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Introduction 
Prostate cancer is the most common non-skin cancer in the 

USA among men and a leading cause of cancer morbidity world-
wide. The majority of prostate cancers present as localized dis-
ease, but metastatic disease remains a significant cause of mor-
bidity and mortality [1].

While localized, low-risk prostate cancers may be treated with 
non-systemic therapies including radiation and/or surgery, met-
astatic disease requires the addition of systemic therapy in the 
form of androgen deprivation therapy [2, 3]. Although androgen 
deprivation therapy (ADT) is usually effective in curbing the ini-
tial progression of cancer, after time, it often becomes ineffec-
tive, and the disease progresses to metastatic castration resistant 
prostate cancer (mCRPC) [4].

The current FDA approved therapies for mCRPC reflect the 
different pathways in which mCRPC is thought to develop. Such 
medications include second-generation androgen receptor (AR) 
targeting agents as well as medications that target tumors con-
taining alterations in DNA repair genes. It is believed that about 
60% of patients with advanced prostate cancer have molecular 
alterations in pathways unrelated to androgen receptor signal-
ing. These mutations are thought to occur mainly in genes that 
encode components of the DNA damage response (DDR), such 
as BRCA1 and BRCA2, making the cancers feasible targets of 
DNA damaging therapy [5].

Given the complexity of DNA replication, there are different 
DNA repair pathways according to the type of DNA damage, but 
most are governed by a set of general enzymatic roles. The DDR 

machinery roles include damage sensors, transducer kinases, and 
effectors which maintain genomic stability and monitor the ac-
curate transmission of genetic information. The repair pathways 
share similarities, but, in general, a damage sensor recognizes 
specific DNA damage before recruiting and activating down-
stream transducer kinases (such as ATM, ATR, DNA-PKcs), 
which in turn transduce the signal to effector proteins (such as 
BRCA1 and BRCA2) [6]. When both DNA strands are dam-
aged, the main systems involved in the repairing process are 
non-homologous end joining (NHEJ) and homologous recom-
bination repair (HRR). On the other hand, if damage occurs only 
in one strand, the unaltered strand works as a framework for 
mismatch repair (MMR), nucleotide excision repair (NER), base 
excision repair (BER), and single-strand break repair pathways 
(SSBR) [7].

While it is hypothesized that patients with genetic mutations in 
DDR pathways may respond well to DNA damaging therapies, 
to date, trials on the prognosis of advanced prostate cancer pa-
tients with DDR gene aberrations and the associated response to 
therapies are limited [8]. Some studies have shown a high prev-
alence of germline mutations in DDR genes and, for that reason, 
the National Comprehensive Cancer Network (NCCN) recom-
mends germline testing for all men with high-risk localized pros-
tate cancer and those with metastatic disease [9]. Current anal-
yses have revealed that approximately 33% of mCRPC tumors 
contain biallelic inactivation of BRCA1, BRCA2 or ATM [10]. 
Most of the mutations are found primarily in BRCA2, but other 
genes have also been identified [11, 12].
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The mutations in DDR genes would seemingly make DNA 
damaging therapies attractive treatment options and potential av-
enues for future research. Poly-ADP-ribose polymerase (PARP) 
inhibitors are one such DNA damaging treatment option. To date, 
two PARP inhibitors have been approved by the FDA for use in 
prostate cancer in patients with mutations in DDR genes: rucapa-
rib and olaparib [13, 14]. The latter of these, olaparib, is effective 
for tumors with mutations in a specific subset of DDR genes, so 
called HRR deficient tumors. In the PROfound study, patients 
with HRR mutations treated with olaparib were found to have 
improved progression free survival (PFS) times when compared 
to the control [15].

