC 
elements) are within the spectrum of NEPC [42]. The uti-
lization of carboplatin in combination with cabazitaxel has 
garnered support from the National Comprehensive Cancer 
Network guidelines, as a viable option for patients exhibit-
ing aggressive variant clinical characteristics or unfavorable 
genomic profiles, which may involve loss-of-function altera-
tions in at least two of PTEN, TP53, and RB1 [43].

In a multicenter retrospective analysis by Schmidt et al. 
involving 508 patients with mCRPC, encouraging antitu-
mor efficacy was observed with platinum-based therapies 
in patients with tumors harboring DNA repair gene abnor-
malities [21]. Although, numerically higher rates of PSA 
level decreases and soft tissue responses were observed in 
patients with DNA repair gene abnormalities compared to 
those without, there was no statistically significant differ-
ence and no OS benefit. In the subgroup of 44 patients with 
BRCA2 gene mutations, a PSA level decrease of at least 
50% was documented in 23 patients (63.9%), and soft tissue 

responses were observed in 17 patients (38.6%) with evalu-
able disease [21]. In this study, the response to platinum-
based monotherapy was comparable to the recently reported 
trials of PARP monotherapy in patients with DNA repair 
gene abnormalities [44–46]. However, the response to plat-
inum-based combination therapy was more favorable than 
monotherapy, and in most cases, a taxane was chosen as the 
combination partner.

Fan et  al. reported distinct responses to platinum-
based chemotherapy in patients with and without DDR 
gene alterations and among mCRPC patients harboring 
alterations in different HR genes [47]. Of the 55 evaluated 
patients, 23 had genomic defects in HR pathway genes. The 
median PSA–PFS for the 23 patients with HR defects was 
6.7 months, compared to 2.6 months for the 22 patients with-
out HR defects (p = 0.001). Patients with somatic HR defects 
displayed a shorter PSA–PFS compared to those with ger-
mline HR defects (4.5 months vs. not reached). The PSA50 
response rate (patients who survived for 12 weeks and had 
a PSA decline of over 50% from baseline) was higher in 
patients with BRCA2 or ATM defects (75.0%) compared 
to those with CDK12 defects (22.2%; p = 0.06). Overall, 
patients with BRCA2 or ATM defects exhibited prolonged 

Fig. 1   Synthetic lethality of platinum-based chemotherapy and PARP inhibitors in HR deficiency tumors. HR, homologous recombination; 
DSBs, double strands breaks; SSBs, single strands breaks. Created with BioRender.com
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PSA–PFS compared to those with CDK12 defects or other 
HR defects (p = 0.038) [47].

Recently, a systematic review and meta-analysis were 
conducted by Fazekas et al. to evaluate the effectiveness of 
various treatment modalities in patients with BRCA​-posi-
tive mCRPC. Their findings indicated that both PARPis and 
platinum-based therapies exhibited similar rates of PSA50 
response and OS outcomes. This underscores the suitability 
of platinum-based therapies as a viable treatment option for 
individuals with BRCA​-positive mCRPC. Nonetheless, the 
need for prospective interventional studies comparing these 
therapeutic agents remains imperative to establish a more 
robust level of evidence [48].

Platinum‑based chemotherapy and PARP 
inhibitors

The efficacy of PARP inhibition relies on the presence 
of mutations or alterations in DNA damaged genes, par-
ticularly those involved in HR. The presence of HR gene 
mutations can enhance the amplification of DNA damage 
effects caused by platinum drugs, suggesting that PARPis 
could be effective like adjunctive therapy with cisplatin or 
carboplatin.

Since 2020, PARPis have emerged as a therapeutic option 
in metastatic PC. First, olaparib was approved for adult 
patients with suspected or confirmed germline or somatic 
HRR gene-mutated mCRPC, who had progressed follow-
ing prior treatment with enzalutamide or abiraterone [49]. 
Then, rucaparib was approved for the treatment of adults, 
with mCRPC harboring deleterious BRCA​ germline and/
or somatic mutations, who had received androgen receptor-
directed therapy and one taxane [50].

Previous studies have demonstrated that combining PARP 
inhibition with cisplatin significantly increased lifespan and 
restored nerve conduction velocity in animal models [35]. 
PARPis can also provide protection against dose-limiting 
toxicity associated with certain anticancer therapies [37].

In ovarian cancer patients, the combination of PARP 
inhibition with carboplatin and paclitaxel has significantly 
improved PFS in a phase II trial [51]. Olaparib and pacli-
taxel combined with carboplatin can improve the serologi-
cal indicators of patients with ovarian cancer, enhance dis-
ease control, and reduce the recurrence rate, with no extra 
toxic side effects [52]. Although the synergistic potential 
of administering PARPi and chemotherapy concurrently 
is appealing, its implementation in clinical practice has 
encountered significant challenges due to overlapping tox-
icities, particularly myelosuppression. Consequently, the 
combined approach of PARPi and chemotherapy in ovarian 
cancer has been discontinued.

