
C A S E  R E P O RT

Metastatic Castration-Resistant Prostate Cancer 
with Neuroendocrine Transformation and BRCA 
1 Germ-Line Mutation: A Case Report and 
Literature Review

This article was published in the following Dove Press journal: 
OncoTargets and Therapy

Yinhang Wu1 

Yongsheng Gao2 

Xue Dou2,* 
Jinbo Yue2,*
1Department of Radiation Oncology, 
Shandong Cancer Hospital, Cheeloo 
College of Medicine, Shandong 
University, Jinan, Shandong, People’s 
Republic of China; 2Department of 
Radiation Oncology, Shandong Cancer 
Hospital and Institute, Shandong First 
Medical University and Shandong 
Academy of Medical Sciences, Jinan, 
Shandong, People’s Republic of China  

*These authors contributed equally to 
this work  

Abstract: A 63-year-old man with a significantly high prostate-specific antigen level was 
diagnosed via pathology to have advanced prostate adenocarcinoma due to multiple lung 
metastases. He was then treated with androgen deprivation therapy (ADT) comprising 
bicalutamide and goserelin. Only after 6 months of stable disease, the cancer progressed 
and the drug was changed to abiraterone; however, no significant therapeutic effect was 
observed and the disease was considered as castration-resistant prostate cancer. The histo-
pathologic analysis of the biopsied metastatic lymph node confirmed small-cell neuroendo-
crine carcinoma, and genetic testing revealed BRCA1 germ-line mutation. The oral PARP 
inhibitor olaparib was used and achieved a partial tumor response over a period of 2.5 
months. Meanwhile, palliative radiotherapy was performed for pain control in the sacrococ-
cygeal region with complete symptom relief. The combination chemotherapy strategy of 
etoposide and cisplatin was used after the failure of olaparib and achieved pain alleviation in 
the left leg. The patient received one cycle of this chemotherapy strategy and eventually died 
of a rapid tumor progression, respiratory failure, and heart failure on April 27, 2019. 
Keywords: prostate cancer, castration-resistant, neuroendocrine transformation, BRCA1 
germ-line mutation, PARP inhibitor, chemotherapy

Introduction
According to a recent study, although the incidence of prostate cancer is stable in 
most countries, worldwide its incidence is among the lowest in Asia. The incidence 
of prostate cancer increases by 2.6% every year in China.1 Moreover, the patholo-
gical types of prostate cancer vary; small-cell neuroendocrine carcinoma was one of 
the rarest pathological types and accounted for approximately 1% of prostate 
cancers.2 It is an aggressive subtype, which was usually discovered in patients 
with prostate adenocarcinoma who accepted androgen deprivation therapy (ADT).3 

Breast cancer susceptibility gene 1 (BRCA1) was found in a 1993 Icelandic study 
and is located on the long arm of chromosome 17, composing of 24 exons, which is 
mainly involved in the DNA-repair process and was associated with increased risk 
of cancer development, including breast cancer, ovarian cancer, prostate cancer, 
pancreatic cancer and colorectal cancer.4,5 It was reported subsequently that the 
relative hazard of prostate cancer in male patients with BRCA1 mutation increased 
2–3 fold and survival hazard reached 30%.6,7 In addition, BRCA1/2 mutation was 
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associated with a higher Gleason score in patients with 
prostate cancer.8 In this report, we demonstrate a rare case 
diagnosed with prostate cancer, which underwent 
a transformation from adenocarcinoma to small-cell neu-
roendocrine carcinoma after ADT and harbored BRCA1 
germ-line mutation. We also reviewed related literatures 
on the choice of treatment for this variant phenotype.

Case Description
A 63-year-old man with dysuria and urinary frequency 
was admitted to our hospital in April 2018. The value of 
serum prostate-specific antigen (PSA) was 55.13 ng/mL 
(normal value: 0–4 ng/mL). The pelvic enhanced magnetic 
resonance imaging (MRI) showed that prostate cancer had 
invaded the seminal vesicle and bladder and had metasta-
sized to multiple pelvic lymph nodes and pelvic bones. 
Emission computed tomography (CT) further showed that 
the prostate cancer had metastasized to multiple bones 
including T1, T2, T12, L2 and L3, left superior femur, 
right 4th anterior rib, right 7th, 8th posterior rib, left 
superior humerus, right ilium, and the left sacroiliac 
joint. Transrectal ultrasound-guided biopsy revealed pros-
tate adenocarcinoma after pathological examination, with 
a Gleason score of 8(4 + 4). The clinical stage was deter-
mined as stage IV (T4 N1 M1b) and the patient agreed to 
be treated with the ADT comprising bicalutamide com-
bined with goserelin and monthly osteoclast inhibitors 
since April 2018. The patient showed a response to the 
aforementioned therapy; dysuria disappeared and serum 
PSA level decreased to 0.32 ng/mL (normal value: 0–4 
ng/mL). Meanwhile, subsequent positron emission tomo-
graphy and pelvic enhanced MRI suggested stable disease 
at the follow-up in June and August 2018.

