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CASE REPORT

Multiple metastases of androgen indifferent 
prostate cancer in the urinary tract: two case 
reports and a literature review
Tsukasa Masuda1, Takeo Kosaka1*   , Kohei Nakamura2, Hiroshi Hongo1, Kazuyuki Yuge1, Hiroshi Nishihara2 and 
Mototsugu Oya1 

Abstract 

Background:  Prostate cancer (PC) is mainly known to metastasize to bone, lung and liver, but isolated metastases of 
prostate cancer, including ductal carcinoma, in the urinary tract are very rare. We describe two patients with nodular 
masses in the urinary tract (the anterior urethra or the urinary bladder) that were found on cystoscopy during treat-
ment of castration-resistant prostate cancer.

Case presentation:  In both cases, the pathological diagnosis from transurethral tumor resection showed that they 
were androgen indifferent prostate cancer (AIPC), including aggressive variant prostate cancer (AVPC) in Case 1 and 
treatment-induced neuroendocrine differentiation prostate cancer (NEPC) in Case 2. In Case 1, Loss of genetic het-
erozygosity (LOH) of BRCA2 and gene amplification of KRAS was identified from the urethra polyps. In Case 2, homozy-
gous deletion was observed in PTEN, and LOH without mutation was observed in RB1.

Conclusion:  These are the first reports of two cases of urinary tract metastasis of AIPC.

Keywords:  Neuroendocrine differentiation prostate cancer, Urinary tract metastasis, AR, TP53, BRCA2, PTEN, 
Aggressive variant prostate cancer
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Background
Prostate cancer (PC) primarily metastasizes to bone, 
lung, and liver. Reported cases of metastases in the ante-
rior urethra or bladder are rare, including only 15 cases 
of anterior urethra metastasis. Furthermore, androgen 
indifferent prostate cancer (AIPC), the pathological char-
acteristics of which have increasingly been described, [1, 
2] often metastasizes to similar sites, but there are no 
reports of urinary tract metastasis. We report two cases 
involving AIPC metastasis to the urinary tract, describe 

the genomic sequence, and discuss the potential mecha-
nism of metastasis to the urinary tract.

Case presentation

Case 1. A 79 years-old man presented with obstruc-
tive lower urinary tract symptoms at another hos-
pital. His prostate-specific antigen (PSA) level was 
15.54 ng/mL. Pathological diagnosis from transrectal 
needle biopsy was adenocarcinoma with a Gleason 
Score of 5 + 5. Staging computed tomography (CT) 
scan showed regional lymph node (LN) metastases. 
He received combined androgen blockade (CAB) 
therapy initially, but after a decrease in PSA, his lev-
els eventually increased. He was diagnosed with cas-
tration-resistant prostate cancer (CRPC) and began 
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enzalutamide but despite continuous treatment for 
6  months, chemotherapy was required. However, 
although chemotherapy initially lowered his PSA, 
eventually it increased a lot subsequently. He had 
difficulty urinating smoothly because of disease pro-
gression-related obstruction requiring clean inter-
mittent catheterization. Subsequently, he received 
abiraterone but it was ineffective. Three years after 

the original diagnosis, he was referred to our hospital 
for further treatment of CRPC. He had bloody urine 
and difficulty with self-catheterization for 5  months 
after starting. Cystoscopy showed several nodular 
polyps in the penile urethra (Fig. 1a and b). Magnetic 
resonance imaging (MRI) demonstrated that the 
tumor had grown to 8  cm in diameter and invaded 
the rectum (Fig.  1c). MRI also showed metastases 

