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Bladder diseases are common in clinical practice. While many inflammatory 
conditions and other abnormalities are usually managed clinically, tissue 
diagnosis is often needed if neoplastic lesions or non-neoplastic tumoral con-
ditions are suspected. Bladder cancer is one of the top ten most common 
cancers in the United States (fourth in men and twelfth in women). Accurate 
diagnosis of bladder cancer plays a central role in daily pathology practice, 
clinical management, and prognosis. The variety of tumor histologic types 
and corresponding mimickers complicate bladder cancer pathologic diagno-
sis. Familiarity with common and uncommon bladder pathologic entities is 
vital for successful diagnosis of bladder cancers and subsequent patient 
management.

The focus of this book is bladder cancer pathology, including primary 
bladder malignancies and other tumor varieties involving the bladder, with an 
emphasis on diagnostic pitfalls and clinical relevance. This book also 
describes normal bladder histology, benign abnormalities with cancer mim-
ickers, and cancer carcinogenesis – important subject matter for understand-
ing bladder cancers, correct diagnosis, and differential diagnoses. Advances 
in immunohistochemistry and molecular pathology have enhanced the accu-
racy of cancer pathology diagnoses. In addition to covering the anatomic and 
histologic features of bladder tumors, this book also reviews recent molecular 
and immunohistochemical advances in these areas. Recently updated clinical 
management information is also presented in this book.

Many experienced genitourinary pathologists, surgical pathologists, 
molecular pathologists, and clinical oncologists have contributed to this 
book, in addition to many fellows and residents.

We hope this book will be a useful resource for practicing pathologists, 
pathology trainees, and other health professionals who treat patients with 
bladder cancers.

Houston, TX, USA Haijun Zhou
Houston, TX, USA Charles  C. Guo 
Houston, TX, USA Jae  Y. Ro 
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Introduction to Urinary Bladder 
Pathology

Haijun Zhou, Charles C. Guo, and Jae Y. Ro

The urinary bladder is a sac-like organ that func-
tions in urine storage and urination. From the 
innermost epithelium (urothelium) to the outer 
muscle layer, many diseases and conditions can 
originate from the bladder. Inflammatory condi-
tions, such as cystitis, are the most common, with 
a clinical presentation of urinary urgency and fre-
quency. Congenital and acquired anomalies, such 
as diverticulum, exstrophy, vesicoureteral reflux, 
and urachal cysts, are also common clinically. 
Hematuria, obstruction, and radiologically 
abnormal findings would prompt further evalua-
tion with cytology and cystoscopy with patho-
logic examination to rule out potential malignant 
processes. Pathological evaluation is critical for 
further clinical management and is key to differ-
entiate benign or reactive processes from malig-
nant conditions. Pathological findings can range 
from inflammatory or metaplastic changes to 

low-grade neoplasms or high-grade malignan-
cies. These pathologic features from different 
entities will be discussed in the following 
chapters.

 Bladder Cancer Epidemiology

Globally, bladder cancer is the tenth most common 
type of cancer, with approximately 550,000 new 
cases diagnosed worldwide in 2018 [1]. The prev-
alence of bladder cancer is considerably higher in 
the Western countries than in the developing world 
[2]. In the United States, the lifetime risk of receiv-
ing a diagnosis of bladder cancer is 3.9% for males 
and 1.2% for females, respectively [3]. An esti-
mated of 81,400 new cases of bladder cancer will 
be diagnosed and an estimated 17,980 people will 
die from bladder cancer in 2020: 13,050 males and 
4930 females, respectively, in the United States 
[4].

Multiple risk factors have been established 
for bladder cancer. Cigarette smoking is the most 
significant environmental risk factor for bladder 
cancer, and it is estimated to cause up to half of 
all cases in the United States [4], and smokers 
have two to five times greater risk of develop-
ing bladder cancer than the general population 
[5]. The risk of bladder cancer is also increased 
among persons with hazardous industrial expo-
sures to aniline dyes and aromatic amines [6], 
as well as among persons who have consumed 
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a high level of arsenic in their drinking water 
[7]. Certain bladder congenital defects, parasitic 
infection (schistosomiasis), or long-term urinary 
tract irritation (such as catheters or stone) are also 
risk factors.

 Bladder Urothelial Carcinogenesis

Bladder cancer is a heterogeneous group of neo-
plasms. More than 90% bladder cancer cases are 
urothelial (transitional cell) carcinoma, which 
arise from the bladder urothelial epithelium. 
Other primary tumors, such as adenocarcinoma, 
squamous cell carcinoma, and small cell carci-
noma, and mesenchymal tumors are less 
common.

Bladder urothelial neoplasms morphologically 
originate from two distinct precursor lesions: 
low-grade noninvasive papillary tumors and flat 
noninvasive urothelial carcinoma (carcinoma in 
situ (CIS)), respectively.

Low-grade papillary tumors arise from 
a hyperplastic carcinogenesis pathway that 
accounts for about 80% of urothelial tumor cases 
[8]. This pathway initiates from urothelial hyper-
plasia and then progresses to low-grade papillary 
urothelial carcinoma (LGUC). In this pathway, 
the most frequent genetic abnormalities are 
mutations of fibroblast growth factor receptor 3 
(FGFR3) [9, 10], H-ras oncogene [11–13], and 
phosphatidylinositol-4,5-bisphosphate 3-kinase 
catalytic subunit alpha (PIK3CA) genes [9, 14]. 
These hyperplastic pathway papillary tumors are 
genetically stable with nonaggressive behavior 
and a characteristically high recurrence rate [15].

Flat noninvasive urothelial carcinoma/CIS 
originates from the dysplastic pathway, which is 
less common than the hyperplastic pathway and 
is responsible for approximately 20% of urothe-
lial carcinoma cases. This pathway starts with 
dysplasia and then leads to high-grade urothelial 
carcinoma (HGUC), including high-grade papil-
lary carcinoma or flat urothelial CIS. HGUC can 
progress to muscle-invasive, high-stage tumors 
with regional lymph node involvement and/or 

distant metastases. This pathway is associated 
with many tumor suppressors [16, 17], including 
p53 [18, 19], retinoblastoma gene (RB) [18], and 
phosphatase and tensin homolog (PTEN) [19]. 
This pathway is genetically unstable, and inacti-
vating mutations of TP53 are identified in about 
60% of these tumors. Of note, approximately 
10–15% of low-grade papillary tumors can prog-
ress to high-grade invasive carcinoma, which is 
often preceded by the development of flat CIS 
within papillary lesions or in the adjacent urothe-
lial mucosa of papillary tumors [20].

Early genetic events, such as loss of hetero-
zygosity (LOH), predispose the urothelium to 
develop neoplasms. LOH of chromosome 9q21 
locus of the cyclin-dependent kinase inhibitor 2A 
gene (CDKN2A) that encodes the p16INK4A 
protein is one of the earliest molecular changes 
seen in the development of both noninvasive pap-
illary carcinoma and flat urothelial CIS [21–23]. 
A variety of chromosomal abnormalities have 
been reported in association with urothelial car-
cinoma [24]. Aneuploidy of chromosomes 3, 
7, and 17 and the loss of the 9p21 locus have 
been incorporated into a FISH test in urine 
(UroVysion), which may be used alone or cou-
pled with cytology for bladder cancer screening 
and surveillance.

Multifocal occurrence is a common character-
istic of urothelial malignancy, which is explained 
by two proposed theories: the monoclonal theory 
and the field cancerization theory [20, 21, 25–27]. 
Understanding monoclonal versus oligoclonal 
early tumor development is important for deter-
mining treatment strategies and the detection of 
recurrent or residual disease when molecular 
diagnostic information is used.

The dual-track molecular carcinogenesis the-
ory is supported by in  vitro studies and animal 
models; however, it is still unclear how molecu-
lar alterations contribute to the development of 
these two morphologically distinct bladder can-
cer types [20]. This model may be oversimplified 
compared to the genomic complexity of urothe-
lial cancer. More detailed information can be 
found in Chap. 14.

H. Zhou et al.
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 Bladder Cancer Clinical Course 
and Management

The majority of bladder cancer patients experi-
ence either gross or microscopic hematuria. 
Other symptoms, including increased frequency 
or urgency of urination or dysuria, can be seen 
alone or in combination in a significant propor-
tion of patients.

Urine cytology and cystoscopy should be 
initiated for the evaluation of bladder mucosal 
lesions. Visible small lesions (such as papillary 
tumors) and flat lesions suspected of CIS under 
cystoscopy are sampled with cold-cup biopsy 
forceps. Tumor grading and invasiveness are 
evaluated microscopically. The presence of mus-
cularis propria is important for tumor staging and 
management and should be included in biopsies 
whenever possible [28].

Surgical resection is the most common treat-
ment option for bladder cancer patients, as 
approximately 75% of new urothelial carcinoma 
cases are nonmuscle-invasive. Suspicious lesions 
should be resected transurethrally as com-
pletely as possible at initial clinical evaluation. 
Pathology-confirmed early-stage nonmuscle- 
invasive carcinoma (Ta/Tis/T1 lesions) may be 
treated by removing the tumor and then adminis-
tering immunotherapy [bacillus Calmette-Guérin 
(BCG)] or chemotherapy drugs directly into the 
bladder (intravesical therapy). More advanced 
muscle-invasive tumors (T2 and above) may 
require cystectomy either with or without regional 
lymph node dissections and neoadjuvant or adju-
vant chemotherapy. Metastatic bladder cancer 
patients are typically treated with chemotherapy. 
Outcomes in patients with muscle- invasive uro-
thelial carcinoma are improved with the use of 
neoadjuvant chemotherapy before cystectomy. 
Immunotherapy and targeted therapy drugs are 
new options for patients with an advanced stage 
of urothelial carcinoma in conjunction with che-
motherapy and/or radiation.

The 5-year relative survival rate for bladder 
cancer is 77%, and for noninvasive urothelial 
carcinoma cases, the 5-year survival rate is 96% 
[4]. Tumor recurrence is a significant risk factor 

for cancer progression [29, 30] and is common 
in urothelial cancer. Therefore, timely follow-
up care is extremely important for all bladder 
cancer patients. Subsequent bladder cancer can 
typically be identified during surveillance due 
to the multifocal features of bladder cancer 
carcinogenesis.

 Pathology Prospective

Pathologic evaluation plays a central role in the 
screening, diagnosis, treatment, and surveillance 
of bladder cancer. Urine cytology and cystoscopy- 
based biopsy are critical in the initial evaluation 
of the disease. Morphologic evaluation gives 
vital firsthand information: normal with variation 
versus disease, nonneoplastic versus neoplastic, 
benign changes versus malignancy, noninvasive 
versus invasive, flat versus papillary, urothelial 
versus non-urothelial tumor, nonmuscle-invasive 
versus muscle-invasive, and primary malignancy 
versus secondary metastasis. All pertinent mor-
phologic information will determine the next 
steps for the management of the patient. The 
pathologic evaluation of resection cystectomy 
specimens will help to determine the precise 
pathology stage and the efficacy of neoadjuvant 
chemotherapy. Subsequent surveillance will rely 
on scheduled cytology and biopsy.

The advances of pathology techniques 
help to further classify urothelial carcinomas. 
Immunohistochemical markers have been used 
to classify urothelial carcinoma into luminal 
carcinomas (CK20+, GATA3+, CK5/6-) and 
basal- like carcinomas (CK5/6+, CD44+, CK20-) 
[31]. Luminal carcinomas share a similar gene 
expression profile with superficial papillary 
tumors. Basal-like carcinomas express genes 
more characteristic of urothelial basal cells and 
have a significantly worse prognosis than lumi-
nal carcinomas but may be more responsive to 
neoadjuvant chemotherapy. Luminal type can be 
subdivided into a p53-like tumor type, which is 
resistance to chemotherapy [32].

With the advance of immune checkpoint 
inhibitor therapy in the treatment of bladder 

1 Introduction to Urinary Bladder Pathology
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cancer, the evaluation of the expression levels 
of programmed cell death-1/programmed cell 
death-1 ligand (PD-1/PD-L1) in tissue blocks 
with immunohistochemical stains is now critical 
for qualifying patients for immunotherapy (using 
drugs such as atezolizumab, pembrolizumab, 
nivolumab, durvalumab, and avelumab) [33, 34]. 
The suggested pathology cutoffs for evaluat-
ing available PD-L1 immunostaining are drug- 
specific and will be discussed in Chap. 13.

 Summary

With advances of molecular technologies, 
morphology- based molecular diagnostics will be 
incorporated into bladder cancer treatment; how-
ever, solid morphologic diagnostic skills are still 
fundamental for practicing pathologists and 
pathology trainees alike. This chapter illustrates 
many aspects of bladder pathologic diagnostics 
to aid in pathological diagnosis, facilitate clinical 
management, and impact patients’ survival and 
quality of life.
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Normal Anatomy and Histology 
of the Urinary Bladder 
with Pathologic Correlates

Ziad M. El-Zaatari and Jae Y. Ro

 Urinary Bladder Anatomy

 Basic Anatomic Structure

The urinary bladder is a hollow viscus pelvic 
organ shaped like an inverted pyramid. The uri-
nary bladder’s function is the storage of urine and 
participating in the expulsion of urine during 
micturition. Anatomically, the urinary bladder is 
divided into three main portions: the dome, the 
midportion, and the base. The dome is located 
superiorly and is lined by peritoneum on its outer 
surface. The dome’s tip, known as the apex, is 
located anterior-superiorly. The median umbili-
cal ligament, a remnant of the fetal urachus, 
attaches to the bladder apex. The urachus is a 
tract present during fetal life that connects the 
bladder and umbilicus. Failure of the urachus to 
obliterate may lead to anomalies known as ura-
chal remnants (see section “Urachal Remnants”). 
The base of the bladder is located posteriorly and 
inferiorly. Within the base is an area known as the 
trigone: a triangular area between the right and 

left ureteral orifices laterally and the urethral 
opening inferiorly. The mucosal surface of the 
trigone appears smooth and flat, unlike the 
remainder of the bladder mucosa, which nor-
mally displays mucosal folds. The bladder neck 
is the region opening into the urethra and merges 
with the prostate tissue below in males. The blad-
der neck rests anteriorly and laterally on the 
internal obturator and levator ani muscles, in 
addition to the pubic bone. Invasion of these 
structures with carcinoma may render the 
patient’s tumor inoperable [1]. The midportion of 
the bladder occupies the majority of the bladder 
area and is located between the dome and the 
apex. The midportion consists of anterior and 
posterior and lateral (left and right) walls.

The bladder is situated among other pelvic 
organs, including the distal bowels (rectum) and 
organs from the male and female genital tracts. In 
males, the seminal vesicles and the ampullae of 
the vasa deferentia are located between the blad-
der and the rectum, and the prostate is located 
inferior to the bladder. In females, the uterine cer-
vix and the upper vagina are between the bladder 
and the rectum. The anterior surface of the uter-
ine corpus lies against the superior-posterior sur-
face of the bladder. Knowledge of organs adjacent 
to the bladder is important for staging bladder 
tumors, which may extend to and invade sur-
rounding structures. Any tumor which invades 
beyond the bladder wall and adjacent fat into 
adjacent organs is designated as T4 stage. 
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Involvement of the prostate by carcinoma origi-
nating from the bladder may occur via direct 
extension through the bladder wall and/or peri-
vesical adipose tissue or in a pagetoid fashion 
along the continuous bladder and the prostatic 
urethra mucosa. In the latter, the tumor is staged 
separately according to the urethral/prostatic ure-
thral system and constitutes T2 disease [2].

 Vascular Supply and Lymphatic 
Drainage

The major arterial supply of the urinary bladder 
comes from the inferior vesical arteries, which 
are branches of the internal iliac arteries. Other 
arteries participate in the bladder blood supply 
and include branches of the umbilical arteries, 
obturator arteries, inferior gluteal arteries, and 
uterine and vaginal arteries in females. Veins 
draining the bladder collect into the internal iliac 
veins and form the vesical venous plexus, which 
communicates with the prostatic venous plexus 
in males and the vaginal venous plexus in 
females. Lymphatics of the bladder drain mainly 
into the external and internal iliac nodes. Portions 
of the bladder also drain into the sacral or com-
mon iliac nodes [1]. N-stage in the current AJCC 
system denotes metastasis to regional lymph 
nodes, including the internal iliac (hypogastric), 
obturator, external iliac, presacral, and common 
iliac lymph nodes. N3 stage denotes metastasis to 
common iliac lymph nodes. Excluding the com-
mon iliac lymph nodes, N1–N2 stage denotes 
metastasis to any of the regional lymph nodes, 
with N1 representing a single metastasis and N2 
denoting multiple metastases. Any metastasis to 
non-regional lymph nodes comprises M1 disease 
(distant metastasis) [2–4].

 Functional Anatomy and Innervation

The urinary bladder receives urine from the kid-
ney via the ureters and acts as a reservoir for 
urine until it is expelled via the urethra. The uri-
nary bladder can accommodate 400–500 mL of 
urine without an increase in its intraluminal pres-

sure. The bladder is fixed by ligaments at the 
bladder neck, but the rest of the bladder is free to 
expand superiorly into the abdomen when filled 
with urine. A fibromuscular sheath intermingles 
with the detrusor muscle of the bladder and is 
fused to the intramural portion of the ureter. This 
arrangement leads to the closure of the ureter ori-
fice when the bladder is distended, thus prevent-
ing the reflux of urine [1, 5].

Innervation of the bladder comes from a 
plexus of both sympathetic and parasympathetic 
nerves; however, only the parasympathetic nerves 
play a role in micturition. Parasympathetic nerves 
stimulate the contraction of the detrusor muscle 
and involuntarily open the internal sphincter dur-
ing micturition. However, initiation of micturi-
tion is a voluntary process that occurs by 
relaxation of the perineal muscles and the exter-
nal sphincter. The sensation of pain when the 
bladder is overdistended is due to the presence of 
sensory nerves [1, 5].

 Gross Evaluation and Handling 
of Bladder Specimens

Recommendations for the gross evaluation and 
handling of bladder specimens were communi-
cated by the European Society of Uropathology 
and the Uropathology Working Group in 2004 
[6] and in the most recent College of American 
Pathologists’ (CAP) Protocols [3, 7]. Types of 
specimens that may be encountered include 
transurethral resection of the bladder (TURB), 
partial cystectomy, total cystectomy, cystoprosta-
tectomy, and pelvic exenterations, in addition to 
resections of diverticula and excision of urachal 
carcinomas [3, 6, 7]. In all of these specimens, an 
adequate number of sections should be submitted 
so that the depth of tumor invasion and tumor 
characteristics can be assessed. In TURB speci-
mens, at least one section per centimeter of tumor 
should be submitted, and the possibility of sub-
mitting the entire tumor can be considered. In 
cystectomy specimens, representative sections of 
the tumor, including the full depth of the bladder 
wall and especially the area of deepest macro-
scopic invasion should be submitted. Additionally, 
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sections should include representative mucosa 
from various areas (e.g., lateral walls, dome, and 
trigone), including away from the grossly visible 
carcinoma. The rationale for including these sec-
tions is to assess for microscopic invasive or in 
situ carcinoma and multifocality, which is com-
mon in urothelial neoplasms. The ureteral and 
urethral margins of cystectomies should also be 
submitted, in addition to sections from the mid-
portions of a long segment of the ureter, if pres-
ent. In cystoprostatectomy specimens, sections of 
the prostatic urethra with surrounding prostatic 
parenchyma should be submitted. This is, again, 
to assess for possible invasion and/or multifocal-
ity and to detect pagetoid mucosal extension of 
bladder cancer to the prostatic urethra or to the 
prostatic ducts or acini. Incidental prostatic carci-
noma may also be found and is actually more 
common in cystoprostatectomy specimens for 
urothelial carcinoma. In cases of more complex 
pelvic exenteration specimens, including the rec-
tum, vagina, and/or uterus, targeted sections 
should be taken in areas where tumor appears to 
infiltrate into these organs [6, 7].

Another note when handling urinary bladder 
specimens is to pay careful attention to the mar-
gins. The margins should be totally submitted, or 
at least representative sections of the margins 
grossly closest to the tumor. Margins include 
deep soft tissue margins and peritoneal surfaces, 
soft tissue margins of partial cystectomies, ureter 
and urethral margins, and other margins in pelvic 
exenterations, such as vaginal cuff margins. In 
urachal adenocarcinoma, excision of the urachal 
tract and umbilicus is performed, necessitating 
attention to the soft tissue margin surrounding the 
urachus and to the margin of skin around the 
umbilicus [6, 7].

We also recommend the following useful 
practices when grossing cystectomy specimens. 
The smooth peritoneal surface covering most of 
the posterior bladder surface can serve as a land-
mark for proper orientation of cystectomy speci-
mens during gross evaluation [8]. After opening 
the bladder, careful assessment of the entire blad-
der mucosa should be performed, and any ery-
thematous or fibrotic areas should be well 
sampled. We suggest using a “Y-shaped” incision 

on the anterior wall of the bladder made in an 
inferior-superior direction to visualize the entire 
mucosa [8]. Also, the interureteric ridge, an ana-
tomic structure with the appearance of a slightly 
raised curve resembling a lip with bulges at either 
end, can be used to locate the left and right ure-
teric orifices on the mucosal surface. The orifices 
will be within the left and right bulges at either 
end of the “lip” and can be probed [8]. Finally, 
sequential sections of the bladder in one direction 
(our preference is in the superior to inferior direc-
tion) should be taken to include the entire thick-
ness of the bladder wall and surrounding adipose 
tissue for proper gross assessment of the depth of 
tumor invasion [8].

 Histology

 Urothelium

The urothelium is the epithelial lining of the uri-
nary bladder, ureters, renal pelvis, and portions of 
the urethra. It consists of three layers: superficial 
“umbrella” cells, intermediate cells, and basal 
cells (Fig. 2.1). The urothelium varies in  thickness 

Fig. 2.1 Normal urothelium. Cells lining the urothelium 
are superficially umbrella cells, followed by a layer of 
intermediate cells and a basal cell layer. Intermediate cells 
are oval-round with nuclear grooves and a vertical orienta-
tion. Umbrella cells have abundant cytoplasm, are hori-
zontally oriented, and cover more than one of the 
intermediate cells. Basal cells are situated on the base-
ment membrane immediately above the lamina propria

2 Normal Anatomy and Histology of the Urinary Bladder with Pathologic Correlates
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from 2 to 7 layers, depending on the location and 
functional status with the degree of distension 
within the urinary tract. In histologic sections, 
the urothelium may appear artificially thickened 
due to an oblique plane of sectioning.

Superficial cells comprise the innermost layer 
of the urothelium. They are larger than other uro-
thelial cells and lie horizontally over intermedi-
ate cells in an umbrella-like fashion. They have 
abundant eosinophilic cytoplasm and can be 
binucleated. Superficial cells are particularly 
susceptible to denudation and may thus appear 
in urine cytology specimens, in which case they 
must be distinguished from cells of high-grade 
urothelial carcinoma [9]. Umbrella cells may 
also become displaced from the surface in histo-
logic sections, mimicking carcinoma in situ. Key 
differentiating factors for recognizing umbrella 
cells in this situation include the presence of 
abundant eosinophilic cytoplasm, binucleation, 
low nuclear to cytoplasmic ratio, and lack of 
hyperchromasia [10]. Intravesical chemotherapy 
(thiotepa and mitomycin C) may induce atypia 
of the umbrella cells in the form of nuclear 
enlargement, multinucleation, smudging of 
chromatin, and cytoplasmic vacuoles. These 
changes should not be overinterpreted as carci-
nomatous change [10].

Intermediate cells lie perpendicular to the 
umbrella cells, are oval or slightly elongated, and 
are polarized in an orderly vertical arrangement 
toward the surface in the normal urothelium. 
Their chromatin is finely stippled with no or 
inconspicuous nucleoli, and they often display 
nuclear grooves. Changes from these characteris-
tic features of intermediate cells should prompt 
consideration of abnormalities as either reactive 
or dysplasia/urothelial carcinoma in situ. Basal 
cells lie on the basement membrane and are 
smaller than the overlying intermediate cells. 
They are cuboidal with condensed chromatin that 
suggests a lower degree of transcriptional activity 
compared to intermediate cells [11]. Mitoses are 
overall absent or at most very difficult to locate in 
normal urothelium [11], whereas reactive urothe-
lium or in situ carcinoma may show numerous 
mitotic figures [10].

Overall, the histology of normal urothelium can 
be summarized with the triad of the presence of (1) 
umbrella cells, (2) oval-round intermediate cells 
with vertical polarization, and (3) nuclear grooves.

 Lamina Propria, Muscularis Mucosa, 
and Muscularis Propria

Immediately beneath the urothelial basement 
membrane is a layer of loose connective tissue 
containing abundant vessels, lymphatics, sensory 
nerve endings, and some elastic fibers [1]. This 
layer is referred to as “submucosa” or “lamina 
propria” interchangeably; however, because of 
the lack of a well-defined muscularis mucosa in 
most bladders, the latter term is preferred [12]. A 
variable amount of smooth muscle constitutes the 
muscularis mucosa and was first described in 
1983 by Dixon and Gosling. The 1983 descrip-
tion noted irregularly arranged bundles of smooth 
muscle located approximately midway between 
the urothelium above and the detrusor muscle 
below [13]. In 1987, Ro et al. provided a more 
detailed description of the muscularis mucosa, 
particularly in the context of the staging and 
treatment of urinary bladder carcinoma. In their 
study, the muscle fibers in the lamina propria 
formed a distinct muscularis mucosa layer in 
only 3 of 100 cases, whereas more commonly, 
these muscle fibers were interrupted or discon-
tinuous (20/100 cases) and most commonly dis-
persed or scattered forming thin bundles (71/100 
cases). A complete absence of muscle fibers was 
also observed in a minority of cases (6/100). 
Their description was based on adequate sam-
pling of all areas of the bladder, including the 
dome, anterior, lateral, and posterior walls, and 
the trigone. All bladder locations had similar 
morphology and frequency of smooth muscle 
distribution, with the exception of the trigone 
where the detrusor muscle is closely adherent to 
the overlying urothelial layer. The authors also 
described the presence of vessels that run along 
the length of the lamina propria in either a con-
tinuous or an interrupted pattern and are closely 
associated with fibers of the muscularis mucosa.

Z. M. El-Zaatari and J. Y. Ro
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The importance of the above findings is to dif-
ferentiate the muscle fibers of the muscularis 
mucosa from that of the detrusor because only 
invasion of the latter by carcinoma necessitates 
cystectomy, with the consequential morbidity 
inherent in this procedure. Complicating the dis-
tinction between muscularis mucosa and propria 
is the occurrence of hyperplastic muscularis 
mucosa, which may more closely mimic the thick 
muscle bundles of the muscularis propria 
(Fig.  2.2). Hyperplastic muscularis mucosa, 
defined as muscle bundles greater than three lay-
ers thick, was found in 30–36% of samples from 
different bladder locations (the trigone was the 
exception with only 17% showing hyperplastic 
muscularis mucosa fibers) [14]. Beyond these 
initial descriptions, a more detailed description of 
muscularis mucosa morphology, including 
hyperplastic forms, is provided in the 2007 paper 
by Paner et al. [15].

Immunostaining for smoothelin protein may 
be useful to differentiate muscularis mucosa from 
muscularis propria [16–22]. The available studies 
have shown that smoothelin usually stains posi-
tively in muscularis propria and negatively in 
muscularis mucosa. Although some overlap in 
this staining pattern has been observed, when 
only intense staining for muscularis propria and 

very weak or absent staining for muscularis 
mucosa are considered, the specificity of smooth-
elin is close to 100% for discriminating muscula-
ris mucosa from muscularis propria. Vimentin 
immunostaining has also been studied and 
increased the specificity of distinguishing muscu-
laris propria and muscularis mucosa when used 
with smoothelin [21]. Despite the above findings, 
smoothelin immunostaining has not been widely 
validated using different protocols and tech-
niques. Because of this and other limitations 
cited in the current literature, the International 
Society of Urological Pathology (ISUP) 2013 
Consensus Conference did not reach a recom-
mendation for the use of smoothelin or vimentin 
for subclassifying muscle types in routine 
 practice [23].

 Perivesical Adipose Tissue

The thick muscle fibers of the muscularis pro-
pria merge with the surrounding perivesical adi-
pose tissue. T3 disease consists of invasion of 
bladder tumors beyond the muscularis propria 
and into the perivesical adipose. However, adi-
pose tissue may be present in any layer of the 
bladder, which may confound the distinction of 
true T3 disease from a less invasive stage. In a 
study by Philip et al., adipose tissue was found 
in the muscularis propria in all of 139 cystecto-
mies studied and was found, albeit less fre-
quently, in more superficial layers of the bladder 
up to the lamina propria [24]. In addition, the 
perivesical adipose tissue was not well delin-
eated from the deep muscularis propria, which 
haphazardly merged with the perivesical fat 
[24]. Recognition of these histologic variations 
is, therefore, crucial for the pathologist. Caution 
must be taken not to overdiagnose T3 disease in 
biopsy or transurethral tumor resections where 
orientation of the specimen with respect to the 
layers of the bladder wall is difficult. In such 
cases, the true depth of any adipose tissue inva-
sion cannot be accurately assessed for the 
assignment of pT stage.

Fig. 2.2 Muscularis propria. Thick muscle bundles char-
acterize the muscularis propria of the urinary bladder. It is 
important to differentiate muscularis propria from hyper-
trophic muscularis mucosa, as only invasion of the former 
constitutes T2 pathologic stage

2 Normal Anatomy and Histology of the Urinary Bladder with Pathologic Correlates
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 Developmental and Anatomic 
Anomalies

 Urachal Remnants

Urachal remnants occur because of incomplete 
regression of the fetal urachus, the tract between 
the urinary bladder dome and the umbilicus. 
These remnants vary in form, from cysts between 
the bladder and umbilicus, to diverticula con-
nected to the bladder dome, to urachal sinus 
openings at the umbilicus but disconnected from 
the bladder, to a fully patent urachus with a com-
plete persistent tract opening at the umbilicus 
connecting to the bladder. Urachal cysts typically 
show a urothelial lining of cuboidal to columnar 
epithelium and/or denuded and inflamed cyst 
walls [25] (Fig. 2.3). Urachal remnants may lead 
to complications, such as infection necessitating 
surgical intervention [26]. Urachal carcinoma is a 
rare tumor that occurs most often in the bladder 
dome and is associated with the presence of ura-
chal remnants, although the absence of urachal 
remnants does not necessarily rule out the diag-
nosis of urachal carcinoma [27].

