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We present a rare case of urothelial carcinoma in situ (CIS), which invades the prostate 
and seminal vesicle (SV). A 70-year-old man underwent transurethral resection of blad-
der (TURB), and the pathologic examination revealed multiple CIS. Although the patient 
received intravesical bacillus Calmette-Guerin (BCG) therapy following TURB, recurrence 
of CIS was confirmed in the bladder and left distal ureter at 3 months following BCG. Radi-
cal cystectomy was performed due to BCG-refractory CIS. Microscopically, CIS was found 
throughout the mucosa of the bladder, left ureter, prostatic duct, and both SVs. Next-gener-
ation sequencing revealed significant differences in tumor clonality between bladder and 
SV CIS cells. Among 101 (bladder CIS) and 95 (SV CIS) somatic mutations, only two were 
shared, and only one gene (ARHGAP23) was common exon coding region gene. In conclu-
sion, multicentric genetic changes, in line with the field-cancerization effect, may result in 
SV involvement by CIS of the bladder.
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Introduction

Bladder cancer (BC) is the second most common cancer of 
the genitourinary tract worldwide [1]. Approximately 75% of 
patients with BC present with non-muscle invasive BC which 
is either confined to the mucosa (stage Ta and carcinoma in 
situ [CIS]) or the submucosa (stage T1) [2]. Non-muscle inva-
sive BC is characterized by frequent recurrence, and muscle-
invasive BC often metastasizes to regional or distant lymph 
nodes and distant sites such as the bone, lung, and liver. 
However, the seminal vesicle (SV) involvement of urothelial 
carcinoma is uncommon [3-5]. Hypothetically, two distinct 
patterns have been suggested to explain how primary BC  
extends to the SVs: One is direct invasion through the bladder 
wall and perivesical fat, which occurs in most cases, while the 
other pattern is pagetoid mucosal spread of urothelial carci-
noma, which is uncommon [5,6].

Specifically, CIS of the SVs has been previously reported by 
few studies [5-8], always in association with multifocal CIS of 
the bladder, prostate, and ureter. Although several possibili-
ties including pagetoid mucosal spread, tumor cell implanta-
tion, and de novo development of urothelial carcinoma [5,6] 
have been suggested with regard to the mechanism of the SV 
involvement by CIS, clonal analysis of the tumor cells has not 
been analyzed yet. Clonal analysis of the bladder and SV CIS 
cells may be helpful to elucidate the mechanism by which CIS 
invades the SV. Next-generation sequencing (NGS) is a tech-
nology of DNA sequencing for genomic research, and new 
knowledge may be obtained by employing NGS in the field 
of BC [9]. In this study, we present a very rare case of blad-
der CIS, which did not respond to bacillus Calmette-Guerin 
(BCG) therapy and invaded the prostatic duct and SV. For the 
first time, we also report results of tumor clonal analysis from 
CIS cells of bladder and SV using NGS. 
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Case Report

1. Case
A 70-year-old man visited the Eulji University Hospital 

with gross hematuria, with no specific medical history. As  
diagnostic work-ups for hematuria, cystoscopy showed a 
wide spread of velvety lesions on posterior bladder wall. 
The computed tomography (CT) scan revealed focal enhanc-
ing lesion at the right lateral and left anterolateral wall of the 
bladder and segmental enhancement of the left distal ureter 
(Fig. 1). For pathologic diagnosis of the lesions on bladder 
and left distal ureter, retrograde-pyelography (RGP), diag-
nostic ureteroscopy (URS), and transurethral resection of 
bladder (TURB) were performed. The RGP showed uretero-
vesical junction narrowing and proximal ureter kinking. No 
definite mass was observed in the left distal ureter, in diag-
nostic URS. Therefore, random biopsies were performed in 
left distal ureter, where segmental enhancement was obser-
ved on CT scan. All velvety lesions in the bladder were resec-
ted using a bipolar resectoscope. The pathologic findings 
depicted multifocal urothelial CIS in the bladder and left dis-
tal ureter. At postoperative 2 weeks, the patient was treated 
with 6 weeks of intravesical BCG. At 3 months after TURB, 
follow-up CT showed enhancing lesions at multiple bladder 
mucosa and left distal ureter again. The patient underwent 
diagnostic URS and TURB again. Diagnostic URS showed 
left distal ureter obstruction with a mass-like lesion, and mul-
tiple biopsies of ureter lesion were performed, while TURB 
was also performed for the newly developed multiple vel-
vety lesions in the bladder. The pathologic findings showed 
multiple urothelial CIS in the bladder, but no malignancy of 
ureter. Since the tumor was considered to be BCG-refractory 
CIS of bladder, the patient underwent robot-assisted radical 
cystectomy with ileal neobladder. After radical cystectomy, 
the patient recovered without any specific complications and 
did not undergo adjuvant chemotherapy. Up to 24 months 
after cystectomy, there was no evidence of recurrence in fol-