In a phase II trial in advanced breast cancer, veli-
parib–carboplatin added to standard therapy resulted in 
higher rates of pathological complete response (51%) than 
standard therapy alone (26%) specifically in TNBC, with 
a greater toxicity than that of the control [53]. Likely, the 
addition of veliparib to cisplatin significantly improved 
PFS in patients with BRCA​-like metastatic TNBC (5.9 vs. 
4.2 months, p = 0.01), but not in patients with non-BRCA​
-like metastatic breast cancer (4.0 vs. 3.0 months, p = 0.57) 
compared to cisplatin plus placebo [54]. The addition of 
veliparib to a highly active platinum combination (carbopl-
atin–paclitaxel) resulted in significant and durable improve-
ment in PFS compared to chemotherapy alone (14.5 vs. 
12.6 months, p < 0.001) in patients with germline BRCA​ 
mutation-associated advanced breast cancer [55].

A phase I study was conducted to evaluate the combina-
tion of veliparib with cisplatin and gemcitabine in patients 
diagnosed with advanced pancreatic cancer harboring ger-
mline BRCA​ mutations or with a family history of BRCA​
-related cancers [56]. The study enrolled nine and seven 
patients with or without BRCA​ mutations, respectively. 
Notably, seven patients with BRCA​ mutations displayed pos-
itive responses, with six achieving partial responses and one 
experiencing a complete response. However, it is essential to 
mention that the patient who achieved a complete response 
later developed acute myeloid leukemia (i.e., approximately 
2.5 years into the treatment), likely associated with the ther-
apy. No responses were observed in patients without BRCA​ 
mutations. Several phase II trials have been conducted to 
assess the effectiveness of PARPi in treating pancreatic can-
cer. Among these trials, a multicenter phase II study enrolled 
patients with pathogenic germline BRCA1 or BRCA2 muta-
tions and recurrent solid tumors to evaluate olaparib mono-
therapy after first-line chemotherapy [55]. The encouraging 
results reported in pancreatic cancer patients offered a solid 
rationale to continue the development of PARPis for BRCA​
-related pancreatic cancer [57]. The subsequent phase III 
POLO trial demonstrated a longer median PFS in patients 
treated with olaparib compared to those who received pla-
cebo (7.4 months vs. 3.8 months), while maintaining qual-
ity of life. It is important to note that no significant differ-
ence in median OS was observed between the two groups 
(19.0 months vs. 19.2 months, respectively) [58].

To date, no data on the combination use of platinum-
based chemotherapy and PARPi are available in mCRPC, 
and few sequence data are reported in the literature. Mota 
et al. in their translational study examined responses to plati-
num chemotherapy after progression on a PARPi in patients 
with BRCA​ and ATM mutations. It is unclear whether 
tumors that acquire resistance to PARPi can still respond 
to other DNA damage-targeting agents, including platinum 
chemotherapy. These authors found that three out of eight 
patients with DDR mutations (37%) obtained some clinical 
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benefit from platinum-based chemotherapy after progres-
sion on a PARPi, with a patient achieving a radiographic 
partial response. However, outcomes in this advanced 
patient population were generally poor. Notably, their study 
included four patients with deleterious alterations in ATM 
who received platinum-based chemotherapy either before or 
after receiving a PARPi. None of these patients achieved a 
PSA50 response and all experienced rapid disease progres-
sion. Although this finding is based on a limited sample 
size and needs confirmation in larger studies, it highlights 
the need for novel therapeutic approaches for approximately 
4% of mCRPC patients who have deleterious alterations in 
ATM [28].

Some authors have reported the incorporation of PARPi 
and platinum-based chemotherapy in the treatment history 
of mCRPC, showing encouraging efficacy results [34].

Recently, Slootbeek et al. investigated the cross-resist-
ance between platinum-based chemotherapy and PARPi 
in mCRPC patients with HRR mutations [59]. The analy-
sis unveiled that the sequence in which these therapeutic 
agents were administered mainly impacted on the median 
PFS associated with platinum-based chemotherapy. Spe-
cifically, when PARPi was administered as the initial treat-
ment (i.e., prior platinum-based chemotherapy), a reduction 
by 3.6 months was observed in the PFS of platinum-based 
chemotherapy… Conversely, the median PFS of PARPi 
administered after platinum-based chemotherapy was only 
0.9 months shorter than the median PFS when PARPi was 
administered as initial treatment. Regarding response rates 
among patients who received PARPi as the initial treatment, 
37.5% exhibited a > 50% decline in PSA levels in response 
to subsequent platinum-based chemotherapy, and 25.0% 
showed a radiographic response. In contrast, for those who 
received platinum-based chemotherapy initially, 60.0% 
experienced a > 50% decline in PSA levels, and 55.6% 
showed a radiographic response to subsequent PARPi ther-
apy [60]. These observations imply that starting treatment 
with platinum-based chemotherapy might result in a lower 
development of cross-resistance to PARPi when compared 
to the opposite treatment sequence (PARPi followed by plat-
inum-based chemotherapy). Nonetheless, the precise mecha-
nisms of resistance underlying these findings remain to be 
fully elucidated. Consequently, the acquisition of additional 
data on resistance mechanisms will be of utmost importance 
in defining the most optimal treatment sequence for mCRPC 
patients with HRR mutations in the future. More informa-
tion on cross-resistance will be derived from the ongoing 
phase II COBRA trial, which compares carboplatin and 
olaparib head-to-head with a cross-over design in mCRPC 

patients (NCT04038502), although in women’ cancers, a 
phase I/Ib trial by Lee et al. examined the impact of differ-
ent drug administration sequences (i.e., olaparib followed 
by carboplatin and carboplatin followed by olaparib) on 
olaparib pharmacokinetics and platinum–DNA adducts in 
peripheral blood mononuclear cells as pharmacodynamic 
measures [61]. Their findings revealed that administering 
olaparib before carboplatin led to a reduction in carboplatin 
cytotoxicity. Conversely, when carboplatin was given first, 
it caused an accumulation of intracellular olaparib, thereby 
reducing the availability of bioactive olaparib. These results 
suggest that administering carboplatin prior to olaparib may 
be more beneficial, indicating that the order of drug adminis-
tration could potentially optimize the clinical benefits.