After 6 months of ADT, dysuria reappeared and serum 
PSA was 0.53 ng/mL (normal value: 0–4 ng/mL). The 
pelvic enhanced MRI indicated that the primary prostate 
cancer was enlarged with multiple pelvic lymph nodes and 
bone metastasis in October 2018. It was concluded that the 
tumor progressed due to the failure of ADT. The therapeu-
tic strategy was changed to a combination of abiraterone, 
prednisone and bicalutamide. After 1 month of this new 
therapeutic strategy, dysuria and sacrococcygeal pain 
occurred. The degree of pain was estimated as 5 score 
according to the numeric rating scales (NRS). The serum 
PSA level was 1.5 ng/mL (normal value: 0–4 ng/mL). The 
serum pro-gastrin-releasing peptide (ProGRP) level was 
976.2 pg/mL (normal value: 0–54.8 pg/mL). The value 
of neuron-specific enolase (NSE) was 212.90 ng/mL 

(normal value: 0–17 ng/mL). Contrast pelvic enhanced 
CT in December 2018 showed that the prostate tumor 
had increased in size and new metastases were formed in 
the liver and bilateral lungs, which suggested a failure of 
the abiraterone combined with ADT and disease progres-
sion. The disease was then considered as castration- 
resistant prostate cancer. Tumor markers with ProGRP 
and NSE indicated that the tumor may have had neuroen-
docrine features. Therefore, a biopsy of a metastatic lymph 
node in the left neck was performed and showed small-cell 
neuroendocrine carcinoma. The immunohistochemical 
result contained characteristics of neuroendocrine carci-
noma, which was positive for synaptophysin (Figure 1). 
BRCA1 germ-line mutation was detected by genetic test-
ing of a blood sample. A PARP inhibitor for BRCA 1 
mutation, olaparib, was used to control the tumor progres-
sion. To further relieve the patient’s pain, palliative radio-
therapy to the pelvic tumors including the metastatic 
lymph nodes and the prostate tumor was performed with 
30Gy/10 fractions. Sacrococcygeal pain and dysuria were 
quickly relieved during palliative radiotherapy. The tumor 
biomarkers decreased after radiotherapy and targeted ther-
apy (NSE from 212.90 ng/mL to 22.12 ng/mL; ProGRP 
from 976.2 pg/mL to 383.7 pg/mL; whereas PSA 
increased from 1.5 to 2.86 ng/mL). Meanwhile, the patient 
displayed clinical improvement. In contrast to the CT 
demonstration in December 2018, the pelvic enhanced 
CT in January 2019 showed a nearly complete tumor 
response in the radiation field and a partial tumor response 
in the region that was not covered in the radiation field 
(Figure 2), which verified the therapeutic effect of 
olaparib.

However, in February 2019, the patient developed pain 
and numbness in the right leg and the NRS score was 6. 
Pelvic enhanced CT showed tumor progression (Figure 2) 
and with skull, sternum, bilateral upper humerus, bilateral 
scapula, multiple bilateral ribs, multiple spine, multiple 
pelvis, and bilateral femoral metastases.