low-up CT scans and urine cytology examinations.
The microscopic findings of cystectomy specimens showed 

urothelial CIS throughout the mucosa of the bladder, left 
ureter, prostatic urethra with prostatic ductal extension 
and multifocal stromal invasion, ejaculatory ducts, and SV 
(Fig. 2). Tumor cells revealed distinct nuclear membranes 
and relatively abundant eosinophilic cytoplasm. The nuclei 
of tumor cells were large, hyperchromatic, markedly pleo-
morphic and angular with irregular contours, coarse chro-
matin, prominent nucleoli, and frequent mitoses. The tumor 
cells showed pagetoid spread into the prostatic acini and 
ducts, neighboring ejaculatory ducts and the mucosa of the 
SV. These pagetoid spread were mainly observed between 
the intact overlying epithelium and underlying basement 
membrane of prostatic ducts and/or acini and SV, thereby 
resulting in complete replacement of ducts and acini by  
tumor cells. In immunohistochemical staining, the tumor 
cells in the urinary bladder as well as the prostatic ducts and 
SV were seen to be positive for cytokeratin 20 and p53, but 
negative for CD44 and prostate-specific antigen. 

Whole exome sequencing was performed to analyze the 
genomic differences between CIS cells of the bladder and 
SVs. A total amount of 1.0 μg genomic DNA per sample was 
used as an input material for the DNA library preparation 
using formalin-fixed, paraffin-embedded samples obtained 
from bladder and SV lesions under light microscopy by an 
experienced uro-pathologist (J.H.K.). Blood sample was used 
as a normal reference for the two tumor samples. Sequenc-
ing libraries were generated using the Agilent SureSelect 
Human All Exon V7 kit (Agilent Technologies, Santa Clara, 
CA), following the manufacturer’s recommendations, and 
index codes were added to each sample. The average depths 
for each sequenced data were 109.33 (blood), 136.06 (bladder 
CIS), and 117.50 (SV CIS), respectively. We used the MuTect 
[10] to detect somatic single nucleotide variants (SNVs), and 
the Strelka to detect somatic small insertions and deletions 
(InDels), and copy number variations (CNVs) in the tumor 

Fig. 1.  Computed tomography scan shows multiple enhancing lesion at bladder mucosa (yellow lines) (A) and segmental enhancement 
of the left distal ureter (red line) (B).
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samples. SNVs and InDels with variant allele frequency  
(≥ 0.1) and sequencing read (≥ 10) were used for further 
analysis. Mutations were defined as genes with a frequency 
of less than 1% in three human genomic databases such as 
1000 Genomes, Exome Aggregation Consortium (ExAC) and  
exome sequencing project. We also excluded SNVs frequ-
ently observed in Korean population by using KRGDB of 
1,722 samples (http://coda.nih.go.kr/coda/KRGDB/index. 
jsp). We found only two common SNVs among 101 SNVs of 
bladder CIS and 95 SNVs of SV CIS lesions (Table 1). Among 
the two SNVs which were shared by the bladder and SV  
tumor cells, only one gene (Rho GTPase activating protein 23 
[ARHGAP23]) lie in exonic coding region. Notably, we found 
significant differences in the genomic changes between blad- 
der and SV tumor cells, including the SNVs (S1 and S2  
Tables), the InDels (S3 and S4 Tables), and the CNVs (S5 and  
S6 Tables).

2. Ethical statement
The study protocol was approved by the Institutional  

Review Board of the Eulji University Hospital (No. 2019-
12-011). Written informed consent was obtained from our  
patient after explaining the present study. 

Discussion

Multifocality is an important feature of urothelial carcino-
ma, frequently occurring in the BC, renal pelvis, and ureter 
tumors [11]. The concept of “field change” and “a monoclo-
nal origin” has been proposed with regard to the multifocal 
nature [12,13]. The monoclonal theory suggests that multiple 
tumors occur from an intraluminal seeding or intra-epithe-
lial migration of single malignant transformed urothelial 
cells [14]. In contrast, the field change theory describes that 
exposure of carcinogens may lead to independent genetic 
change at different sites of the urinary tract [15]. Many previ-
ous studies [12-15] were carried out to analyze the clonality 
of multifocal urothelial carcinoma, but at present there is no 
consensus whether multifocal lesions have a monoclonal ori-

Fig. 2.  Microscopic findings of radical cystectomy specimen. (A) Urothelial carcinoma in situ (CIS) is observed in the urinary bladder, in 
which mucosal epithelium is covered by the highly anaplastic tumor cells (H&E staining, ×400). (B) The prostatic acini and ducts are also 
involved by neoplastic urothelial cells (H&E staining, ×400). (C) The mucosa of the seminal vesicle shows pagetoid spread of the tumor 
cells (H&E staining, ×400). (D) In the urothelial CIS of the bladder, p53 was highly expressed on the nuclei of tumor cells (×400). (E) p53 
was highly expressed in pagetoid spreading tumor cells of the seminal vesicle (×400). (F) Prostate-specific antigen was not expressed in the 
tumor cells in the ducts of prostate (×400).
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Table 1.  Common somatic single nucleotide variants which were shared by the bladder and seminal vesicle carcinoma in situ lesions