 Diverticula

A diverticulum is an outward bulge of the inner 
epithelial lining of the bladder through a defect in 
its muscular layer. It can be present since birth or 

acquired later in life due to various causes. There 
are two peak times of occurrence of diverticula: 
one presenting at 10  years and the other at 
55–70 years. In children, diverticula are usually 
congenital, and very often there will only be a 
single outpouching. In adults, it is acquired and 
there may be several diverticula. Diverticula can 
be classified as true diverticula, which do not 
include muscularis propria tissue, and pseudodi-
verticula, which include muscularis propria in 
their outpouching. Diverticula form in response 
to increased intravesical pressure due to obstruc-
tion or weakness of Waldeyer fascia and weak-
ness of the detrusor muscle [28].

A wide array of histologic findings occurs in 
diverticula either primarily or in association with 
other conditions and pathologies present simulta-
neously in the urinary bladder. These include 
both malignancies and benign findings: chronic 
inflammation, acute inflammation, granuloma-
tous inflammation, cystitis glandularis, intestinal 
metaplasia, keratinizing and non-keratinizing 
squamous metaplasia, nephrogenic adenoma, 
ulceration, polypoid cystitis, papillary hyperpla-
sia, reactive urothelial atypia, carcinoma in situ, 
high-grade urothelial carcinoma including vari-
ant morphologies, papillary urothelial carcinoma, 
primary squamous carcinoma, and secondary 
melanoma [28, 29].

 Bladder Exstrophy

Bladder exstrophy is a rare congenital defect 
characterized by eversion of the bladder and 
related structures through the ventral wall of the 
abdomen between the umbilicus and the symphy-
sis pubis. This results in the bladder mucosa 
being fused to the adjacent skin [25]. The preva-
lence is estimated at around 2 per 100,000 births 
and is approximately twice common in males 
than in females [30]. Exstrophy is associated 
with other congenital defects of the urogenital 
tract, including epispadias and undescended tes-
tes in males and bifid clitoris and divergent labia 
in females [30]. Microscopically, the bladder 
mucosa shows acute and chronic inflammation 
and ulceration and metaplastic changes,  including 

Fig. 2.3 Urachal cyst. A cystic urachal remnant lined by 
cuboidal epithelium. Urachal remnants can also have a 
benign urothelial lining

Z. M. El-Zaatari and J. Y. Ro



13

squamous metaplasia and intestinal metaplasia 
that often persist after surgical closure [25]. The 
malignant potential of the exstrophied bladder 
mucosa is well known, with 95% of tumors being 
adenocarcinomas and 3% to 5% being squamous 
cell carcinomas. Most (60%) of malignant tumors 
associated with exstrophy of the bladder occur 
during the fourth and fifth decades of life. Of the 
remaining, about 20% each occur after 60 years 
and before 40 years [31].

 Ectopic Prostate Tissue

Ectopic prostate tissue is a rare finding that may 
occur in the bladder or other genitourinary/extra-
genitourinary sites or even in females [32]. The 
microscopic appearance is that of prostatic 
stroma and glandular epithelium and/or a urothe-
lial cell lining. The prostatic glands are charac-
teristically positive for prostate-specific antigen 
(PSA) and prostatic acid phosphatase (PSAP) 
[25, 33]. Reported cases presented as polyps or 
masses within the bladder [34]. One case pre-
sented as prostatic adenocarcinoma arising 
within ectopic prostate tissue in the bladder 
dome [32]. The main differential diagnosis is 
with urachal remnant and prostatic urethral 
polyp, the latter of which has matching histology 
to ectopic prostate yet only occurs in the pros-
tatic urethra [25].

 Normal Histologic Variations 
and Benign Mimickers 
of Malignancy

 von Brunn Nests, Cystitis Cystica, 
and Cystitis Glandularis

von Brunn nests are benign invaginations of uro-
thelium into the underlying lamina propria and 
appear as solid nests that may or may not show a 
connection to the surface (Fig. 2.4). von Brunn 
nests may become cystic, in which case they are 
described as cystitis cystica. The epithelial cells 
lining these cysts are one to several layers thick 
and are urothelial or cuboidal in shape. The epi-

thelial lining of cystitis cystica may also undergo 
metaplasia, transforming the lining of the cysts 
into columnar mucin-secreting cells. This is 
termed cystitis glandularis (Fig. 2.5). Finally, lin-
ing cells of cystitis glandularis can show goblet 
cell morphology, i.e., intestinal metaplasia [1] 
(Fig. 2.6). This is known as intestinal-type cysti-
tis glandularis. Von Brunn nests and cystitis cys-
tica are common findings, as 89% and 60% of 
bladders have these lesions, respectively [35]. 
These changes are most commonly seen in the 
bladder neck and trigone [35].

Fig. 2.4 Von Brunn nest. Von Brunn nests are commonly 
found beneath normal urothelium. They consist of nests of 
benign urothelial cells with or without a connection to the 
overlying urothelium. Florid proliferations of Von Brunn 
nests must be distinguished from nested variants of uro-
thelial carcinoma

Fig. 2.5 Cystitis glandularis. Von Brunn nests can 
become cystically dilated and develop a glandular epithe-
lial lining. This is termed cystitis cystica and glandularis 
(the latter seen here), a potential mimicker of bladder 
adenocarcinoma

2 Normal Anatomy and Histology of the Urinary Bladder with Pathologic Correlates
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von Brunn nests, especially when floridly 
proliferative, may mimic the nested variant of 
urothelial carcinoma. The nested variant is a 
malignancy with generally aggressive behavior, 
yet frequently bland cytology, making the dis-
tinction even more critical. Features that help 
distinguish this malignancy from von Brunn 
nests include (1) the variable and smaller size of 
nests in the nested variant; (2) the more pro-
nounced cyst formation, apical glandular differ-
entiation, and eosinophilic secretions in the 
nested variant; (3) the complete absence of 
atypia in von Brunn nests versus occasional 
atypia in the nested variant; (4) presence of a flat, 
proliferative base in von Brunn nests versus a 
more infiltrative pattern in the nested variant; 
and (5) muscularis propria invasion, which usu-
ally indicates malignancy [36].

A recently described variant of nested urothe-
lial carcinoma, the large nested variant, can also 
appear similar to von Brunn nests. The large size 
of nests in this variant can even more closely 
mimic von Brunn nests. However, unlike von 
Brunn nests, the large nested variant often has a 
haphazard arrangement of nests within the lam-
ina propria with ample lamina propria in between 
the nests. Also, although the large nested variant 
usually shows minimal cytologic atypia, a certain 
degree of nuclear pleomorphism consisting of 
small nucleoli, scattered hyperchromatic cells, 
and mild nuclear pleomorphism is often detect-

able. Additionally, invasion of the nests into the 
muscularis propria indicates a malignant process, 
and the concurrence of usual type urothelial car-
cinoma can aid in the diagnosis [37]. A recent 
study has shown that the detection of TERT pro-
moter mutations may help distinguish von Brunn 
nests from nested and large nested variants of 
urothelial carcinoma, as this mutation was not 
detected in any von Brunn nests, whereas it was 
detected in several cases of malignancy. However, 
further studies and validation are needed before 
incorporating TERT molecular testing into rou-
tine practice in this setting [38].

Intestinal metaplasia in cystitis glandularis 
may also mimic adenocarcinoma of the urinary 
bladder [39, 40]. Both can show mucin extravasa-
tion, atypia, and mitoses; however, the extent of 
these features is more pronounced in adenocarci-
noma [39]. Tubular adenomas [41] and dysplasia 
of cystitis glandularis [42] have also been 
described. Although it appears that non-dysplas-
tic intestinal metaplasia is not a precursor lesion 
for adenocarcinoma [43], the presence of dyspla-
sia was associated with adenocarcinoma or uro-
thelial carcinoma in several cases. Therefore, 
clinical follow-up is recommended whenever 
dysplasia is present [42].

 Squamous Metaplasia

Squamous metaplasia is the transformation of 
the urothelium into a squamous-lined epithe-
lium. Squamous metaplasia is divided into two 
types: non-keratinizing and keratinizing. The 
former, also known as vaginal metaplasia, is a 
common finding in the bladders of women, espe-
cially in the trigone area. Indeed, 72% of blad-
ders removed at autopsy in women dying of 
non- urinary tract diseases showed this type of 
metaplasia [44]. Therefore, non-keratinizing 
squamous metaplasia is considered a normal his-
tologic finding in women.

Keratinizing squamous metaplasia is more 
insidious and can occur in men and, less com-
monly, in women. Keratinizing squamous meta-
plasia is caused by a variety of factors that cause 
infection and/or irritation to the bladder mucosa, 

Fig. 2.6 Intestinal metaplasia in cystitis glandularis. 
Goblet cells are seen in the epithelial lining of cystitis 
glandularis with intestinal metaplasia. This is a benign 
finding
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including bacterial urinary tract infections, 
Schistosoma parasite eggs, indwelling catheters, 
and urinary stones [45]. It is not certain whether 
keratinizing squamous metaplasia is a precursor 
to carcinoma; however, it is often found concur-
rently in patients with pure squamous cell carci-
noma of the bladder or urothelial carcinoma with 
squamous differentiation [45, 46] (Fig.  2.7). 
Because of this association, surveillance cystos-
copy with possible transurethral resections is 
indicated.

 Nephrogenic Adenoma

Nephrogenic adenoma is a benign proliferation 
that is most commonly encountered in the blad-
der [47]. It is characterized by a variety of growth 
patterns, most commonly tubular (Fig. 2.8), cys-
tic, polypoid, and papillary [47, 48]. Additional, 
less common patterns have been described, 
including fibromyxoid [49] and flat [50]. The lin-
ing cells are distinctively single-layered, are 
cuboidal to low columnar, and have scant cyto-
plasm, with occasional cells displaying abundant 
eosinophilic or clear cytoplasm (Fig. 2.9). A hob-
nail appearance is also frequently seen. The cells 
are bland, although they occasionally have prom-
inent nucleoli. Mitoses are usually not seen. The 
origin of nephrogenic adenoma may be metaplas-

tic or originate from renal tubular cells, as sug-
gested by a recent study of renal transplant 
patients [51]. Nearly all cases of nephrogenic 
adenomas occur in patients with a history of prior 
surgical treatment or inflammatory disease [52].

Several morphologies of nephrogenic ade-
noma may mimic malignant diagnoses and there-
fore merit attention from the pathologist. The 
tubules of nephrogenic adenoma may appear infil-
trative and therefore lead to confusion with ade-
nocarcinoma. Small tubules may also contain 
mucin and be lined by a single cell, mimicking 
signet ring cell adenocarcinoma [48]. Additionally, 

Fig. 2.7 Squamous cell carcinoma. Keratinizing meta-
plasia is a potential risk factor for the development of pri-
mary squamous cell carcinoma of the urinary bladder, 
which is shown here

Fig. 2.8 Nephrogenic adenoma (tubular). This case of 
nephrogenic adenoma shows a tubular growth pattern and 
single-cell-lined glands with hobnailing of cells within the 
tubular lumens

Fig. 2.9 Nephrogenic adenoma (polypoid). Nephrogenic 
adenoma displaying a single-cell lining of bland cuboidal 
cells with clear to eosinophilic cytoplasm. This case 
shows a polypoid configuration

2 Normal Anatomy and Histology of the Urinary Bladder with Pathologic Correlates
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a nephrogenic adenoma-like clear cell adenocar-
cinoma has been described [53]. Similar appear-
ances may confuse nephrogenic adenoma with 
prostatic adenocarcinoma, particularly when it 
involves the prostatic urethra or prostate. Staining 
with alpha-methyl acyl- coenzyme A racemase 
(AMACR) in this last scenario is potentially risky, 
as it is positive in both nephrogenic adenoma and 
prostatic carcinoma. However, PSA is usually 
negative and PAX8 positive in nephrogenic ade-
noma, whereas the opposite staining pattern is 
seen in prostatic adenocarcinoma [48]. Thus, per-
forming PSA and PAX8 staining is preferred over 
AMACR in this scenario.

 Cystitis

A variety of inflammatory conditions in the blad-
der are grouped under the term cystitis. A brief 
overview of the different types of urinary bladder 
cystitis follows [25]:

• Follicular cystitis: Cystitis with lymphoid fol-
licles in the lamina propria. It is important to 
distinguish follicular cystitis from malignant 
lymphoma.

• Giant cell cystitis: Refers to the presence of 
atypical stromal cells within the lamina pro-
pria of the bladder. The cells are nonmalignant 
and of macrophage origin.

• Interstitial cystitis: A diagnosis of exclusion 
which clinically presents as recurrent discom-
fort or pain of the bladder and adjacent pelvic 
region. Mast cells may frequently be seen; 
however, they are a nonspecific finding. 
Although usually idiopathic, some cases of 
interstitial cystitis appeared to be related to 
IgG4 inflammation [54].

• Eosinophilic cystitis: Characterized by infil-
trates consisting of abundant eosinophils in 
the lamina propria and bladder wall. It is usu-
ally a nonspecific reaction to injury; however, 
it may rarely be associated with allergic dis-
eases and parasitic infections.

• Infectious cystitis: Cystitis caused by various 
infectious organisms, including bacteria, 
fungi, viruses, and parasites.

• Encrusted cystitis: Describes the deposition of 
inorganic salts in injured bladder mucosa due 
to the presence of urea-splitting bacteria. 
Calcified and necrotic debris mixed with 
inflammatory cells and covered with fibrin are 
present microscopically.

• Emphysematous cystitis: Consists of gas-filled 
blebs that appear microscopically as empty 
spaces within the lamina propria. The spaces 
are lined by attenuated cells, and there is fre-
quent foreign-body giant cell reaction.

• Granulomatous cystitis: Is seen most com-
monly following bacille Calmette-Guerin 
(BCG) therapy for urothelial carcinoma in 
situ. It consists of noncaseating granulomas in 
the lamina propria (Fig.  2.10) with possible 
overlying urothelial reactive atypia or denuda-
tion. Granulomas following transurethral 
resection of bladder tumors (postsurgical 
granulomas) are another form of granuloma-
tous inflammation and, unlike BCG granulo-
mas, may contain necrosis.

• Radiation cystitis: Follows radiation therapy. 
Acutely, it is characterized by edema and vas-
cular congestion in the lamina propria, muco-
sal erosion and ulceration, and cytologic 
atypia that can mimic carcinoma in situ. Some 
cases may include giant cells and multinucle-
ated cells or pseudocarcinomatous hyperpla-
sia of the epithelium. Extravasated red blood 
cells, fibrin deposition, inflammation, hemo-
siderin, mucosal ulceration, atypical fibro-

Fig. 2.10 BCG granuloma. Noncaseating granuloma in 
the lamina propria of a bladder treated with BCG therapy
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blasts, hyperplastic or atrophic urothelium, 
and squamous metaplasia are also features. 
Chronically, radiation cystitis may lead to col-
lagenization of the lamina propria and muscu-
laris propria and myointimal proliferation or 
hyalinization of the media of arterioles.

• Chemotherapy-induced cystitis: Refers to cys-
titis caused by systemic or topical chemother-
apeutic or immunologic drugs. According to 
the agent used, cystitis may be (1) hemor-
rhagic (due to cyclophosphamide), (2) atypi-
cal (due to mitomycin C) with degenerative 
changes and atypia of the urothelial lining, or 
(3) granulomatous (due to BCG; see granulo-
matous cystitis above).

 Polypoid Cystitis

Polypoid cystitis is a mucosal lesion in the blad-
der with a polypoid or papillary configuration. 
Polypoid cystitis arises in the setting of an inflam-
matory insult to the bladder, such as long- 
standing indwelling catheterization [55]. The 
main differential diagnosis is with papillary uro-
thelial carcinoma [56], which is a malignancy, 
while polypoid cystitis is a benign condition. 
Microscopically, polypoid cystitis is character-
ized by broad fibrovascular cores with dilated 
vessels, edematous stroma, and mixed acute and 
chronic inflammation in the stroma. Papillae 
should be simple without complex branching, 
and the overlying urothelium is normal or with 
reactive changes or metaplasia but no diagnostic 
features of malignancy [25, 56].

 Malakoplakia

Malakoplakia is an inflammatory process that 
characteristically appears as multiple yellow or 
yellow-brown plaques on the bladder mucosal 
surface. It can occur throughout the genitourinary 
tract, though the bladder is the most common 
site. Microscopically, the lesion consists of sheets 
of macrophages and characteristic Michaelis- 
Gutmann bodies in the cytoplasm (von 
Hansemann cells). The Michaelis-Gutmann bod-

ies are 2–10 μm structures that have a targetoid 
appearance and stain positively for calcium (von 
Kossa stain) and iron (Perls Prussian blue stain). 
Malakoplakia is thought to be caused by impaired 
bactericidal activity of macrophages and is 
related to chronic immunosuppression and bacte-
rial infections, the most common of which is 
Escherichia coli. Malakoplakia is a benign dis-
ease and is usually self-limiting. The main dif-
ferential diagnosis includes Langerhans cell 
histiocytosis and xanthogranulomatous inflam-
mation, which also show abundant histiocytic 
cells within their lesions [57].

 Fibroepithelial Polyp

Fibroepithelial polyps are uncommon benign 
lesions that occur most commonly in pediatric 
patients but can occur in adults. Histologically, 
fibroepithelial polyps are usually characterized 
by a polypoid lesion covered with normal urothe-
lial lining and may display either of three archi-
tectural patterns: (1) polypoid with club-like 
projections, florid cystitis cystica, and cystitis 
glandularis, (2) papillary with multiple small 
fibrovascular cores containing dense fibrous tis-
sue, and (3) polypoid with secondary tall finger- 
like projections. These polyps lack the prominent 
edema and inflammation of polypoid cystitis [58] 
(see above section “Polypoid Cystitis”).

 Mullerian Lesions

Endometriosis can occur in the bladder and is 
characterized by endometrial glands, stroma, and 
recent or old hemorrhage. Endocervicosis can 
also occur and has endocervical-like glands with 
a haphazard appearance, a columnar mucin- 
secreting epithelial lining, frequent ciliated cells, 
and mucin extravasation [25, 59]. When endome-
triosis, endocervicosis, and endosalpingiosis 
 (fallopian tube-type epithelial inclusions) coex-
ist, the lesion is termed mullerianosis. Although 
rare, it is important to recognize these Mullerian 
lesions, as they may mimic primary adenocarci-
noma of the bladder [60].

2 Normal Anatomy and Histology of the Urinary Bladder with Pathologic Correlates
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 Conclusion

In summary, normal bladder anatomy and histol-
ogy have direct relevance for bladder pathology 
and tumors. Basic knowledge of the normal blad-
der, as well as the benign entities described 
herein, constitutes an important foundation for 
genitourinary and general surgical pathologists 
alike.
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Flat Urothelial Lesions

Gang Wang

 Introduction

There are several clinical scenarios in which flat 
urothelial lesion needs to be evaluated by surgical 
pathologists [1]. The first is the random biopsies 
of the bladder mucosa. Usually, the patients pres-
ent with urinary symptoms such as hematuria, 
dysuria, and increased frequency of micturition 
and do not respond to routine medical treatments. 
In this setting, cystoscopy is performed, and 
biopsies are taken to evaluate other causes for the 
symptoms. Less commonly, the patients have 
positive urine cytology and positive FISH 
UroVysion or are at high risk of developing blad-
der cancer. Under cystoscopy, there is no appar-
ent lesion identified, so random biopsies are 
taken [2]. The second type of specimens is 
lesional biopsies, which are taken from the cys-
toscopy that detected flat urothelial lesions, typi-
cally at the mucosa with erythema. In this 
scenario, the main clinical question is whether 
they are reactive atypia, dysplasia, or urothelial 
carcinoma in situ (CIS) [3]. In the specimens of 
transurethral resection of bladder tumor 
(TURBT), with the presence of papillary urothe-
lial carcinoma (with or without invasion), the 
typical pathological question regarding the flat 

lesion is whether there is concomitant CIS [4]. 
Another clinical setting is to evaluate the muco-
sal margins in the surgical resection specimens, 
typically radical cystectomies. Although invasive 
carcinoma may rarely be seen in the soft tissue 
around the ureter or urethra, in most of the time, 
the main question is to rule out CIS involving the 
mucosal margins.

 Approaches to the Diagnosis of Flat 
Urothelial Lesions

Pathological diagnosis of flat urothelial lesions 
should always correlate with the clinical history 
and gross findings. The previous history of uro-
thelial neoplasm and therapy, the presentation/
symptoms, the concurrent urine cytology find-
ings, and the gross appearing of the lesion under 
cystoscopy will provide beneficial information 
for correct interpretation of the specimen.

Under the microscope, the general approach 
to the diagnosis of flat urothelial lesions can be 
categorized into three aspects: architecture 
arrangements, cytologic features, and back-
ground stroma [1].

The architecture arrangements include the 
thickness of urothelium, cell polarity, and preser-
vation of surface umbrella cells. The normal uro-
thelium usually has three to seven layers in 
thickness, depending on the state of distention. 
Increased number of urothelial layers can be seen 

G. Wang (*) 
Department of Pathology and Laboratory Medicine, 
British Columbia Cancer Vancouver Centre, 
Vancouver, BC, Canada
e-mail: gang.wang1@bccancer.bc.ca

3

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-71509-0_3&domain=pdf
https://doi.org/10.1007/978-3-030-71509-0_3#DOI
mailto:gang.wang1@bccancer.bc.ca


22

in the tangential section, benign urothelial hyper-
plasia, or CIS. Denudation may be seen in reac-
tive conditions (trauma, infection, or 
instrumentation) or CIS.  In the normal urothe-
lium, cells are arranged orderly, composed of 
compacted basal cells, vertically oriented inter-
mediate cells, and horizontal superficial umbrella 
cells. The loss of normal polarity and presence of 
nuclear crowding are often suggestive of a neo-
plastic process, either urothelial dysplasia or CIS, 
depending on the degree of cytological atypia. 
Preservation of surface umbrella cells is a sign of 
benign lesion and is very helpful to distinguish 
reactive atypia from CIS.

Cytologic features include cytoplasmic clear-
ing, nucleomegaly, nuclear pleomorphism, 
nuclear shape and contour, chromatin distribu-
tion, number and size of nucleoli, number and 
location of mitoses, and presence of atypical 
mitoses. Loss of cytoplasmic clearing (increased 
eosinophilia), especially enriched eosinophilic 
cytoplasm in the basal layer of the urothelium, is 
a sign of dysplasia or CIS. One of the essential 
diagnostic criteria for CIS is nucleomegaly, 
which is determined by comparison to the normal 
urothelium or stromal lymphocytes. Nuclei larger 
than five times of a normal lymphocyte is a 
widely accepted cutoff for the diagnosis of CIS, 
whereas the nuclear size of normal urothelium 
and dysplastic urothelium is only approximately 
twice the size of lymphocytes [2]. It should be 
noted that in some reactive processes, particu-
larly radiation cystitis, the nuclei of reactive uro-
thelium could be markedly enlarged and may 
even show bizarre nuclei. In such cases, clinical 
history and other histological features have to be 
correlated to make a correct diagnosis. Other 
than nucleomegaly, the cytological features 
favoring dysplasia or CIS are nuclear pleomor-
phism, irregular nuclear contour, nuclear hyper-
chromasia, coarse chromatin distribution, and 
multiple prominent nucleoli. An increased 
mitotic index can be seen in a reactive process but 
should be mainly located in the basal or lower 

half of the urothelium, while in CIS mitotic fig-
ures typically present throughout the full thick-
ness of mucosa. Atypical mitotic figures should 
be only seen in urothelial CIS.

The background stroma can also provide use-
ful clues for the nature of the flat urothelial 
lesions. Without a history of previous treatment, 
neovascularization in the superficial lamina pro-
pria suggests the presence of host response to an 
intraurothelial neoplastic process. The back-
ground inflammation could cause urothelial 
atypia, but if the severity of atypia appears to be 
out of proportion to the extent of inflammation, 
urothelial dysplasia or CIS has to be considered.

The diagnostic features for each flat urothelial 
lesion are summarized in Table 3.1.

 Normal Urothelium

The normal bladder wall usually has no or mini-
mal inflammation. Depending on the state of dis-
tention, the urothelium arranges between three 
and seven cell layers and is composed of three 
cell types: basal, intermediate, and superficial 
(see Chap. 2, “Normal Anatomy and Histology 
of the Urinary Bladder with Pathologic 
Correlates,” Fig. 2.1). The basal cells are small 
(with the nuclear size less than twice of a lym-
phocyte) and tightly lined or palisaded above the 
basement membrane. The intermediate cells 
constitute variable layers of medium-sized uro-
thelium with clear to amphophilic cytoplasm and 
oval to elongated nuclei typically oriented per-
pendicularly to the basement membrane. The 
superficial cells are also called umbrella cells, 
which are relatively large, with voluminous clear 
to light eosinophilic cytoplasm and small nucle-
oli. The umbrella cells are arranged parallel to 
the basement membrane, spanning or covering 
the intermediate cells (like an umbrella). It 
should be noted that due to the tangential or 
thick sectioning, the apparent layers and polarity 
may not be appreciable.
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 Flat Urothelial Hyperplasia

Definition: markedly thickened (more than 10–12 
layers) or densified urothelium with no or at most 
minimal cytologic atypia.

In flat urothelial hyperplasia, the increased 
number of layers should be the only finding, and 
these lesions have otherwise the same architec-
ture and cytological features as normal urothe-
lium, such as cell polarity, surface umbrella cells, 
no or minimal cytological atypia, and occasional 
mitosis confined to the basal half of the lesion 
(Fig.  3.1). Flat urothelial hyperplasia is often 
seen in inflammation (Fig.  3.2) or adjacent to 
low-grade papillary urothelial lesions. This lesion 
alone, as a de novo finding, has no clinical sig-
nificance and no evidence as a premalignant 
lesion.

 Urothelial Proliferation of Uncertain 
Malignant Potential (UPUMP)

Definition: marked thickening of the urothelium 
with no or minimal cytological atypia and no true 
papillary formation [3].

UPUMP is most frequently seen in patients 
with a prior history of papillary urothelial carci-
noma or seen adjacent to papillary lesions [4]. 
Under the cystoscopy, the lesion is typically focal 
and may be described as bleb-like, papillary, 
raised, sessile, frondular, or irregular. 
Microscopically, UPUMP shows a thickened 
urothelium (usually more than 10–12 layers) 
arranged into narrow undulating mucosal folds of 
various heights (Fig. 3.3). In contrast to papillary 
neoplasms, these lesions lack the well- formed 
papillary fronds or secondary branching that are 
diagnostic of a papillary urothelial neoplasm. 
UPUMP likely represents the lateral extension 
(“shoulder lesion”) of a papillary neoplasm or an 
early (incipient) manifestation of papillary uro-
thelial neoplasia. This assumption is supported 
by a high incidence of chromosome 9 deletions 
and less frequently the FGFR3 abnormalities [5–
7]. Like in the flat urothelial hyperplasia, there 
should be no or minimal cytological atypia in 
UPUMP.  For the lesions with significant cyto-
logical atypia, they should be classified as uro-
thelial carcinoma and graded accordingly. In de 

Fig. 3.1 Flat urothelial hyperplasia with markedly thick-
ened urothelium (>12 layers) and no cytological atypia

Fig. 3.2 Flat urothelial hyperplasia with acute inflamma-
tion and minimal cytological atypia

Fig. 3.3 Urothelial proliferation of uncertain malignant 
potential shows a thickened urothelium arranged into nar-
row undulating mucosal folds with various heights. Note 
there are no well-formed papillary fronds or secondary 
branching and no cytological atypia

G. Wang
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novo UPUMP, 15.4% of patients developed sub-
sequent urothelial neoplasia within a mean fol-
low-up of 68.9 months [8].

 Reactive Atypia

Definition: benign urothelium with mild cytolog-
ical atypia secondary to inflammation, therapy, or 
instrumentation.

Typically the patients have a clinical history 
of stones, infection, or frequent instrumentation 
[9]. Microscopically, there is usually prominent 
background inflammation, particularly intraepi-
thelial inflammatory cell infiltrate, either acute, 
chronic, or both. Nucleomegaly is the most 
prominent finding in reactive urothelial atypia, 
with the size of two to three times of the lym-
phocyte nucleus, but with no nuclear pleomor-
phism [10]. The nuclei are usually round or 
oval, maintaining their polarity perpendicular to 
the basement membrane, with smooth nuclear 
contour and evenly distributed vesicular chro-
matin. The reactive urothelium could have 
prominent pinpoint nucleoli but should not have 
macro-nucleoli (Fig.  3.4). There could be 
increased mitotic activity, but they usually pres-
ent predominantly in the basal and intermediate 
layers and should not have atypical mitosis seen. 
The umbrella cells may or may not be preserved. 

However, if they are present, they frequently 
exhibit multinucleation or nucleomegaly, cyto-
plasmic vacuolation, and a low nuclear to cyto-
plasmic ratio.

Radiation atypia is defined as benign urothe-
lium with cytological atypia secondary to radia-
tion therapy, also called radiation cystitis. 
Clinically, the symptoms of radiation cystitis can 
occur from as early as 4–6 weeks after initiation 
of the therapy to 10  years later after radiation 
[11]. The clinical severity and histologic fea-
tures are both time- and dose-dependent. 
Microscopically, depending on the stage of the 
changes, the lamina propria can show marked 
edema, hyperemia, hemorrhage, fibrin deposi-
tion, and fibrosis, often with large atypical fibro-
blasts. It may be accompanied by desquamation 
and ulceration of the surface urothelium 
(Fig.  3.5). The remaining urothelial cells often 
show significant cytological atypia (Fig.  3.6), 
demonstrated by prominent and hyperchromatic 
nuclei, giant cells, and multinucleated cells, 
which make them look even more bizarre than 
the cells in CIS [11]. The key diagnostic hints are 
cytoplasmic and nuclear vacuolation, normal 
nuclear to cytoplasmic ratio, and lack of mitotic 
activity. Of course, the clinical history of radia-
tion therapy, typically for prostate, anorectal, or 
gynecological malignancies, would be very help-
ful for correct diagnosis.