Some clinical trials are currently investigating the effec-
tiveness of platinum-based chemotherapy alone or in combi-
nation with other agents in mCRPC patients (Table 1).

Overall, the combination of platinum-based chemother-
apy with PARP inhibitors represents a novel and potentially 
beneficial therapeutic approach, aiming at synergistically 
enhancing the anti-cancer effects of both treatments and 
broaden the treatment opportunities for mCRPC patients. 
However, the identification of the optimal drug combina-
tion, as well as treatment sequence, is pivotal to minimize 
complications that may occur, due to drug–drug interactions 
and the toxicity profiles of the combined drugs, with the 
primary side effect being myelosuppression. Further studies 
to determine the dosing of individual combination agents, 
scheduling of treatment regimens, as well as the specific 
patient population, and clinical setting are required.

Conclusion

Platinum-based chemotherapy in combination with taxanes 
has shown promising results in metastatic PC in a phase 
II study. However, the most promising activity of plati-
num therapy in CRPC patients is related to the presence of 
mutations in DNA repair genes. In this subpopulation, the 
use of platinum represents a viable therapeutic alternative; 
although, prospective and randomized studies are needed. 
Moreover, like other malignancies with HR mutations, the 
use of platinum-based chemotherapy in combination with 
PARP inhibitors may further enhance clinical responses 
in these patients with a poorer prognosis. Many aspects 
still need to be explored, including the optimal therapeutic 
sequence such as PARP-platinum-based chemotherapy or 
platinum-based chemotherapy-PARP, cumulative toxicity, 
and the most appropriate treatment setting.



7Cancer Chemotherapy and Pharmacology (2024) 93:1–9	

1 3

Funding  Open access funding provided by Università degli Studi di 
Firenze within the CRUI-CARE Agreement.

Data availability statement   The datasets generated during and/or ana-
lyzed during the current study are available from the corresponding 
author on reasonable request.

Declarations 

Conflict of interest  Authors have no financial interests to declare.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Siegel RL, Miller KD, Wagle NS, Jemal A (2023) Cancer statis-
tics, 2023. CA Cancer J Clin 73:17–48. https://​doi.​org/​10.​3322/​
CAAC.​21763

	 2.	 Rawla P (2019) Epidemiology of prostate cancer. World J Oncol 
10:63–89. https://​doi.​org/​10.​14740/​WJON1​191

	 3.	 Chen K, Kostos L, Azad AA (2022) Future directions in systemic 
treatment of metastatic hormone-sensitive prostate cancer. World 
J Urol. https://​doi.​org/​10.​1007/​S00345-​022-​04135-8/​TABLES/3

	 4.	 Burdak-Rothkamm S, Mansour WY, Rothkamm K (2020) DNA 
damage repair deficiency in prostate cancer. Trends Cancer 6:974–
984. https://​doi.​org/​10.​1016/j.​trecan.​2020.​05.​011

	 5.	 Zhang D, Xu X, Wei Y et al (2022) Prognostic role of DNA dam-
age response genes mutations and their association with the sen-
sitivity of olaparib in prostate cancer patients. Cancer Control 
29:1–16. https://​doi.​org/​10.​1177/​10732​74822​11294​51

	 6.	 Schiewer MJ, Knudsen KE (2019) DNA damage response in pros-
tate cancer. Cold Spring Harb Perspect Med. https://​doi.​org/​10.​
1101/​CSHPE​RSPECT.​A0304​86

	 7.	 Conteduca V, Mosca A, Brighi N et al (2021) New prognostic 
biomarkers in metastatic castration-resistant prostate cancer. Cells 
10:1–13. https://​doi.​org/​10.​3390/​CELLS​10010​193

	 8.	 European Medicines Agency (2022) EMA recommends restrict-
ing use of cancer medicine Rubraca. https://​www.​ema.​europa.​
eu/​en/​news/​ema-​recom​mends-​restr​icting-​use-​cancer-​medic​ine-​
rubra​ca. Accessed 24 July 2023

	 9.	 The European Medicines Agency - EMA (2022) Lynparza | 
European Medicines Agency. https://​www.​ema.​europa.​eu/​en/​
medic​ines/​human/​EPAR/​lynpa​rza. Accessed 24 July 2023

	10.	 Anscher MS, Chang E, Gao X et al (2021) FDA approval sum-
mary: rucaparib for the treatment of patients with deleterious 
BRCA-mutated metastatic castrate-resistant prostate cancer. 
Oncologist 26:139. https://​doi.​org/​10.​1002/​ONCO.​13585

	11.	 FDA D.I.S.C.O. Burst Edition: FDA approval of Lynparza 
(olaparib), with abiraterone and prednisone, for BRCA-mutated 
metastatic castration-resistant prostate cancer | FDA. https://​