Other such targeted DNA damaging therapies include plati-
num-based therapies. Although research in this area is limited, 
it has been reported that DNA repair defects may be predictors 
of sensitivity to platinum agents, suggesting its use as targeted 
therapy in mCRPC [16-19]. One platinum agent, carboplatin, has 
demonstrated some clinical activity against mCRPC in numerous 
phase II trials and studies: carboplatin, given with or after chemo-
therapy, resulted in improved PFS and clinical and biochemical 
response [20-22]. Platinum-based therapy has been successful in 
treating breast and ovarian cancers with pathogenic mutations 
in BRCA1 or BRCA2. In patients with mCRPC with biallelic 
mutations in BRCA2, a significant PSA reduction was observed 
after carboplatin treatment, raising the possibility that biallelic 
BRCA2 inactivation may function as a predictive biomarker for 
sensitivity to platinum-based therapy in mCRPC [18].

As noted above, a significant proportion of metastatic prostate 
cancers involve mutations in the HRR pathway. While olaparib 
and carboplatin are thought to be beneficial for patients with mu-
tated HRR genes, at this time, prospective trials for side-by-side 
comparison of these targeted therapies to explore efficacy or syn-
ergistic effects after synchronous or successive use are lacking.

The purpose of the COBRA (Carboplatin or Olaparib for 
BRCA Deficient Prostate Cancer) Protocol is to answer these 
questions and establish if there is a better response to carbopla-
tin compared to olaparib in patients with HRR deficient tumors.

Methods
The COBRA Protocol is a phase II, unblinded, multi-center, 

randomized crossover study with a primary endpoint that as-
sesses the efficacy of carboplatin versus olaparib as first-line 
therapy in the treatment of mCRPC. Specifically, it will evaluate 
mCRPC harboring inactivating mutations in the HRR pathway 
(BRCA1, BRCA2, PALB2) that have been previously treated 
with AR blocking agents. An amendment was recently made to 
include new qualifying mutations: BARD1, BRIP1, CHEK1, 
FANCL, RAD51B, RAD51C, RAD51D, and RAD54L. The 
primary endpoint is the time between randomization of the 
patient into a treatment group and disease progression as de-
fined by radiographic disease progression or measurable disease 
by the RECIST 1.1 guidelines or death due to any cause [23]. 
Upon disease progression, the patient will be started on the oth-
er medication and the crossover portion of the COBRA Protocol 
will begin. The second-line medication will be continued until 
there is second documented disease progression (defined as ra-
diographic or measurable disease progression by RECIST 1.1 
guidelines) or death due to any cause during or after the second 
line treatment and the study will be terminated as demonstrated 
in figure 1.

The data collected during and after the crossover phase in-
forms much of the secondary objectives of the Protocol. These 
objectives include assessment of combined PFS time between 
initial randomization and disease progression on or after med-
ication of the second arm of treatment; PFS time between the 
start of the second line treatment (after progression of disease 
on the initial treatment arm) and disease progression or death 

Figure 1. COBRA Protocol treatment schematic
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Table 1. Inclusion and exclusion criteria outlined in the COBRA protocol

due to any cause; PSA response and duration of response; and 
the Grade 3 and 4 toxicities of both carboplatin and olaparib. 
The percentage of patients obtaining a 50% and 90% reduction, 
respectively, in PSA according to PCWG3 criteria, as well as a 
30% reduction of measurable disease by RECIST 1.1 guidelines 
will also be measured [23, 38].

For first line treatment, the first treatment arm will receive 
carboplatin AUC 5 IV administered every 21 days; the second 
treatment arm will receive olaparib 300 mg twice a day continu-
ously in 28-day cycles. All participants will have to undergo the 
informed consent procedure and must sign the informed consent 
and HIPAA authorization prior to participating in the clinical tri-
al. Screening procedures including imaging (e.g. CT, MRI, or 
bone scan) are to be completed during the screening period ≤ 
30 days prior to initiation of treatment. Imaging will then be 
repeated every 12 weeks ± 7 days or as clinically indicated to 
evaluate for progression of disease. Upon objective evidence of 
disease progression, patients will be transitioned to the second 
line of therapy (carboplatin to olaparib or olaparib to carbopla-
tin) after a minimum washout period of 2 weeks. Labs, imaging, 
and physical examination will be repeated prior to crossover to 
second-line therapy and then again at termination of the study 
(when possible).