Fig. 3.4 Reactive urothelial atypia showing acute intrau-
rothelial inflammation and mild but appreciable cytologi-
cal atypia

Fig. 3.5 Radiation cystitis showing ulceration of the sur-
face urothelium with marked edema, hyperemia, hemor-
rhage, and large atypical fibroblasts

3 Flat Urothelial Lesions
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 Urothelial Atypia of Unknown 
Significance (UAUS)

Definition: flat urothelial lesion with inflamma-
tion and cytological atypia where the severity of 
atypia appears to be out of proportion to the 
extent of inflammation, such that urothelial dys-
plasia or CIS cannot be confidently excluded 
(Figs. 3.7) [12, 13].

Urothelial atypia of unknown significance is 
not a diagnostic entity. It is merely a descriptive 
term used for a flat urothelial lesion, in which the 
atypia cannot be explained by the extent of 
inflammation but does not meet the criteria of 

dysplasia or CIS. Clinically, these patients should 
be followed and reexamined after inflammation 
subsides.

 Urothelial Dysplasia

Definition: flat urothelial lesion, in the back-
ground of no or minimal inflammation, with 
unequivocal cytological atypia but does not meet 
the diagnostic threshold for urothelial CIS [3]. It 
is also called low-grade intraurothelial 
neoplasia.

In urothelial dysplasia, the thickness of the 
urothelium can vary. The stroma has no or mini-
mal inflammation. The urothelial cells are 
rounded to polygonal with crowded nuclei and 
have a loss of polarity (Fig. 3.8). Nuclear atypia 
is evident, demonstrated by mild nucleomegaly, 
minimal irregularity of nuclear contours, and 
altered chromatin distribution, but lacks the 
nuclear pleomorphism and significant nucleo-
megaly (nuclear size larger than five lympho-
cytes) as seen in CIS.  Nucleoli can be 
conspicuous but are not typically present 
throughout. The mitotic activity is variable but 
usually not in the upper layers [12–14]. 
Conceptually, the cytological findings seen in 
urothelial dysplasia are analogous to those seen 
in noninvasive low-grade papillary urothelial 

Fig. 3.6 Radiation cystitis showing atypical urothelial 
cells with fibrinoid stroma and hemosiderin deposition

Fig. 3.7 Urothelial atypia of unknown significance 
showing acute intraurothelial inflammation and apparent 
cytological atypia which is out of proportion to the extent 
of inflammation. Note the nucleomegaly of the atypical 
urothelial cells compared to the benign urothelium in the 
right lower corner

Fig. 3.8 Urothelial dysplasia (left) showing apparent 
architectural and cytological atypia compared to the 
benign urothelial (right) but falls short of the diagnostic 
threshold for CIS. Note the minimal inflammation in the 
background

G. Wang
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carcinoma, while CIS is  analogous in its histol-
ogy to noninvasive high-grade papillary urothe-
lial carcinoma [15]. Nonetheless, the differences 
between urothelial dysplasia and CIS and 
between urothelial dysplasia and urothelial 
atypia of unknown significance are somehow 
subjective. Therefore, the diagnosis of low-grade 
urothelial dysplasia is controversial with poor 
interobserver reproducibility, even among expert 
genitourinary pathologists [16]. Dysplasia is 
usually a histologic finding seen most commonly 
to be associated with other bladder neoplasia, 
such as papillary urothelial carcinoma, CIS, or 
invasive urothelial carcinoma. In the absence of 
prior history or concomitant urothelial neopla-
sia, the diagnosis of low-grade urothelial dyspla-
sia should be made with great caution. Due to 
the lack of screening in the general population, 
there is little known about de novo low-grade 
dysplasia. Therefore, the diagnosis of low-grade 
dysplasia should be used with a great precaution 
when it is de novo presentation. The poor 
interobserver reproducibility also precludes the 
accurate evaluation of the nature of low-grade 
urothelial dysplasia. The few studies published 
on de novo low-grade dysplasia indicate that 
15–19% of the patients progress to urothelial 
CIS or invasive disease [17, 18]. When the diag-
nosis of low- grade dysplasia is made, a careful 
close follow- up is recommended.

 Urothelial Carcinoma in Situ (CIS)

Definition: flat urothelial lesion with cytologi-
cally malignant cells.

Several molecular changes have been identi-
fied in CIS. Next-generation sequencing revealed 
92% of CIS harboring at least one potentially 
actionable genetic alterations, including TP53/
cell cycle pathway-related genes (e.g., TP53 and 
MDM2), genes encoding chromatin-modifying 
proteins (e.g., ARID1A and KDM6A), DNA 
damage repair genes (e.g., BRCA2 and ATM), 
and phosphatidylinositol 3-kinase/mitogen- 
activated protein kinase pathway genes (e.g., 
ERBB2 and FGFR1) [19]. The amplification/
mutation of the p53 gene, the most frequent 

genetic change, has been widely applied in ancil-
lary study to facilitate the diagnosis of CIS.

Urothelial CIS is commonly seen to be associ-
ated with adjacent high-grade papillary urothelial 
carcinoma or invasive carcinomas but can also be 
seen in pure form which accounts for 1–3% of 
newly diagnosed urothelial neoplasms. The clini-
cal presentation of CIS is not specific, commonly 
dysuria, urinary frequency or urgency, and micro-
scopic or gross hematuria. Under the cystoscopy, 
CIS often appears to be mucosal erythema, with 
occasional erosion. Urothelial CIS is often multi-
focal and sometimes diffuse. Mapping studies of 
cystectomy specimens have shown extensive uro-
thelial CIS, with the involvement of the prostatic 
urethra and of the ureter in as many as 67% and 
57% of cases, respectively [20, 21]. There are 
two proposed theories to explain the frequency of 
multifocality of CIS. The first is the monoclonal 
theory suggesting that the multifocal tumors arise 
from a single transformed cell that proliferates 
and spreads throughout the urothelium either by 
intraluminal implantation or by intraepithelial 
migration. The second theory, the so-called the 
field cancerization theory, suggests independent 
transforming genetic alterations at different sites 
in the urothelial lining caused by chemical car-
cinogens [22, 23].

The principal histological features of CIS 
include loss of polarity, marked nuclear crowd-
ing, pleomorphism, and frequent mitoses 
(Fig.  3.9). The lamina propria is frequently 

Fig. 3.9 Urothelial carcinoma in situ showing severe 
architectural, cytological atypia, and frequent mitoses
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inflamed and congested with prominent vascular-
ization, reflecting the erythematous appearance 
under cystoscopy. The thickness of CIS can be 
variable, ranging from denuded to normal to 
hyperplastic, depending on the discohesive nature 
of the neoplastic cells or the procedure artifact. 
The neoplastic cells may involve either full or 
partial thickness of the urothelium. The nuclear 
atypia is generally obvious but may show a spec-
trum of severity. Generally, there is marked 
nucleomegaly with the nuclear size larger than 
five times of quiescent lymphocytes. The chro-
matin is usually coarse and condensed, with 
prominent and multiple nucleoli. The number of 
mitoses can be variable, from occasional to 
plenty, but typically involving from base to sur-
face. Atypical mitoses are often seen [3].

Additionally, there are varied cytologic and 
architectural patterns in the histologic presenta-
tion of CIS [15, 24]. The most common pattern of 
CIS is recognized as large cell pleomorphic CIS 
(Figs. 3.10). The neoplastic cells show consider-
able loss of polarity with haphazard arrangement 
and nucleomegaly with marked variation in 
nuclear shape and size but frequently retain abun-
dant eosinophilic cytoplasm. This pattern usually 
has abundant mitotic features and atypical mito-
ses. In some other CIS, the neoplastic cells may 
not show marked pleomorphism. Instead, they 
are composed of a more monomorphic popula-

tion of neoplastic cells. However, they still have a 
degree of high-grade cytologic features, includ-
ing nucleomegaly, hyperchromasia, irregular 
chromatin distribution, and one or a few promi-
nent nucleoli, meeting the diagnostic criteria for 
CIS. Such lesions are called large cell CIS with-
out pleomorphism (Fig.  3.9). Occasionally, the 
neoplastic cells of CIS have scant cytoplasm, so 
they appear smaller than usual CIS cells. 
Nevertheless, they still have all the nuclear fea-
tures (markedly enlarged with nuclear chromatin 
abnormalities) of CIS, therefore called small cell 
CIS (Fig.  3.11). Small cell CIS is merely a 
descriptive term; there is no precursor relation-
ship with small cell carcinoma of the bladder, and 
it does not denote neuroendocrine differentiation. 
Due to the discohesive nature of CIS cells, it is 
not uncommon that some or most of the neoplas-
tic cells of CIS lift off, leaving only a few remain-
ing cells attached to the base of mucosa, the 
so-called clinging-type CIS.  Microscopically, 
this type of CIS is characterized by a partially 
denuded urothelium with a patchy, usually single 
layer of residual urothelial cells or even only a 
few atypical single cells clinging to the base 
of the mucosa. Although they could be very few, 
these atypical cells demonstrate all the fea-
tures of cytological atypia meeting the morpho-
logic criteria for CIS (Figs.  3.12). In the case 
of   complete denudation, the hypervascular 

Fig. 3.10 Pleomorphic urothelial carcinoma in situ 
showing considerable loss of polarity, haphazard arrange-
ment, and nucleomegaly with marked variation in nuclear 
shape and size and abundant eosinophilic cytoplasm. Note 
the two atypical mitoses in the center (arrows)

Fig. 3.11 Small cell urothelial carcinoma in situ showing 
scant cytoplasm, appearing smaller than usual CIS cells. 
Nevertheless, they still have all the nuclear features 
(markedly enlarged with nuclear chromatin abnormali-
ties) of CIS
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 (neovascularization) and inflamed lamina propria 
may be the only clue for the overlying abnormal 
urothelium. In such a case, deeper sections 
through the block may be extremely helpful to 
identify or rule out clinging CIS. In cases of com-
pletely denuded CIS, cystoscopic urine or blad-
der wash cytology specimens should be correlated 
since they may contain a large number of neo-
plastic cells [25]. Rarely, CIS may demonstrate 
glandular differentiation (CIS-GL) (Fig.  3.13), 
but the majority of the cases are associated with 
concurrent high-grade papillary urothelial carci-
noma, conventional CIS, or invasive carcinoma 
components. CIS-GL has four architectural pat-
terns that can exist alone or in combination: glan-

dular, papillary, cribriform, or flat. The mixture 
of two patterns, especially glandular and papil-
lary, is commonly seen [3, 26]. The expression of 
CDX2 would be evidence of glandular differen-
tiation (Fig. 3.14). CIS-GL must be distinguished 
from florid cystitis cystica, and the later lacks 
significant cytologic atypia, mitotic figures, and 
apoptosis seen with CIS-GL. The evidence from 
the available literature supports that CIS-GL is a 
variant of CIS as opposed to in situ adenocarci-
noma [3, 26]. Some literatures have suggested 
the association between CIS-GL and small cell 
carcinoma, but they were based on relatively few 
cases [26, 27].

In some cases of CIS, neoplastic cells may 
only partially involve the normal urothelium, the 
so-called cancerization. CIS can cancerize non-
neoplastic urothelium with two patterns. The first 
pattern is pagetoid spread, characterized by clus-
ters or isolated single cells with features of CIS 
within normal urothelium, resembling mammary 
Paget disease (Fig. 3.15). The pagetoid spread is 
commonly seen in cases with diffuse and multi-
focal CIS and could be the only pattern of 
involvement seen along the upper and lower uri-
nary tract in these patients. The other pattern of 
cancerization is the undermining of the normal 
urothelium by adjacent CIS. Sometimes there are 
only surface benign urothelium left with the 
underneath extension of the CIS cells (Figs. 3.16).

Very often, CIS can colonize into von Brunn 
nests, showing variable-sized nests of neoplastic 
cells within the superficial lamina propria 

Fig. 3.12 Clinging-type carcinoma in situ characterized 
by a partially denuded urothelium with a patchy or single 
layer of residual urothelial cells demonstrating all the fea-
tures of cytological atypia meeting the morphologic crite-
ria for CIS. Note the floating lifted neoplastic cells

Fig. 3.13 Urothelial carcinoma in situ with glandular 
differentiation

Fig. 3.14 CDX-2 expression in urothelial carcinoma in 
situ with glandular differentiation
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(Fig.  3.17), which may simulate stromal inva-
sion, especially in the presence of inflammation 
when the basement membrane may be obscured 
and distorted. The diagnostic hint of CIS coloni-
zation of von Brunn nests rather than stromal 
invasion includes the round contour, sharp bor-
der, and lack of retraction artifact or surrounding 
stromal changes (desmoplasia). On the other 
hand, stromal microinvasion is the direct exten-
sion in cords, single cells, or clusters of neoplas-
tic cells into the superficial lamina propria 
(Fig.  3.18), often with a retraction artifact that 
mimics vascular invasion. It might be subtle and 
easily underdiagnosed histologically; especially 
if the background is inflamed, microinvasion may 
be obscured. Desmoplasia or retraction artifact is 

useful in recognizing invasion, but the stromal 
response may not always be present [28]. In such 
cases, immunohistochemical study with cytoker-
atin would be constructive in identifying single- 
cell invasion or small clusters of invasion.

The diagnosis of CIS would have a significant 
impact on the clinical management; therefore, the 
distinction of CIS from reactive atypia is critical. 
Most of the time, the diagnosis of CIS is straight-
forward, based on nuclear characteristics. 
However, from time to time, the distinction of the 
neoplastic process from reactive conditions can 
be difficult. In such cases, ancillary studies 
should be applied to facilitate the diagnosis. 

Fig. 3.15 Pagetoid spreading of CIS characterized by 
clusters or isolated single cells with features of CIS within 
normal urothelium, resembling mammary Paget disease

Fig. 3.16 Undermining of the normal urothelium by 
CIS.  Note the superficial umbrella cells left with the 
underneath extension of the CIS cells

Fig. 3.17 Carcinoma in situ colonizing into von Brunn 
nests, showing variable-sized nests of neoplastic cells 
within the superficial lamina propria. Note the compari-
son between the colonized von Brunn nests and adjacent 
uninvolved von Brunn nest

Fig. 3.18 Carcinoma in situ with microinvasion showing 
the direct extension of single cells or clusters of neoplastic 
cells into the superficial lamina propria (lower part)

G. Wang



31

Several immunohistochemical markers have 
diagnostic utility for CIS [29, 30]. Among them, 
the most widely applied markers are CK20 and 
p53 [10, 31, 32]. In normal urothelium, CK20 
only stains the superficial umbrella cells, while 
nuclear staining of p53 is variably weak and 
patchy. Urothelium with reactive atypia usually 
shows CK20 and p53 reactivity patterns identical 
to those seen in the normal urothelium. In con-
trast, CIS frequently shows full-thickness, dif-
fuse, and strong cytoplasmic staining for CK20 
(Fig. 3.19) and diffuse nuclear reactivity for p53 
(Fig. 3.20). It should be noted that the intensity of 
p53 immunostain varies among different labora-
tories. The interpretation may be tricky, and the 

requirement for strong and diffuse nuclear stain-
ing must adhere. CD44 is another useful immu-
nomarker for the diagnosis of CIS, but not all the 
laboratories have this stain. In normal urothe-
lium, CD44 staining is limited to the basal and 
parabasal urothelial cells. Urothelium with reac-
tive atypia shows increased reactivity for CD44 in 
all layers of the urothelium, while CD44 reactiv-
ity is often absent in CIS [10]. Other immuno-
markers with potential value in the diagnosis of 
CIS include strong membranous staining of 
HER2 and intense cytoplasmic staining of 
AMACR and p16, but their utility in routine 
practice remains in question [33–35]. Ki67 
immunohistochemistry for the mitotic index 
would be useful in distinguishing radiation atypia 
and CIS. However, the application of Ki67 must 
be made with great caution, as the reactive uro-
thelium can also have an increased proliferation 
index, which may overlap with CIS lesions. 
Ideally, an immune panel consisting of multiple 
antibodies should be applied because not all 
cases of CIS consistently exhibit the characteris-
tic immunostaining pattern specified above. 
Furthermore, the immunohistochemical panel 
should be only used as an adjunct to morphology. 
Additionally, there is no immunostain applicable 
in the distinction of dysplasia from CIS, as this 
distinction is only based on the diagnostic thresh-
old in histology [15].

Similar to muscle-invasive urothelial carci-
noma, CIS can also be subclassified based on its 
genotype. Using a representative immunohisto-
chemistry panel, a large case series (n  =  156) 
demonstrated that about 85% of CIS express 
luminal markers (CK20, GATA3, and ER-β), 
one-third of the CIS overexpress Her2, and only 
a few cases express basal markers (CK5/CK6) 
[36]. Interestingly, a phenotypic study in paired 
CIS and invasive tumors from the same biopsy 
showed a significant loss of luminal marker 
expression in the course of progression while an 
increase of basal marker expression in the inva-
sive compartment, which indicates the luminal 
type of CIS undergoing a class switch to basal 
type during progression [36].

Fig. 3.19 Carcinoma in situ showing full-thickness, dif-
fuse, and strong cytoplasmic staining for CK20

Fig. 3.20 Carcinoma in situ showing full-thickness, dif-
fuse, and strong nuclear staining for p53
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Intravesical BCG is currently the standard 
treatment for CIS [37]. Most patients respond to 
BCG, but virtually all cases will eventually 
recur, and as many as 25–50% of the cases are 
expected to progress to invasive disease [38]. For 
the refractory CIS, cystectomy may be consid-
ered. Actually, in the patients who underwent 
cystectomy for CIS, 15–25% of the cases harbor 
microinvasive disease. The prognosis of CIS is 
variable depending on multiple factors, includ-
ing the extent of disease (focal, multifocal, or 
extensive), the involvement of prostatic urethra, 
and the response to therapy [39]. Multifocal CIS 
of the bladder is associated with concurrent or 
subsequent development of CIS in both the 
upper tract (ureter and renal pelvis) and lower 
tract (urethra) [40]. Patients with de novo pure 
CIS are likely to have better disease-free survival 
(62% vs. 45%) and a lower rate of progression 
(28% vs. 59%) and death from disease (7% vs. 
45%) compared to patients with CIS and con-
comitant papillary bladder neoplasia [41]. The 
responsiveness to intravesical therapy is also 
associated with the prognosis of CIS, and poor 
response to BCG is an indication for early cys-
tectomy [38].

 Summary

In summary, the flat urothelial lesions can be 
classified into urothelial hyperplasia, UPUMP, 
reactive atypia, UAUS, urothelial dysplasia, and 
CIS, based on the architecture and cytological 
features. The key diagnostic criteria for CIS 
include nucleomegaly, hyperchromasia, pleo-
morphism, and mitotic activity in the mid to 
upper layers of the urothelium. CIS can present 
with several morphologic patterns, and might not 
involve the full thickness of the urothelium. 
Awareness of the morphologic heterogeneity of 
CIS will facilitate its distinction from its histo-
logic mimics. For difficult cases, immunohisto-
chemical markers, such as CK20 and p53, may 
be applied to help the diagnosis of CIS. The prog-
nosis of CIS depends on multiple factors, includ-
ing the extent of disease and response to local 
therapy.
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Papillary and Inverted Tumors

Haijun Zhou, Charles C. Guo, and Jae Y. Ro

 Introduction

The architectural growth patterns of noninvasive 
urothelial neoplasms include flat, papillary, and 
inverted [1, 2]. Under cystoscopy, flat lesions 
usually are subtle with erythematous changes. 
These lesions are discussed in depth in the previ-
ous chapter. Papillary urothelial neoplasms are 
characterized by single or multiple finger-like 
projections on cystoscopy examination. When 
papillary neoplasms show endophytic or inverted 
growth patterns, there may be a dome-shaped, 
nodular, or flat appearance of the bladder mucosa. 
These visible lesions are usually biopsied and/or 
resected during the cystoscopic examination.

When papillary lesions are seen, it is impor-
tant to determine whether it is true neoplastic 
condition or reactive, inflammatory condition or 
tangential section of urothelial mucosa. When the 
papillary growth is true neoplastic condition, it is 
important to determine the lining cell is single 
cell layer or multiple stratified cell layer. 
Figure  4.1 illustrates diagnostic algorithm of 
papillary lesions (see Fig.  4.1). In single-layer 
papillary lesion, it is important to determine 
whether it is true single cell layer or exfoliated to 
leave a single layer. The single-layered papillary 
lesion is papillary nephrogenic adenoma, and 
multiple-layered or exfoliated papillary lesions 
are papillary urothelial neoplasm.

The classification and grading systems for 
papillary urothelial neoplasms have evolved over 
many years. The current system is the 2016 World 
Health Organization (WHO), which is largely 
based on the 2004 WHO/1998 International 
Society of Urological Pathology (2004 
WHO/1998 ISUP) classification system [1]. The 
2016 WHO divides papillary urothelial neo-
plasms into urothelial papilloma, papillary uro-
thelial neoplasm of low malignant potential 
(PUNLMP), low-grade papillary urothelial carci-
noma (LGPUC), and high-grade papillary uro-
thelial carcinoma (HGPUC).

To avoid complexity and confusion, this chap-
ter generally follows the WHO classification sys-
tem and emphases of pathologic features, 
differential diagnosis, and diagnostic pitfalls.
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 Benign Neoplastic Papillary Lesions

 Urothelial Papilloma

Urothelial papilloma is a benign papillary urothe-
lial neoplasm with delicate fibrovascular cores 
lined by urothelium of normal appearance and 
thickness [3].

The diagnostic criteria for urothelial papil-
loma in the 2016 WHO classification system are 
identical to those defined in the 1973 WHO clas-
sification system [3]. Urothelial papilloma repre-
sents less than 4% of noninvasive urothelial 
neoplasms and typically occurs in patients 
younger than 50 years of age [4, 5]. The male-to- 
female ratio of incidence is about 2:1 [4, 6]. The 

main symptom is hematuria, and most tumors are 
located in the trigone area of the urinary bladder.

Urothelial papilloma has no fusion of papillae 
and there is no or minimal branching. The urothe-
lium is cytologically and architecturally normal 
with no more than seven layers of cells. Umbrella 
cells are present with or without reactive atypia 
(Fig. 4.2). Urothelial papilloma has true fibrovas-
cular cores that differentiate it from papillary 
hyperplasia and papillary cystitis. PUNLMP 
shares similar urothelial cytologic features with 
urothelial papilloma; however, PUNLMP exhib-
its a thickened urothelium, and papillae fusion 
and branching may occur but rare in PUMLMP.

Molecular studies show frequent mutations in 
fibroblast growth factor receptor 3 (FGFR3) and 

Bladder papillary lesions

• Polypoid /papillary cystitis
• Tangential section of urothelium

True papillary neoplasm

Papilloma or PUNLMP
LGPUC or HGPUC

Papilloma PUNLMP

LGPUC HGPUC

Papilla bullous with edema and Inflammatory cells Papillae with thin fibrovascular cores

Mild Moderate to severe

• Cytologic atypia
• Loss of polarity
• Increased cellularity and
  mitosis
• Necrosis 

Delicate papillae Fused and complex papillae

• Age < 40 years and single lesion
• Cell layer <7

• Age >40 years or multiple
• Multiple cell layers >10 cells

Fig. 4.1 Diagnostic algorithm of bladder papillary 
lesions. LGPUC, low-grade papillary urothelial carci-
noma; HGPUC, high-grade papillary urothelial carci-

noma; PUNLMP, papillary urothelial neoplasm of low 
malignant potential
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the promoter of telomerase reverse transcriptase 
(TERT) [7, 8]. Cytokeratin (CK) 20 expression is 
confined to superficial umbrella cells [9]. 
Urothelial papilloma can recur, but recurrent pap-
illoma usually does not progress [4–6, 10]. The 
treatment of choice is complete transurethral 
resection.

 Inverted Urothelial Papilloma

Inverted urothelial papilloma is a urothelial neo-
plasm with a complex, anastomosing inverted 
growth pattern and no to minimal cytological 
atypia [3].

Inverted urothelial papilloma occurs in a wide 
range of ages, but it is usually found in the sixth 
or seventh decade of life with a male-to-female 
ratio of incidence of 7:1 [11, 12]. The common 
symptoms are hematuria and urinary obstruction 
[12]. Inverted papilloma occurs frequently in the 
urinary bladder trigone area and ureteric orifices. 
A significant number of patients have a history of 
smoking [11].

Inverted urothelial papilloma appears as pol-
ypoid growth with a smooth overlying surface in 
the bladder mucosa under cystoscopy. 
Histologically, inverted papilloma shows an 
endophytic growth pattern, usually with thin, 
anastomosing cords and trabeculae of normal- 
appearing urothelial cells with intervening stro-

mal tissue. The inverted urothelium has multiple 
connections to the overlying mucosal surface and 
usually does not grow into the muscularis pro-
pria. The intact inverted feature may not be pre-
served when disrupted during resection. The 
fragments of inverted papilloma may show a par-
tially exophytic appearance.

The urothelial cells at the edge of the trabecu-
lae can show peripheral palisading. The cells in 
the center of the trabeculae may exhibit mild 
spindling and streaming or even cuboidal and 
columnar changes with a gland-like appearance. 
Cytologically, the cells preserve polarity and may 
show mild atypia without significant nuclear 
pleomorphism. The stroma has no desmoplastic 
changes.

Recent molecular studies have demonstrated 
that inverted papilloma does not harbor the key 
genetic abnormalities that predispose it to develop 
urothelial carcinoma, such as LOH, TP53 muta-
tions, telomere shortening, and FGFR3 mutations 
[12–15]. The recurrence of inverted papilloma is 
low [16], and transurethral resection of inverted 
papilloma is adequate  treatment [11].

 Squamous Papillary Lesions

Squamous papilloma is a rare benign neoplasm 
that is unrelated to HPV infection [17, 18]. It usu-
ally occurs in elderly women. Other exophytic 

a b

Fig. 4.2 Urothelial papilloma has delicate papillary 
fronds without branching or fusion. The overlying urothe-
lium is normal without thickening or atypia (a, 4X, and b, 

10X). Of note, there is a collection of macrophage in the 
fibrovascular core in this case
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squamous lesions, such as verrucous squamous 
hyperplasia and condyloma acuminatum, are also 
reported in the bladder [18].

 Urothelial Proliferation of Uncertain 
Malignant Potential/Papillary 
Urothelial Hyperplasia

Papillary urothelial hyperplasia is an old term to 
describe small papillary urothelial lesions with 
thickened but normal-appearing urothelium and 
without true fibrovascular core formation. There 
is no cytologic atypia in the urothelium. The 
2016 WHO classification of tumors of the urinary 
tract recommended that urothelial proliferation 
of uncertain malignant potential (UPUMP) 
should be used for the lesions previously known 
as papillary urothelial hyperplasia and flat uro-
thelial hyperplasia [3]. Flat lesions are discussed 
in the previous chapter.

UPUMP is found most commonly on follow-
 up cystoscopy in patients with either a prior or 
concurrent low-grade papillary urothelial neopla-
sia, and it may be a precursor lesion to urothelial 
papillary tumor [19]. On cystoscopic examina-
tion, the lesion exhibits focally elevated bleb-like 
papillary structure or a raised, sessile, frondular 
appearance. Histologically, UPUMP lesions show 
undulating folds of thickened urothelium without 
fibrovascular cores [19, 20]. Cytologically, the 
cells in UPUMP have no atypia and maintain 
nuclear polarity (Fig. 4.3). The base of the papil-
lary folds may have increased vascularity in the 
stroma. The finding of these lesions may indicate 
the presence of adjacent low-grade papillary uro-
thelial neoplasm with lateral extension. Therefore, 
a comment in the pathology report suggesting 
clinical follow-up is warranted.

 Papillary Urothelial Neoplasm 
of Low Malignant Potential 
(PUNLMP)

PUNLMP is a papillary urothelial neoplasm that 
resembles urothelial papilloma with its delicate 
papillae, but with increased cellular proliferation 
exceeding the thickness of normal-appearing 

urothelium. The urothelium is usually more than 
seven cells thick with no to minimal nuclear 
atypia.

PUNLMP defines a group of lesions that have 
features beyond the criteria of urothelial papil-
loma, but without the overly malignant features 
to warrant diagnosis as carcinoma. PUNLMP has 
a low incidence of recurrence and progression 
[21–29], and it was previously classified as grade 
1 transitional cell carcinoma (TCC) by the 1973 
WHO grading system. PUNLMP is more often 
seen in male patients (male-to-female ratio of 
incidence is about 3:1), with a mean age of 
65 years [30]. Gross or microscopic hematuria is 
the most common clinical presentation.

These lesions are typically located on the lat-
eral wall of the bladder or near the ureteral ori-
fices and may exhibit a “seaweed in the ocean” 
appearance on cystoscopy [30]. The urothelial 
cells surrounding the fibrovascular cores have no 
or minimal cytologic atypia, and architectural 
abnormalities are minimal with preserved cellu-
lar polarity. Mitotic figures are usually not seen. 
Molecular abnormalities can be detected, and a 
study reports that TERT promoter mutations are 
present in 43% of PUNLMP cases [8].

Of note, PUNLMP is not a benign neoplasm, 
and because of its risk for tumor recurrence and 
disease progression, long-term clinical follow-up 
is recommended for patients [22, 23].

Fig. 4.3 Urothelial proliferation of uncertain malignant 
potential (UPUMP) showing undulating folds of thick-
ened urothelium without true fibrovascular cores. The 
base of the papillary folds has increased vascularity in the 
stroma. The urothelial cells have no atypia and maintain 
nuclear polarity
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 Low-Grade Papillary Urothelial 
Carcinoma (LGPUC)

LGPUC has thin papillary fronds that show fre-
quent branching, minimal fusion, and mild varia-
tion in architecture. There is mild nuclear atypia 
including variation in nuclear polarity, enlarged 
nuclei with irregular shapes, vesicular chromatin, 
and noticeable nucleoli. Mitotic figures can be 
seen in low-grade papillary urothelial carcinoma 
[31, 32] (Fig. 4.4). Molecular studies have shown 
that aneuploidy, FGFR3 mutations, and altered 
expression of CK20, CD44, p53, and p63 are fre-
quently seen in LGPUC [33, 34].

LGPUC was previously classified as grade 1 
or 2 TCC in the 1973 WHO classification 
scheme. The male-to-female ratio of incidence is 
about 3:1, and the mean age of patients is 
70 years [29, 35, 36]. Patients with LGUC usu-
ally present with hematuria. Most patients have a 
single tumor located in the posterior or lateral 
bladder wall. However, multiple low-grade pap-
illary urothelial carcinomas may be seen in 22% 
of patients [37].