Consequently, the patient was administered a combination 
chemotherapy of etoposide and cisplatinum (etoposide 0.1 
g day 1–5 + cisplatin 40 mg day 1–3, once every 3 weeks). 
Moreover, olaparib was discontinued due to tumor progres-
sion. On the second day of chemotherapy, the patient felt 
intense pain in the neck when rotating his body, and the 
NRS score was estimated at 9. An emergency CT scan of the 
neck revealed a fracture of the second cervical vertebra. In 
view of the severity of the high cervical vertebra fracture and 
the severe pain experienced by the patient, an emergency 
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surgery was performed in the department of orthopedics. After 
neck pain relief from the surgery, the previous chemotherapy 
strategy was re-initiated. Pain in the right leg was relieved after 

one cycle of chemotherapy. However, there was the repeated 
occurrence of severe myelosuppression, electrolyte disorder, 
flatulence and hypoproteinemia. The patient was then 

Figure 1 Immunohistochemical result of prostate cancer. Immunohistochemical result of the initial biopsy before treatment showed moderately differentiated adenocarci-
noma of the prostate (A) with Gleason score 8(4+4) and be positive for p504s (B) and CK5/6 (C) (original magnification X 200). Immunohistochemical result of the second 
biopsy after relapse showed small-cell carcinoma of the prostate (D) and be positive for chromogranin A (E) and synaptophysin (F) (original magnification X 200).

Figure 2 Imaging material of prostate cancer. (A) Before radiotherapy combined with olaparib, computed tomography (CT) of the pelvis showed a primary prostate tumor, 
which invaded the bilateral seminal vesicle gland and closed to the rectum in December 2018. (B) The size of prostate tumor shrank significantly after radiotherapy 
combined with olaparib in January 2019. (C) Primary tumor remained stable after radiotherapy combined with olaparib in February 2019. (D) Before using olaparib, 
computed tomography (CT) of the pelvis showed enlarged lymph nodes adjacent to aorta abdominalis in December 2018, which was not included into the radiation field. (E) 
After using olaparib, lymph nodes adjacent to aorta abdominalis shrank significantly in January 2019, which was not included into the radiation field. (F) After 2.5 months 
with olaparib, lymph nodes adjacent to aorta abdominalis enlarged again in February 2019, which was not included into the radiation field.
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admitted to the ICU and eventually died of a rapid progression 
of the tumor, respiratory failure and heart failure on April 27, 
2019.

Discussion
It is reported that the incidence of prostate cancer is stable 
in most countries; however, the incidence of prostate can-
cer rises by 2.6% every year in China.1 Small-cell neu-
roendocrine carcinoma of the prostate was one of the most 
uncommon pathological subtypes and accounted for 
approximately 1% of prostate cancers.2 Neuroendocrine 
transformation of prostate adenocarcinoma could be pro-
moted by ADT and is related to the enhancer of zeste 
homolog 2.3 According to a previous report, the prognosis 
of patients with small-cell carcinoma was very poor and 
survival time was less than 1.5 years after diagnosis due to 
the rapid progression of tumor.9 Prostate cancer with neu-
roendocrine transformation had aggressive features and 
poor survival outcomes.10 The survival time of the patient 
in this study was only 1 year due to the rapid progression 
of the tumor caused by neuroendocrine transformation 
during ADT, in corroboration with the results of the pre-
vious study.9 Neuroendocrine cells could secret some spe-
cial products which participate in the process of regulating 
the proliferation and differentiation of cells, such as 
ProGRP and NSE.11,12 Serum ProGRP could serve as 
a prognostic marker in patients with metastatic prostate 
cancer.13 In our study, the values of serum ProGRP and 
NSE were significantly higher than the normal level after 
the advent of neuroendocrine transformation and were 
associated with the disease state, which was consistent 
with some previous reports.13,14

The BRCA1 gene is located on the long arm of chro-
mosome 17, comprising of 24 exons, which is mainly 
involved in the DNA-repair process.5 Moreover, BRCA 
1 mutation may enhance the risk of breast cancer, ovarian 
cancer, prostate cancer, pancreatic cancer, and colorectal 
cancer.5 A recent study reported that colorectal cancer, 
melanoma, and pancreatic cancer play an important role 
in BRCA 1 pathogenic variant carriers.15 However, the 
father of the patient in our study had a history of lung 
cancer. The other family members did not have any history 
of cancers, including breast cancer or ovarian cancer. 
According to the report of Elena Castro et al, BRCA 
mutation in prostate cancer was associated with a higher 
hazard of nodal invasion, distant metastasis, and poor 
prognosis.16

It was indicated that the relative hazard increased 2–3 
fold and the survival hazard reached 30% for patients with 
prostate cancer patients harboring the BRCA1 mutation.6,7 