Fig. 1  Cystoscopic, imaging, and pathological examination results and genomic sequencing in Case 1. a, b Cystoscopic findings in the urethra. The 
cystoscope shows several nodular polyps in the proximal penile urethra and distal bulbar urethra. c Prostate magnetic resonance imaging (MRI). The 
prostate was almost entirely replaced by the tumor, which has invaded the rectum. d MR image of the urethra. Metastases of the prostate cancer 
extended with skip lesions along the corpus spongiosum in the entire anterior urethra. e–h Representative microscopic images of hematoxylin 
and eosin (HE) staining and prostate-specific antigen and androgen receptor immunohistochemical staining of transurethral resections of urethra 
tumor specimens. These images were obtained using the following equipment: microscope, BX53; objective lens, UPLXAPO; camera, DP27; adapter, 
U-TV1XC. NanoZoomer-XR C12000 was used as acquisition software and the measured resolution was 500 dpi. i Examined genes (horizontal axis) 
and the copy number in Case 1 (vertical axis)
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of the prostate cancer extended with skip lesions 
along the corpus spongiosum in the entire anterior 
urethra (Fig.  1d). Moreover, he developed a cath-
eter obstruction caused by hematuria, so a suprapu-
bic cystostomy tube was placed and transurethral 
resection of the prostate (TURP) was performed to 
achieve tumor bleeding coagulation. Simultaneously, 
he underwent endoscopic resection of the urethra 
polyps. Histology showed metastasis of prostatic 
adenocarcinoma with aggressive variant (Fig. 1e, f, g, 
and h); particularly, as illustrated in Fig. 1e and f with 
immunolabeling for hematoxylin and eosin staining, 
the pathological findings of Case 1 exhibited a high-
grade tumor defined by characteristic nuclear fea-
tures, including lack of prominent nucleoli and high 
nuclear to cytoplasmic ratio. He was treated using 
cisplatin and etoposide. After two cycles, he achieved 
a progressive disease and he was treated with the best 
supportive care.

	 Targeted next-generation sequencing using an 
in-house assay of the resected specimen from the 
urethra polyps was performed (Additional file  1). 
A TP53 somatic point mutation (p.H193Y) was 
detected as a pathogenic variant. Gene amplification 
was detected in androgen receptor (AR) and KRAS 
(estimated copy number (CN): 35.3, 5.8, respec-
tively). Loss of genetic heterozygosity (LOH) with-
out mutation was observed in BRCA2. CN variation 
box (Fig. 1i) indicated a high LOH frequency, which 
is common in homologous recombination-deficient 
tumors.
Case 2. A 69 years old man was diagnosed with Glea-
son score 4 + 5 prostate cancer at another hospital. 
His serum PSA level was 81.5 ng/mL, and his clini-
cal stage from CT and whole-body bone scans was 
T3aN1M1 (multiple lung and bone metastases). 
CAB therapy was started, and his PSA decreased 
to 0.36  ng/mL. However, after 1  year on androgen 
deprivation therapy (ADT), resistance to castra-
tion developed (PSA: 54.22  ng/mL), so docetaxel 
was started. For ten cycles of chemotherapy, his PSA 
decreased to a nadir of 17.2 ng/mL but subsequently 
increased to 84.0 ng/mL. MRI and CT of the abdo-
men and pelvis (Fig. 2a and b) showed non-muscle-
invasive masses in the neck and urinary bladder pos-
terior wall, although chest CT of the lung metastases 
showed partial responses (PRs). Cystoscopy showed 
bladder-neck obstruction by a tumor invading from 
the prostate gland (Fig.  2c) and revealed another 
group of nodular masses at the left posterior blad-
der wall (Fig.  2d). He was referred to our hospital 
for TURP and transurethral resection of the bladder 

tumor because of hematuria and urinary obstruc-
tive symptoms. Both pathological diagnoses of the 
bladder neck and posterior wall showed neuroendo-
crine differentiation prostate cancer (NEPC) (Fig. 2e, 
f, g, and h). Specifically, high mitotic rate cells were 
detected using immunolabeling for H&E staining, as 
illustrated in Fig. 2e, and the signals of synaptophysin 
were found in over 50% tumor cells (Fig.  2h). From 
the abovementioned points, we identified Case 2 as 
treatment-induced NEPC (tNEPC). He underwent 
two cycles of etoposide and carboplatin. However, 
the disease progressed, and the anticancer treatment 
was eventually discontinued.

Targeted next-generation sequencing of the resected 
specimen from the posterior bladder posterior wall 
identified a TP53 somatic point mutation (p.R196P) as 
a pathogenic variant. Gene amplification was detected 
in AR (estimated CN: 25.4). Homozygous deletion was 
observed in PTEN, and LOH without mutation was 
observed in RB1. The CN variation box is shown in 
Fig. 2i.