LGPUC has a higher recurrence rate (about 
50%) than PUNLMP, and the grade or stage pro-
gression rate is about 10% [25]. Stage progression 
has been reported to be as high as 13% [25]. A 
large study has placed the tumor-related mortality 
rate at approximately 2% [29]. Invasive LGPUC 
is also reported with a subset of patients progress-
ing to high-grade invasive urothelial carcinoma 

and even metastatic disease [38, 39]. Treatment 
for LGPUC is complete resection with close clini-
cal follow-up, and certain patients with increased 
risk may require intravesical therapy [40].

A major challenge in the diagnosis of low- 
grade papillary urothelium neoplasms is interob-
server variability and reproducibility. From the 
introduction of the 1973 WHO system to the 
adoption of the most recent 2004/2016 WHO 
system with its defined and detailed histologic 
criteria for each diagnostic category, the improve-
ment in intraobserver and interobserver variabil-
ity has been limited [22, 23, 41–43]. Therefore, 
review with patient’s previous materials is highly 
recommended to reduce intraobserver and 
interobserver variability.

 High-Grade Papillary Urothelial 
Carcinoma (HGPUC)

HGPUC is characterized by papillary fronds lined 
by urothelial cells with obvious disordered arrange-
ment and cytologic atypia. Both architectural and 
cytologic abnormalities are easily  recognizable at a 
low magnification [25]. The papillae frequently 
show fusion and branching, and the thickness of 
the urothelium varies. The cells lose polarity with 
pleomorphic nuclei and prominent nucleoli, and 
mitotic figures are easily detectable (Fig.  4.5). 
Carcinoma in situ is frequently identified in the 
adjacent urothelial mucosa.

a b

Fig. 4.4 Low-grade papillary urothelial carcinoma 
(LGPUC) has thin papillary fronds with frequent branch-
ing, minimal fusion, and mild variation in architecture. 

Mild nuclear atypia including variation in nuclear polarity, 
nuclei enlargement with irregularity, and inconspicuous 
nucleoli. Mitotic figures can be seen (a, 10 X, and b, 20 X)
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Patients with HGPUC commonly have hema-
turia. On cystoscopy, HGPUC can appear as sin-
gle or multiple papillary, nodular, or solid lesions. 
All grade 3 tumors and some grade 2 TCCs 
assigned in the 1973 WHO scheme are now clas-
sified as high-grade carcinomas in the 2004/2016 
WHO classification. Molecularly, HGPUC 
resembles invasive tumors. Deletions at 2q, 5q, 
10q, and 18q and gains at 5p and 20q are com-
monly detected in HGPUC [44]. Biomarker 
changes such as the overexpression of p53, 
HER2, or EGFR and loss of p21 or p27 are fre-
quently present in HGPUC [45].

HGPUC has a high risk of recurrence and pro-
gression to invasive disease. Stage progression is 
observed in as many as 65% of patients, and the 
tumor-related mortality rate is approximately 
22% [29]. The treatment for HGPUC is complete 
resection followed by intravesical therapy [40].

Grade heterogeneity is a common feature seen 
in papillary neoplasms, many of which show 
morphology of mixed grades within the same 
lesion [1, 46–51] (Fig.  4.6). The 2004 WHO/
ISUP system recommends classifying according 
to the highest-grade present when lesions have 
mixed grades [1]. Studies have shown that lesions 
with mixed grades typically have lower staging 
than purely high-grade lesions [46, 47, 49, 50]. 
However, additional studies are needed to define 
to what extent a tumor can be classified as mixed 
grade tumor. Practically, pathologists may pro-

vide a comment in the report to indicate which 
grade is predominant for a mixed grade tumor, 
for example, HGPUC (10%) is seen in the back-
ground of LGPUC.

There are several basic features to differenti-
ate papillary lesions. The urothelial papilloma 
has a delicate fibrovascular core with benign 
urothelial lining. PUNLMP has thickened 
benign- appearing urothelium compared to 
 papilloma. UPUMP shares a similar urothelium 
with PUNLMP but lacks its fibrovascular core. 
LGPUC starts to have mild papillae fusion 
and  mild cytologic atypia compared to 
PUNLMP. HGPUC has severe architectural and 
cytologic atypia that is easily recognizable at a 
low power.

a b

Fig. 4.5 High-grade papillary urothelial carcinoma 
(HGPUC) has architectural and cytologic abnormalities 
which are easily recognizable at scanning magnification. 
The papillae frequently show fusion and branching, and 

the thickness of the urothelium varies. Urothelial cells 
have obvious disordered arrangement and cytologic 
atypia, including pleomorphic nuclei, prominent nucleoli, 
and frequent mitotic figures (a, 4 X, and b, 20 X)

Fig. 4.6 A case of mixed low-grade (left upper) and high- 
grade (right lower) papillary urothelial carcinomas
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 Urothelial Carcinoma with Inverted 
Growth Pattern

UPUMP, PUNLMP, LGPUC, and HGPUC may 
show inverted growth, which is characterized by 
large nests or nodules in the lamina propria with 
a pushing border (Fig. 4.7). Although they share 
the same endophytic growth pattern with inverted 
papilloma, anastomosing cords, central stream-
ing, and peripheral palisading in the trabeculae 
are usually not present in inverted UPUMP, 
PUNLMP, LGPUC, and HGPUC [52–55].

The inverted variant of urothelial carcinoma 
is often associated with an exophytic high-
grade papillary or invasive component [52, 56]. 
The inverted component demonstrates nuclear 
pleomorphism, architectural abnormality, and 
mitotic activity similar to those in its exophytic 
high- grade counterpart (Fig. 4.8). The presence 
of irregular neoplastic nests and single cells in 
the lamina propria with desmoplastic reaction 
and inflammation often indicates stroma 
invasion.

Immunohistochemical studies can be helpful 
in difficult cases. Urothelial carcinomas with an 
inverted growth pattern frequently express Ki67, 
p53, and/or CK20. It often demonstrates genetic 
alterations that are commonly seen in bladder 
cancer [52]. Telomere shortening and TERT pro-
moter mutations are more frequently seen in 
inverted pattern urothelial carcinomas than in 

inverted papillomas (70% versus 9% and 58% 
versus 15%, respectively) [13, 57].

 Nonneoplastic Papillary Lesions

Papillary lesions seen in the urinary bladder are 
not all neoplastic. Commonly encountered reac-
tive papillary lesions include polypoid/papillary 
cystitis, papillary nephrogenic adenoma, and 
fibroepithelial polyps.

Polypoid/papillary cystitis is a secondary 
mucosa reaction to chronic inflammation in the 
bladder, which is commonly seen in patients with 
indwelling catheter and vesical fistula [58–60]. 
On cystoscopy, these papillary or polypoid 
lesions are often located in the dome or on the 
posterior wall of the urinary bladder. Tissue 
biopsy is usually performed to rule out papillary 
urothelial carcinoma [61, 62].

Microscopically, papillary cystitis has finger- 
like papillae lined by a reactive urothelium, and 
polypoid cystitis has a broad-based edematous 
lamina propria (Fig. 4.9). Chronic inflammation 
in the lamina propria and dilated blood vessels 
are prominent in both papillary and polypoid cys-
titis. Metaplastic changes may be present in the 
epithelium covering or adjacent to the lesion.

Papillary and polypoid cystitis may be distin-
guished from papillary urothelial carcinoma by the 
following features: the broader fronds of polypoid 

Fig. 4.7 The surface urothelial proliferation meets the 
diagnosis of urothelial proliferation of uncertain malig-
nant potential (UPUMP). The underneath inverted nests 
have pushing borders and share the similar cytologic fea-
tures with the surface urothelium

Fig. 4.8 The inverted variant of high-grade papillary uro-
thelial carcinoma demonstrates nuclear pleomorphism, 
architectural abnormality, and frequent mitotic activity. 
The irregular neoplastic nests and single cells in the lam-
ina propria indicate stromal invasion
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cystitis, the less branching papillae of papillary 
cystitis, the lesser hyperplasia in the epithelium of 
papillary cystitis, and the more frequently present 
umbrella cells of papillary cystitis.

Nephrogenic adenoma can present with mul-
tiple growth patterns (see Chap. 2 for further dis-
cussion). Papillary nephrogenic adenoma has a 
cuboidal single cell lining on the surface of the 
papillae. It may be differentiated from papillary 
urothelial carcinoma by its denuded surface. 
Immunohistochemical studies show that nephro-
genic adenomas are positive for Pax-8 and nega-
tive for p63 and GATA3 [63, 64] (Fig. 4.10).

Fibroepithelial polyps are most commonly seen 
in children but may occur at all ages. Fibroepithelial 
polyps contain broader stalks with dense fibrous 
stroma as compared to the thin delicate fibrovascu-
lar cores seen in urothelial papilloma [65].
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Invasive Urothelial Carcinoma 
with Molecular Types

Charles C. Guo, Jae Y. Ro, and Bogdan Czerniak

Approximately 30% of bladder cancers are com-
posed of invasive urothelial carcinoma (UC), 
which is characterized by infiltrating growth 
through the urothelial basement membrane into 
the stromal tissue in the bladder wall [1–3]. 
Unlike noninvasive UC, invasive UC is a highly 
aggressive disease associated with rapid progres-
sion and metastasis, requiring significantly dif-
ferent treatment modality from that of indolent 
noninvasive UC [1, 4–6]. Cancer stage based on 
the depth of cancer invasion in the bladder wall is 
the most important prognostic factor in invasive 
UC [1, 2, 7]. The muscularis propria (MP) is the 
major landmark in bladder cancer stage (see 
Chap. 12), which divides invasive UC into super-
ficially and deeply invasive diseases. The superfi-
cial disease compromises bladder cancers that 
invade only the lamina propria (LP) (pT1), and 
the deep disease includes bladder cancers that 
invade into the MP (pT2), perivesical tissue 
(pT3), and adjacent organs (pT4). Superficially 
and deeply invasive UC are treated differently – 

the former usually undergoes local treatment, 
including transurethral resection of bladder 
tumor (TURBT) and intravesical therapy, while 
the latter requires radical surgeries (cystectomy 
and cystoprostatectomy) with and without sys-
temic chemotherapy and radiation therapy [1, 4–
6]. Therefore, it is critical to recognize the 
morphologic features associated with cancer 
invasion as well as to determine the depth of can-
cer invasion. Recent genomic analyses of mus-
cle-invasive bladder cancer (MIBC) have 
revealed several different molecular subtypes, 
which demonstrate not only specific molecular 
signatures but also distinct clinicopathologic fea-
tures [8–11]. Another remarkable feature of inva-
sive UC is a high propensity for divergent 
differentiation [2, 12, 13], leading to a number of 
distinct UC histologic variants, which are detailed 
in Chap. 6.

 Diagnosis of Cancer Invasion

Bladder cancer infiltrates through the basement 
membrane at the urothelial mucosa, initiating the 
cancer invasion process. Grossly, invasive UC 
may present as a sessile, polypoid, ulcerated, or 
infiltrative lesion. It is often associated with non-
invasive papillary UC or erythematous areas of 
UC in situ (UCIS). Microscopically, invasive UC 
demonstrates a constellation of morphologic fea-
tures that are distinct from those in noninvasive 
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 papillary UC or UCIS (Table 5.1). Invasive UC 
shows a variety of growth patterns, including 
nests, sheets, cords, trabeculae, small clusters, 
and single cells infiltrating the bladder wall 
(Fig.  5.1). Tumor nests are often irregularly 
shaped and variably sized, and the basement 
membrane around tumor nests is often absent or 
disrupted.

Sometimes tumor shows a diffuse, sheet-like 
pattern, but focal areas of nests and clusters are 
generally present, if it is carefully examined. 
Tumor often displays a mixture of several growth 
patterns. Infiltrating cords and single cell growth 
patterns may be associated with worse prognosis 
than other patterns [14, 15].

Invasive UC cells have a relatively nonde-
script morphology with various amounts of pale 
to eosinophilic cytoplasm, which cannot be eas-
ily differentiated from poorly differentiated car-
cinoma of other types. More than 90% of pT1 UC 
are high grade characterized by nuclear enlarge-
ment, pleomorphism, and increased mitotic 
activity (Fig. 5.1). However, invasive UC can also 
be found in a small subset of low-grade UC 
(Fig.  5.2). The prognostic difference between 
low-grade and high-grade invasive UC remains 
uncertain [16–18]. Nonetheless, it is recom-
mended that tumor grade should be reported for 
invasive UC, particularly pT1 tumors [2]. UC 
cells may contain abundant glycogen, leading to 
a clear cell appearance after formalin fixation 
(Fig.  5.2) [19]. Although cytoplasmic mucin is 
not easily recognizable on routine hematoxylin 
and eosin (H&E) stain, it can be detected in up to 
60% of high-grade UC on mucin-specific histo-
chemical stains, such as periodic acid-Schiff 
(PAS) and mucicarmine stains [20]. The presence 
of cytoplasmic mucin on histochemical stain by 
itself is insufficient for an indication of glandular 
differentiation. Sometimes, invasive UC may 
develop “paradoxical differentiation” or “reverse 
maturation,” a phenomenon in which invasive 
UC cells show a higher degree of nuclear atypia 
with abundant eosinophilic cytoplasm than the 
adjacent noninvasive cells (Fig.  5.3). UC fre-
quently shows divergent differentiation, such as 

Table 5.1 Diagnostic criteria for invasive urothelial 
carcinoma

Usually high grade, although not exclusively
Common growth patterns include irregularly shaped 
nests, sheets, cords, trabeculae, and infiltrating single 
cells
Absent or disrupted basement membrane
Invasive carcinoma cells may develop “paradoxical 
differentiation” with higher nuclear grade and more 
abundant eosinophilic cytoplasm than the adjacent 
noninvasive carcinoma cells
Often induces reactive changes in the stroma, such as 
desmoplasia, inflammation, retraction artifact, and 
myxoid changes
Immunohistochemistry with cytokeratin and deeper 
sections may be helpful in difficult cases

Fig. 5.1 Urothelial carcinoma shows small nests, cords, 
and single cells with high-grade nuclear atypia. It invades 
the lamina propria

Fig. 5.2 Urothelial carcinoma shows low-grade nuclear 
atypia and clear cytoplasm. It invades the perivesical adi-
pose tissue
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squamous and glandular differentiation, and 
develops a number of distinct histologic variants 
[12, 13] (see Chap. 6). The presence of divergent 
differentiation in a poorly differentiated carci-
noma at a metastatic site should raise a possibil-
ity of UC. In general, the diagnosis of squamous 
cell carcinoma or adenocarcinoma in the bladder 
is only reserved for those that demonstrate pure 
or almost pure morphology of squamous or glan-
dular differentiation [2] (see Chap. 7).

Invasive UC induces a wide range of reactive 
changes in the adjacent stroma, which may aid 
the recognition of cancer invasion. The stroma 
often becomes desmoplastic or fibrotic with pro-
liferation of fibroblasts/myofibroblasts and accu-
mulation of collagen (Fig. 5.4). Sometimes, the 
proliferation of spindle fibroblasts and myofibro-
blasts is exuberant with conspicuous nuclear 
atypia, mimicking sarcomatoid UC or sarcoma. 
However, the proliferation is usually non- 
expansile, and the atypia often has a degenerative 
appearance. Inflammation is another common 
reaction associated with cancer invasion 
(Fig. 5.5). Sometimes the inflammation is intense 
and diffuse, particularly in lymphoepithelioma- 
like UC variant, which makes it difficult to recog-
nize single-cell or small-nest cancer invasion. 
Retraction artifact is another common sign of 
stromal invasion (Fig. 5.6), which is particularly 
prominent in micropapillary UC variant. 

Fig. 5.3 Minimally invasive urothelial carcinoma shows 
a few tumor cells with abundant eosinophilic cytoplasm 
(“paradoxical differentiation”) in the stroma

Fig. 5.4 Invasive urothelial carcinoma induces exuberant 
fibrosis in the stroma

Fig. 5.5 Invasive urothelial carcinoma induces inflam-
matory reaction in the stroma

Fig. 5.6 High-grade papillary urothelial carcinoma 
shows small, irregular nests with retraction artifact. It 
invades the papillary cores
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Although retraction artifact mimics lymphovas-
cular invasion, it lacks an endothelial lining. 
Sometimes, the stroma may become myxoid with 
loose and hypocellular stroma. The myxoid 
stroma is usually positive for PAS with diastase, 
Alcian blue, and mucicarmine mucin stains [21].

 Lamina Propria Invasion

Recognition of cancer invasion is generally not 
difficult, but it may be challenging in a small sub-
set of TURBT specimens with minimal, superfi-
cial invasion into the LP.  At the early phase, 
stromal invasion is usually seen at the base of the 
papillary UC (Fig.  5.7). Sometimes, UC may 
invade into the stalks of papillary tumor (Fig. 5.6), 
which can be difficult to differentiate from tan-
gential section of noninvasive papillary UC.

Interobserver variability is substantial in diag-
nosing an early-phase, minimal invasion into the 
LP.  In one study, 35% of bladder UC initially 
diagnosed as stage pT1 were downstaged to pTa, 
and 3% were upstaged as pT2–4, when they were 
reviewed by a genitourinary pathologist [22]. In 
another study, 57% of bladder UC initially diag-
nosed as stage pT1 were downstaged to pTa, and 
13% were upstaged to pT2–3, after when they 
were reviewed by a panel of genitourinary pathol-
ogists [23]. The high interobserver variation of 
minimal LP invasion is caused by several inher-

ent factors in TURBT specimens: (1) TURBT 
samples are usually small and fragmented with a 
poor orientation. (2) Cauterization and crush arti-
facts are common in TURBT specimens, which 
severely distort the tumor morphology. (3) 
Invasive UC frequently induces exuberant inflam-
mation in the adjacent stroma, which may obscure 
isolated cells or small clusters of invasive cancer 
cells. (4) UCIS involves von Brunn nests with 
isolated nests of high-grade cells in the stroma, 
resembling LP invasion. (5) Noninvasive papil-
lary UC may display an inverted growth pattern 
characterized by large, smooth, and round nests 
of tumor cells with regular contour in the LP, 
mimicking stromal invasion (see Chap. 4); how-
ever, the nests in invasive UC are often small and 
jagged with irregular contours. Deeper levels and 
cytokeratin immunostaining may be useful in 
identifying invasive UC (Fig. 5.8), when the pres-
ence of minimal LP invasion is uncertain in dif-
ficult cases.

Interobserver variability in recognizing the 
minimal LP invasion may lead to the lack of 
prognostic difference between pTa and pT1 
tumors [24]. It is suggested that the report of stro-
mal invasion by a pathologist who is not experi-
enced in TURBT specimens may not be sufficient 
to justify radical cystectomy treatment [25–27]. 
The slides should be reviewed by a genitourinary 
or experienced pathologist to minimize errors 
before a patient undergoes any forms of radical 
treatment. Although urologists often combine 
UCIS, pTa, and pT1 tumors together as the super-
ficial bladder tumors, pathologists should avoid 
the term “superficial tumor” in their report. 
Recent studies have demonstrated clear prognos-
tic difference between UCIS, pTa, and pT1 blad-
der cancers, when TURBT specimens are 
evaluated by experienced or dedicated genitouri-
nary pathologists [25, 26].

Bladder cancer staging requires histologic 
examination of radical or partial cystectomy 
specimens, but TURBT is critical in evaluating 
the extent of disease. To accurately evaluate the 
extent of cancer invasion, TURBT should be 
attempted to obtain adequate tissue sampling, 
which needs to resect all the visible tumors as 
well as to sample the underlying MP to determine 

Fig. 5.7 High-grade papillary urothelial carcinoma 
shows small, irregular nests with retraction artifact. It 
invades the base of papillary tumor
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whether the tumor involves the MP. The absence 
of MP in a TURBT specimen indicates inade-
quate sampling, which is associated with a high 
risk of cancer understaging in patients with pT1 
bladder cancer [28, 29]. Our previous study dem-
onstrated that 41% of patients without MP in 
TURBT specimens showed cancer upstaging in 
the immediately subsequent specimens, whereas 
the upstaging rate was only 22% in patients with 
MP in TURBT specimens [28]. Therefore, 
patients, particularly those with pT1 bladder can-
cer, should undergo immediate restaging TURBT, 
when the MP tissue is absent in the initial TURBT 
specimens. The repeat TURBT can improve can-
cer staging accuracy and facilitate the selection 
of optimal treatment. Furthermore, several stud-
ies have demonstrated that repeat TURBT also 
carries therapeutic value, improving the 
recurrence- free survival rate, progression-free 
survival rate, and response to BCG therapy 
[30–33].

A substantial number of patients (30–50%) 
with pT1 bladder cancer will progress to muscle- 
invasive disease or develop metastasis. It is 
important to identify these patients with a high 
potential for disease progression so that they 
could benefit from frequent follow-up and 
aggressive therapy. Several methods have been 
proposed to substage pT1 bladder cancer. The 
most common method is to assess the depth of 
invasion using the muscularis mucosae (MM) as 

an anatomic landmark: T1a, tumor invades 
above the MM; T1b, tumor invades into MM or 
beyond [34–37]. This method is relatively quick 
and can be performed on small tumors, but it is 
highly dependent on orientation to the surface 
urothelium. Furthermore, MM is not always vis-
ible in TUBRT specimens because of its discon-
tinuous distribution or displacement by tumor. 
Sometimes, large vessel plexus in the LP may 
be used as a substitute for the MM [38]. Others 
have used % of specimen with invasive tumor, 
diameter of invasive tumor, number of invasive 
tumor foci, and depth of invasion in millimeters 
from the basement membrane, but these meth-
ods are time-consuming [39–43]. Some pathol-
ogists use focal or extensive disease to substage 
pT1 disease, and focal invasion (or microinva-
sion) may be defined by invasive tumor <1 high 
power field, greatest tumor diameter  <  1  mm, 
the depth of invasion from the basement <2 mm, 
or pT1a tumor [7]. A number of studies have 
demonstrated that pT1 substaging using these 
methods can identify a subset of pT1 bladder 
cancer with a more adverse prognosis [44–47]. 
The current World Health Organization (WHO) 
classification and the eighth edition of the 
American Joint Committee on Cancer (AJCC) 
staging manual both recommend that an attempt 
to substage pT1 disease may be made by the 
pathologist, although a specific method is not 
explicitly endorsed [7, 48].

a ba b

Fig. 5.8 Immunohistochemistry aids the recognition of 
minimal stromal invasion. (a) Scanty tumor cells invade 
the superficial lamina propria, which is difficult to differ-

entiate from the intense inflammatory reaction. (b) 
Immunostain for cytokeratins highlights invasive carci-
noma cells in the stroma
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 Muscularis Propria Invasion

Invasion of the MP or detrusor muscle in the 
bladder wall by UC is a crucial factor in the man-
agement of bladder cancer [1]. Bladder cancer 
invading the MP or beyond represents a deeply 
invasive, advanced diseases [2, 7] (see Chap. 19). 
Bladder cancer at pT2 invades into but not 
through the MP (Fig. 5.9), which can be further 
divided into pT2a (invading the inner half of MP) 
and pT2b (invading the outer half). Bladder can-
cer at pT3 is characterized by cancer invasion 
through the MP into the perivesical soft tissue 
(Fig. 5.2), which can be further divided into pT3a 
(microscopic invasion) and pT3b (macroscopic 
or grossly appreciable invasion). It may be diffi-
cult to differentiate between pT2b and pT3a, as 
the border between the MP and perivesical soft 
tissue is not well demarcated. To help the distinc-
tion, an artificial line may be drawn to delineate 
the boundary between the MP and perivesical tis-
sue in the bladder wall [49]. However, the pres-
ence of tumor in adipose tissue does not 
necessarily equate to pT3 invading the perivesi-
cal fat, as adipose tissue can be found in any layer 
of the bladder wall including the LP as well as 
MP.  In general, superficial and deeply invasive 
disease can be differentiated in most TURBT 
specimens, but further distinction between T2a, 
T2b, T3, and T4 can be performed only in cystec-

tomy specimens but not TURBT specimens, as 
the latter lack the appropriate orientation to allow 
further substaging [2, 7].

Bladder cancers that invade the MP or beyond 
are a highly aggressive disease, which generally 
requires multimodality treatment, including sur-
gery, chemotherapy, radiation therapy, and novel 
targeted therapy [1] (Chaps. 16 and 17). In gen-
eral, radical cystectomy or cystoprostatectomy 
coupled with en bloc pelvic lymphadenectomy is 
the standard surgical approach to muscle- invasive 
bladder cancers. Approximately 3–7% of patients 
treated with radical surgery will have lymph node 
metastases, and the clinical outcome varies con-
siderably. To augment the impact of surgical 
treatment, patients with metastatic disease and 
other adverse risk factors, such as variant histol-
ogy and lymphovascular invasion, may undergo 
radiation or chemotherapy singly or in combina-
tion as neoadjuvant or adjuvant therapy.

 Differentiating Muscularis Mucosae 
Invasion from Muscularis Propria 
Invasion

It has to be emphasized that not all bladder can-
cers that involve the smooth muscle tissue repre-
sent an advanced disease with MP invasion, as 
there are two different types of smooth muscle 
tissue in the bladder wall, i.e., MP and MM [38, 
50] . The smooth muscle tissue in MP invasion is 
characterized by large, thick, compact bundles 
(Fig.  5.9), whereas that in the MM invasion is 
composed of small, thin, loose bundles located at 
the lamina propria (Fig. 5.10). However, it may 
be challenging to determine the type of smooth 
muscle tissue involved by bladder cancer in a 
small subset of TURBT specimens (Fig.  5.11) 
[28, 51]. This diagnostic challenge may be caused 
by the following inherent factors in TURBT: (1) 
In patients with multiple TURBT procedures, the 
MM may be displaced and become hyperplastic, 
mimicking the MP (Fig. 5.11a). (2) Bladder can-
cer may show extensive growth and disperse the 
muscle bundles of the MP, causing it to resemble 

Fig. 5.9 Urothelial carcinoma invades the muscularis 
propria, which is characterized by thick, compact bundles 
of smooth muscle fibers
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the MM (Fig.  5.11b). (3) Invasive UC often 
induces exuberant fibrosis, which resembles the 
smooth muscle bundles (Fig. 5.11c). (4) Finally, 
distortion of TURBT specimens by cautery and 
crushing artifacts also increases the difficulty in 
determining the type of smooth muscle involved 
by bladder cancer (Fig. 5.11d).

Immunohistochemistry has been used to dif-
ferentiate MM from MP in TURBT speccimens 
[52]. Desmin stains smooth muscle tissue, which 
can help distinguish smooth muscle bundles from 
desmoplasia [53]. It may also aid to differentiate 
MM and MP in the appropriate setting, where the 
staining signal is too extensive for the MM and 
therefore represents the MP. Vimentin is usually 

Fig. 5.10 Urothelial carcinoma invades the muscularis 
mucosae, which is characterized by thin, loose bundles of 
smooth muscle fibers

a b

c d

Fig. 5.11 Urothelial carcinoma involves smooth muscle 
of indeterminate type. (a) The muscularis mucosae 
become hyperplastic due to repeated resections, mimick-
ing the muscularis propria. (b) Invasive urothelial carci-
noma shows extensive growth and disperses smooth 

muscle bundles. (c) Invasive urothelial carcinoma induces 
exuberant fibrosis, resembling smooth muscle bundles. 
(d) Transurethral resection causes severe distortion and 
cautery artifacts in the smooth muscle bundles involved 
by urothelial carcinoma
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expressed in MM but rarely in MP [53]. 
Smoothelin, a contractile cytoskeleton protein in 
smooth muscle cells, is another useful marker 
[54, 55]. Immunohistochemical staining of 
smoothelin usually shows diffuse strong staining 
in the MP but negative or focal weak staining in 
the MM (Fig. 5.12). However, subsequent studies 
demonstrated a significant overlap of smoothelin 
staining patterns between the MM and MP in 
TURBT specimens, which has limited the use of 
this marker in differentiating MM from MP in 
routine clinical practice, especially when unin-
volved MM and MP are not present as internal 
reference [56].

Smooth muscle of indeterminate type (SMIT) 
may be applied, when pathologists are uncertain 
whether the smooth muscle tissue involved by 
bladder cancer represents the MM or MP [28, 51] 
(Fig. 5.11). Bladder cancer with SMIT invasion 
in TURBT specimens demonstrates a signifi-
cantly higher rate of cancer upstaging in the sub-
sequent specimens than that invading the MM 
[28]. Furthermore, patients with SMIT invasion 
show a significantly worse clinical outcomes than 
those with MM invasion, which highlights the 
necessity for restaging TUR, particularly when 
the MP is not present in TURBT specimens. The 
subsequent restaging specimens can improve the 
accuracy of cancer staging, which aid the stratifi-
cation of these patients into different therapeutic 
and prognostic groups [28, 51].

 Involvement of the Prostate

UC involves the prostate at a variable frequency, 
ranging from 12% to 48% [57–59] . Several 
recent series with a large number of cases evalu-
ated by whole-mount section of the prostate dem-
onstrate a more consistent rate of 30–35% [58, 
60]. Tumor multifocality and presence of UCIS 
are associated with a higher probability of pros-
tatic involvement by UC [58, 61]. UC involves 
the prostate in several patterns: (1) UCIS arises 
from the prostatic urethra (pTis pu) and then 
spreads into prostatic ducts (pTis pd) and acini 
without stromal invasion (Fig.  5.13). (2) UC 
involves the prostatic urethra and invades through 

a b

Fig. 5.12 Immunohistochemistry aids the recognition of 
muscularis propria invasion. (a) Urothelial carcinoma 
involves thick bundles of smooth muscle fibers. (b) 

Immunostain shows strong and diffuse staining for 
smoothelin, supporting the muscularis propria invasion

Fig. 5.13 Urothelial carcinoma in situ spreads into the 
prostatic ducts and large acini
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the subepithelial tissue into prostatic stroma. (3) 
Bladder UC invades through the entire bladder 
wall into prostatic stroma (Fig. 5.14). It has been 
well recognized that prostatic involvement by 
UCIS has a significantly more favorable outcome 
than that of prostatic stromal invasion [58, 61]. 
Furthermore, several studies have demonstrated 
that invasion of the prostatic stroma by bladder 
UC is associated with a substantially worse prog-
nosis compared to stromal invasion by prostatic 
urethral UC [58, 61]. Therefore, the prostatic 
stroma involvement by UC should be staged 
according to the cancer origin [46, 58]. If the 
prostatic stroma is involved contiguously by 
invasive bladder UC, it should be staged as pT4a 
bladder cancer. However, if the prostatic stroma 
is invaded by UC arising from the prostatic ure-
thra and not in direct contact with bladder UC, it 
should be staged as pT2 prostatic urethral cancer. 
This proposal has been accepted by the current 
WHO classification system and the eighth edition 
AJCC staging manual [7, 48].