To be a candidate for the Protocol, rigorous inclusion and ex-
clusion criteria guidelines were enacted to ensure the validity of 

the study and the safety of the patients (Table 1).

Patients are being recruited from multiple Veterans Affairs 
(VA) oncology clinics throughout the US. Patients are pre-
screened for a diagnosis of mCRPC through medical records; 
their medical history is also screened to evaluate for previ-
ous treatment with first-line therapy, as well as for BRCA1, 
BRCA2, PALB2, BARD1, BRIP1, CHEK1, FANCL, RAD51B, 
RAD51C, RAD51D, and/or RAD54L mutations. Approximately 
25 patients will be enrolled in the study per year over four years 
for a total enrollment of about 100 patients.

To ensure appropriate randomization, patients are first strati-
fied. This is being done based on two conditions: the presence 
or absence of visceral (lung or liver) involvement and the prior 
receipt of docetaxel. The patients are then randomized through 
the VA’s VIReC Research Electronic Data Capture (REDCap) 
project to either of the treatment arms.

Both carboplatin and olaparib do have adverse effects and 
safety concerns. Carboplatin, while better tolerated than cispla-
tin, still has a number of side effects including bone marrow sup-
pression, gastrointestinal toxicity and hepatic toxicity. Olaparib’s 
side effects seen in the PROfound trial, occurred in > 10% of 
patients, and included anemia, fatigue, nausea, decreased appe-
tite, diarrhea, vomiting, thrombocytopenia, cough, and dyspnea 
[46, 47]. Additionally, olaparib is metabolized by the CYPY3A 

Inclusion criteria Exclusion criteria

Males age >18 years, with signed informed consent form and 
HIPAA authorization form

Currently enrolled in another investigational drug or de-
vice study or receiving treatment for other neoplasms

ECOG performance status <2 Histologic evidence of pure small-cell or high-grade neu-
roendocrine tumor

Diagnosis of prostate cancer (excluding pure small-cell or pure 
high-grade neuroendocrine histology)

Having received investigational therapeutics within 30 
days of the study

Ongoing androgen deprivation therapy Having been treated previously with platinum agents, 
PARP inhibitors, or mitoxantrone for mCRPC

Metastatic disease as defined as measurable disease progression 
based on RECIST 1.1 criteria, radiographic progression of dis-
ease on bone scan, CT scan, or MRI with >2 lesions, or PSA 
level >2 ng/ml that has risen on 2 successive occasions at 
least 1 week apart in the setting of serum testosterone < 50 ng/ml

Concomitantly using strong CYP3A inducers or inhibi-
tors without the appropriate washout period prior to the 
study

Prior therapy with abiraterone acetate, enzalutamide, apalut-
amide, or darolutamide

Gastrointestinal/swallowing disorders that interfere with 
the ability of the study medications to be appropriately 
absorbed

Confirmed mutations in BRCA1, BRCA2, PALB2, BARD1, 
BRIP1, CHEK1, FANCL, RAD51B, RAD51C, RAD51D, and 
RAD54L as assessed by a CLIA certified        assay

Parenchymal brain metastasis

Normal bone marrow function as defined by an absolute neutro-
phil count (ANC) > 1.5 x 109/L and platelet count > 100 x 109/L

Myelodysplastic syndrome/AML (or with features sug-
gestive of such)

Normal hepatic function defined as total bilirubin < 1.5 times the 
institutional upper limit of normal (ULN), AST and ALT < 2.5 
times the institutional ULN unless liver metastases are present in 
which case, they must be < 5 times the ULN

Clinically significant heart disease (e.g. recent MI or ar-
terial thrombotic event, New York Health Association 
(NYHA) Class II-IV heart disease, EF <35%, severe 
angina, unstable angina, etc.)