The Gleason score of the patient in this study was 8 score 
(4 + 4) and as reported in previous studies, patients with 
prostate cancer with BRCA1/2 mutations exhibited higher 
Gleason scores (average above 8), than those of patients 
with prostate cancer without BRCA1/2 mutation (average 
5.9).8 In fact, a high Gleason score was a risk factor and 
associated with poor prognosis.17 Thus, the pathological 
subtype of small-cell neuroendocrine carcinoma, high 
Gleason score, and BRCA 1 mutation might have contrib-
uted to the poor prognosis of the patient in this study. 
Although a recent study showed that the outcomes of 
abiraterone and enzalutamide were better in patients with 
metastatic castration-resistant prostate cancer (mCRPC) 
harboring germ-line BRCA mutations than in those with-
out BRCA mutation,18 these better outcomes were not 
observed in this study. Neuroendocrine carcinoma was 
usually discovered in patients with prostate adenocarci-
noma who accepted ADT,19 as well as in our case.

Poly (ADP-ribose) polymerase (PARP) enzymes play 
an important role in repairing DNA single strands breaks 
(SSBs).20 PARP inhibitors lead to the death of tumor cells 
with BRCA mutations due to the accumulation of SSBs.21 

On the basis of the results of Kaufman et al study, the 
PARP inhibitor, olaparib, was approved for advanced ovar-
ian cancer harboring BRCA mutations by the US FDA in 
2014.22 Olaparib was subsequently approved by the FDA, 
as a maintenance therapy for women with recurrent epithe-
lial ovarian cancer in August 2017. Moreover, Mateo 
J et al reported that olaparib had a high response rate for 
patients with mCRPC and BRCA2 mutations in a clinical 
trial.23 On the basis of the excellent results of the 
PROfound clinical trial,24 olaparib has recently been 
approved for use in metastatic prostate cancer in the US. 
In our case, the primary tumor achieved partial response 
which was maintained for 2.5 months after the initiation of 
olaparib therapy. A previous study indicated that clinical 
resistance to olaparib was associated with secondary rever-
sion mutations in the BRCA1/2 genes.25–27

According to the report of the STAMPEDE clinical 
trial,28 radiotherapy did not improve overall survival for 
patients with prostate cancer with high metastatic burden. 
However, local radiotherapy still played an important role 
in relieving pain and symptom control. In our case, radio-
therapy was shown to control the sacrococcygeal pain of 
patient and improved the quality of life significantly.
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According to previous reports,29,30 the combined che-
motherapy strategy of etoposide and cisplatinum was effec-
tive for prostate neuroendocrine carcinoma. In addition, 
Papandreou et al reported that the response rate of the above- 
mentioned chemotherapy strategy was 61% and the median 
time to progression and overall survival time were 5.8 
months and 10.5 months, respectively.31 However, severe 
side effects of this chemotherapy strategy in hematology 
were unavoidable (100%) and might influence patient survi-
val. A previous study reported a Japanese patient diagnosed 
pathologically as metastatic adenocarcinoma of neuroendo-
crine carcinoma and harboring somatic and germ-line 
BRCA2 mutations, who subsequently received ADT and 
platinum-based doublet chemotherapy combined with etopo-
side and achieved partial remission of metastatic lesions.30 

However, olaparib was not used in that case. Different from 
the Japanese study, we report a Chinese patient undergoing 
a small-cell neuroendocrine transformation of adenocarci-
noma after ADT and harboring BRCA 1 germ-line mutation, 
who received olaparib therapy after the failure of ADT and 
displayed good therapeutic effects. The recent PROfound 
clinical trial verified the fact that olaparib can improve pro-
gression-free survival for men with mCRPC who had disease 
progression while receiving ADT and who had at least one 
alteration in BRCA1, BRCA2, or ATM.24 Regrettably, only 
one cycle of this strategy was conducted due to repeated 
myelosuppression in our case, though relieving the pain of 
the left leg. The eventual death of patient was caused by the 
rapid tumor progression, respiratory failure, and heart failure.

In conclusion, neuroendocrine transformation from pros-
tate adenocarcinoma should be considered in the advent of 
castration-resistant during ADT, especially with increasing 
ProGRP and NSE levels. Targeted therapy with olaparib is 
a potential treatment method for patients with prostate cancer 
with BRAC1 mutation. Patients with prostate neuroendo-
crine carcinoma showed sensitivity to radiotherapy and che-
motherapy strategy of etoposide combined with cisplatinum. 
The underlying relationship between neuroendocrine trans-
formation and BRCA1 mutation for prostate cancer patients 
warrants further study.
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