 Lymphovascular Invasion

Lymphovascular invasion (LVI), the presence of 
tumor thrombi in lymphatic and blood vessels, 
can be seen in a small subset of invasive bladder 
UC. In patients with pT1 disease, the presence of 
LVI in TURBT or biopsy specimens is associated 
with a high risk of cancer recurrence and progres-

sion [62, 63]. A meta-analysis including data 
from more than 3900 patients demonstrated a 
significant association between the presence of 
LVI in TURBT specimens and cancer upstaging 
in the radical cystectomy specimens, suggesting 
that early radical cystectomy may be beneficial 
for some patients with pT1 disease and LVI [64]. 
In patients with pT2 or above, the presence of 
LVI in TURBT or biopsy specimens is associated 
with non-organ-confined disease (pT3–pT4 
tumor or lymph node metastases) in the subse-
quent radical cystectomy specimens [65]. 
Furthermore, patients with LVI in pT2 disease 
may benefit from neoadjuvant chemotherapy 
before radical surgery [66]. Several studies have 
demonstrated that LVI can independently predict 
recurrence-free survival, cancer-specific survival, 
and overall survival in patients with muscle- 
invasive UC and lymph node-negative disease, 
but its relevance in patients with lymph node- 
positive disease remains unclear [67–69].

Although LVI is an important prognostic fac-
tor in bladder cancer, it may be challenging to 
assess LVI in TURBT specimens. Invasive UC, 
particularly micropapillary variant, frequently 
exhibits retraction artifacts, which mimic 
LVI. Carryover artifact can also lead to the false 
presence of tumor cells in lymphovascular 
spaces. Several studies have reported that the 
reproducibility of reporting LVI varies signifi-
cantly among pathologists [68, 70, 71]. To 
improve the diagnostic accuracy of LVI, a set of 
morphologic criteria should be applied strictly: 
(1) Tumor thrombus conforms to the shape of a 
vessel (Fig. 5.15). (2) Tumor thrombus is attached 
to the vascular wall. (3) The lymphovascular 
space should have an unequivocal endothelial 
lining. In uncertain cases, immunohistochemical 
stain for endothelial markers, such as ERG, 
CD31, and CD34, may be used to confirm the 
presence of endothelial lining (Fig.  5.16). (4) 
Blood constituents (red blood cells, white blood 
cells, or blood thrombus) are present. (5) LVI is 
preferred at a peritumoral location (at least one 
high power distance from the tumor advancing 
edge) over an intratumoral location. (6) It is 
located in a vascular route adjacent to the artery 
and vein. The diagnosis of LVI should be based 

Fig. 5.14 Urothelial carcinoma invades the prostatic 
stroma
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on a constellation of these morphologic features 
but not solely on any single feature, but it is not 
recommended to use immunostains routinely for 
the detection of LVI.

 Intrinsic Molecular Subtypes 
of Invasive Bladder Cancer

A number of contemporary studies have analyzed 
the genomic profile of invasive bladder cancer on 
multiple molecular platforms, including somatic 
DNA mutations, copy number variations, DNA 
methylation, mRNA expressions, microRNA 

expressions, microbe analysis, and proteomic 
analysis [8–11, 72]. These comprehensive analy-
ses demonstrated a remarkable molecular diver-
sity in bladder cancer, which may underlie a wide 
spectrum of clinical behaviors as well as varied 
responses to conventional and targeted therapies. 
The MD Anderson Cancer Center group ana-
lyzed the whole-genome mRNA expressions of 
muscle-invasive bladder cancer (MIBC), which 
revealed two distinct intrinsic molecular sub-
types, basal and luminal (Fig.  5.17) [8]. The 
molecular subtypes generally reflect the gene 
expression signature of normal basal (such as 
CK5/CK6, CK14, p63, and others) and luminal 
(such as uroplakins, CK18, CK20, GATA3, and 
others) urothelial cells. Furthermore, the molecu-
lar subtypes also demonstrate different clinico-
pathologic features. Basal UC is typically 
enriched with squamous features and often pres-
ent at an advanced stage. Although it is intrinsi-
cally aggressive, basal UC is highly sensitive to 
cisplatin-based chemotherapy. Luminal UC is 
enriched with papillary morphology and demon-
strates FGFR3 mutations and activation of the 
peroxisome proliferator activator receptor γ 
(PPARγ) pathway. Luminal UC is not as aggres-
sive as basal UC, but a subset of luminal UC may 
be resistant to chemotherapy and may represent a 
therapeutic challenge.

The Cancer Genome Atlas (TCGA) group 
recently performed a comprehensive analysis of 

Fig. 5.15 Lymphovascular invasion shows tumor throm-
bus conforming the shape of vascular space and focally 
attaching to the vascular wall

a b

Fig. 5.16 Immunohistochemistry aids the diagnosis of 
lymphovascular invasion. (a) A small tumor thrombus in 
vascular space resembles retraction artifact. (b) 

Immunostain for CD31 highlights the presence of endo-
thelial lining of the vascular space
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MIBC on multiple molecular platforms, which 
demonstrated five distinct molecular subtypes, 
including luminal-papillary, luminal-infiltrated, 
luminal, basal-squamous, and neuronal subtypes 
(Fig. 5.18) [9]. The luminal-papillary subtype is 
associated with a low risk for cancer progression, 
but it responds poorly to cisplatin-based chemo-
therapy. As it shows a high prevalence of FGFR3 
gene mutations and overexpression, the luminal- 

papillary may respond favorably to FGFR3 tyro-
sine kinase inhibitors. The luminal-infiltrated 
subtype shows elevated expressions of immune 
checkpoint markers, including PD-L1, PD-1, and 
CTLA4, indicating that immune checkpoint 
t herapy may be effective for this subtype. The 
luminal subtype expresses high levels of uropla-
kin genes and other genes associated with the 
 terminally differentiated umbrella cells. The 
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Fig. 5.17 Molecular classification of muscle-invasive 
bladder cancer by the MD Anderson Cancer Center group. 
Luminal and basal molecular subtypes show distinct pat-

terns of gene expressions. (Modified and reproduced from 
Choi et  al. Cancer Cell. 2014;25(2):152–165, with per-
mission from Elsevier)
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Fig. 5.18 Molecular classification of muscle-invasive 
bladder cancer by The Cancer Atlas Genome group. It 
provides a framework for prospective hypothesis testing 

in clinical trials. (Modified and reproduced from 
Robertson et al. Cell. 2017;171(3):540–556, with permis-
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 basal- squamous subtype shows high expressions 
of basal markers (CK5, CK6A, CK14) as well as 
squamous differentiation markers (TGM1, 
DSC3, PI3). This subtype is likely to respond to 
cisplatin-based chemotherapy as well as immune 
checkpoint therapy, because it also shows high 
expressions of PD-L1 and CTLA4 immune mark-
ers. The neuronal subtype is characterized by 
robust expressions of neuroendocrine and neuro-
nal genes, but it does not exhibit the typical mor-
phologic features of small cell neuroendocrine 
carcinoma. It shows a high cell-cycle signature 
with frequent mutations in TP53 and RB1 genes. 
Although the neuronal type is associated with the 
worst survival among all the molecular subtypes, 
it may respond to etoposide-cisplatin chemother-

apy, like small cell lung carcinoma. Therefore, 
the comprehensive molecular analyses of MIBC 
provide an insightful framework to understand 
this complex disease, which can facilitate the 
development of novel therapeutic approaches.

Several other groups also analyzed the 
genomic expressions of MIUC and proposed dif-
ferent molecular classification systems [8–11, 
73–75]. Although the names and numbers of sub-
types are somewhat different in these classifica-
tion systems, there are strong evidences to 
support that the top-level separation occurs at the 
basal and luminal differentiation checkpoint 
(Fig.  5.19). Recently, an international meta- 
analyses of 1750 MIBC transcriptomic profiles 
from 18 published datasets proposed a consensus 
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set of six distinct molecular subtypes: luminal- 
papillary (24%), luminal nonspecified (8%), 
luminal unstable (15%), stroma-rich (15%), 
basal/squamous (35%), and neuroendocrine-like 
(3%) [76]. The luminal UC appears to evolve 
through the papillary track, while the basal UC 
develops via the nonpapillary track. Although 
papillary UC are almost exclusively luminal sub-
type, invasive bladder UC can be luminal or basal 
subtype. The invasive UC that show a luminal 
expression signature likely evolve from the pre-
existing papillary tumor and represent a progres-
sion of superficial papillary tumors. Further 
studies revealed that various UC histologic vari-
ants are associated with characteristic molecular 
subtypes. For examples, micropapillary variant is 
almost exclusively composed of the luminal sub-
type [77], while sarcomatoid variant often shows 
the basal-type molecular signature [78]. It is evi-
dent from these investigations that bladder cancer 
is a molecularly heterogeneous disease [72].

Although the molecular classification of 
bladder cancer based on the genomic mRNA 
expression profiling provides valuable insights 

into its biological behavior, it cannot be easily 
applied to the routine clinical practice, because 
the analytical method is technologically com-
plex and costly. Recent studies have found that 
immunohistochemistry may be used to aid the 
molecular classification of bladder UC [79, 80]. 
Parallel analyses of genomic mRNA expres-
sions and immunohistochemical protein expres-
sions found that a small set of luminal (GATA3, 
CK20, and uroplakin II) and basal (CK5/CK6, 
CK14, and p63) markers can be successfully 
used to classify bladder cancer into different 
molecular subtypes [79]. Furthermore, the 
immunohistochemical expression levels of just 
two signature markers, GATA3 and CK5/CK6, 
are sufficient to classify bladder cancers into 
luminal and basal categories with over 80% 
accuracy (Fig. 5.20). The molecular classifica-
tion by immunohistochemistry can be per-
formed not only on fresh-frozen tumor 
specimens but also on formalin-fixed and 
paraffin- embedded archival samples. However, 
the performance of this classifier remains to be 
validated on larger independent cohorts.

a b

Fig. 5.20 Immunohistochemistry aids the molecular 
classification of invasive urothelial carcinoma. Luminal 
subtype tumor (a) expresses GATA3 (b) but not CK5/CK6 

(c). Basal subtype tumor (d) expresses CK5/CK6 (e) but 
not GATA3 (f)
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Morphological Variants of Invasive 
Urothelial Carcinoma
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and Fang-Ming Deng

Invasive urothelial carcinoma (UC) displays 
many histological variants; some variants are 
associated with different outcomes compared to 
conventional UC. Based on the WHO classifica-
tion system 2016 [1], the variants of infiltrating 
UC are listed in Table  6.1. In this chapter, the 
morphological features, diagnostic pitfalls, dif-
ferential diagnoses, immunoprofile, molecular 
alterations, and clinical relevance for the com-
mon variants will be reviewed.

UC has a high propensity for divergent differ-
entiation. The apparent rise in the incidence of 
variant histology is largely due to the increased 
awareness, recognition, and improved reporting 
by pathologists. The rationales to recognize the 
variants are for diagnostic, therapeutic, as well 
as prognostic significance. Some variants may 
mimic other malignancies or even benign lesions, 
potentially leading to misdiagnosis. Some vari-
ants are correlated with different clinical out-
comes from conventional invasive UC. Therefore, 
familiarity with the diverse morphology of inva-
sive UC is more than just an academic exercise; it directly determines if we can provide the optimal 

care for patients affected by this disease [2–4].
Most of the time, we can handle these cases 

with confidence based on hematoxylin and eosin 
(H&E)-stained sections alone; however, in dif-
ficult cases, immunohistochemistry (IHC) and 
molecular profiling in special situations may play 
an important role aiding us in reaching an accu-
rate diagnosis in our daily practice.
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Table 6.1 Histological variants of infiltrating urothelial 
carcinoma according to WHO 2016 classification of 
tumors of the urinary tract

Urothelial carcinoma
  With divergent differentiation
  With squamous cell differentiation
  With glandular differentiation
  With trophoblastic differentiation

  Others (including small cell and Mϋllerian 
differentiation)

Nested urothelial carcinoma (including large nested)
Microcystic urothelial carcinoma
Micropapillary urothelial carcinoma
Lymphoepithelioma-like urothelial carcinoma
Plasmacytoid/signet ring cell/diffuse urothelial 
carcinoma
Sarcomatoid urothelial carcinoma
Giant cell urothelial carcinoma
Lipid-rich urothelial carcinoma
Clear cell (glycogen-rich) urothelial carcinoma
Poorly differentiated urothelial tumors (including 
those with osteoclast-like giant cells)
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 Infiltrating Urothelial Carcinoma 
with Divergent Differentiation

The most common UC variant is UC with diver-
gent differentiation, which includes squamous, 
glandular, trophoblastic, small cell, and other 
rare variations of differentiation occurring in a 
background of conventional UC.

 Infiltrating Urothelial Carcinoma 
with Squamous Differentiation

The presence of squamous differentiation within 
a conventional invasive UC occurs in up to 40% 
of bladder UC [5]. The incidence increases with 
tumor grade and stage. Morphological evidence of 
squamous differentiation shares the similar histo-
logical features of the typical squamous cell car-
cinoma, including polygonal cells that frequently 
display dyskeratosis, individual  keratinization or 
keratin pearl formation, and occasional intercel-
lular bridges (Fig. 6.1). It is well documented that 
normal and neoplastic urothelium can undergo 
squamous differentiation, such as seen in well-
differentiated, noninvasive papillary tumors. 
Areas of squamous differentiation may have 
basaloid or clear cell features, and the urothelial 
component may consist only of UC in situ. The 
term squamoid should be avoided, because clini-
cians interpret UC with squamoid differentiation 

as the same as squamous differentiation, and this 
may impact the treatment decision.

Pure squamous cell carcinoma is the primary 
differential diagnosis for this variant; the main 
difference is that the pure squamous cell carci-
noma does not contain any conventional UC and 
not have surface urothelial dysplasia or UC in 
situ. No specific markers exist to help with the 
distinction of squamous differentiation in uro-
thelial carcinoma from pure squamous cell car-
cinoma, and the diagnosis relies on the clinical 
history and the absence of a clear-cut conven-
tional UC and/or UC in situ component upon his-
tological analysis. However, UC with squamous 
differentiation may express urothelial markers 
(S100P, GATA3, uroplakins). Positivity of these 
markers in tumor cells strongly favors urothelial 
differentiation over squamous differentiation [6].

Squamous cell carcinomas are associated 
with some major risk factors, such as smoking, 
schistosomiasis, stones, or repetitive trauma. The 
presence of associated keratin production and 
squamous dysplasia or squamous carcinoma in 
situ is more typical of primary squamous cell 
carcinoma, and these conditions do not appear to 
be involved in the pathogenesis of UC with squa-
mous differentiation. Although human papillo-
mavirus has been identified in a subset of these 
cases, it is generally not considered to be caus-
ative to the development of this variant of UC [7].

Patients with UCs containing abundant squa-
mous differentiation may have a worse progno-
sis, possibly because they are typically associated 
with a higher-grade UC [8]. In the pathology 
report, the percentage of the squamous compo-
nent should be estimated and documented, since 
some data have shown that tumors with squamous 
differentiation may be more resistant to systemic 
chemotherapy and radiation treatment [8–10]. 
However, there are no large studies examining 
the clinical significance of squamous differentia-
tion or its response to standard therapy to validate 
these findings. Recently gene sequencing studies 
have identified the so-called basal/squamous-like 
type which, having squamous or squamoid mor-
phology, has been linked to poor responsiveness 
to chemotherapy and decreased cancer-specific 
survival [11, 12].

Fig. 6.1 Urothelial carcinoma with squamous 
differentiation
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 Infiltrating Urothelial Carcinoma 
with Glandular Differentiation

This variant is defined by the presence of true 
glandular spaces associated with a conventional 
UC.  Glandular differentiation within urothelial 
carcinoma has an estimated prevalence of up to 
18% among cases of UC of the bladder, making 
it one of the more common variants, though not 
as common as squamous differentiation [13]. 
Glandular differentiation can be found in UCs of 
all stages and grades, with predilection for high- 
grade and high-stage tumors. The importance of 
recognizing this pattern of UC and making the 
distinction is twofold: [1] UC with a predominant 
glandular pattern may have a worse prognosis 
than tumors with only focal or limited differen-
tiation, though currently there is limited data to 
validate this suspicion [13, 14], and [2] UC with 
glandular differentiation is managed differently 
from metastatic adenocarcinoma. Furthermore, 
documenting the proportion of glandular differ-
entiation and following the clinical behavior of 
these lesions may further clarify the prognostic 
significance of this variant, if any.

These glandular structures consist of tubu-
lar- or enteric-type glands, often associated with 
variable mucin production. The glands are lined 
by a single layer of low to high columnar epi-
thelium within nests of conventional invasive UC 
(Fig. 6.2). Mucin production may be so dominant 

that occasional tumor cells, especially signet ring 
cells, may be floating within the mucinous mate-
rial (so-called colloid pattern). The presence of 
cytoplasmic mucin (so-called pseudoglandular 
changes) is not uncommon and is estimated in up 
to 63% of cases of UC, but this feature alone is 
not sufficient to make the diagnosis of glandu-
lar differentiation. Necrotic debris within tumor 
nests should not be confused with glandular 
lumens.

The major differential diagnoses should 
include adenocarcinoma of the urinary bladder 
(both urachal and nonurachal), cystitis glandu-
laris, cystitis cystica, von Brunn nests, micro-
cystic and nested variants of UC, and metastatic 
adenocarcinoma. The presence of both conven-
tional UC and areas of glandular differentiation 
with malignant cytologic features rules out the 
above benign lesions. Appropriate sampling of 
the lesion is, therefore, very important, because 
it may be difficult to make a proper diagnosis 
with limited specimens. Tumors with a pure 
glandular component with no UC component, 
either invasive or in situ, are diagnosed as 
adenocarcinoma. In difficult cases, the expres-
sion of MUC5AC apomucin may be useful as 
an immunohistochemical marker of glandular 
differentiation in urothelial tumors [15]. TERT 
mutations can also be used in the differential 
diagnosis of glandular lesions of the bladder 
which may be seen in approximately 70% of 
UC with glandular differentiation but are con-
sistently negative in primary adenocarcinoma 
of the bladder [16]. Microcystic urothelial car-
cinoma does not show true glandular differen-
tiation. Metastatic adenocarcinoma should be 
considered when the patient has a history of 
an adenocarcinoma elsewhere. Recognition of 
glandular differentiation is evident with H&E 
sections, and IHC is generally not necessary in 
this setting. If a diagnosis of adenocarcinoma is 
made, it is very important to distinguish a pri-
mary urinary adenocarcinoma from metastatic 
adenocarcinoma (particularly of colorectal ori-
gin), which is far more common than primary 
urinary adenocarcinoma and may require dif-
ferent surgical management.

Fig. 6.2 Urothelial carcinoma with glandular 
differentiation
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 Urothelial Carcinoma 
with Trophoblastic Differentiation

Since 1904, more than 30 cases of tumors with 
trophoblastic differentiation, including cases of 
the so-called pure choriocarcinoma, have been 
reported in the literature. In contrast to con-
ventional high-grade UC which usually affects 
individuals in the fifth and older decades of life, 
this entity has been reported to affect individu-
als as young as 23 years old. The true incidence 
of HCG positivity within tumors is likely much 
greater than commonly understood and has been 
reported in up to 35% of high-grade UC [17, 18]. 
Therefore, HCG positivity alone does not indi-
cate UC with trophoblastic differentiation.

This entity shows a wide morphological spec-
trum. Besides the component of conventional 
invasive UC, it also may demonstrate formation 
of syncytiotrophoblast, areas of hemorrhage and 
necrosis, and formation of areas resembling cho-
riocarcinoma (Fig.  6.3), pure choriocarcinoma, 
and UC without morphological evidence of 
choriocarcinoma that express human chorionic 
gonadotropin (HCG). The latter group of tumors 
is morphologically UC, and the only evidence of 
trophoblastic differentiation is the production of 
HCG within tumor cells detected by IHC. These 
areas may be immediately juxtaposed with tumor 
cells that are morphologically identical but are 
negative for HCG expression. This group of 
tumors should not be classified as UC with tro-

phoblastic differentiation. The remainder of 
tumors displays a variety of trophoblastic tissue 
patterns, ranging from scattered multinucleate 
giant cells to well-defined syncytiotrophoblastic 
cells that wrap around mononuclear cells. The 
latter pattern, indistinguishable from true cho-
riocarcinoma, has been very rarely reported. To 
make the diagnosis of UC with trophoblastic dif-
ferentiation, a UC component must be identified. 
Some tumors with advanced choriocarcinoma-
tous growth may show minimal residual uro-
thelial malignancy, and the only evidence of the 
origin of the tumor may be adjacent UC in situ.

The frequent expression of HCG within uro-
thelial carcinoma and the occasional presence of 
trophoblastic differentiation have prompted dis-
cussion as to the origin of tumors with trophoblas-
tic characteristics. While some have proposed that 
this differentiation arises from primitive rests left 
behind during embryologic development, others 
believe that normal urothelium retains some abil-
ity for pluripotential development and that upon 
malignant transformation, this differentiation (or 
dedifferentiation) may become evident. Some 
authors propose that trophoblastic differentiation 
is a metaplastic phenomenon, supported by the 
occurrence of HCG positivity in all morphologi-
cal varieties of trophoblastic differentiation and 
the frequency of metaplasia within urothelium 
along other cell lines, including squamous and 
glandular, as previously discussed [18].

The differential diagnosis for this UC vari-
ant includes the giant cell variant of UC (will be 
discussed below), UC with stromal osteoclast-
like giant cell formation, and undifferentiated 
carcinomas. While all of these lesions may be 
characterized by the presence of large, pleomor-
phic cells, the true syncytiotrophoblast is distin-
guished by the cytoplasmic immunoreaction for 
HCG. Staining is intense within giant cells and 
may also be seen in surrounding urothelial cells. 
In addition to HCG production (and many sub-
types of HCG), IHC may show positivity within 
tumor cells for other placental antigens including 
human placental lactogen (HPL) and pregnancy- 
specific beta-1 glycoprotein (SP-1). Additionally, 
cases of pure germ cell neoplasms may also occur 
in the bladder, without a UC precursor. The diag-

Fig. 6.3 Urothelial carcinoma with trophoblastic differ-
entiation resembling choriocarcinoma
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nosis of which may require a high copy number 
of the isochromosome 12p, as seen by fluores-
cence in situ hybridization (FISH), thus support-
ing germ cell differentiation [19]. However, 
primary pure germ cell neoplasms in the bladder 
are extremely rare, and early reported “primary 
choriocarcinoma of the bladder” probably repre-
sent UC with syncytiotrophoblasts.

The presence of syncytiotrophoblasts within 
UC portends a poor prognosis, but the significance 
of trophoblastic differentiation marked only by 
the presence of HCG production is unclear, and 
many feel it has no prognostic significance [17, 
18, 20]. It has been associated more commonly 
with high-grade lesions and may be associated 
with a poorer response to chemotherapy and 
radiation therapy than tumors without tropho-
blastic differentiation. Because of these findings, 
the presence of trophoblastic differentiation and 
the estimated percentage within the tumor should 
be documented in the report. Clinically, patients 
with trophoblastic differentiation have the same 
presentation and symptoms as patients without it. 
The tumoral production of HCG has been related 
to gynecomastia in some patients, while others 
have shown no endocrinologic manifestations. 
Elevated serum and urine HCG may be seen in 
some patients and can be used as a helpful serum 
tumor marker of response to treatment in these 
patients.

 Other Rare Types of Urothelial 
Carcinoma with Divergent 
Differentiation

Rarely, UC demonstrates small cell differen-
tiation (minor component small cell carcinoma 
coexists with conventional UC). Any amount of 
small cell carcinoma should be reported, as this 
is relevant in guiding therapy. If the small cell 
carcinoma component constitutes the majority of 
the tumor, the diagnosis of small cell carcinoma 
should be made (see other section). More rarely, 
Mϋllerian differentiation and different lines of 
germ cell differentiation can be seen in an other-
wise conventional UC [1].

 Nested Urothelial Carcinoma

This variant is characterized by the banal appear-
ance of the tumor cells with a nested growth pat-
tern, which may be confused with von Brunn 
nests, cystitis cystica, and nephrogenic adenoma. 
The definition of nested UC has been expanded to 
include other tumors showing deceptively benign 
histology, such as the large nested carcinoma and 
the UC with small tubules, earlier considered 
separate entities [1, 21].

UC nested variant is very rare with an esti-
mated incidence of 0.3%. The most frequent 
clinical manifestation is of hematuria, urgency, 
or signs of urinary obstruction. Almost all the 
patients within this group are males in their later 
adulthood (53–97 years old).

Histologically, although the overlying urothe-
lium is not ordinarily involved by the neoplastic 
cells, tumor cells are arranged in nests and abor-
tive tubules that infiltrate the lamina propria and 
muscularis propria. The tumor cells are decep-
tively benign in appearance. Therefore, some 
pathologists use “carcinoma with deceptively 
bland features” to describe this variant (Fig. 6.4).

However, scattered, more atypical tumor cells 
are found in every reported case. Also helpful in 
recognizing this variant of UC is the fact that the 
degree of nuclear atypia increases along with the 
depth of invasion. To appreciate the invasive pat-
tern is a key to accurately diagnose this entity.

The aggressive clinical behavior of this vari-
ant of UC is discordant with its deceptively 

Fig. 6.4 Nest variant urothelial carcinoma. Insert show-
ing bland nuclear features
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bland cytological appearance. Several series have 
shown that these tumors commonly present at 
high stage including nodal invasion. While it is 
documented that nested variant tumors are asso-
ciated with progressive or recurrent disease, its 
clinical outcome is similar to conventional UC, 
with no difference in recurrence rate or survival 
when treated surgically [22–25]. Nonetheless, 
nested variant is an aggressive tumor and should, 
therefore, be treated accordingly.

The major differential diagnoses for the nested 
variant of UC are the benign lesions including 
von Brunn nests, cystitis glandularis, cystitis cys-
tica, inverted papilloma, inverted low-grade UC, 
nephrogenic adenoma, paraganglionic tissue, and 
paraganglioma. If the tumor cells are found to be 
invading into muscularis propria, the distinction 
from a benign lesion should be easier to make. 
Most invasive UCs exhibit irregular infiltration 
by atypical cells, often accompanied by invasion- 
induced stromal response. The invasive cell nests 
are confluent, lack a central lumen, and are usu-
ally closely opposed to the overlying urothelial 
surface. Von Brunn nests, cystitis cystica, and 
cystitis glandularis are typically well circum-
scribed, lack nuclear atypia, and are not associ-
ated with a desmoplastic response or invading 
into muscularis propria. Nephrogenic adenoma is 
characterized by the presence of a single layer of 
cells lining the tubules with a collagen cuffing, in 
contrast to the nested variant of urothelial carci-
noma, which consists of multiple layers. PAX2/
PAX 8 is positive in nephrogenic adenoma and 
negative in UC, which can be useful to separate 
these two entities.

Prostatic adenocarcinoma and urinary blad-
der adenocarcinoma occasionally may be 
included in the differential diagnosis. Prostatic 
adenocarcinoma can be excluded by its loca-
tion, nuclear features, and positive reactions for 
prostate- specific antigen and prostatic acid phos-
phatase. Adenocarcinoma of the urinary blad-
der frequently exhibits colonic differentiation 
with distinct gland formation lined by columnar 
cells, which is morphologically distinct from the 
nested variant of UC.

FISH studies using UroVysion probes are 
found to be very useful in separating UC with 

nested variant from von Brunn nests on paraffin- 
embedded bladder specimens, documented by 
a group of pathologists from Mayo Clinic [26]. 
TERT promoter mutation assay may be used to 
distinguish nest variant UC from benign mimick-
ers by the presence of TERT promoter mutation 
associated with this tumor [27].

 Microcystic Urothelial Carcinoma

Microcystic variant is another deceptively benign-
looking UC which often presents at late stage. 
This variant, also known as urothelial carcinoma 
with gland-like lumens, is defined by formation 
of round to oval microcysts, macrocysts (1–2 mm 
in diameter), and tubular structures containing 
granular eosinophilic material and necrotic cel-
lular debris (Fig.  6.5). Luminal secretions may 
have a targetoid appearance. This material dis-
plays mucinous qualities that can be highlighted 
by periodic acid-Schiff (PAS) and Alcian blue 
staining. Intracytoplasmic mucin deposits are 
also seen with PAS stain. Calcifications may also 
be present within cyst walls. A cyst lining is vari-
ably present and consists of flattened to plump 
urothelial cells, which have the same cytologic 
features of typical urothelial cells. The cystic lin-
ing cells are cytologically bland but can exhibit 
variation in size, resembling the solid nests of 
UC, which is a key feature in differentiating 
this neoplasm from benign lesions. The stromal 
response to  surrounding tumor nests is variable, 

Fig. 6.5 Microcystic urothelial carcinoma
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ranging from conspicuous, extremely cellular to 
scant stroma. Reported cases typically demon-
strate a high- grade tumor (grades 2 or 3), and the 
microcystic component may compose a majority 
or a minority of the invasive lesion, though the 
designation of the term “microcystic variant” is 
reserved for cases with prominent microcystic 
architecture. The exact percentage required to 
make this diagnosis has not been determined.

The differential diagnosis of this lesion is 
important, as it may resemble many benign histo-
logical patterns, and thus could easily be misdi-
agnosed. Cystitis cystica and cystitis glandularis 
in particular may be difficult to differentiate from 
the microcystic variant of UC, especially in small 
biopsy specimens. The dramatic variation in 
nuclear size, in addition to other atypical char-
acteristics, is helpful in distinguishing feature 
of the microcystic variant of UC. Also, the inva-
sive nature of the lesion helps to rule out benign 
processes. Microcystic UC shows a haphazard, 
deeply infiltrating growth pattern, unlike cysti-
tis cystica or cystitis glandularis, which remain 
superficial. Nephrogenic adenoma (nephrogenic 
metaplasia) may also resemble this variant, but the 
invasive growth pattern and cytologic character-
istics of the microcystic carcinoma should make 
the distinction. While nephrogenic adenoma has 
the same tubular architecture as microcystic UC, 
the former tends to form a well-circumscribed 
lesion with confinement to the lamina propria. 
In general, invasion of the muscularis propria is 
the best means of differentiating microcystic UC 
from any of the abovementioned benign disease 
processes. In cases of doubt, IHC may be needed 
as nephrogenic adenoma stains with PAX2/PAX8 
while UC stains with GATA3 and P63.