Table 1   Ongoing clinical trials with platinum-based chemotherapy in mCRPC

mCRPC, metastatic castration resistant prostate cancer; rPFS, radiological progression free survival; CT, chemotherapy

Study Setting Treatment Status Estimated 
enrollment

Phase Primary endpoint

NCT04288687 mCRPC with DNA 
repair defects

Niraparib in platinum-
sensitive (at least 
9 weeks of platinum-
based CT)

Recruiting 18 II rPFS6

NCT04038502 
(COBRA)

CRPC with homolo-
gous recombination 
deficiency

Carboplatin as 1st line 
followed by 2nd line 
olaparib vs. olaparib 
as 1st line followed 
by 2nd line carbo-
platin

Recruiting 100 II PFS

NCT02955082 (BAR-
CODE 2)

CRPC with germline 
DNA repair gene 
mutation

Carboplatin Recruiting 450 II rPFS Biochemical 
recurrence

NCT04592237 Aggressive variant 
metastatic PC

Cabazitaxel + carbo-
platin + cetrelimab 
followed by nira-
parib ± cetrelimab

Recruiting 120 II PFS

NCT03263650 Aggressive variant of 
metastatic PC

Olaparib maintenance 
following cabazi-
taxel-carboplatin

Active, not recruiting 119 II PFS

NCT03442556 mCRPC with homolo-
gous recombination 
DNA repair defi-
ciency

Docetaxel + carbo-
platin + rucaparib 
camsylate

Not recruiting 18 II rPFS

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3322/CAAC.21763
https://doi.org/10.3322/CAAC.21763
https://doi.org/10.14740/WJON1191
https://doi.org/10.1007/S00345-022-04135-8/TABLES/3
https://doi.org/10.1016/j.trecan.2020.05.011
https://doi.org/10.1177/10732748221129451
https://doi.org/10.1101/CSHPERSPECT.A030486
https://doi.org/10.1101/CSHPERSPECT.A030486
https://doi.org/10.3390/CELLS10010193
https://www.ema.europa.eu/en/news/ema-recommends-restricting-use-cancer-medicine-rubraca
https://www.ema.europa.eu/en/news/ema-recommends-restricting-use-cancer-medicine-rubraca
https://www.ema.europa.eu/en/news/ema-recommends-restricting-use-cancer-medicine-rubraca
https://www.ema.europa.eu/en/medicines/human/EPAR/lynparza
https://www.ema.europa.eu/en/medicines/human/EPAR/lynparza
https://doi.org/10.1002/ONCO.13585
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-disco-burst-edition-fda-approval-lynparza-olaparib-abiraterone-and-prednisone-brca-mutated


8	 Cancer Chemotherapy and Pharmacology (2024) 93:1–9

1 3

www.​fda.​gov/​drugs/​resou​rces-​infor​mation-​appro​ved-​drugs/​
fda-​disco-​burst-​editi​on-​fda-​appro​val-​lynpa​rza-​olapa​rib-​abira​
terone-​and-​predn​isone-​brca-​mutat​ed. Accessed 24 July 2023

	12.	 Sternberg CN, Petrylak DP, Sartor O et al (2009) Multinational, 
double-blind, phase III study of prednisone and either satra-
platin or placebo in patients with castrate-refractory prostate 
cancer progressing after prior chemotherapy: the SPARC trial. 
J Clin Oncol 27:5431–5438. https://​doi.​org/​10.​1200/​JCO.​2008.​
20.​1228

	13.	 Ross RW, Beer TM, Jacobus S et al (2008) A phase 2 study of 
carboplatin plus docetaxel in men with metastatic hormone-
refractory prostate cancer who are refractory to docetaxel. Cancer 
112:521–526. https://​doi.​org/​10.​1002/​CNCR.​23195

	14.	 Hager S, Ackermann CJ, Joerger M et al (2016) Anti-tumour 
activity of platinum compounds in advanced prostate cancer-a 
systematic literature review. Ann Oncol 27:975–984. https://​doi.​
org/​10.​1093/​ANNONC/​MDW156

	15.	 Corn PG, Heath EI, Zurita A et al (2019) Cabazitaxel plus carbo-
platin for the treatment of men with metastatic castration-resistant 
prostate cancers: a randomised, open-label, phase 1–2 trial. Lan-
cet Oncol 20:1432–1443. https://​doi.​org/​10.​1016/​S1470-​2045(19)​
30408-5

	16.	 Liu M, Mo QG, Wei CY et al (2013) Platinum-based chemo-
therapy in triple-negative breast cancer: a meta-analysis. Oncol 
Lett 5:983. https://​doi.​org/​10.​3892/​OL.​2012.​1093

	17.	 Yimit A, Adebali O, Sancar A (2019) Jiang Y (2019) Differen-
tial damage and repair of DNA-adducts induced by anti-cancer 
drug cisplatin across mouse organs. Nat Commun 101(10):1–11. 
https://​doi.​org/​10.​1038/​s41467-​019-​08290-2

	18.	 Zhang C, Xu C, Gao X, Yao Q (2022) Platinum-based drugs for 
cancer therapy and anti-tumor strategies. Theranostics 12:2115. 
https://​doi.​org/​10.​7150/​THNO.​69424