Chromosome	 Startp	 Endp
	 Ref_	 Var_	 VAF of 	 VAF of 	

Category	 Gene
			   allele	 allele	 bladder	 seminal vesicle	

11	 68549472	 68549472	 C	 T	 0.448	 0.273	 Intronic	 CPT1A	
17	 36636008	 36636008	 C	 T	 0.250	 0.278	 Exonic	 ARHGAP23
VAF, variant allele frequency.
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gin or an independent origin.
Meanwhile, the incidence of SV involvement by urothelial 

carcinoma is reported to be approximately 3% in radical cys-
tectomy cases [4-6]. However, SV involvement by CIS is very 
rare [5-8]. Notably, no prior study analyzed the mechanism 
of the SV involvement, but some previous studies [5-8] have 
suggested that bladder CIS cells of monoclonal origin spread 
to SV. For example, two U.S. studies have hypothetically sug-
gested the implantation or intramucosal metastasis of mono-
clonal tumor cells [5] or intraepithelial (pagetoid) spread of 
bladder CIS to SV [6] as a mechanism of the SV involvement. 
Similarly, a Korean study suggested CIS involvement of SV 
by the pagetoid spread of bladder CIS rather than the de 
novo development of separate SV CIS, based on microscopic 
features [8]. 

In line with the hypothetical mechanism, our pathological 
findings and immunohistochemical staining results support 
the notion of pagetoid mucosal extension of bladder CIS to 
prostatic ducts and SV. However, of note, our whole exome 
sequencing analyses results indicate that CIS cells of SV were 
quite distinct from bladder CIS cells in terms of clonality. For 
example, among somatic SNVs frequently detected in BC, 
TP53 (one of tumor suppressor genes) and KDM6A (one of 
most commonly mutated, chromatin-modifying genes in 
BC) mutations were present in bladder CIS, but absent in 
SV CIS (S1 and S2 Tables). Meanwhile, ZDHHC21, PGGHG, 
and USP7 mutations, which were reported to be associated 
with BC, were present in SV CIS only, not in bladder CIS. 
Notably, only one gene (ARHGAP23) was common exon cod-
ing region gene, supporting our findings. Thus, in contrast 
to the circumstantial evidence suggested by previous stud-
ies [5,6,8], our results based on direct clonal analysis indicate 
that multiclonal oncogene activation or loss of tumor sup-
pressor genes may be responsible for the formation of sepa-
rate CIS lesions in SVs with more or less malignant behavior, 
depending on the type of genetic change [13]. Interestingly, 
our NGS analysis showed that majority of somatic variants 
are non-coding mutations (such as intronic, ncRNA_exonic, 
ncRNA_intronic, etc.) while clinical significance of those  
mutations is largely unknown (S1 and S2 Tables). Thus, clini-
cal significance of those mutations needs further investiga-
tion with more samples, although SV involvement by CIS 
of the bladder is extremely rare. Integrating our results, we  
believe that SV involvement by CIS may not occur by hypo-

thetical pagetoid spread of bladder CIS cells, but independ-
ent tumor progression in SVs through field-cancerization 
effect. 

The prognostic significance of the SV involvement by blad-
der CIS remains unclear due to its infrequency [8]. Although 
several studies have noted that mucosal spread to SV should 
be a separate subcategory owing to its better prognosis com-
pared to direct SV invasion [4,5], more cases are needed to 
define the prognosis of patients with SV involvement by CIS. 
Meanwhile, a prior study raised the possibility of inadequate 
pathological sampling as a reason of the uncommon occur-
rence of SV involvement by BC in surgical pathology labora-
tories [6]. Thus, the adequate evaluation of SV involvement 
in radical cystectomy specimens is needed. Importantly,  
because all reported cases including our study had multifo-
cal CIS in urinary tract (bladder, ureter, prostatic duct, and 
SV) and our data support multicentric genetic changes in 
urinary tract, we need to carefully monitor synchronous CIS 
development in remnant urinary tracts with regular CT scan 
and urine cytology. 

To our knowledge, our study is the first report to analyze 
the tumor clonality between bladder and SV CIS using NGS 
to elucidate the mechanism of tumor spread into the SV. 
Integrating our results, we believe that multicentric gene-
tic changes, in line with the field-cancerization effect, may 
result in SV involvement by CIS of the bladder. Although, 
the pagetoid spread of CIS in SV is uncommon, the clinician 
must be aware of the possibility of SV involvement by CIS, 
specifically in patients with multifocal CIS lesions. Further 
studies are needed to determine clinical implications of SV 
involvement by CIS.
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