Another diagnostic consideration is primary 
or metastatic adenocarcinoma. Although the 
cysts of the microcystic variant may resemble 
small infiltrating glands and may produce mucin, 
the architecture and cytology of the lining epi-
thelium are distinctly urothelial in nature. The 
nested variant of UC with tubular differentiation 
may also resemble the microcystic variant, but 
the nested areas will not be present in the latter. 
Immunohistochemical findings have been stud-
ied in the few reported cases and are identical to 

those seen in other UCs. The cases reported show 
little difference in presentation and prognosis 
from conventional invasive UC [28, 29].

 Micropapillary Urothelial 
Carcinoma

This variant is characterized by a conventional 
infiltrating UC with an admixed micropapillary 
growth pattern. Since the MD Anderson group 
first reported micropapillary UC, this tumor is 
well known as an aggressive morphological vari-
ant of UC [30]. There is a clear male predomi-
nance (M: F = 3:1), and the peak incidence is in 
the sixth decade of life. This variant UC accounts 
for 0.6–2.2% of all UC, but it has been suggested 
that the incidence may be higher than currently 
reported.

There are two distinct and characteristic histo-
logical features: small nests or slender fusiform 
papillary processes that do not contain central 
true fibrovascular cores, contained within empty 
lacunar spaces (Fig. 6.6a). These spaces are most 
likely tissue fixation artifacts, as they lack a lin-
ing epithelium or endothelial cells, speculated 
to be secondary to tissue retraction. The lack of 
true fibrovascular cores is unique and different 
from traditional papillary carcinoma (Fig. 6.6b). 
Another very characteristic appearance of micro-
papillary pattern is inverted polarization of 
nuclei. The characteristic triad for micropapil-
lary carcinoma is [1] multiple tight cell clusters 
in single lacunar spaces, [2] small cell nests (four 
or less than four cells thick) in lacunar spaces, 
and [3] inverted nuclear polarization (inside out).

The invasive component is strikingly simi-
lar to papillary serous carcinoma of the ovary. 
Cytologically, the tumor cells show variable 
pleomorphism but typically show prominent 
nucleoli with uneven distribution of chromatin. 
Cytoplasm is usually abundant, ranging from 
clear to eosinophilic. Mitoses may be few to 
numerous. The nuclear grade is high in most 
tumors.

IHC supports the contention that micropapil-
lary UC is a variant of UC of the bladder. The 
tumor cells are positive for cytokeratin 7 (100%), 
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S100P (96%), uroplakin ii (90%), GATA3 (88%), 
P63 (70%), CK7 (95%), and CK20 (60%) [1, 28]. 
While conventional UCs demonstrate a very sim-
ilar staining pattern, overexpression of CA-125 
(positive in one-third of cases of micropapillary 
UC and barely in conventional UC) and MUC1 
expression with reverse polarity is reported [31].

Micropapillary UC commonly presents at a 
high pathological stage and is associated with 
high frequency of LVI, frequent lymph node 
metastases, poor prognosis, and low survival 
rates. However, a stage-matched trial showed no 
significant difference comparing micropapillary 
variant and conventional UC in a 10-year survival 
after cystectomy [32, 33]. Some studies have 
observed that intravesical therapy is not effec-
tive for micropapillary UC and suggested a lower 
threshold for cystectomy, even in T1 patients 
with bacillus Calmette-Guérin-responsive dis-
ease. However, other data suggest that a more 
standard bladder-sparing approach is reasonable 
in selecting non-muscle invasive UC (NMIUC) 
patients [34, 35].

One important caveat for this variant of UC 
is that the use of “micropapillary” terminology 
to describe noninvasive UC. Micropapillary-like 
architecture may be seen in NMIUC and even 
rarely in UC in situ; however, it is not necessar-
ily associated with worse outcomes compared 
with conventional noninvasive UC.  Therefore, 
if the micropapillary component is limited to the 
noninvasive component, the tumor should not be 

classified as micropapillary carcinoma [1, 35, 
36]. Additional discussion between the patholo-
gist and the treating physician should be consid-
ered to avoid mismanagement in such instances.

HER2 alterations, including ERBB2 gene 
amplification or other mutations, occur at a much 
higher frequency in micropapillary UC than in 
conventional UC [37]. These patients have worse 
cancer-specific survival following radical cys-
tectomy [38]. It also provides a potential role 
for HER2-targeted therapy in this variant, while 
definitive studies are lacking.

Micropapillary UC usually expresses markers 
of luminal phenotype (including FoxA1) which 
may have wild-type p53 and can be resistant to 
chemotherapy [39].

Micropapillary UC is not limited to the blad-
der, and it is considered as a morphological 
marker for aggressiveness. These features can 
be seen in the breast, colon, small bowel, pan-
creas, ovary, lung, and salivary glands. The dif-
ferential diagnosis of micropapillary UC includes 
metastatic micropapillary adenocarcinoma of the 
lung, breast, and ovary. These tumors are mor-
phologically identical to UC micropapillary 
variant. In the majority of these cases, there is a 
clinical history of lung, breast, or ovarian carci-
noma; otherwise, a careful search for a primary 
tumor must be completed. IHC stains such as 
TTF-1 may be positive in lung tumors, ER and 
PR positive in breast carcinomas, or WT-1 maybe 
positive in ovarian tumors. Other metastatic ade-

a ba b

Fig. 6.6 (a, b) Micropapillary urothelial carcinoma
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nocarcinomas; including colon and pancreas, 
may rarely display a micropapillary pattern and 
should be considered in the differential diagno-
sis. Malignant papillary mesothelioma is another 
possibility, but it is positive for WT-1 and nega-
tive for GATA3.

 Lymphoepithelioma-like Urothelial 
Carcinoma

Lymphoepithelioma-like carcinoma (LELC) vari-
ant is defined as UC that histologically resemble 
lymphoepithelioma of the nasopharynx. The his-
tology is characterized by proliferation of undif-
ferentiated cells with a prominent, lymphocytic 
background (Fig.  6.7a). The major differential 
diagnoses are malignant lymphoma or chronic 
cystitis. Carcinomas with a similar morphol-

ogy have also been described in other organs, 
including the salivary glands, thymus, cervix, 
skin, lung, and stomach. These carcinomas show 
a male predominance and mainly occur in late 
adulthood. The most frequent clinical presenta-
tion is hematuria. The tumor is solitary with an 
invasive growth pattern and is most often located 
in the bladder dome, posterior wall, or trigone.

The tumorigenesis of LELC variant is unclear. 
Unlike lymphoepithelioma of the nasopharynx, 
EBV virus is not found using either IHC or in 
situ hybridization technology. It has frequent 
P53 accumulations and most likely with similar 
pathogenesis to conventional UC, which are pos-
sibly derived from basal (stem) cells [40, 41].

Histologically, the tumor cells grow in a 
syncytial pattern. The individual cells display 
undifferentiated, large pleomorphic nuclei with 
prominent nucleoli and indistinct cytoplasmic 

a b

c

a b

c

Fig. 6.7 (a) Lymphoepithelioma-like urothelial carcinoma. (b) Cytokeratin (AE1/3) highlights the tumor cells. (c) 
Tumor shows high PD-L1 expression
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borders with syncytial growth. Mitoses are read-
ily seen. The background is composed of a mixed 
population of inflammatory cells, predominantly 
lymphocytes, but plasma cells, histiocytes, and 
occasional neutrophils or eosinophils are also 
identified. Lymphocytes are seen not only at 
the periphery of tumor cell nests but also within 
tumoral nests and between tumor cells. A desmo-
plastic reaction is not seen. LELC can be pure, 
predominant, or focally admixed with conven-
tional UC.

The major differential diagnosis includes large 
cell lymphoma, which is rare in the urinary blad-
der. Distinction from a lymphoma is extremely 
important, because the clinical management 
for lymphoma is dramatically different from 
UC. The presence of a syncytial pattern of large 
malignant cells is a clue to making the diagnosis. 
If necessary, immunohistochemistry can be very 
useful in this setting. The tumor cells are posi-
tive for epithelial markers, AE1/AE3 and CK7, 
but are rarely positive for CK20 (Fig. 6.7b). The 
lymphoid stroma is positive for CD45. CD3 and 
CD20 demonstrate a mixed population of B and 
T cells with T-cell predominance. Chronic cysti-
tis may be confused with LELC when the tumor 
cells are scanty. It is particularly important to 
recognize this possibility in a small biopsy speci-
men containing prominent lymphoid stroma with 
a few neoplastic cells, which can be easily mis-
diagnosed as florid chronic cystitis. Therefore, a 
careful search for malignant cells using cytokera-
tin immunostaining is highly recommended for 
the differential diagnosis.

LELC, whether in pure or mixed form, has a 
similar prognosis to ordinary UC when treated by 
cystectomy [42].

Although no large-scale randomized clinical 
trials have been conducted to study the treat-
ment of LELC, the available studies have shown 
that a combination of surgery and chemotherapy 
with radiation treatment has led to a very good 
clinical response. Because LELC of the urinary 
bladder is more sensitive to both chemotherapy 
and radiotherapy than conventional UC, radical 
cystectomy may not be necessary for all patients 
with muscle-invasive LELC of the urinary blad-
der, particularly its pure form [41, 43–45].

Recent study demonstrates that LELCs of 
the urinary bladder are enriched in a basal-like 
molecular subtype and share a high level of 
immune infiltration and PD-L1 expression, simi-
lar to basal tumors (Fig. 6.7c). The basal-like phe-
notype is consistent with the known sensitivity 
of LELC of the urinary bladder to chemotherapy 
and suggests that immune checkpoint therapy 
should be explored in this rare disease [46].

 Plasmacytoid/Signet Ring Cell/
Diffuse Urothelial Carcinoma

Plasmacytoid variant of UC, also known as 
lymphoma- like, signet ring cell, and diffuse UC 
variant, exhibits the morphological features of 
lymphoma or plasmacytoma. Morphologically, 
the tumor is composed of single malignant cells 
without nesting. The tumor cells have eccentri-
cally placed nuclei and abundant eosinophilic 
cytoplasm in variable amounts in the plasmacy-
toid variants. The cytologic atypia can be mini-
mal (Fig.  6.8a and b). The plasmacytoid tumor 
component varies in published series, with most 
reported using a 30% or 50% cutoff [47–50].

Loss of E-cadherin represents a hallmark of 
plasmacytoid differentiation. The majority of 
plasmacytoid UCs demonstrate loss of membra-
nous E, capital e-cadherin, which is consistent 
with the fact that they harbor IDH1 mutation or 
methylation. A univariate Cox regression analy-
sis showed that nuclear E-cadherin accumulation 
in plasmacytoid UC was associated with a two-
fold increase in risk of death [51, 52].

Plasmacytoid features can also be seen in a 
variety of tumors affecting the bladder, which 
include large cell lymphoma, plasmacytoma, 
malignant melanoma, paraganglioma, neuro-
endocrine carcinoma, rhabdomyosarcoma, and 
metastatic carcinoma (such as adenocarcinoma 
of the breast or stomach). Those tumors with 
overlapping features are naturally the major dif-
ferential diagnoses. Immunostains can be very 
useful in separating these entities. The tumor 
cells of the lymphoma-like and plasmacytoma- 
like UCs are positive for cytokeratin AE1/AE3 
and CK7, with occasional positivity for CK20. 

K. E. Park et al.



73

These cells are consistently negative for CD45 
and other lymphoid markers (B and T cells). 
Likewise, melanocytic markers including S-100 
protein, HMB-45, and Melan A are negative. In 
rhabdomyosarcoma, the tumor cells are positive 
for desmin, myogenin, and MyoD-1. Both plas-
macytoid UC and metastatic breast lobular car-
cinoma are positive for GATA3. A panel of p63, 
HMWK, S100p, uroplakins, and ER, PR can be 
used to differentiate these two diseases [28, 53].

The patients with plasmacytoid UC typically 
present at an advanced stage with frequent positive 
surgical margin at cystectomy and peritoneal car-
cinomatosis [54]. The outcome is generally poor 
with high relapse and mortality comparing with 
conventional UC. Although plasmacytoid carci-
noma appears to be chemotherapy- responsive, 
there are few long-term survivors [47–51, 55].

 Giant Cell Variant of Urothelial 
Carcinoma

This variant of UC is characterized by the pres-
ence of epithelial tumor giant cells exhibiting 
marked nuclear atypia, along with a component 
of conventional UC, and was initially classified 
as an undifferentiated UC.

Microscopically, the giant cell variant of UC 
shows marked nuclear pleomorphism, typically 
with multiple nuclei, and consists of cohesive 
cells with abundant eosinophilic or amphophilic 
cytoplasm (Fig.  6.9). A component of conven-

tional UC is present by definition. The tumor 
giant cells show positivity for epithelial/urothe-
lial markers, including cytokeratin (CK7, CK8/
CK18, CK20, Cam5.2), EMA, p63, GATA3, and 
negative for βHCG [56, 57].

These tumor giant cells are distinct from other 
giant cells described within other bladder tumors, 
including osteoclast-like giant cells occasionally 
seen in reactive lesions, syncytiotrophoblast, 
 sarcomatoid variant of urothelial carcinoma, 
and giant cells of the so-called giant cell tumor 
of the bladder, which is indistinguishable from 
the giant cell tumor of bone and lacks urothelial 
differentiation.

a b

Fig. 6.8 Plasmacytoid urothelial carcinoma. (a) involves the lamina propria. (b) involves the muscularis propria

Fig. 6.9 Giant cell variant urothelial carcinoma
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Reactive and inflammatory stromal giant cells 
have little nuclear pleomorphism among their 
individual nuclei, with evenly distributed chro-
matin. These changes are seen in patients who 
have received intravesical bacillus Calmette- 
Guerin therapy (BCG), schistosomiasis, and, as a 
response to instrumentation, biopsy or resection. 
Langerhans-type giant cells are seen with BCG 
therapy, and the other conditions are usually 
associated with foreign body-type giant cells.

Osteoclast-like cells may also be seen within 
the stroma in urothelial carcinoma, and are not 
a component of the tumor itself. These cells 
have characteristic round nuclei without signifi-
cant nuclear pleomorphism and overlapping and 
prominent nucleoli. The cytoplasm is ampho-
philic and may contain cellular debris, erythro-
cytes, or inflammatory cells. The osteoclast-like 
cells have also been described as an osteoclast- 
rich undifferentiated UC, which may also be 
considered in the differential diagnosis of the 
giant cell variant of UC, and are discussed below 
(undifferentiated carcinoma).

The true incidence of giant cell UC is not 
known, as it is a very rare entity. The significance 
of diagnosing the giant cell variant of UC is that 
it is associated with a poor prognosis and pres-
ents at an advanced stage.

 Sarcomatoid Variant of Urothelial 
Carcinoma

This term describes UC with a component mor-
phologically indistinguishable from sarcoma. 
The recent WHO classification has applied this 
term to all biphasic malignant tumors showing 
morphological and/or immunological evidence 
of urothelial and mesenchymal differentiation. 
It usually presents as advanced disease and has 
a poor prognosis and frequently expresses epi-
thelial-to-mesenchymal transition markers, sug-
gesting a possible mechanism associated with its 
aggressive behavior [1, 58, 59].

Clinical presentation is not different from 
other UCs, with hematuria as the usual present-
ing symptom. Previous radiation therapy and 
intravesical cyclophosphamide treatment was 

reported to be associated with tumor recurrence 
which shows sarcomatoid areas. Grossly, sar-
comatoid carcinomas tend to be exophytic, pol-
ypoid lesions, filling the bladder lumen, with a 
dull gray, solid, fleshy appearance on cut section. 
There is no predilection for a specific site in the 
bladder walls, and these tumors have also been 
reported in the ureters and renal pelvis, as well. 
The morphology of the sarcomatoid components 
in sarcomatoid carcinoma may resemble a range 
of mesenchymal tumors, but the most common 
appearance is that it resembles a high-grade 
spindle cell sarcoma or malignant fibrous histio-
cytoma or undifferentiated sarcoma (Fig.  6.10). 
The background stroma may be myxoid, vascu-
lar, hemorrhagic, or desmoplastic. There may be 
heterologous differentiation, including in order 
of decreasing frequency: areas of osteosarcoma, 
chondrosarcoma, rhabdomyosarcoma, liposar-
coma, angiosarcoma, or a mixture of these neo-
plasms. The respective volume and type of these 
areas should be included in the pathology report. 
The carcinoma component may be composed of 
urothelial, squamous, glandular, small cell types, 
or unclassified carcinoma. The mesenchymal and 
epithelial elements are intimately admixed, and 
gradual transition may be seen from one to the 
other. Ultrastructural studies show the presence 
of true desmosomes and cytoplasmic intermedi-
ate filaments suggestive of keratin within the sar-
comatoid component, confirming its derivation 
from epithelial tissue.

Fig. 6.10 Sarcomatoid urothelial carcinoma resembling 
a high-grade spindle cell sarcoma
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The differential diagnosis includes many 
possibilities, such as pure sarcoma, giant cell 
variant of UC, trophoblastic variant of UC, osse-
ous and chondroid stromal metaplasia in a UC, 
pseudosarcomatous stromal reaction, postopera-
tive spindle cell nodule, inflammatory myofibro-
blastic tumors (pseudotumors), and spindle cell 
melanoma.

Diagnosis of a pure sarcoma can only be made 
in the absence of an epithelial malignancy, includ-
ing UC in situ. A prior history of UC may provide 
sufficient evidence of this tumor being a sarco-
matoid carcinoma, even though there is no appar-
ent malignant epithelial component. Features that 
are helpful in making a decision include identi-
fication of nested or clustered tumor cells of the 
conventional UC component lying adjacent to 
sarcomatoid cells that also express cytokeratin. 
Positivity of diffuse epithelial markers (cyto-
keratin and EMA) is usually not seen in pure 
sarcoma, such as leiomyosarcoma or malignant 
fibrous histiocytoma, and may be helpful in dis-
tinguishing this entity from pure sarcomas. The 
markers that identify differentiation in the vari-
ous forms of sarcoma will likewise be absent in 
sarcomatoid carcinoma. A common problem is a 
biopsy (transurethral resection of bladder tumor 
(TURBT)) of a bladder tumor exhibiting only 
sarcomatoid features without obvious epithelial 
elements. Although epithelial markers are com-
monly positive in the spindle cells, this reaction 
is not necessarily indicative of epithelial differen-
tiation as intermediate filaments may be detected 
with these markers. It is well known that malig-
nant fibrous histiocytoma of soft tissue and leio-
myosarcoma can co-express epithelial markers. 
Positive expression of HMWK, p63, and GATA3 
is more specific but with low sensitivity (GATA3-
positive in 1/3 of sarcomatoid UC and negative in 
sarcoma) [60].

There are several entities generating a pseu-
dosarcomatous pattern that may resemble the 
sarcomatoid variant of UC, some of which share 
overlapping features. High-grade invasive UC 
may incite formation of a brisk stromal reaction 
with atypical cells, termed pseudosarcomatous 
stromal reaction. These lesions are characterized 

by myxoid stroma containing slightly atypical 
cells and proliferating blood vessels adjacent to 
infiltrating carcinoma. It differs from the sar-
comatoid variant of UC in that the spindle cell 
component expresses mesenchymal but not epi-
thelial markers and also in that there is no tran-
sition from the spindle cell component to the 
UC.  Inflammatory myofibroblastic tumors (also 
known as inflammatory pseudotumor, pseudo-
sarcomatous fibromyxoid tumor, visceral form 
of nodular fasciitis, and pseudosarcomatous 
lesions) usually occur in younger patients and 
show a prominent chronic inflammatory infil-
trate, stromal vascular proliferation, and extrav-
asated red blood cells. In addition, the stroma 
may demonstrate marked myxoid change and/
or edema. The spindle cell component may dem-
onstrate mild cellular atypia as well as increased 
mitotic activity, but not atypical mitotic figures. 
Inflammatory myofibroblastic tumors are less 
likely to display necrosis and hemorrhage and do 
not have the potential to metastasize. They have 
minimal pleomorphism, hyperchromasia, mitotic 
activity, prominent nucleoli, and in general less 
cellular atypia than the sarcomatoid carcinoma 
[58, 61, 62].

It is important to note that myofibroblasts in 
inflammatory myofibroblastic tumor may show 
cytokeratin positivity, which should be consid-
ered when trying to differentiate these tumors 
from sarcomatoid carcinoma. Sarcomatoid car-
cinoma usually lacks the significant chronic 
inflammatory infiltrate seen in inflammatory 
myofibroblastic tumors and is more likely to have 
a neutrophilic component. Postoperative spindle 
nodules are very similar in histology and behav-
ior to inflammatory myofibroblastic tumors, and 
some authors believe they are part of a spectrum 
of the same process. The diagnosis of postopera-
tive spindle cell nodule requires appropriate his-
tory of surgery (usually 2–3 months, up to 6 years 
prior), and the lesion is frequently smaller than 
the abovementioned tumors and occurs in the 
same age group as UC. Melanoma is most easily 
distinguished through the use of IHC and dem-
onstrates positivity for S-100 protein, HMB-45, 
and Melan A.
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 Undifferentiated Carcinoma

This category includes rare tumors that cannot 
be otherwise classified and usually exhibit high- 
grade malignant morphology. It spans a spectrum 
including tumors with mixed morphology such 
as small cell undifferentiated carcinoma, giant 
cell carcinoma, sarcomatoid carcinoma, undiffer-
entiated carcinoma, not otherwise specified, and 
osteoclast-rich undifferentiated carcinoma [1].

Osteoclast-rich undifferentiated carcinoma 
is a group of tumors that have been recently 
described and may resemble extraosseous osteo-
clastic giant cell tumors, with biphasic com-
position of the osteoclastic giant cells and an 
associated mononuclear component, displaying 
marked atypia (Fig. 6.11) [63].

These tumors are still believed to be of urothe-
lial origin, as the associated mononuclear compo-
nent demonstrates epithelial/urothelial markers, 
association with a conventional UC component, 
and p53 positivity. It is recommended that these 
neoplasms be described as osteoclast-rich undif-
ferentiated UC.  The osteoclast-like giant cells 
were negative for epithelial/urothelial markers 
(GATA3, uroplakin II, thrombomodulin, and 
AE1/AE3) and indicate a reactive origin for these 
cells. This subtype of UC different from the giant 
cell variant of UC shows marked nuclear pleo-
morphism of the giant cells, whereas giant cell 
nuclei in the osteoclast-rich undifferentiated UC 
are cytologically bland [64].

 Clear Cell (Glycogen-Rich) 
Urothelial Carcinoma

It is not uncommon for UC with focal clear 
cell to change resulting from cytoplasmic gly-
cogen accumulation. A diagnosis of clear cell 
(glycogen- rich) variant UC is made only when 
tumor shows predominant or exclusive clear 
cells, which is very rarely seen (Fig. 6.12). The 
clear cell pattern may involve in situ or invasive 
carcinomas. The underlying architecture is that 
of conventional UC, exhibiting variable morphol-
ogy, from papillary to solid forms [1].

The clinical presentation and behavior do not 
differ from those of conventional UC.  The dis-
tinction is still important, however, because of the 
resemblance to primary clear cell adenocarcinoma 
of the bladder as well as to adenocarcinoma from 
other sites, including renal, ovarian, and prostatic 
carcinomas. Clear cell adenocarcinoma of the blad-
der and female urethra is characterized by the for-
mation of tubules, fine papillae, cysts, and hobnail 
cells, while clear cell urothelial carcinoma lacks 
these features. Additionally, the presence of uro-
thelial dysplasia in sections of mucosa adjacent to 
the clear cell tumor suggests that the tumor is a UC 
and not adenocarcinoma. Immunohistochemistry 
can be helpful in differentiating clear cell UC from 
some forms of adenocarcinoma. The former typi-
cally shows immunophenotype similar to conven-
tional UC (positive for CK7, CK20, S100P, p63, 
and GATA3) [28].

Fig. 6.11 Undifferentiated carcinoma Fig. 6.12 Clear cell urothelial carcinoma
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 Lipid-Rich Urothelial Carcinoma

This is another very rare variant UC characterized 
by the presence of large cells containing large or 
multiple clear vacuoles exhibiting lipoblast- like 
cells and resembling liposarcoma (Fig. 6.13) [1]. 
It is usually associated with high- grade conven-
tional UC, and the lipid-rich area comprises from 
less than 10% to up to 50%. Because of its rar-
ity and the tumor cells’ appearance, the lipoid 
cell variant may be misdiagnosed and must be 
distinguished from liposarcoma or signet ring 
cell carcinoma. Immunohistochemical staining 
showed that the lipid cell component was positive 
for CK7, CK20, CAM 5.2, HMWK, AE1/AE3, 
EMA, and thrombomodulin; vimentin and S100P 
were negative. A multi-institutional study of 27 
patients showed that the lipoid cell variant of UC 
was associated with an aggressive behavior and a 
poor prognosis [65, 66].

 New Variants of Urothelial 
Carcinoma

There are several recently proposed variants of 
UC not included in the current WHO classifica-
tion. These include:
• Pseudoangiosarcomatous variant of urothe-

lial carcinoma is characterized by tumor cell 
discohesion (acantholytic) that creates pseu-
dolumina formations surrounded by attached 

residual tumor cells. The tumor is frequently 
associated with a dense variable collagen 
matrix. It is rare and usually accompanied by 
other UC variants. The neoplastic cells were 
found to be positive for GATA3 and cytokera-
tin 7, whereas CD34, CD31, and vimentin 
were negative [67, 68].

• Urothelial carcinoma with chordoid or myx-
oid/mucinous stroma is a unique subtype of 
UC showing extensive mucinous myxoid 
stroma and chordoid-like appearance with 
prominent cellular cording in a myxoid 
matrix, a pattern that may resemble extraskel-
etal myxoid chondrosarcoma, myoepitheli-
oma, chordoma, or yolk sac tumor (Fig. 6.14). 
These carcinomas usually present with high-
stage disease but maintain an immunopheno-
type of urothelial lineage. An unusual feature 
for this variant is the presence of invasive 
low-grade UC or associated low-grade papil-
lary UC in approximately 50% of the cases 
[69, 70].

• Urothelial carcinoma with rhabdoid features 
is characterized by large and round or oval 
tumor cells with abundant cytoplasm, contain-
ing eosinophilic bodies that are composed of 
intermediate filaments. Most tumors have fea-
tures of conventional UC at least focally and 
are characterized by an aggressive clinical 
course, with survival averaging around 5 
months. Some authors classified it as undiffer-
entiated carcinoma and found that loss of 

Fig. 6.13 Lipid-rich urothelial carcinoma exhibiting 
lipoblast-like cells and resembling liposarcoma

Fig. 6.14 Urothelial carcinoma with chordoid stroma 
mimicking chordoma
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expression of the SWI/SNF complex is a fre-
quent event in this type of tumors [71–73].

Neuroendocrine carcinoma includes small 
cell carcinoma and large cell neuroendocrine 
carcinoma, which are discussed in Chap. 9.

 Summary

We have reviewed the morphological features 
of the variants of infiltrating UC and also high-
lighted major differential diagnoses for each vari-
ant, as well as the diagnostic pearls and pitfalls. 
It is important to recognize these variants in our 
daily practice that may impact clinical manage-
ment and patient prognosis evaluation.
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Other Types of Carcinoma

Kosuke Miyai, Hussam Abu-Farsakh, and Jae Y. Ro

 Squamous Cell Carcinoma

 Introduction

The 2016 World Health Organization (WHO) 
classification defines urinary bladder squamous 
cell carcinoma (SCC) as a carcinoma derived 
from the urothelium with a histologically pure 
squamous cell phenotype [1]. Therefore, if ele-
ments of an invasive or noninvasive urothelial 
carcinoma (UC) are present, the tumor should be 
classified as urothelial carcinoma with squamous 
differentiation. Although there are several poten-
tial etiologic factors, such as prolonged catheter-
ization and smoking, which lead to the 
development of urinary bladder SCC, the most 
significant factor is chronic bilharzial infection. 
In Western countries where bilharzial infection is 
not endemic, pure SCC is an uncommon variant 
of urinary bladder cancer. In contrast, urinary 

bladder SCC is the most prevalent histological 
type of bladder cancer in the Middle Eastern and 
African countries, where its pathogenesis is 
linked to an endemic, chronic bilharzial infec-
tion. A comparison between non-bilharzial and 
bilharzial SCC is summarized in Table 7.1.

 Epidemiology

Primary SCC in non-bilharzial urinary bladder is 
uncommon. In Western countries, pure SCC of 
the bladder represents 2.1–6.7% of all bladder 
malignancies [2–5]. The tumors are most often 
diagnosed in the seventh decade [2, 3, 5]. The 
male-to-female ratio for non-bilharzial SCC is 
slightly lower than that reported for UC and var-
ies from 1.3:1 to 1.8:1 [2–4].

The incidence of bilharzial bladder SCC is 
highest in Egypt, yet other countries, including 
Iraq, parts of Saudi Arabia, Yemen, and Sudan, 
also share a high incidence of this cancer type. In 
an earlier case series reported by Ghoneim et al., 
SCC accounts for 608 (59%) of 1026 cystectomy 
specimens collected in Egypt over a 21-year span 
[6]. However, a more recent report from Egypt 
has indicated that UC is currently more common 
than SCC, which corresponds to a decrease in 
bilharziasis incidence [7]. The male-to-female 
ratio is 5:1, and patients with bilharzial SCC are 
on an average 10–20  years younger than those 
diagnosed with non-bilharzial SCC, which is 
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most likely related to an increased occupational 
bilharzial exposure in men who work in the fields 
infested with these parasites [8, 9].