	19.	 Alderden RA, Hall MD, Hambley TW (2006) The discovery and 
development of cisplatin. J Chem Educ 83:728–734. https://​doi.​
org/​10.​1021/​ED083​P728

	20.	 Hazlitt RA, Min J, Zuo J (2018) Progress in the development of 
preventative drugs for cisplatin-induced hearing loss. J Med Chem 
61:5512–5524. https://​doi.​org/​10.​1021/​ACS.​JMEDC​HEM.​7B016​
53

	21.	 Schmid S, Omlin A, Higano C et al (2020) Activity of platinum-
based chemotherapy in patients with advanced prostate cancer 
with and without DNA repair gene aberrations. JAMA Netw 
Open. https://​doi.​org/​10.​1001/​JAMAN​ETWOR​KOPEN.​2020.​
21692

	22.	 Leal F, García-Perdomo HA (2019) Effectiveness of platinum-
based chemotherapy in patients with metastatic prostate cancer: 
systematic review and meta-analysis. Clin Genitourin Cancer 
17:e627–e644. https://​doi.​org/​10.​1016/J.​CLGC.​2019.​03.​008

	23.	 Bouman-Wammes EW, van den Berg HP, de Munck L et al (2018) 
A randomised phase II trial of docetaxel versus docetaxel plus 
carboplatin in patients with castration-resistant prostate cancer 
who have progressed after response to prior docetaxel chemo-
therapy: the RECARDO trial. Eur J Cancer 90:1–9. https://​doi.​
org/​10.​1016/J.​EJCA.​2017.​11.​021

	24.	 de Wit R, de Bono J, Sternberg CN et al (2019) Cabazitaxel versus 
abiraterone or enzalutamide in metastatic prostate cancer. N Engl 
J Med 381:2506–2518. https://​doi.​org/​10.​1056/​NEJMO​A1911​
206/​SUPPL_​FILE/​NEJMO​A1911​206_​DATA-​SHARI​NG.​PDF

	25.	 Negrini S, Gorgoulis VG, Halazonetis TD (2010) Genomic insta-
bility–an evolving hallmark of cancer. Nat Rev Mol Cell Biol 
11:220–228. https://​doi.​org/​10.​1038/​NRM28​58

	26.	 Li X, Heyer WD (2008) Homologous recombination in DNA 
repair and DNA damage tolerance. Cell Res 18:99. https://​doi.​
org/​10.​1038/​CR.​2008.1

	27.	 Stewart MD, Vega DM, Arend RC et al (2022) Homologous 
recombination deficiency: concepts, definitions, and assays. 
Oncologist 27:167. https://​doi.​org/​10.​1093/​ONCOLO/​OYAB0​53

	28.	 Mateo J, Boysen G, Barbieri CE et al (2017) DNA repair in pros-
tate cancer: biology and clinical implications. Eur Urol 71:417–
425. https://​doi.​org/​10.​1016/J.​EURURO.​2016.​08.​037

	29.	 Catalano M, Generali D, Gatti M et al (2023) DNA repair defi-
ciency as circulating biomarker in prostate cancer. Front. Oncol 
13:1115241

	30.	 Robinson D, Van Allen EM, Wu YM et al (2015) Integrative clini-
cal genomics of advanced prostate cancer. Cell 161:1215–1228. 
https://​doi.​org/​10.​1016/J.​CELL.​2015.​05.​001

	31.	 Basourakos SP, Li L, Aparicio AM et al (2017) Combination plat-
inum-based and DNA damage response-targeting cancer therapy: 
evolution and future directions. Curr Med Chem 24:1586. https://​
doi.​org/​10.​2174/​09298​67323​66616​12141​14948

	32.	 Jia X, Wang K, Xu L et al (2022) A systematic review and meta-
analysis of BRCA1/2 mutation for predicting the effect of plati-
num-based chemotherapy in triple-negative breast cancer. Breast 
66:31. https://​doi.​org/​10.​1016/J.​BREAST.​2022.​08.​012

	33.	 Stronach EA, Paul J, Timms KM et al (2018) Biomarker assess-
ment of HR deficiency, tumor BRCA1/2 mutations, and CCNE1 
copy number in ovarian cancer: associations with clinical outcome 
following platinum monotherapy. Mol Cancer Res 16:1103–1111. 
https://​doi.​org/​10.​1158/​1541-​7786.​MCR-​18-​0034

	34.	 Costa IN, Reis J, Meireles S et al (2022) Metastatic castration-
resistant prostate cancer with BRCA2 mutation: the challenge 
incorporating PARP inhibitors and platinum in treatment sequenc-
ing. Eur J Case Rep Intern Med. https://​doi.​org/​10.​12890/​2022_​
003331

	35.	 Mota JM, Barnett E, Nauseef JT et al (2020) Platinum-based 
chemotherapy in metastatic prostate cancer with DNA repair gene 
alterations. JCO Precis Oncol 4:355–366. https://​doi.​org/​10.​1200/​
PO.​19.​00346

	36.	 Pomerantz MM, Spisák S, Jia L et al (2017) The association 
between germline BRCA2 variants and sensitivity to platinum-
based chemotherapy among men with metastatic prostate cancer. 
Cancer 123:3532–3539. https://​doi.​org/​10.​1002/​CNCR.​30808