Discussion and conclusion
Our two patients were initially diagnosed with prostate 
adenocarcinoma, which during hormonal treatment 
progressed with aggressive variant and neuroendocrine 
differentiation and multiple metastases to the urinary 
tract. NEPC occurs in 17% of patients with metastatic 
CRPC and has a poorer prognosis than other PCs [1, 3, 
4]. NEPC tends to metastasize to bone, lung, and liver, 
and urethra or bladder metastasis has not been reported 
[1, 2]. Isolated metastasis or recurrence of PC in the 
intra-urinary tract is extremely rare, with only 15 cases 
reported previously [5–19] (Table  1); five had an origin 
in the prostatic ductal adenocarcinoma (PDC) and most 
of the rest were from adenocarcinomas with lower Glea-
son scores. On the other hand, in a study of 282 patients 
with secondary bladder neoplasms, 19% had PC-related 
secondary urinary bladder tumors [20], and 39% had uri-
nary bladder metastases at autopsy [21], but the major-
ity showed bladder-neck invasion. Case 2 may be the first 
report of adenocarcinoma with tNEPC as there are few 
case reports on isolated metastasis of PC to the bladder 
except for the bladder neck [22, 23].

From a genomic perspective, we wondered why these 
two cases progressed so quickly. Some patients with 
AIPC, including AVPC and tNEPC, respond to platinum-
based combination chemotherapeutic regimens, but our 
patients were relatively treatment resistant. We actually 
performed targeted genomic sequencing of the formalin-
fixed paraffin-embedded tumor specimens from TURP 
by applying algorithms previously reported [24, 25] and 
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identified the factors common between the two patients: 
AR amplification and TP53 mutation (Figs. 1 and 2i). AR 
is overexpressed in most CRPC patients, and AR ampli-
fication means that these patients acquired castration 
resistance during cancer progression [26]. However, the 
fact was reported that in AIPC definition that the pres-
ence of AR amplification was irrelevant [2, 3]. In par-
ticular, our Case 1 patient showed KRAS amplification. 

Although KRAS mutation may be an advanced prostate 
cancer biomarker [27],the importance of KRAS amplifi-
cation is uncertain. Progression of metastatic prostate 
cancer previously was coupled with enhanced expres-
sion levels of enhancer of zeste homolog, which is syn-
ergized by activation of KRAS and AR overexpression 
[28]. In Case 1, KRAS amplification may have been asso-
ciated with accelerated de-differentiation to intractable 

Fig. 2  Cystoscopic, imaging, and pathological examination results and genomic sequencing in Case 2. a Bladder magnetic resonance imaging. 
b Pelvic computed tomography. Non-muscle-invasive masses in the neck and posterior wall of the urinary bladder are shown. c, d Cystoscopic 
findings. The tumor invaded from the prostate gland and has obstructed the bladder neck (c) and nodular masses are shown at the left posterior 
bladder wall (d). e–h Representative microscopic images of hematoxylin and eosin (HE) staining and prostate-specific antigen, androgen receptor, 
and synaptophysin immunohistochemical staining and transurethral resection of the bladder tumor specimens. These images were obtained using 
the following equipment: microscope, BX53; objective lens, UPLXAPO; camera, DP27; adapter, U-TV1XC. NanoZoomer-XR C12000 was used as 
acquisition software and the measured resolution was 500 dpi. i Examined genes (horizontal axis) and the copy number in Case 2 (vertical axis)
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NEPC. In Case 2, RB1 loss co-occurred with TP53 muta-
tion. Previous studies have described that TP53 muta-
tion cooperated with RB1 loss to confer an ADT-resistant 
phenotype, proposed as an aggressive variant prostate 
cancer [29, 30].

There are several hypotheses regarding the mecha-
nisms of urethra metastasis, as in Case 1, including 
implantation following instrumentation or catheteriza-
tion [11, 13]. Table  1 shows that previous patients with 
urethra metastasis had a history of post-TURP or prior 
radiotherapy for PC (or PDC), but our patient 1 did not 
respond. Additionally, because the tumor obstructed his 
urinary tract, he could not urinate smoothly with the 
self-catheter. Consequently, the mechanism for anterior 
urethra metastasis in Case 1 could have been direct sur-
face implantation by self-catheterization. Regarding Case 
2, it is probable that the mechanism of bladder metastasis 
was initial NEPC invasion of the bladder neck and subse-
quent posterior wall seeding. Metastasis from a urothelial 
carcinoma is well known, but the mechanism is unclear 
[31]. One hypothesis involves the seeding or intraepi-
thelial spread of transformed cells [31, 32]. The spread 
from the primary tumor to the bladder wall in Case 2 
may be similar to the spread of a urothelial carcinoma. 
These two cases also involved very interesting metastatic 
mechanisms.
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