 Etiology

In the United States, SCC of the bladder often 
occurs in patients with a spinal cord injury who 
are subjected to prolonged placement of indwell-
ing catheters [10]. In these patients, diagnosis of 
non-bilharzial SCC is linked to bladder inflamma-
tion caused by chronic urinary tract irritation from 
bacterial infections, foreign bodies, bladder cal-
culi, or chronic bladder outlet obstructions. These 

recent studies reveal that the declining bladder 
cancer incidence may be associated with a change 
in catheterization procedures from chronic 
indwelling catheters to clean intermittent cathe-
terization [11]. In addition to catheterization- 
associated bladder SCC, there are several other 
potential causes that give rise to this cancer. There 
has been one case report of an SCC of the bladder 
diagnosed consequently to intravesical immuno-
therapy with bacillus Calmette-Guérin (BCG) in a 
patient with preexisting squamous dysplasia [12].

Bilharzial SCC carcinogenesis is most likely 
related to the secondary bacterial infections that 
accompany bilharzial infestation, rather than the 
parasite itself. This chronic bacterial infection has 
two distinct sequelae: (1) nitrates and secondary 
amines in the urine are reduced to carcinogenic 
nitrosamines through bacterial catalysis, and 
(2) bacterial infection is implicated in the secre-
tion of the β-glucuronidase enzyme, which may 
split conjugated carcinogens to yield free car-
cinogenic products [13, 14]. These carcinogens 
then act upon the mucosal epithelial cells of the 
bladder, resulting in irreversible and potentially 
carcinogenic changes in the DNA. Additionally, 
mechanical irritation and inflammation of the 
bladder caused by the parasite’s eggs also appears 
to be an important tumor- promoting factor [7]. 
Finally, other contributing factors include liver 
dysfunction, vitamin A and B deficiency, smok-
ing, chronic irritation due to urinary calculi, and 
exposure to pesticides [7, 14].

 Clinical Features

Principal clinical features of non-bilharzial uri-
nary bladder SCC are similar to those of 
UC.  Hematuria is the most common symptom, 
seen in 63–100% of patients, and irritative blad-
der symptoms are seen in two-thirds of these 
patients. Weight loss, back or pelvic pain, and 
obstructive symptoms are often suggestive of 
advanced disease, seen in one-third of patients [2, 
3]. At diagnosis, most patients have no previous 
history of urologic tumors. Finally, the tumor may 
occupy a diverticulum, and its relationship with 
bladder calculi has been well described [2, 3].

Table 7.1 Comparison between non-bilharzial and bil-
harzial SCC of the urinary bladder [4]

Features
Non-bilharzial 
SCC Bilharzial SCC

Epidemiology, causes, and clinical findings
Geographical 
distribution

Western countries Middle East, 
Africa, 
Southeast Asia, 
South America

% in all bladder 
malignancies

2.1–6.7% 59%

Age Seventh decade Fifth decade
Male/female 1.3–1.8:1 5:1
Principal 
predisposing 
factor

Prolonged 
catheterization in 
patients with 
spinal cord injury

Bacterial 
infections 
associated with 
bilharziasis

Principal 
symptom

Hematuria Irritative 
bladder

Pathological findings
Commonest 
gross feature

Ulcerative Nodular

Predominant 
site

Lower part of the 
bladder

Upper part of 
the bladder

Differentiation Most are 
moderately to 
poorly 
differentiated

Most are well 
to moderately 
differentiated

Stage Most are 
advanced

Most are 
advanced

Nodal 
involvement

8–10% 15–20%

Treatment and prognosis
Standard 
treatment

Radical 
cystectomy

Radical 
cystectomy

5-year survival 50–55% 43–57%

SCC, squamous cell carcinoma
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The clinical presentations of bilharzial SCC 
are similar to those of chronic cystitis: frequent 
and painful micturition, hematuria, suprapubic 
pain, and pyuria [8, 15]. Consequently, symp-
toms of regular bilharzial cystitis and early SCC 
significantly overlap, leading to a delay in can-
cer diagnosis. Therefore, almost all patients with 
SCC have at least some degree of muscle- invasive 
disease, and 25–30% of the patients are clinically 
inoperable at the time of diagnosis [8, 15].

 Pathological Features

In terms of gross findings, non-bilharzial SCCs 
of the bladder are not much different from UC 
and tend to be ulcerated, infiltrating, and unifocal 
at the time of diagnosis (Fig. 7.1a), while 60–80% 
of the bilharzial SCC cases appear as nodular 
fungating tumors [8, 16]. In a study of 114 
patients with non-bilharzial SCC, a predilection 
for the trigone and lateral wall has been recorded, 
occurring in 56 and 99 patients (including those 
with multiple tumors), respectively [3]. The 
tumor usually arises from the upper part of the 
urinary bladder at the posterior/lateral wall or 
vault. In contrast to the non-bilharzial SCC, tri-
gonal tumors are rare. The cut surface usually 
demonstrates a firm, white tumor that spans the 
entire wall of the bladder, lamina propria, muscu-
laris propria, and perivesical fat, and sometimes 
extends to adjacent organs (Fig. 7.1b).

Regardless of the existence of bilharzia, the 
histological hallmarks of bladder SCCs are polyg-
onal tumors cells with individual keratinization 
or group keratinization (keratin-pearl formation), 
intercellular bridges, and keratotic cellular debris. 
Well-differentiated SCCs show tumor nests with 
marked squamous differentiation (Fig.  7.2a). In 
moderately differentiated SCCs, nests are more 
irregular in outline, and keratotic foci are smaller 
(Fig.  7.2b). Poorly differentiated SCCs con-
sist of even smaller infiltrative nests, cords, tra-
beculae, or isolated anaplastic cells (Fig.  7.2c). 
Tumor necrosis is frequently seen and appears 
to inversely correlate with tumor differentiation. 
Keratinization of cells at the stromal interface is 
a sign of invasion. Most non-bilharzial SCCs are 
moderately to poorly differentiated, and well-
differentiated SCCs comprise less than 10% of 
all cases [17]. In contrast to non-bilharzial SCC, 
almost half of the bilharzial SCCs are well-dif-
ferentiated and show abundant keratinization 
with keratin pearl formation. Of the remaining 
tumors, 30–40% and 10–20% are moderately and 
poorly differentiated, respectively [8, 15, 16]. As 
shown in Fig.  7.2d, almost all of the bilharzial 
SCC specimens show histological evidence of 
bilharzial infection [8]. Active bilharzial granu-
lomas are observed in 10% of the cases, although 
mature worms of Schistosoma species are rarely 
seen inside veins.

Both bilharzial and non-bilharzial SCCs are 
usually diagnosed at a muscle-invasive stage 

a b

Fig. 7.1 Gross appearance (a) and cut surface (b) of squamous cell carcinoma of the urinary bladder
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[18, 19]. Compared to pathological staging, clin-
ical understaging has been reported in 30–60% 
of the cases [8, 19–21]. Importantly, in spite of 
the advanced T stages, the incidence of lymph 
node metastasis is relatively lower, in the order 
of 15–25% [8, 15–17, 19]. In addition, when 
compared to UC, SCC has a lower incidence of 
distant metastasis which is estimated to be pres-
ent in 8–10% of all cases [1, 22].

 Molecular and Genetic Aspects

The molecular data for SCC of the bladder has 
been compiled based mostly on the bilharziasis- 
associated cohort analysis. Several cytogenetic 
and classic molecular studies have showed gains 
of chromosomal material predominantly at 5p, 
6p, 7p, 8q, 11q, 17q, and 20q, while losses are 

most frequent at 3p, 4q, 5q, 8p, 13q, 17p, and 18q 
[23–25]. Classic cytogenetics and comparative 
genomic hybridization (CGH) have been per-
formed in only a few non-bilharzial SCC cases 
[26, 27]. Results of a single CGH study of 11 non-
bilharzial SCCs show that the predominant chro-
mosomal changes are gains at 1q, 8q, and 20q, as 
well as losses of 3p, 9p, and 13q [26]. With respect 
to the differences between SCC and UC, loss of 
3p has been demonstrated as a relatively specific 
genetic aberration for SCC [26, 27].

In a recent mutational analysis for TERT gene, 
TERT promoter mutation, which is the most 
common genetic alteration in UC of the urinary 
tract, is detected in 12/15 (80%) of non-bilharzial 
SCCs [28]. As with UC, p53 immunopositivity 
and gene mutation have been observed in a wide 
range of bilharzial SCCs [29–31]. Specifically, 
TP53 mutations in bilharzial SCC include more 

a b

c d

Fig. 7.2 Squamous cell carcinoma of the urinary bladder. 
Well-differentiated (a), moderately differentiated (b), and 
poorly differentiated (c) squamous cell carcinoma. (d) 

Bilharzial squamous cell carcinoma of the urinary bladder 
showing poorly differentiated features and ova of Schistosoma 
species. (Original magnification: a–c, x200; d, x100)
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base transitions at CpG dinucleotides than those 
seen in UCs [30]. Other molecular aberrations 
known to occur in UCs, including HRAS muta-
tions, EGFR overexpression, and HER2 expres-
sion, have also been detected in bilharzial SCC at 
comparable frequencies [31–33].

 Treatment and Prognosis

Irrespective of the bilharzial status, there are few 
treatment options available for patients diag-
nosed with bladder SCC. In most cases, radical 
cystoprostatectomy or radical cystectomy is rec-
ommended as the only viable therapeutic 
approach, as radiation and chemotherapy offer 
limited therapeutic benefits [34, 35]. 
Consequently, the 5-year disease-free survival 
rate following a radical cystectomy is 43–57%, 
with poor prognosis attributed to an advanced 
tumor stage and lymph node involvement at diag-
nosis [18, 19, 35]. Most bladder SCC patients die 
due to failure of locoregional tumor control: 
about 90% of the bladder SCC deaths are caused 
by a locoregional recurrence within 3  years of 
diagnosis. As shown by a recent study, the patho-
logic stage is the most important prognostic 
parameter for patients diagnosed with the bilhar-
zial SCC of the bladder: in a series of 154 bilhar-
zial SCC cases, the overall 5-year survival rate 
for patients with pT1 and pT2 tumors was 66.9%, 
compared to only 19% in those diagnosed with 
pT3 and pT4 tumors [36].

 Histological Variants of Bladder SCC

 Verrucous Carcinoma

Verrucous carcinoma is a rare, clinically indo-
lent variant of invasive SCC, more commonly 
seen in the oral cavity, larynx, anus, and geni-
tal areas. Grossly, verrucous carcinoma appears 
as an exophytic, fungating, or filiform tumor. 
Microscopically, this tumor is characterized 
by a broad-pushing tongue-like stromal inva-
sion by large-sized proliferations of very well- 

differentiated squamous epithelium, frequently 
associated with a dense infiltration of inflam-
matory cells at the interface between the atypi-
cal squamous proliferation and the underlying 
stroma [1]. Additionally, verrucous carcinoma 
tumor cells show lack of anaplastic features and 
frequent mitoses.

Pathologically, care should be taken to dis-
tinguish verrucous carcinomas from verrucous/
pseudoepitheliomatous hyperplasia. Verrucous 
carcinomas exhibit a downgrowth of the well- 
differentiated squamous epithelium, which 
extends to a much wider and deeper extent than 
that encountered in verrucous/pseudoepithelio-
matous hyperplasia. Therefore, in a superficial 
biopsy, the differentiation of these two condi-
tions is almost impossible, mandating sampling 
of deeper tissue for a definitive distinction.

 Basaloid SCC

Basaloid SCC is an aggressive and often deeply 
invasive neoplasm found mainly in the upper 
aerodigestive tract, penis, vulva, and cervix. The 
typical microscopic picture comprises of cen-
trally necrotic, solid nests of small, poorly dif-
ferentiated cells with scant cytoplasm resembling 
basal cell carcinoma, except that peripheral pali-
sading is not conspicuous and numerous mitoses 
are often present. Only two cases of basaloid 
SCC of the bladder have been described [37, 38]. 
Specifically, Vakar-López et al. described a case 
of a 60-year-old woman with a bladder tumor 
that was morphologically characterized by small 
nests of basaloid cells with numerous mitoses 
[37]. However, the reported case also had micro-
scopic foci of UC with squamous differentiation 
and SCC in situ. Neves et al. presented a case of 
the bladder basaloid SCC with a small amount 
(5%) of small cell carcinoma component [38]. 
The authors did not mention whether a concomi-
tant UC component was detected. As seen in 
penile basaloid SCC, there is one case report sug-
gesting the relationship between bladder basaloid 
SCC and human papilloma virus infection of the 
urinary tract [39].
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 Sarcomatoid SCC

Sarcomatoid SCC is an aggressive variant of 
SCC predominantly composed of spindle and 
pleomorphic cells, with at least focal histological 
or immunohistochemical evidence of squamous 
differentiation (Fig.  7.3). In a case series of 45 
bladder SCCs, 3 tumors showed a prominent 
focal spindled morphology [18]. However, the 
percentage of a sarcomatous component in com-
parison to the total tumor volume was not men-
tioned in the study. There has been a total of two 
reported cases of sarcomatoid carcinoma of the 
urinary bladder with SCC and small cell carci-
noma components [40, 41].

 Adenocarcinoma and Other 
Glandular Neoplasms

 Introduction

Primary adenocarcinoma of the urinary bladder 
is derived from the urothelium but represents a 
pure glandular phenotype. Secondary adenocar-
cinomas involving the bladder either by direct 
invasion or by metastasis are more common than 
primary adenocarcinomas, and sometimes it may 
be challenging to distinguish each other, even 
with a comprehensive immunohistochemical 
study. Most urachal carcinomas are adenocarci-

nomas. Urachal adenocarcinoma is usually 
described together with bladder adenocarcinoma 
as they exhibit similar clinical and histological 
features. However, a classification system 
recently proposed delineates urachal glandular 
tumors into two broad categories: mucinous cys-
tic tumors and non-cystic adenocarcinomas. The 
clinicopathological features and molecular 
aspects of these distinct glandular lesions are dis-
cussed in this chapter.

 Primary Adenocarcinoma

Primary adenocarcinoma is an uncommon malig-
nant neoplasm, accounting 0.5 to 2.0% of all 
bladder cancers. This neoplasm is usually seen in 
the patients’ sixth decade of life with a male-to- 
female ratio of 2.7:1 [42]. Hematuria is the most 
common symptom, but some patients may pres-
ent with irritative voiding symptoms and rarely 
mucusuria [43]. Although the pathogenesis is 
still unclear, several risk factors for primary blad-
der adenocarcinoma have been recognized, 
including bladder exstrophy, bilharziasis, cysto-
cele, and bladder endometriosis [42].

There is no specific gross finding of primary 
bladder adenocarcinoma, except for a gelatinous 
appearance on cut surface in some cases. Primary 
adenocarcinoma can arise anywhere in the urinary 
bladder but most commonly involves the base 

a b

Fig. 7.3 (a) Sarcomatoid squamous cell carcinoma with 
a histological transition between typical squamous cell 
carcinoma (upper right) and sarcomatoid carcinoma 

(lower left). (b) Spindled tumor cells with marked cyto-
logical atypia and frequent mitoses. (Original magnifica-
tion: a, x100; b, x400)
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(i.e., trigone and posterior wall). Histologically, 
bladder adenocarcinoma exhibits several dif-
ferent patterns, including enteric, mucinous, 
not otherwise specified (NOS), and mixed. The 
enteric type is similar to its gastrointestinal 
counterpart and is composed of pseudostratified 
nuclei and tall columnar cytoplasm (Fig.  7.4a). 
The mucinous type shows nests of infiltrating 
tumor cells floating in abundant extracellular 
mucin (Fig.  7.4b). In some cases of mucinous 
adenocarcinoma, signet ring cells with a large 
intracellular mucin vacuole that displace the 
nucleus to the periphery (Fig. 7.4c). Importantly, 
as carcinomas predominantly composed of signet 
ring cells without stromal mucin deposition have 
been reported to have a worse prognosis than do 
other histological types of adenocarcinoma [44], 
these are currently classified as plasmacytoid 
urothelial carcinoma [42]. Tumors with a mixture 
of the enteric and mucinous components are the 

most common histology of adenocarcinoma [42]. 
Other cases have nonspecific glandular growth; 
these are classified as the adenocarcinoma NOS 
type (Fig.  7.4d). There is no consensus on the 
grading system for bladder adenocarcinoma. 
Because  immunohistochemistry is usually per-
formed for the differential diagnosis between 
primary and secondary bladder adenocarcinoma, 
immunophenotype of the primary adenocarci-
noma is integrally discussed in a section of sec-
ondary adenocarcinoma.

The molecular and genetic data on primary 
bladder adenocarcinoma are still limited. In 
a recent study using targeted next-generation 
sequencing for 15 primary adenocarcinomas, 11 
exhibit at least one genomic alteration in TP53, 
KRAS, PIK3CA, CTNNB1, APC, TERT, FBXW7, 
IDH2, and RB1; however, all 3 adenocarcinomas 
with mucinous features show the distinct lack 
of genomic alterations across 51 cancer-related 

a b
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Fig. 7.4 Primary adenocarcinoma of the urinary bladder. Enteric type (a), mucinous type (b) with signet ring cells (c), 
and NOS type (d). (Original magnification, x200)
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genes examined [45]. TERT mutation has also 
been reported in up to one-third of primary blad-
der adenocarcinoma [46].

Patients with bladder-invasive adenocarci-
noma usually require radical cystectomy with 
pelvic lymph node dissection and urinary diver-
sion. In some cases, partial cystectomy can be 
a treatment option, but a relatively high recur-
rence rate of the tumor after partial resection has 
been indicated [47]. Transurethral resection and 
intravesical BCG/mitomycin C therapy is gener-
ally ineffective for bladder adenocarcinoma. If 
the patient is not a candidate for surgery, radia-
tion and chemotherapy may be considered. The 
prognosis for primary adenocarcinoma is gener-
ally poor, as most patients have advanced disease 
at diagnosis. The 5-year survival rate has been 
reported in the range of 40–50% [47, 48].

 Secondary Adenocarcinoma

Secondary bladder involvement by adenocarci-
noma of adjacent organs through direct extension 
or metastasis via a lymphovascular route is more 
common than primary bladder adenocarcinoma. 
The common primary organs to be considered 
include the colon, prostate, female genital tract, 
and breast.

Colorectal adenocarcinoma is the most fre-
quent secondary tumor involving the bladder 
wall. It is generally difficult to differentiate 
primary bladder adenocarcinoma from second-
ary colorectal adenocarcinoma based on mor-
phological features, especially on small biopsy 
specimens, as they share similar histological 
features. Immunohistochemistry has limited util-
ity but is often used to help the differential diag-
nosis. Colorectal adenocarcinomas usually show 
nuclear and cytoplasmic/membranous staining 
for β-catenin, while primary bladder adenocar-
cinomas are negative or show only cytoplasmic/
membranous staining [49]. Most bladder ade-
nocarcinomas are immunoreactive for throm-
bomodulin and cytokeratin (CK) 7, whereas 
colorectal carcinomas are negative for thrombo-
modulin and CK7 [50]. CK20, CDX2, villin, and 
cadherin-17 are not useful, as they are commonly 

expressed in both colorectal and bladder adeno-
carcinomas [49]. Importantly, clinical history and 
colonoscopic findings are essential to identify the 
correct origin in most cases.

Prostatic adenocarcinoma also commonly 
invades the bladder, particularly the bladder neck 
and trigone regions. Because most prostatic ade-
nocarcinomas are acinar type and demonstrate 
small atypical glands composed of relatively uni-
form malignant cuboidal cells, it is not difficult to 
distinguish them from bladder adenocarcinoma. 
However, a small subset of prostatic adenocar-
cinomas is ductal type with large tubulopapil-
lary or cribriform gland with focal necrosis, 
resembling the enteric-type bladder adenocarci-
noma. Although immunohistochemical study is 
extremely valuable in the differential diagnosis, a 
part of poorly differentiated or previously treated 
prostatic adenocarcinoma may not be immuno-
reactive for PSA and PSAP [51]. In this situa-
tion, the use of a panel together with additional 
prostate- specific markers including prostein and 
NKX3.1 is recommended [51].

Endometrial adenocarcinoma, especially 
endometrioid carcinoma, shows atypical glan-
dular structures with occasional mucinous and 
squamous differentiations and may spread to 
the urinary bladder at advanced stages. Lobular-
type breast carcinoma which seems to be more 
common involves the bladder than ductal type, 
although both types can involve the bladder. It 
may be challenging to distinguish these adeno-
carcinomas with bladder adenocarcinoma on a 
morphological analysis alone; however, immu-
nohistochemical staining coupled with clinical 
 history generally leads to the correct diagnosis 
[52]. Endometrioid carcinoma and breast adeno-
carcinoma are positive for estrogen receptor and 
progesterone receptor, whereas bladder adeno-
carcinomas are negative for these markers.

 Urachal Adenocarcinoma

The urachus is a vestigial fibrous structure that 
connects the urinary bladder to the allantois during 
early embryogenesis. While the lumen of the ura-
chus begins to be gradually obliterated during fetal 
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development, incomplete obliteration can cause a 
tubular or cystic structure in the dome and else-
where along the midline of the bladder in approxi-
mately one-third of adults at autopsy [53]. The 
urachal remnant is usually lined by urothelium; 
however, a vast majority of the urachal tumors are 
adenocarcinomas (occasionally UC or SCC). 
Urachal adenocarcinoma is less common than pri-
mary bladder adenocarcinoma, accounting less 
than 1% of all bladder carcinomas but approxi-
mately 10% of primary adenocarcinomas involv-
ing the bladder [43]. Most cases occur in the fifth 
or sixth decade of life, with the mean patient age 
of 51 years, about 10 years younger than that for 
bladder adenocarcinoma [43]. A male-to-female 
ratio of patients is 2:1 to 3:1. Patients may present 
with hematuria, pain, irritative symptoms, mucus-
uria, and umbilical discharge.

The clinicopathological criteria for diagnosis 
of urachal adenocarcinoma includes (1) location 
of the tumor in the bladder dome and/or anterior 
wall, (2) epicenter of carcinoma in the bladder 
wall, (3) absence of mucosal surface changes 
such as cystitis cystica and/or cystitis glandularis 
beyond the dome or anterior wall, and (4) absence 
of a known primary elsewhere [54]. The presence 
of a related urachal remnant supports the diag-
nosis, but its absence does not exclude this pos-
sibility. The cut surfaces of tumors are typically 
firm, whitish gray masses but occasionally are 
discrete, cystic, or cavitary tumors (Fig. 7.5).

A classification system, proposed by Amin 
et al. [55] and adopted by the 2016 WHO classi-
fication, delineates urachal glandular tumors into 
two broad categories, mucinous cystic tumors 
and non-cystic adenocarcinomas (Table  7.2). 
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Fig. 7.5 Gross appearance (a) and a low-power view (b) 
of urachal non-cystic adenocarcinoma. Microscopically, 
enteric adenocarcinoma with focal urachal remnant (c) 

and stromal invasion (d) is noted. (Original magnification: 
c, x100; d, x200)
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Non-cystic adenocarcinomas (accounting for 
83% of cases) are more common than cystic 
tumors (17% of cases) [54, 55]. Non- cystic ura-
chal adenocarcinomas exhibit a similar histol-
ogy to primary bladder adenocarcinomas: enteric 

(Fig. 7.5), mucinous (with or without signet ring 
cells), and NOS types. On the other hand, muci-
nous cystic tumors demonstrate a morphological 
homology with mucinous tumors of the ovary: 
mucinous cystadenoma, mucinous cystadenoma 
of low malignant potential (MCTLMP) (with or 
without intraepithelial carcinoma), and mucinous 
cystadenocarcinoma with either microscopic or 
frank invasion [55]. Mucinous cystadenoma is a 
cystic tumor lined by a single layer of mucinous 
columnar cells with minimal cytological atypia 
and structural complexity. MCTLMP constitutes 
more than 50% of the mucinous cystic tumors 
and shows areas of epithelial proliferation, 
including formation of papillae and low- grade 
cytological atypia, resembling those of mucinous 
borderline tumor of the ovary (Fig. 7.6a, b and c). 
In a small subset of tumors, foci of intraepithelial 

Table 7.2 Glandular tumors of the urachus [54]

Mucinous cystic tumors
  Mucinous cystadenoma
  Mucinous cystic tumor of low malignant potential 

with or without intraepithelial carcinoma
  Mucinous cystadenocarcinoma with microscopic or 

frank invasion
Non-cystic adenocarcinoma
  Enteric adenocarcinoma
  Mucinous adenocarcinoma with or without signet 

ring cells
  Adenocarcinoma, NOS
  Mixed adenocarcinoma

a b

dc

Fig. 7.6 Morphological spectrum of a single mucinous 
cystic tumor (a). Mucinous cystadenoma-like area (b), 
mucinous cystic tumor of low malignant potential (c), and 

a focal intraepithelial carcinoma component (d) are 
observed (original magnification: a, x40; b–d, x200)
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carcinoma characterized by severe atypia, abun-
dant mitoses, and complex architecture may be 
observed (Fig.  7.6d). For mucinous cystadeno-
carcinoma, Amin et  al. defines lesions showing 
stromal invasion <2  mm and comprising <5% 
of the tumor as mucinous cystadenocarcinomas 
with microinvasion and lesions with more exten-
sive invasion as those with frank invasion [55], 
although the interobserver reproducibility and 
clinical significance of this distinction have not 
been evaluated. Importantly, as the spectrum of 
atypia or only a small focus of invasive carci-
noma may be present in individual cystic lesions 
(Fig.  7.6), rigorous sampling is necessary par-
ticularly when any degree of atypia is detected 
[56]. Immunohistochemical finding of non-cystic 
adenocarcinomas is essentially identical to that 
of mucinous cystic tumors; both types of tumors 
demonstrate variable (about 50%) CK7 and dif-
fuse CK20 and CDX2 immunoreactivity [54, 55, 
57]. There has been no helpful marker to distin-
guish between primary bladder adenocarcinoma 
and urachal adenocarcinoma. As with primary 
bladder adenocarcinoma, the lack of only focal 
positivity of nuclear β-catenin is potentially valu-
able in differentiating urachal adenocarcinoma 
from secondary bladder involvement of colorec-
tal adenocarcinoma [57].

Recent studies using next-generation sequenc-
ing for urachal glandular tumors have revealed 
the molecular characteristics and genetic under-
pinnings of these rare neoplasms. Primary ura-
chal adenocarcinomas harbor the spectrum of 
molecular alterations which are similar to those 
of primary bladder adenocarcinoma and colorec-
tal adenocarcinoma, including KRAS, NRAS, 
BRAF, APC, TP53, NF1, and/or SMAD4 muta-
tions [58–60]. However, they generally lack 
TERT promoter and PIK3CA mutations, which 
are common in urothelial carcinoma [59, 61]. 
Of note, these sequencing studies to date have 
not subclassified urachal tumors according to 
the 2016 WHO classification; the molecular 
 differences between urachal mucinous cystic 
tumors and non-cystic adenocarcinomas remain 
unclear.

The 5- and 10-year cancer-specific survival 
rates for patients with urachal adenocarcinoma 

are 40–64% and 31–49%, respectively [43, 62]. 
Importantly, progression-free survival of nonin-
vasive mucinous cystic tumors is significantly 
better than that of non-cystic adenocarcinoma 
[55]. The Sheldon system is the most widely 
used staging system for urachal neoplasms and 
divides tumors as follows: confined to the urachal 
mucosa (pT1); extending into the urachal muscu-
lar layer (pT2); locally extending into the urinary 
bladder, abdominal wall, or other adjacent organs 
(pT3); and metastatic tumors (pT4) [63]. A vari-
ety of other similar staging systems, including 
Mayo and Ontario systems, have also suggested 
that clinically localized tumors have a good over-
all prognosis, whereas locally advanced and/or 
metastatic tumors have a poor overall progno-
sis [64, 65]. The current interest in staging for 
urachal carcinoma is a simplified dichotomous 
approach to divide tumors: (1) tumors confined 
to the urachus, bladder, and perivesical tissue and 
(2) tumors which spread to the peritoneum and 
other organs [66].

 Clear Cell Carcinoma (Tumor 
of the Müllerian Type)

Clear cell carcinoma is a rare bladder carcinoma 
arising from preexisting Müllerian-type epithe-
lium, typically endometriosis. Unlike other blad-
der glandular tumors, clear cell carcinoma occurs 
more frequently in females, and the mean age of 
patients is 57 years (ranging from 22 to 83 years) 
[67]. Patients usually present with hematuria, uri-
nary frequency, or dysuria. Grossly, the tumor 
typically forms an exophytic and papillary mass. 
Histology of bladder clear cell carcinoma is simi-
lar to that of female genital tract, which is charac-
terized by tubulocystic, papillary, and diffuse 
solid patterns of cuboidal or columnar tumor 
cells with clear and eosinophilic cytoplasm 
(Fig. 7.7). Hobnail cells are frequently observed. 
The nuclei are large with finely granular chroma-
tin and prominent nucleoli (Fig.  7.7). 
Immunohistochemically, the tumor cells are usu-
ally positive for CK7, PAX8, AMACR, and 
CA-125, napsin A, and variably CK20, S100 pro-
tein, and PAX2 [67–70]. Nephrogenic adenoma, 
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which also exhibits the proliferation of cuboidal 
or hobnail clear cells, should be differentiated 
from clear cell carcinoma [71]. Nephrogenic ade-
noma lacks prominent cytoarchitectural atypia 
and solid growth areas and more frequently 
affects males [71, 72]. Other differential diagno-
ses include metastatic clear cell carcinoma from 
the female genital tract and metastatic clear cell 
renal cell carcinoma. Overall, clinicoradiological 
correlations with careful immunohistochemical 
study are helpful for the correct diagnosis.
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Mesenchymal Tumors

Michael J. Hwang and Pheroze Tamboli

 Benign Mesenchymal Tumors

Benign mesenchymal tumors are similar to those 
observed in the soft tissue and other viscera. 
Most are straightforward to diagnose, as long as 
the pathologist includes these in their differential 
diagnosis, especially when faced with a tumor 
that appears to be “out of place” for the bladder 
and usual categories of bladder tumors.

 Paragangliomas

Of all the benign tumors arising in the urinary 
bladder, paragangliomas are the ones most 
likely to be confused for urothelial carcinoma. 
As with other sites, chromaffin cells are con-
sidered the precursor cells of these tumors [1]. 
Paragangliomas have been reported in almost 
all age groups. In some series, they have been 
reported to be more common in women, with a 
male-to-female ratio of 1:3 [2]. Up to two-thirds 
of tumors are reported to express catecholamines, 

causing hypertension, headaches, tachycardia, 
and palpitations [1, 3].