Normal renal function as defined by creatinine clearance (CrCl) 
of > 30 mL/min (in the case of CrCl 31-50 mL/min olaparib dos-
age adjustments will be necessary)

Other psychiatric, neurologic, or social conditions which 
interfere with their ability to give consent or follow up 
as directed



British Journal of Cancer Research

587Br J Cancer Res 2022, 5:2

system and numerous medications may affect its metabolism.

As patient safety is paramount, protocol deviations including 
dose reductions and treatment delays are allowed in the setting 
of NCI CTCAE Grade 3-4 toxicity (and Grade 1-2 if deemed 
significant by the investigator). Treatment delays are allowed for 
a maximum of 6 weeks before patients are withdrawn from the 
study.

Additionally, patient safety and tolerability are monitored by 
evaluation for adverse events (AE) (graded per the NCI CTCAE 
v 5.0), participation in regular physical examinations, and col-
lection of vital signs and labs. All AEs of Grade 3-4 per NCI 
CTCAE are recorded and reported to the VA central IRB both 
verbally and in writing. Regular lab, imaging, and physical ex-
aminations occur during study treatment, and the evaluation of 
patient eligibility is reassessed at every follow up clinic visit. 
Grade 3 or above AEs are followed and managed after study 
termination until their resolution or they are determined to be 
chronic conditions. The safety and tolerability of the study drugs 
will be analyzed according to the secondary objectives.

Discussion
As noted at the outset, prostate cancer and, especially, mCRPC 

remains a significant cause of morbidity and mortality in men 
across the world. Since mCRPC is not a singular disease caused 
by a distinct process, but rather a constellation of processes 
caused by a few or numerous mutations in the genome, treatment 
plans should ideally be targeted to the tumor's unique genetic 
landscape to maximize efficiency and the chance of survival in 
the patient. Such a belief has driven genomics and cancer re-
search in this area. However, due to the poor prognosis associ-
ated with mCRPC, it is incredibly important to continue to de-
velop and test targeted treatment options for this population. The 
goal of the COBRA Protocol is to develop improved treatment 
standards for patients with HRR mutations.

As of today, the mainstays of treatment for mCRPC include 
AR targeting agents abiraterone or enzalutamide, radium 223, 
Sipuleucel-T and taxanes [24]. Taxanes like docetaxel and caba-
zitaxel have demonstrated good initial response and survival 
benefit. Unfortunately, almost all mCRPC become resistant to 
taxanes and eventually continue to progress [25]. Because of 
this, targeted avenues of therapy have been proposed and de-
veloped to help slow or stop progression of disease. One such 
targeted approach has taken the form of DNA damaging ther-
apies, like platinum-based therapy and PARP inhibitors which 
may play a role in HRR mutated tumors.

HRR deficiency can result from mutations in BRCA1, 
BRCA2, ATM, RAD51D, PALB2, BARD1, BRIP1, CHEK1, 
FANCL, RAD51B, RAD51C, RAD51D, and RAD54L genes 
which disrupt the DNA repair pathway. Prostate tumor testing 
revealed that approximately 11% of all metastatic prostate can-
cers contained germline DNA repair gene mutations while it has 
been noted to be as high as 33% in mCRPC [26, 27]. The signif-
icant prevalence of these mutations and the availability of target-
ing drugs makes prostatic carcinoma trials a promising area for 
successful advancement in oncologic therapy. For this reason, 
Carboplatin and olaparib were chosen for the COBRA trial.

