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Abstract

Germline pathogenic variants (PVs) in DNA-repair genes have gar-
nered increasing attention in metastatic prostate cancer, and more
patients are having somatic and germline DNA testing performed.
Interpretation of germline DNA testing is a novel challenge for many
clinicians, and the results of germline DNA-repair gene testing have
significant implications for men with advanced prostate cancer and
their children and siblings. Here, we report the case of a man with
metastatic castration-refractory prostate cancer and a pathogenic,
germline BRCA2 variant. We discuss the significance of his referral
to a high-risk genetics clinic and the unique targeted therapy that he
responded to.
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Introduction

Prostate cancer accounts for one in every five cancer diagnoses,
making it the most common cancer in men [1]. The natural his-
tory of prostate cancer varies widely from an indolent course
where patients typically have minimal symptomatic burden to
more aggressive metastatic disease that is generally incurable.
After changes to the United States Preventative Services Task
Force (USPSTF) guidelines, the incidence of metastatic pros-
tate cancer may have increased [2, 3]. Due to its incurable na-
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ture, most men diagnosed with metastatic hormone-sensitive
prostate cancer (mHSPC) will eventually progress to metastat-
ic castration-resistant prostate cancer (mCRPC). While there
are currently six treatments approved for mCRPC, the diagno-
sis still carries a poor prognosis with median survival between
24 and 36 months [4]. Predictive biomarkers are not routinely
used to optimize treatment selection among the agents avail-
able for mCRPC.

Recently, germline pathogenic variants (PVs) in DNA-
repair genes have garnered increasing attention in metastatic
prostate cancer. A seminal paper by Pritchard and colleagues
found that inherited or germline DNA-repair gene variants
are present in 11.8% of men with metastatic prostate cancer
[5]. Furthermore, in a phase 2 clinical trial, men with mCRPC
and deleterious mutations in DNA-repair genes were shown to
have high response rates to olaparib, a poly(adenosine diphos-
phate (ADP)-ribose) polymerase (PARP) inhibitor [6]. Due to
the high prevalence of inherited or germline DNA-repair gene
mutations in metastatic prostate cancer, and potential implica-
tions of these findings on family members, NCCN guidelines
now recommend germline DNA testing in all men with meta-
static prostate cancer and patients with BRCA1/2 PVs found in
somatic tumor testing [7]. However, interpretation of germline
DNA sequencing is a novel and daunting challenge for many
practicing oncologists.

Here, we report a case of mCRPC that demonstrates the
utility of multi-disciplinary, high-risk genetics clinics and is
the first report on the efficacy of a PARP inhibitor in a man
with mCRPC with germline DNA-repair gene PVs outside of
clinical trial.

Case Report

In December 2014, a 67-year-old male with a past medical
history of coronary artery disease, ischemic cardiomyopathy,
diabetes mellitus, hypertension, hyperlipidemia and hypothy-
roidism was found to have a prostate-specific antigen (PSA)
of 6.6 ng/mL on a routine screening PSA. On digital rectal
exam, a large right-sided, hard nodule extending from the
apex and mid-gland near the base was noted. Subsequently, a
prostatic biopsy demonstrated adenocarcinoma of the prostate
with a Gleason score of 8 (4+4). Computed tomography (CT)
abdomen/pelvis and a bone scan showed no evidence of extra-
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prostatic disease.

A laparoscopic radical prostatectomy demonstrated ad-
enocarcinoma of the prostate (Gleason 4+4; pT2¢c Nx MXx)
with positive apical margins bilaterally and perineural inva-
sion. Post-prostatectomy PSA was 6.9 ng/mL. Given the posi-
tive surgical margins and elevated post-prostatectomy PSA,
the patient was referred to radiation oncology where definitive
radiotherapy was administered. Within 1 month of radiation, a
restaging CT abdomen/pelvis showed pelvic and external iliac
lymphadenopathy consistent with metastatic disease. Bone
scans remained negative for bony metastases, so the patient
was started on leuprolide for his new metastatic hormone-sen-
sitive prostate cancer (mHSPC).

One year later in August 2016, the patient experienced
PSA progression and was diagnosed with metastatic castra-
tion-resistant prostate cancer (mCRPC). For his newly diag-
nosed mCRPC, he was treated with eight cycles of first-line
docetaxel. After eight cycles, his PSA was undetectable and
he had near resolution of his metastatic disease. However, in
July 2017, he had radiographic and PSA progression. Tumor
tissue next-generation sequencing (NGS) (FoundationOne)
sent from his initial prostatectomy revealed two frameshift
variants in BRCA2 (N986fs*2 and V1283fs*2). The patient
was then referred to Huntsman Cancer Institute’s (HCI) Fam-
ily Cancer Assessment clinic (FCAC), a high-risk genetics
clinic. Given the high rate of concordance between somatic
and germline BRCA1/2 PVs and NCCN recommendations to
test all men with metastatic prostate cancer, genetic counselors
recommended germline DNA testing [8]. Testing confirmed
the presence of a germline BRCA2 variant, aligned with his
V1283fs*2 variant identified somatically. Given the patient’s
multiple cardiovascular co-morbidities and patient preference,
treatment with next-generation androgen axis inhibitors was
not pursued. Based on his germline and tumor PV in BRCA?2
and efficacy data of olaparib from the above mentioned phase
2 trial, he was started on olaparib orally at 400 mg BID at off
trial in August 2017. Treatment with olaparib was well toler-
ated overall except for anemia that required a dose reduction
to 300 mg BID and eventually 200 mg BID after 6 months of
therapy. After 10 months of treatment, olaparib was discontin-
ued due to radiographic and PSA progression.