	37.	 Cheng HH, Pritchard CC, Boyd T et al (2016) Biallelic inacti-
vation of BRCA2 in platinum-sensitive metastatic castration-
resistant prostate cancer. Eur Urol 69:992–995. https://​doi.​org/​
10.​1016/J.​EURURO.​2015.​11.​022

	38.	 Zafeiriou Z, Bianchini D, Chandler R et  al (2019) Genomic 
analysis of three metastatic prostate cancer patients with excep-
tional responses to carboplatin indicating different types of DNA 
repair deficiency. Eur Urol 75:184–192. https://​doi.​org/​10.​1016/J.​
EURURO.​2018.​09.​048

	39.	 Aparicio AM, Harzstark AL, Corn PG et al (2013) Platinum-based 
chemotherapy for variant castrate-resistant prostate cancer. Clin 
Cancer Res 19:3621–3630. https://​doi.​org/​10.​1158/​1078-​0432.​
CCR-​12-​3791

	40.	 Sella A, Konichezky M, Flex D et al (2000) Low PSA metastatic 
androgen-independent prostate cancer. Eur Urol 38:250–254. 
https://​doi.​org/​10.​1159/​00002​0289

	41.	 Papandreou CN, Daliani DD, Thall PF et al (2002) Results of 
a phase II study with doxorubicin, etoposide, and cisplatin in 
patients with fully characterized small-cell carcinoma of the 
prostate. J Clin Oncol 20:3072–3080. https://​doi.​org/​10.​1200/​
JCO.​2002.​12.​065

	42.	 Epstein JI, Amin MB, Beltran H et al (2014) Proposed morpho-
logic classification of prostate cancer with neuroendocrine differ-
entiation. Am J Surg Pathol 38:756–767. https://​doi.​org/​10.​1097/​
PAS.​00000​00000​000208

	43.	 Aparicio AM, Shen L, Tapia ELN et al (2016) Combined tumor 
suppressor defects characterize clinically defined aggressive 

https://www.fda.gov/drugs/resources-information-approved-drugs/fda-disco-burst-edition-fda-approval-lynparza-olaparib-abiraterone-and-prednisone-brca-mutated
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-disco-burst-edition-fda-approval-lynparza-olaparib-abiraterone-and-prednisone-brca-mutated
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-disco-burst-edition-fda-approval-lynparza-olaparib-abiraterone-and-prednisone-brca-mutated
https://doi.org/10.1200/JCO.2008.20.1228
https://doi.org/10.1200/JCO.2008.20.1228
https://doi.org/10.1002/CNCR.23195
https://doi.org/10.1093/ANNONC/MDW156
https://doi.org/10.1093/ANNONC/MDW156
https://doi.org/10.1016/S1470-2045(19)30408-5
https://doi.org/10.1016/S1470-2045(19)30408-5
https://doi.org/10.3892/OL.2012.1093
https://doi.org/10.1038/s41467-019-08290-2
https://doi.org/10.7150/THNO.69424
https://doi.org/10.1021/ED083P728
https://doi.org/10.1021/ED083P728
https://doi.org/10.1021/ACS.JMEDCHEM.7B01653
https://doi.org/10.1021/ACS.JMEDCHEM.7B01653
https://doi.org/10.1001/JAMANETWORKOPEN.2020.21692
https://doi.org/10.1001/JAMANETWORKOPEN.2020.21692
https://doi.org/10.1016/J.CLGC.2019.03.008
https://doi.org/10.1016/J.EJCA.2017.11.021
https://doi.org/10.1016/J.EJCA.2017.11.021
https://doi.org/10.1056/NEJMOA1911206/SUPPL_FILE/NEJMOA1911206_DATA-SHARING.PDF
https://doi.org/10.1056/NEJMOA1911206/SUPPL_FILE/NEJMOA1911206_DATA-SHARING.PDF
https://doi.org/10.1038/NRM2858
https://doi.org/10.1038/CR.2008.1
https://doi.org/10.1038/CR.2008.1
https://doi.org/10.1093/ONCOLO/OYAB053
https://doi.org/10.1016/J.EURURO.2016.08.037
https://doi.org/10.1016/J.CELL.2015.05.001
https://doi.org/10.2174/0929867323666161214114948
https://doi.org/10.2174/0929867323666161214114948
https://doi.org/10.1016/J.BREAST.2022.08.012
https://doi.org/10.1158/1541-7786.MCR-18-0034
https://doi.org/10.12890/2022_003331
https://doi.org/10.12890/2022_003331
https://doi.org/10.1200/PO.19.00346
https://doi.org/10.1200/PO.19.00346
https://doi.org/10.1002/CNCR.30808
https://doi.org/10.1016/J.EURURO.2015.11.022
https://doi.org/10.1016/J.EURURO.2015.11.022
https://doi.org/10.1016/J.EURURO.2018.09.048
https://doi.org/10.1016/J.EURURO.2018.09.048
https://doi.org/10.1158/1078-0432.CCR-12-3791
https://doi.org/10.1158/1078-0432.CCR-12-3791
https://doi.org/10.1159/000020289
https://doi.org/10.1200/JCO.2002.12.065
https://doi.org/10.1200/JCO.2002.12.065
https://doi.org/10.1097/PAS.0000000000000208
https://doi.org/10.1097/PAS.0000000000000208