Platinum-based therapy has been used to treat numerous can-

cers. Carboplatin, specifically, has been used in the treatment of 
ovarian, head, neck, breast, and lung cancers. Recently, with in-
creased genomic sequencing and analysis, the impact of certain 
DNA repair mutations on the sensitivity and response of a tumor 
to platinum-based therapy has been assessed. The importance 
of BRCA1 and BRCA2 for DNA double-strand break repair by 
HRR is undeniable. HRR-mutated cancers of various types have 
demonstrated increased sensitivity to platinum-based therapy. 
For example, ovarian, fallopian tube, and peritoneal carcinomas 
with germline or somatic HRR mutations treated with platinum 
therapy were found to have improved response and survival [28].

In addition, a significant body of research supports the im-
portance of BRCA1 and BRCA2 in breast cancer outcomes and 
responses to treatment. A phase III trial comparing docetaxel 
vs carboplatin found that patients with germline BRCA1 and 
BRCA2 mutations had a better response and outcome to car-
boplatin than to docetaxel. The outcomes of the patients with 
BRCA1 and BRCA2 mutations were then compared to those 
without the mutations, and improved treatment responses to car-
boplatin were not observed for unmutated phenotypes [29]. This 
study highlighted the sensitivity of BRCA1 and BRCA2 mutated 
breast cancer to carboplatin, suggesting its potential use in other 
tumors containing BRCA1 and BRCA2 mutations.

A number of clinical trials exploring the use of platinum-based 
therapy for mCRPC have demonstrated clinical activity of car-
boplatin against mCRPC [20, 21, 30, 31, 32]. The combination 
of carboplatin plus paclitaxel was evaluated in 38 patients, of 
whom 24 had already received two or more prior chemotherapy 
regimens. There was a clinical and/or biochemical response in 
26% of cases, and an additional 34% demonstrated stable disease. 
When patients were being treated with the biweekly regimen of 
paclitaxel and carboplatin, the median duration of response and 
median time to progression were 6 and 3.6 months respectively, 
and the median overall survival was 10 months [21]. In another 
trial, the combination of carboplatin plus docetaxel was given to 
34 men on or within 45 days of completion of docetaxel che-
motherapy. Biochemical response was observed in 18% of cases, 
median PFS was 3 months, and median overall survival was 12 
months [22].

Some studies have shown the potential of platinum-based com-
pounds as a future targeted therapy in prostate cancer [19]. While 
many of the smaller-scale studies starting in the 1980s showed 
limited benefit with platinum-based therapy, they were limited 
by the lack of technological capability in detecting mutations that 
might affect response to such therapy [33, 34]. Since then, there 
has been evidence via several preclinical studies of an improved 
response to platinum-based therapy if the prostate cancer had mu-
tations in HRR DNA repair genes or DNA damage checkpoints, 
including BRCA1, BRCA2, PALB2, NSB1, CHK2 [35, 36]. In 
one study, 141 men with mCRPC were treated with carbopla-
tin and docetaxel, showing a significant improvement in patients 
with germline BRCA2 mutations [37]. Interestingly, 6 out of 8 
patients with taxane refractory mCRPC who were BRCA2 carri-
ers demonstrated a 50% decline in PSA with the addition of car-
boplatin, and their survival was twice that of patients who were 
not carriers.

A study conducted at the Memorial Sloan Kettering Cancer 
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Center in New York echoed these results. The study evaluated 
the efficacy of platinum-based therapy in DDR mutant mCRPC 
[39]. The DDR mutations were found in 16 of 64 patients (25%) 
and were associated with an increased probability of achieving 
a PSA decline of 50% or more from baseline. Of 8 patients with 
DDR mutated mCRPC who received platinum-based therapy 
after a PARP inhibitor, 3 out of 7 evaluable patients had radio-
graphic partial response or stable disease, and 2 out of 7 had a 
PSA reduction response.