Due to the presence of the patient’s BRCA2 variant, it
was recommended that all of his first-degree relatives (FDRs)
consider genetic testing for the specific mutation. Each of his
FDRs had a 50% risk to also have this BRCA2 mutation. All
three of his children, and two of his siblings, were seen at the
HCI’'s FCAC and found to have the familial BRCA2 variant.
After discussion with genetic counselors, his two daughters
elected to undergo prophylactic, bilateral mastectomy and oo-
phorectomy, and his interested male relatives are followed by
HCT’s high-risk prostate cancer clinic.

Discussion

Genetic testing is becoming a common means of identifying
both somatic and germline genetic abnormalities in cancer
patients. In a 2016 multi-centered study, deleterious germline
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DNA-repair gene mutations were observed in 11.8% of men
with metastatic prostate cancer [5]. Herein, we present the case
of a 68-year-old man with mCRPC who was initially found
to have a BRCA2 PV on tumor tissue NGS and confirmed on
germline testing through our FCAC at HCI. After progressing
on docetaxel, he responded to olaparib for approximately 10
months, which to our knowledge, is the first reported case on
the efficacy of PARP inhibitor treatment for a germline DNA-
repair gene mutation outside of clinical trials. Furthermore,
this case clearly demonstrates the utility of referral to multi-
disciplinary, high-risk genetics clinics for men with metastatic
prostate cancer and mutations in DNA-repair genes identified
on tumor sequencing. Our patient’s referral led to the detection
of germline BRCA variants in multiple relatives, resulting in
preventative screening and prophylactic measures for family
members.

The current NCCN guidelines for prostate cancer suggest
germline DNA testing with all men who have advanced prostate
cancer [7]. However, interpreting the results of germline DNA
testing presents a novel challenge for many clinicians because
mutations have differing pathogenicity, penetrance and clinical
implications [9]. Furthermore, there are other genes outside of
DNA-repair gene mutations that may influence outcomes in
metastatic prostate cancer [10, 11]. Thus, high-risk genetics
clinics have the potential to improve outcomes for men with
metastatic prostate cancer because genetic counselors can dis-
cuss the implications of germline testing and provide preventa-
tive measures to the family members of these men. Germline
BRCA 1/2 mutations are a well-known risk factor for breast
and ovarian cancer, among others, so as seen in our case, ap-
propriate counseling can lead to important discussions with
family members about prevention and prophylaxis, such as
risk-reducing surgeries, screenings and medications.

The value of DNA-repair gene mutations as a predictive or
prognostic biomarker for men with metastatic prostate cancer
is still unclear at this time. In 2015, TOPARP-A, a multi-cent-
er, phase 2 clinical trial, demonstrated that men with mCRPC
and homozygous deletions and/or deleterious mutations in
DNA-repair genes have improved progression-free survival
with olaparib, a PARP inhibitor, compared to men without
DNA-repair genes (9.8 months versus 2.7 months) [6]. These
findings suggest that DNA-repair mutations are a predictive
biomarker of response to PARP inhibitors in metastatic pros-
tate cancer. There are now many ongoing clinical trials evalu-
ating PARP inhibitors alone or in combination with other treat-
ments for men with mCRPC (Table 1). It is currently unclear
whether DNA-repair gene mutations are predictive of response
to androgen axis inhibitors, abiraterone and enzalutamide. In
the past year, three retrospective cohort studies of similar size
have evaluated whether DNA-repair gene mutations are pre-
dictive of response to androgen axis inhibitors [12-14]. All
three studies have produced different, conflicting results, so
the final verdict is still undecided.

In conclusion, this report describes the case of a man with
mCRPC and germline BRCA2 variants who had a clinically
meaningful and durable response to treatment with a PARP
inhibitor, olaparib, outside of a clinical trial. Furthermore, his
case clearly demonstrates the value of collaborating and refer-
ring to high-risk genetics clinics for germline testing as they
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Table 1. Completed and Ongoing Phase 2/3 Clinical Trials Evaluating PARP Inhibitors in Men With Metastatic Castration-Refractory

Prostate Cancer

Primary Estimated primary

Trial Arms Phase Population n e T
PROfound Olaparib 3 mCRPC 340 rPFS 2020
(NCT02987543) AAorenza
Talapro-2 Talazoparib + enza 3 mCRPC with DDR deficiency 352 rPFS 2022
(NCT03395197)  Enza + placebo
TRITON3 Rucaparib 3 mCRPC with DDR deficiency 400 rPFS 2022
(NCTO02975934)  AA, enza or docetaxel
NCT02893917 Olaparib + cediranib 2 mCRPC 90  rPFS 2019
Olaparib
BRCAAway AA + olaparib 2 mCRPC with DDR deficiency 70  PFS 2021
(NCT03012321)
Olaparib
AA
Completed trials
Trial Arms Phase  Population n ORR PFS
NCI 9012 AA + veliparib 2 mCRPC 148 72.4% 14.5 m (DDR+) versus 8.0 m (WT)
(NCTO01576172) AA
TOPARP-A Olaparib 2 mCRPC 89  33% 9.8 m (DDR+) versus 2.7 m (WT)
(NCT01682772)

AA: abiraterone acetate plus prednisone; enza: enzalutamide; mCRPC: metastatic castration-refractory prostate cancer; rPFS: radiographic pro-
gression-free survival; DDR: DNA damage repair; ORR: objective response rate; PSA: prostate-specific antigen; PFS: progression-free survival.
Primary completion date: the date on which the last participant in the clinical study was examined or received an intervention to collect final data for

the primary outcome measure.

can impact treatment recommendations for men with DNA-
repair gene variants and their families.
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