9Cancer Chemotherapy and Pharmacology (2024) 93:1–9	

1 3

variant prostate cancers. Clin Cancer Res 22:1520. https://​doi.​
org/​10.​1158/​1078-​0432.​CCR-​15-​1259

	44.	 Mateo J, Porta N, Bianchini D et al (2020) Olaparib in patients 
with metastatic castration-resistant prostate cancer with DNA 
repair gene aberrations (TOPARP-B): a multicentre, open-label, 
randomised, phase 2 trial. Lancet Oncol 21:162–174. https://​doi.​
org/​10.​1016/​S1470-​2045(19)​30684-9

	45.	 de Bono J, Mateo J, Fizazi K et al (2020) Olaparib for metastatic 
castration-resistant prostate cancer. N Engl J Med 382:2091–2102. 
https://​doi.​org/​10.​1056/​NEJMO​A1911​440/​SUPPL_​FILE/​NEJMO​
A1911​440_​DATA-​SHARI​NG.​PDF

	46.	 Fizazi K, Piulats JM, Reaume MN et al (2023) Rucaparib or 
physician’s choice in metastatic prostate cancer. N Engl J Med 
388:719–732. https://​doi.​org/​10.​1056/​NEJMO​A2214​676/​SUPPL_​
FILE/​NEJMO​A2214​676_​DATA-​SHARI​NG.​PDF

	47.	 Fan L, Fei X, Zhu Y et al (2021) Distinct response to platinum-
based chemotherapy among patients with metastatic castration-
resistant prostate cancer harboring alterations in genes involved 
in homologous recombination. J Urol 206:630–637. https://​doi.​
org/​10.​1097/​JU.​00000​00000​001819

	48.	 Fazekas T, Széles ÁD, Teutsch B et al (2023) Poly (ADP-ribose) 
polymerase inhibitors have comparable efficacy with platinum 
chemotherapy in patients with BRCA-positive metastatic cas-
tration-resistant prostate cancer. A systematic review and meta-
analysis. Eur Urol Oncol. https://​doi.​org/​10.​1016/j.​euo.​2023.​09.​
001

	49.	 US Food and Drug Administration (2020) FDA approves olaparib 
for HRR gene-mutated metastatic castration-resistant prostate can-
cer. https://​www.​fda.​gov/​drugs/​resou​rces-​infor​mation-​appro​ved-​
drugs/​fda-​appro​ves-​olapa​rib-​hrr-​gene-​mutat​ed-​metas​tatic-​castr​
ation-​resis​tant-​prost​ate-​cancer. https://​www.​fda.​gov/​drugs/​resou​
rces-​infor​mation-​appro​ved-​drugs/​fda-​appro​ves-​olapa​rib-​hrr-​gene-​
mutat​ed-​metas​tatic-​castr​ation-​resis​tant-​prost​ate-​cancer. Accessed 
25 July 2023

	50.	 U.S. Food and Drug Administration (2020) FDA grants acceler-
ated approval to rucaparib for BRCA-mutated metastatic castra-
tion-resistant prostate cancer. https://​www.​fda.​gov/​drugs/​resou​
rces-​infor​mation-​appro​ved-​drugs/​fda-​grants-​accel​erated-​appro​
val-​rucap​arib-​brca-​mutat​ed-​metas​tatic-​castr​ation-​resis​tant-​prost​
ate. https://​www.​fda.​gov/​drugs/​resou​rces-​infor​mation-​appro​ved-​
drugs/​fda-​grants-​accel​erated-​appro​val-​rucap​arib-​brca-​mutat​ed-​
metas​tatic-​castr​ation-​resis​tant-​prost​ate. Accessed 25 July 2023

	51.	 Oza AM, Cibula D, Benzaquen AO et al (2015) Olaparib com-
bined with chemotherapy for recurrent platinum-sensitive ovar-
ian cancer: a randomised phase 2 trial. Lancet Oncol 16:87–97. 
https://​doi.​org/​10.​1016/​S1470-​2045(14)​71135-0

	52.	 Zhang H, Zhang Y (2022) Olaparib and paclitaxel in combina-
tion with carboplatin in treatment of ovarian cancer: influence on 
disease control. Am J Transl Res 14:468

	53.	 Rugo HS, Olopade OI, DeMichele A et al (2016) Adaptive rand-
omization of veliparib-carboplatin treatment in breast cancer. N 
Engl J Med 375:23–34. https://​doi.​org/​10.​1056/​NEJMO​A1513​749

	54.	 Rodler E, Sharma P, Barlow WE et al (2023) Cisplatin with veli-
parib or placebo in metastatic triple-negative breast cancer and 
BRCA mutation-associated breast cancer (S1416): a randomised, 
double-blind, placebo-controlled, phase 2 trial. Lancet Oncol 
24:162–174. https://​doi.​org/​10.​1016/​S1470-​2045(22)​00739-2

	55.	 Diéras V, Han HS, Kaufman B et al (2020) Veliparib with carbo-
platin and paclitaxel in BRCA-mutated advanced breast cancer 
(BROCADE3): a randomised, double-blind, placebo-controlled, 
phase 3 trial. Lancet Oncol 21:1269–1282. https://​doi.​org/​10.​
1016/​S1470-​2045(20)​30447-2