In addition to platinum-based therapies, BRCA mutated can-
cers have been approved for treatment with PARP inhibitors. 
With regard to ovarian cancer, olaparib was the first PARP in-
hibitor to be approved for treatment given the positive results in 
the SOLO1, PRIMA and PAOLA-1 phase III trials [40]. In the 
OlympiAD trial, olaparib demonstrated improved PFS versus 
conventional chemotherapy in patients with metastatic HER2- 
negative BRCA mutated breast cancer [41]. With regard to pan-
creatic cancer, the POLO trial demonstrated improved outcomes 
of olaparib versus placebo in pancreatic cancers with germline 
BRCA1 and BRCA2 mutations [42,43]. At this time, olaparib 
has been FDA approved in the treatment of breast, ovarian, fal-
lopian tube or primary peritoneal cancer, pancreatic, and prostate 
cancer.

In the PROfound study, a randomized phase III trial, PFS in 
the group with BRCA1, BRCA2, and/or ATM mutations treated 
with olaparib was 7.4 months vs. 3.6 months in the control (P 
< 0.001) and secondary endpoints also favored those receiving 
olaparib [15]. While the study showed significant differences 
when compared against ADT and hormonal therapy, it was lim-
ited in assessing the difference between targeted therapies.

A similar drug, rucaparib, was studied specifically with regard 
to mCRPC. In the TRITON2 study, a phase II single arm model, 
patients with prior-treated mCRPC with confirmed BRCA1 or 
BRCA2 mutations were given rucaparib. The result of the study 
showed a significant decrease in PSA levels (≥ 50% decrease 
from baseline) in 54.8% of patients [44]. In 2020, both the PARP 
inhibitors olaparib and rucaparib were FDA approved for treat-
ment of patients mCRPC with genomic alterations involving 
HRR genes [35].

The data and conclusions of previous treatment trials have laid 
the foundation of the COBRA Protocol. The emerging positive 
results using PARP inhibitors and platinum-based therapy for 
cancers with DDR are promising and require additional trials to 
further optimize these treatment options. The COBRA Protocol 
aims to do precisely that in a prospective clinical trial assessing 
carboplatin and olaparib as first line treatments for specific sub-
sets of mCRPC. Interestingly, both therapies are noted to operate 
on similar mutation domains and may provide the opportunity to 
explore synergy. The COBRA Protocol, unlike trials in the past, 
will be a prospective study to evaluate responses of patients who 
have HRR deficient tumors. Hopefully, this protocol will help 
to optimize response, and it will reduce statistical variance and 
noise to allow for a more accurate assessment of each medica-
tion’s potential to increase PFS.

Furthermore, the study is designed not only to compare each 
medication’s impact on the patient, but also to determine if there 

is any benefit to using both medications. In the crossover portion, 
patients will be exposed to the other treatment. The responses of 
the patients and the progression (or lack thereof) of mCRPC may 
help shed light on the pathogenesis of such cancers. Should the 
patients experience a synergistic effect and improve more than 
expected after both medications, this research may point to com-
bining these medications as first line treatment. The outcome 
data generated by this protocol will hopefully be beneficial not 
only to the enrolled patients but also to the healthcare economy.

The COBRA trial will be conducted with a consortium of 
prostate cancer groups involving multiple Veterans Affairs 
Medical Centers in a variety of locations throughout the United 
States with approval from the VA Central IRB. Such variety in 
academic sites and geography will help mirror the populations in 
prior studies, as well as, providing economic, ethnic, and racial 
diversity to be more reflective of the overall population of pros-
tate cancer patients.

Because personalized therapies for prostate cancer progres-
sion are lacking, different efforts to better understand the disease 
and its resistance to treatment are necessary to find new ther-
apeutic approaches. Genomic analysis allows identification of 
specific pathways for targeted treatment, and the use of combi-
nation therapy with different mechanisms of action constitutes a 
promising approach to overcome resistance to treatment. Efforts 
continue to better explore the molecular alterations that lead to 
prostate cancer at different stages of the disease and to identify 
and validate predictors of response to treatment. The COBRA 
Protocol and the data collected will hopefully contribute to these 
goals and drive future research providing patients with mCRPC 
opportunities for an improved prognosis.
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