	56.	 O’Reilly EM, Lee JW, Lowery MA et al (2018) Phase 1 trial eval-
uating cisplatin, gemcitabine, and veliparib in 2 patient cohorts: 
germline BRCA mutation carriers and wild-type BRCA pancreatic 
ductal adenocarcinoma. Cancer 124:1374–1382. https://​doi.​org/​
10.​1002/​CNCR.​31218

	57.	 Kaufman B, Shapira-Frommer R, Schmutzler RK et al (2015) 
Olaparib monotherapy in patients with advanced cancer and a 
germline BRCA1/2 mutation. J Clin Oncol 33:244–250. https://​
doi.​org/​10.​1200/​JCO.​2014.​56.​2728

	58.	 Golan T, Hammel P, Reni M et al (2019) Maintenance olaparib 
for germline BRCA-mutated metastatic pancreatic cancer. N Engl 
J Med 381:317. https://​doi.​org/​10.​1056/​NEJMO​A1903​387

	59.	 Slootbeek PHJ, Kloots ISH, van Oort IM et al (2023) Cross-resist-
ance between platinum-based chemotherapy and PARP inhibitors 
in castration-resistant prostate cancer. Cancers 15:2814. https://​
doi.​org/​10.​3390/​CANCE​RS151​02814

	60.	 Slootbeek PHJ, Duizer ML, van der Doelen MJ et al (2021) Impact 
of DNA damage repair defects and aggressive variant features on 
response to carboplatin-based chemotherapy in metastatic castra-
tion-resistant prostate cancer. Int J cancer 148:385–395. https://​
doi.​org/​10.​1002/​IJC.​33306

	61.	 Lee JM, Peer CJ, Yu M et al (2017) Sequence-specific pharma-
cokinetic and pharmacodynamic phase I/Ib study of olaparib tab-
lets and carboplatin in women’s cancer. Clin Cancer Res 23:1397–
1406. https://​doi.​org/​10.​1158/​1078-​0432.​CCR-​16-​1546

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1158/1078-0432.CCR-15-1259
https://doi.org/10.1158/1078-0432.CCR-15-1259
https://doi.org/10.1016/S1470-2045(19)30684-9
https://doi.org/10.1016/S1470-2045(19)30684-9
https://doi.org/10.1056/NEJMOA1911440/SUPPL_FILE/NEJMOA1911440_DATA-SHARING.PDF
https://doi.org/10.1056/NEJMOA1911440/SUPPL_FILE/NEJMOA1911440_DATA-SHARING.PDF
https://doi.org/10.1056/NEJMOA2214676/SUPPL_FILE/NEJMOA2214676_DATA-SHARING.PDF
https://doi.org/10.1056/NEJMOA2214676/SUPPL_FILE/NEJMOA2214676_DATA-SHARING.PDF
https://doi.org/10.1097/JU.0000000000001819
https://doi.org/10.1097/JU.0000000000001819
https://doi.org/10.1016/j.euo.2023.09.001
https://doi.org/10.1016/j.euo.2023.09.001
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-olaparib-hrr-gene-mutated-metastatic-castration-resistant-prostate-cancer
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-olaparib-hrr-gene-mutated-metastatic-castration-resistant-prostate-cancer
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-olaparib-hrr-gene-mutated-metastatic-castration-resistant-prostate-cancer
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-olaparib-hrr-gene-mutated-metastatic-castration-resistant-prostate-cancer
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-olaparib-hrr-gene-mutated-metastatic-castration-resistant-prostate-cancer
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-approves-olaparib-hrr-gene-mutated-metastatic-castration-resistant-prostate-cancer
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-rucaparib-brca-mutated-metastatic-castration-resistant-prostate
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-rucaparib-brca-mutated-metastatic-castration-resistant-prostate
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-rucaparib-brca-mutated-metastatic-castration-resistant-prostate
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-rucaparib-brca-mutated-metastatic-castration-resistant-prostate
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-rucaparib-brca-mutated-metastatic-castration-resistant-prostate
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-rucaparib-brca-mutated-metastatic-castration-resistant-prostate
https://www.fda.gov/drugs/resources-information-approved-drugs/fda-grants-accelerated-approval-rucaparib-brca-mutated-metastatic-castration-resistant-prostate
https://doi.org/10.1016/S1470-2045(14)71135-0
https://doi.org/10.1056/NEJMOA1513749
https://doi.org/10.1016/S1470-2045(22)00739-2
https://doi.org/10.1016/S1470-2045(20)30447-2
https://doi.org/10.1016/S1470-2045(20)30447-2
https://doi.org/10.1002/CNCR.31218
https://doi.org/10.1002/CNCR.31218
https://doi.org/10.1200/JCO.2014.56.2728
https://doi.org/10.1200/JCO.2014.56.2728
https://doi.org/10.1056/NEJMOA1903387
https://doi.org/10.3390/CANCERS15102814
https://doi.org/10.3390/CANCERS15102814
https://doi.org/10.1002/IJC.33306
https://doi.org/10.1002/IJC.33306
https://doi.org/10.1158/1078-0432.CCR-16-1546

	Platinum-based chemotherapy in metastatic prostate cancer: what possibilities?
	Abstract
	Introduction
	Platinum-based chemotherapy in prostate cancer
	Platinum-based chemotherapy in HHR mutated prostate cancer
	Platinum-based chemotherapy and PARP inhibitors
	Conclusion
	References