Paragangliomas generally present as intra-
mural masses, most often found in the bladder 
trigone and dome. Tumors have been reported to 
range from 1 cm to 9 cm, with an average of 4 cm 
[1]. Morphologic features of bladder paragangli-
omas are similar to those of pheochromocytoma 
of the adrenal gland and paragangliomas in other 
sites, including the typical zellballen appearance 
of tumor nests surrounded by a network of thin 
blood vessels (Fig. 8.1). Tumor cells tend to be 
uniform with moderate to abundant pale eosin-
ophilic or clear cytoplasm and round or oval 
nuclei. Scattered cells with large bizarre nuclei 
may be present (Fig.  8.1). Mitoses are uncom-
mon in most cases.

As expected, immunohistochemical stains of 
neuroendocrine differentiation including chro-
mogranin, synaptophysin (Fig.  8.2), and CD56 
are positive in the tumor cells. S-100 protein 
and SOX-10 highlight the sustentacular cells, 
although in some cases they may be hard to iden-
tify (Fig.  8.3). In recent years, paragangliomas 
have been reported to stain with the GATA-3 
immunohistochemical stain (Fig.  8.4) in up to 
90% of cases studied [4]. This fact needs to be 
kept in mind when GATA-3 is used in the dif-
ferential diagnosis between urothelial carcinoma 
and paraganglioma. Epithelial markers, includ-
ing cytokeratin, EMA, and carcinoembryonic 
antigen (CEA), are typically negative.

M. J. Hwang 
Department of Pathology and Laboratory Medicine, 
Indiana University School of Medicine,  
Indianapolis, IN, USA 

P. Tamboli (*) 
Department of Pathology, The University of Texas 
M. D. Anderson Cancer Center, Houston, TX, USA
e-mail: ptamboli@mdanderson.org

8

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-71509-0_8&domain=pdf
https://doi.org/10.1007/978-3-030-71509-0_8#DOI
mailto:ptamboli@mdanderson.org


98

Paraganglioma may be misdiagnosed as uro-
thelial carcinoma, especially the nested variant, 
which has an infiltrative growth pattern along 
with uniform tumor cells. Distorted paragan-
glioma cells deep in the bladder wall in small 
cauterized tissue fragments may also be confused 
for urothelial carcinoma (Fig.  8.5). Intact sur-
face urothelium without dysplastic changes and 
appropriate use of immunohistochemical stains 
can help reach the correct diagnosis (Fig. 8.6).

Paragangliomas with necrosis, mitoses, and 
vascular invasion are reported to behave more 

aggressively [3]. However, as with pheochromo-
cytomas, metastasis is the most reliable indicator 
of malignant behavior.

Similar to pheochromocytomas, mutations 
of succinate dehydrogenase (SDH) subunits B 
(SDHB) and D (SDHD) have been reported in a 
subset of patients with paragangliomas, resulting 
in severely reduced tumor SDH activity. Using the 
immunohistochemical stain for SDHB (Fig. 8.7), 
lack of expression in the tumor cells, as opposed 
to the nonneoplastic cells that serve as an internal 
positive control, can identify patients with germ 
line SDHB mutations [2]. SDH-deficient para-
gangliomas have similar morphologic features to 
those of SDH-intact tumors. However, the SDH-
deficient tumors have been reported to be larger, 

Fig. 8.1 Paraganglioma of the urinary bladder with 
tumor cells arranged in the zenballen configuration. 
Tumor cells have abundant eosinophilic cytoplasm. In 
contrast to the uniform round or oval nuclei of most tumor 
cells, some tumor cells have larger, variably sized, or 
pleomorphic nuclei

Fig. 8.2 Diffuse synaptophysin staining in paraganglioma

Fig. 8.3 S-100 stain in paraganglioma. Only scattered 
sustentacular cells are identified in the upper half of the 
image

Fig. 8.4 GATA-3 stains the paraganglioma tumor cells
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Fig. 8.5 Distorted and cauterized fragment of paragan-
glioma within the muscularis propria. There are distorted 
single tumor cells with large nuclei resembling high-grade 
urothelial carcinoma. When tumor cells are observed only 
within the lamina propria or muscularis propria with rela-
tively intact urothelium, tumors other than urothelial car-
cinoma should be considered in the differential diagnosis

Fig. 8.6 Chromogranin stain highlights the paragangli-
oma cells, which are not clearly evident on the H&E in 
Fig. 8.5

a b

Fig. 8.7 Succinate dehydrogenase B (SDH-B)-negative 
paraganglioma. The H&E on the left (image A) shows 
typical morphologic features of a paraganglioma. The 
SDH-B immunohistochemical stain is negative in the 

tumor cells (right side, image B). Nonneoplastic cells, 
blood vessels in this image, serve as a internal positive 
control
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with higher number of mitosis, frequent lympho-
vascular invasion, higher Ki67 labeling index, 
and are more likely to metastasize [5, 6].

 Leiomyoma

This is the most common benign mesenchymal 
tumor of the urinary bladder. Most tumors occur 
in women and affect patients of all ages, includ-
ing children [7]. These patients typically present 
with lower urinary tract symptoms (LUTS) such 
as hematuria, dysuria, and increased frequency of 
urination or urinary obstruction. At cystoscopy, 
they are observed as submucosal lesions, with 
normal-appearing surface mucosa in most cases. 
In rare cases, they may project into the bladder 
lumen as a pedunculated mass.

Grossly, they are similar to uterine leio-
myomata with a firm, well-circumscribed, and 
whorled cut surface. Their morphologic features 
are typical of leiomyoma, the tumors are well-
circumscribed (Fig.  8.8), with interlacing bun-
dles of uniform smooth muscle cells with ovoid 
blunt-ended nuclei (Fig. 8.9). Some tumors may 
be more cellular with mild nuclear atypia. Rare 
mitoses may be present. Tumor necrosis is gen-
erally absent [8] but has been reported in rare 
tumors [7, 9]. In 2010, some tumors with degen-

erative nuclear atypia, but without mitotic activ-
ity, were referred to as symplastic leiomyomas. 
These cases were reported to have a benign clini-
cal course [9].

As with all smooth muscle tumors, immu-
nohistochemical stains for smooth muscle actin 
(SMA), calponin, caldesmon, desmin, CD34, 
and vimentin stains are positive. Estrogen and 
progesterone receptor staining has also been 
reported in few cases.

Low-grade leiomyosarcoma is the most impor-
tant differential diagnosis for this tumor and is 
further discussed in the section on leiomyosar-
coma below. Smooth muscle tumors lacking cir-
cumscription, those with one or more mitosis per 
10 hpf, significant nuclear atypia, and necrosis 
should be considered as leiomyosarcomas [7]. 
The paucicellular foci of inflammatory myofibro-
blastic tumors (IMT) may be sometimes confused 
for smooth muscle cells in a small sample, espe-
cially since IMT also stain similar to smooth mus-
cle cells. However, when viewed in the context of 
the entire tumor, the diagnosis is not difficult.

Most leiomyomas are treated by transurethral 
resection, less often by enucleation or partial cystec-
tomy, and rarely by total cystectomy. As expected, 
these tumors have a benign clinical course [9].

Fig. 8.8 Leiomyoma of the urinary bladder. There is a 
well-circumscribed uniform tumor nodule in the deep 
lamina propria, underneath the urothelial mucosa

Fig. 8.9 Leiomyoma of the urinary bladder (upper right) 
contrasting with muscularis propria (lower left). The leio-
myoma has interlacing bundles of uniform smooth muscle 
cells, and the tumor forms a distinct boundary with the 
muscularis propria
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 Neurofibroma

Although rare, neurofibroma is the third most 
common benign mesenchymal tumor of the uri-
nary bladder. Approximately 60 cases have been 
reported in the literature [10, 11]. These tumors 
are most commonly seen in patients with type 1 
neurofibromatosis (Fig. 8.10). They are present in 
the lamina propria and/or the muscularis propria, 
where they form plexiform mass(es). Tumors 
close to the urothelial mucosa may form a pol-
ypoid mass projecting into the bladder lumen. 
Large tumors extensively involving the urinary 
bladder have also been reported.

Their morphologic features are similar to 
other neurofibromas, with spindle cells that pos-
sess wavy eosinophilic cytoplasm and elongated 
cigar-shaped nuclei without nucleoli (Fig. 8.10). 
Morphologic features typically associated with 
cellular neurofibromas, such as pleomorphic 
nuclei with prominent nucleoli, may be present 
in some tumors. The differential diagnosis for the 
more cellular tumors includes malignant periph-
eral nerve sheath tumor (MPNST) [11] and rarely 
sarcomatoid urothelial carcinoma and inflamma-
tory myofibroblastic tumor.

 Other Benign Tumors

While leiomyoma and paraganglioma are the 
most common benign stromal tumors of the uri-

nary bladder, there are other stromal tumors that 
rarely affect the urinary bladder. All of these also 
have similar morphologic features as their soft 
tissue counterparts.

Schwannoma affecting the urinary bladder has 
been reported in a few patients who did not have 
neurofibromatosis [12]. As with other stromal 
tumors, they morphologically resemble schwan-
nomas seen elsewhere in the body.

Granular cell tumor of the urinary blad-
der is rare, with fewer than 20 cases reported. 
Their morphology is similar to other granular 
cell tumors [13]. The granular eosinophilic 
cytoplasm may raise the differential diagno-
sis of urothelial carcinoma or squamous cell 
carcinoma. S-100 immunohistochemical stain 
is helpful, as it is typically positive in these 
tumors.

Lipomas of the urinary bladder are rare, 
with fewer than ten reported cases [14]. 
Morphologically, they resemble typical lipomas 
composed of mature adipose tissue.

Ganglioneuroma usually presents as a 
component of a composite paraganglioma- 
ganglioneuroma [15]. Nevertheless, they may 
occur as isolated tumors.

Gastrointestinal stromal tumor (GIST) has 
been reported in the urinary bladder and needs to 
be considered in the differential diagnosis of spin-
dle cell tumors [16]. These extra- gastrointestinal 
GISTs are also consistently positive for CD117 
(c-kit), with about 60–70% of tumors co-express-
ing CD34.

Other benign stromal tumors reported to 
involve the urinary bladder include hemangi-
oma, lymphangioma, solitary fibrous tumor, and 
rhabdomyoma.

 Malignant Mesenchymal Tumors

As with the benign stromal tumors, primary 
malignant mesenchymal tumors of the urinary 
bladder are rare. Most cases are reported either as 
isolated cases or as a small series of cases. Their 
morphologic features are no different than those 
of their counterparts in the soft tissue or other 
viscera.

Fig. 8.10 Neurofibroma of the urinary bladder in a 
young child with history of neurofibromatosis. Tumor 
cells possess wavy eosinophilic cytoplasm and elongated 
cigar-shaped nuclei without prominent nucleoli
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 Leiomyosarcoma

Leiomyosarcoma (LMS) is the most common sar-
coma of the urinary bladder. These tend to occur 
later in life, usually in men between the ages of 
60 and 70; however, there is a wide age range 
reported in the literature [7]. Some patients have 
a prior history of radiation therapy to the pelvic 
region, and few tumors have also been reported in 
patients treated with cyclophosphamide. As with 
other bladder tumors, patients present with lower 
urinary tract symptoms including gross hematu-
ria, urinary frequency, and rarely pelvic pain.

Tumor size is variable, with 5 cm being the aver-
age reported in the literature [7, 17–19]. Tumors 
close to the urothelial mucosa may form a polypoid 
mass, sometimes with an ulcerated surface. These 
tumors tend to have an infiltrative growth pattern 
and are soft and fleshy. Necrosis, hemorrhage, and 
myxoid change may also be evident.

Morphologic features are similar to those of 
LMS in soft tissue or other viscera, including inter-
lacing fascicles of malignant spindle cells and foci 
of necrosis. Cells have eosinophilic cytoplasm, 
hyperchromatic pleomorphic nuclei, and one or 
more nucleoli (Fig. 8.11). Myxoid stroma may be 
seen in a subset of tumors. Some tumors are pre-
dominantly composed of epithelioid cells [7, 17, 
18]. Majority of cases are reported to have >5 mito-

ses per 10 high-power fields (HPF). Mitotic count 
and presence of necrosis provide important diag-
nostic clues to differentiate LMS from leiomyomas.

While most LMS are high-grade, a small num-
ber are considered low-grade. Unlike leiomyo-
mas, low-grade LMS are not well- circumscribed, 
exhibit cytologic atypia and necrosis, and have 
mitoses, although with a lower mitotic count. In 
essence, tumors with an invasive growth pattern, 
significant nuclear atypia, necrosis, and mitoses 
should be diagnosed as LMS.  The presence of 
mitoses is important; however, there are reports 
of low-grade LMS with only 1 mitosis per 10 hpf, 
affecting patients who died of metastatic disease 
[7]. It should be noted that there is no universally 
accepted grading or staging system for LMS of 
the urinary bladder. However, there are several 
proposed systems based on nuclear atypia, mito-
ses, tumor necrosis, tumor size, depth of inva-
sion, and presence metastasis [20, 21].

In biopsies and TURBTs, it may be difficult 
to diagnose a low-grade LMS. These tumors are 
more cellular than a leiomyoma, have atypical 
nuclei and few or no visible mitoses, and lack 
necrosis. Fortunately, these tumors are rare and 
are best assigned a diagnosis of smooth muscle 
tumor of unknown malignant potential, with 
the caveat that the biologic behavior cannot be 
accurately predicted until the entire tumor can be 
evaluated (Figs. 8.12, 8.13 and 8.14).

Fig. 8.11 Leiomyosarcoma of the urinary bladder. 
Morphologic features include fascicles of malignant spin-
dle cells, with eosinophilic cytoplasm, hyperchromatic 
pleomorphic nuclei, and one or more prominent nucleoli. 
The overlying urothelial mucosal surface (upper left cor-
ner) is ulcerated

Fig. 8.12 Smooth muscle tumor of unknown malignant 
potential. In this limited TURBT sample, the tumor 
appears well circumscribed (upper left). Even at this low- 
power view, variably sized nuclei are visible
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LMS stain positive with immunohistochemical 
stains for SMA, caldesmon, and calponin. Desmin 
is reported positive in less than half of these 
tumors. Epithelial markers such as cytokeratin 
and EMA may be focally positive in some tumors, 
especially the ones with epithelioid cells [22].

Inflammatory myofibroblastic tumor 
(described later in this chapter) and sarcoma-
toid urothelial carcinoma with smooth muscle 
differentiation are the two most common differ-
ential diagnostic considerations for high-grade 
LMS.  Sarcomatoid urothelial carcinoma gener-
ally has a typical invasive carcinoma or carcinoma 
in situ component, in addition to the malignant 

spindle cell component. Immunohistochemical 
stains for cytokeratin cocktail, high molecu-
lar weight cytokeratin (HMWCK), p63, and 
GATA-3 may be useful to identify the urothelial 
carcinoma component. But prudence is required 
as some sarcomas may stain with cytokeratin, 
while sarcomatoid urothelial carcinoma may 
show only focal staining with epithelial markers 
of urothelial differentiation (Fig. 8.15).

 Rhabdomyosarcoma

Rhabdomyosarcomas (RMS) are the most com-
mon malignant bladder tumors in children. 
However, few cases have also been reported in 
adults. They affect children of all ages and have a 
slight male preponderance [23, 24]. Most patients 
present with hematuria, accompanied by other 
urinary tract symptoms including frequency, dys-
uria, and sometimes urinary obstruction.

These tumors usually form a polypoid, soft, 
and fleshy mass, with necrosis and sometimes 
foci of hemorrhage. Morphologically, these are 
similar to RMS in other sites. Although all types 
of RMS have been reported to involve the bladder, 
embryonal RMS is by far the most common type. 
The botryoid subtype accounts for about a third 
of the embryonal RMS in the bladder. Spindle or 
stellate cells are present within myxoid stroma. 
Typical rhabdomyoblasts, with eosinophilic cyto-
plasm and cytoplasmic cross-striations, are pres-
ent and are most readily visible in the botryoid 
subtype. Multiple mitoses are present, especially 
in the embryonal type. Alveolar RMS is less 
common, generally lacks the typical rhabdomyo-
blasts, and has fewer mitoses than the embryonal 
type [24]. Following chemotherapy, well-differ-
entiated rhabdomyoblasts may be present. These 
cells have a large, smooth, single nucleus with-
out significant pleomorphism or atypia and lack 
mitotic activity. These do not indicate the pres-
ence of persistent disease, and should not be con-
fused for residual tumor, because the presence of 
residual tumor is an indication for continuation 
of chemotherapy [25].

Immunohistochemical stains used for diagno-
sis of RMS include myogenin, myo-D1, desmin, 

Fig. 8.13 Smooth muscle tumor of unknown malignant 
potential. Higher-power view (same tumor as in Fig. 8.12) 
shows variably sized nuclei, some of which are hyper-
chromatic and highly atypical

Fig. 8.14 Smooth muscle tumor of unknown malignant 
potential. Low Ki67 stain index
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and myoglobin. Nuclear transcription factors 
myogenin and myo-D1 are the most sensitive 
and specific stains used for this diagnosis. Since 
these are nuclear stains, cytoplasmic staining is 
considered nonspecific and needs to be reported 
as negative. Embryonal RMS exhibits a hetero-
geneous pattern of staining, while alveolar RMS 
shows strong diffuse nuclear staining with myo-
genin and myo-D1.

 Angiosarcoma

This sarcoma has been reported in fewer than 40 
patients, a number of whom had a prior history of 
pelvic radiation therapy [26, 27]. These sarcomas 
are often deeply invasive into the muscularis propria. 
As with all primary bladder sarcomas, their morpho-
logic features are similar to those of their visceral 
or soft tissue counterparts (Figs.  8.16 and 8.17). 

a b

Fig. 8.15 Sarcomatoid urothelial carcinoma. The H&E 
on the left (image a) shows malignant spindle cells and 
nests of atypical epithelioid cells, resembling sarcoma. 

However, cytokeratin cocktail is only focally strongly 
positive in the spindle cells (right side, image b)

Fig. 8.16 Angiosarcoma of the urinary bladder in a 
patient with a prior history of pelvic radiation therapy. The 
tumor has more epithelioid features, resembling a high- 
grade urothelial carcinoma invading the adipose tissue. 
This case was diagnosed as high-grade urothelial carci-
noma on the initial biopsy, due to the limited sample and 
the lack of clinical history
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“Pseudoangiosarcomatous carcinoma” is an impor-
tant differential diagnostic consideration in addition 
to sarcomatoid urothelial carcinoma, where urothe-
lial carcinoma cells may form anastomosing chan-
nels and abortive pseudo-vascular spaces, due to 
acantholysis of tumor cells. CD31, ERG, and factor 
VIII immunohistochemical stains are positive in the 
angiosarcoma, while cytokeratin cocktail, GATA-3, 
cytokeratin 7, and p63 are positive in the urothelial 
carcinoma.

 Miscellaneous Sarcomas 
of the Urinary Bladder

Other primary sarcomas arising in the urinary 
bladder are few and far between. These sarcomas 
have been reported as primary tumors; however, 
some of these, especially those reported in the 
early days of immunohistochemistry, may rep-
resent sarcomatoid urothelial carcinoma with 
divergent differentiation (Fig. 8.18). To reach the 
diagnosis of these primary sarcomas, sarcomatoid 
urothelial carcinoma and secondary involvement 
need to be ruled out. Extensive sampling may be 
required to rule out the presence of typical uro-
thelial carcinoma and/or urothelial carcinoma in 
situ. For this reason, one should be cautious with 

making the diagnosis of primary sarcomas of the 
bladder in a limited sample.

Approximately 35 cases of primary osteosar-
coma have been reported [28]. Their morphologic 
features are typical of other extra-skeletal osteosar-
comas. Their differential diagnosis also includes 
urothelial carcinoma with osseous metaplasia.

Chondrosarcoma of the urinary bladder is 
rare and has the same morphologic features as 
those involving soft tissue [29]. However, as with 
osteosarcoma, heterologous cartilaginous com-
ponent of sarcomatoid urothelial carcinoma is far 
more common (Fig. 8.18).

Only a few malignant rhabdoid tumors have 
been reported, all in children under 5  years of 
age [30]. Tumors have the typical morphologic 
features of extrarenal rhabdoid tumors and lack 
of expression of SMARCB1/INI1, which can 
be detected by immunohistochemical stain for 
BAF47 also known as INI-1.

Few cases of malignant peripheral nerve 
sheath tumor (MPNST) have been reported 
[31], mostly in adults with a history of 
neurofibromatosis.

Other rare sarcomas of the urinary bladder 
include malignant fibrous histiocytoma (MFH), 
fibrosarcoma, liposarcoma, hemangiopericy-
toma, Kaposi’s sarcoma, and malignant paragan-
glioma (also see paraganglioma).

Fig. 8.17 Angiosarcoma of the urinary bladder in a 
patient with a prior history of pelvic radiation therapy. In 
this image, the tumor (same as in Fig. 8.16) has morpho-
logic features more typical of angiosarcoma

Fig. 8.18 Sarcomatoid urothelial carcinoma with diver-
gent differentiation. The sarcomatoid component is almost 
entirely composed of cartilage
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 Myofibroblastic Lesions

Inflammatory myofibroblastic tumor (IMT) and 
postoperative spindle cell nodule (PSCN) are 
myofibroblastic lesions with overlapping mor-
phologic features. The term PSCN, tradition-
ally, has been reserved for lesions that occur in 
the bladder following a surgical procedure. IMT 
refers to myofibroblastic tumors that arise de 
novo without a history of prior instrumentation.

 Postoperative Spindle Cell Nodule

Postoperative spindle cell nodule (PSCN) is a 
myofibroblastic proliferation at the site of prior 
instrumentation or trauma, which may include 
child birth and pelvic surgery on organs other 
than the bladder. These were first reported in 
1990 [32] and since have been reported in a wide 
age range and are found to be more common in 
men [19, 33].

These proliferations form nodular masses at 
the site of a prior cystoscopic biopsy or transure-
thral resection. Most are less than 1.0 cm in great-
est dimension although reported to range from 
0.4 cm to 3.0 cm. Microscopically, there is a pro-
liferation of spindle cells arranged in interlacing 
fascicles that may infiltrate between muscularis 
propria bundles (Fig. 8.19). The spindle cells are 

present within an edematous or myxoid stroma, 
with small delicate blood vessels and inflamma-
tory cells. Due to its proliferative nature, numer-
ous mitoses may be present; however, there is no 
or minimal nuclear pleomorphism and atypia. 
Dense acellular eosinophilic material may be 
present, sometimes surrounded by foreign body 
giant cells. The spindle cells stain for cytokeratin, 
SMA, and desmin, although staining may not be 
uniform [19].

In some cases, PSCN may resemble low-
grade leiomyosarcoma; however, PSCN has 
small blood vessels that are rare in LMS and 
lacks atypical mitotic figures. Both lesions may 
show overlapping immunohistochemical pro-
files, so reliance on stains may be misleading. 
Of course, knowledge of prior instrumentation 
is also helpful. Therefore, a clinicopathologic 
correlation is mandatory to render a proper diag-
nosis of PSCN. Since most PSCNs resolve spon-
taneously, conservative management is best.

 Inflammatory Myofibroblastic Tumor

Inflammatory myofibroblastic tumor (IMT) is 
a neoplastic proliferation of myofibroblasts and 
fibroblasts mixed with inflammatory cells. The 
lung was involved in initial reports of this tumor; 
however, now we know that it affects numerous 
organs and even soft tissues. While IMT is the 
current name of this tumor, perusal of older lit-
erature will lead the reader to find a number of 
alternate names including inflammatory pseudo-
tumor, pseudosarcomatous fibromyxoid tumor, 
pseudosarcomatous myofibroblastic tumor, pseu-
domalignant spindle cell proliferation, atypical 
myofibroblastic tumor, atypical fibromyxoid 
tumor, nodular fasciitis, and plasma cell granu-
loma [33, 34]. IMTs show a slight male prepon-
derance and have been reported in almost all age 
groups, including children [33]. As with other 
bladder tumors, patients present with lower uri-
nary tract symptoms, including hematuria.

IMTs usually form small nodules or ulcerated 
masses in the bladder mucosa. They may form 
a polypoid mass; tumors measuring up to 10 cm 
have been reported [33]. IMTs typically have 

Fig. 8.19 Postoperative spindle cell nodule of the blad-
der. There is a proliferation of spindle cells, with small 
delicate blood vessels and inflammatory cells. Dense acel-
lular eosinophilic material is present in the center
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haphazardly arranged spindle cells and are vari-
ably cellular (Fig.  8.20). The paucicellular foci 
may resemble granulation tissue, with the spindle 
cells within a myxoid stroma (Fig. 8.21). In the 
more cellular foci, spindle cells are arranged in 
fascicles (Fig. 8.22). The tumor may infiltrate in 
between muscularis propria bundles and some-
times may even extend into perivesical adipose 
tissue. The myxoid areas may have stellate and/or 
polygonal cells. Occasional strap-shaped cells or 

“tadpole-like” cells with eosinophilic cytoplasm 
may be seen (Fig. 8.21). Tumor cells have eosin-
ophilic or amphophilic cytoplasm. The nuclei are 
large and resemble those of tissue culture fibro-
blasts (Fig. 8.21). However, except for rare cases, 
they do not exhibit pleomorphism or hyperchro-
masia typically seen in sarcomas. Nucleoli are 
usually single, sometimes multiple, and small, 
while prominent nucleoli are the least common. 
Mitotic count is usually less than 5 mitoses per 
10 hpf, but tumors with up to 20 mitoses per 10 
hpf have been reported [33]. The lack of atypi-
cal mitoses is important to keep in mind, as their 
presence has not been reported in any of the pub-
lished reports. The presence of atypical mitoses 
should lead to a critical evaluation of the tumor 
to rule out a sarcoma or sarcomatoid carcinoma 
[19, 33]. The inflammatory infiltrate is predomi-
nantly composed of lymphocytes, plasma cells, 
and eosinophils. The foci with myxoid stroma 
may show numerous red blood cells, which may 
form microscopic foci of hemorrhage.

Anaplastic lymphoma kinase 1 (ALK-1) 
is an important marker for IMT, as it is posi-
tive in approximately three-fourths of all cases 
using immunohistochemistry [33]. Antibody 
clone D5F3 has been reported to be superior 
in terms of intensity and extent of staining [35] 
(Fig.  8.23). There are three different types of 
staining patterns for ALK-1, which correspond 
to the ALK gene’s distinct fusion partners. 

Fig. 8.20 Inflammatory myofibroblastic tumors typically 
have haphazardly arranged spindle cells and are variably 
cellular. This image shows the interface between the vari-
ably cellular foci. Top right has cellular foci of spindle 
cells arranged in fascicles, while bottom left has the 
paucicellular foci with spindle cells in a myxoid stroma

Fig. 8.21 Inflammatory myofibroblastic tumor, paucicel-
lular focus with myxoid stroma. The spindle cells have 
eosinophilic cytoplasm. The nuclei are large and resemble 
those of tissue culture fibroblasts. Few strap-shaped cells 
with eosinophilic cytoplasm are also present

Fig. 8.22 Inflammatory myofibroblastic tumor. In the 
cellular foci, spindle cells are arranged in fascicles, almost 
resembling a leiomyosarcoma
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TPM3-/TPM 4-ALK fusion is associated with 
diffuse smooth cytoplasmic staining, CLTC-
ALK fusion is associated with granular cyto-
plasmic staining, and RANBP2-ALK fusion 
is associated with nuclear membrane staining 
[35]. In addition to ALK-1 immunohistochemi-
cal expression, ALK gene alterations have been 
reported in up to 70% of cases. Alterations of the 
ALK gene provide further evidence to suggest 
that these lesions are neoplastic in nature, rather 
than a reactive process [36, 37]. New molecular 
findings are reported for IMT of the lung, abdo-
men, esophagus, and pelvis. Recently, altera-
tions of other kinase genes such as ROS1, RET, 
and NTRK3 gene fusions have been reported in 
IMT of the lung [38]. Rhabdomyosarcomas may 
also show ALK alterations, which needs to be 
kept in mind when RMS is in the differential 
diagnosis.

The myofibroblastic nature of the spindle cells 
is highlighted by staining for SMA and desmin; 
however, the staining may be variable within dif-
ferent foci of the same tumor. IMTs are usually 
negative for skeletal muscle-specific stains such 
as myogenin and myo-D1. Cytokeratin stain is 
positive, at least focally; but it may be strongly 
positive in some foci (Fig. 8.24), which can mis-
lead one to assume the tumor is sarcomatoid car-
cinoma (Fig. 8.15).

Differential diagnosis of IMT includes sarco-
matoid urothelial carcinoma, leiomyosarcoma, 
and rhabdomyosarcoma. Sarcomatoid urothe-
lial carcinoma usually has a typical urothelial 
carcinoma component or in situ carcinoma. 
Cytokeratin stain may be misleading as it can be 
positive in both tumors. While IMTs stain with 
smooth muscle markers, sarcomatoid carcino-
mas are mostly negative. P63 and high molecu-
lar weight cytokeratin may be helpful since both 
are negative in IMT but may be positive in the 
epithelial component of sarcomatoid carcinoma. 
Leiomyosarcoma may also show focal staining 
for p63. Staining for p53 is often strong and dif-
fuse in leiomyosarcoma and rhabdomyosarcoma, 
while it is usually weak or absent in IMT [35, 
39]. The use of Ki67 staining for measuring pro-
liferative activity to distinguish from sarcomas 
may be misleading, as IMT usually has a high 
proliferation index (Fig. 8.25).

Most IMTs are cured by transurethral resec-
tion. Local recurrence(s) may require partial or 
total cystectomy to achieve disease control in 
rare cases [19]. There are no credible reports 
of metastatic bladder IMTs. However, there are 
reports of malignant behavior of IMT arising in 
other organs. Therefore, the IMT lesions should 
be completely excised, and a close clinical fol-
low- up is recommended.

Fig. 8.23 Inflammatory myofibroblastic tumor. ALK-1 
immunohistochemical stain (clone D5F3) shows strong 
and diffuse staining

Fig. 8.24 Inflammatory myofibroblastic tumor. 
Cytokeratin cocktail stain is strongly positive in part of 
the tumor, while the rest is negative
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 Summary

The diagnosis of mesenchymal tumors in the 
urinary bladder is not difficult if the patholo-
gist keeps these tumors in mind when looking at 
tumors that do not fit the morphologic features 
of typical urothelial carcinoma or its variants. 
Except for paraganglioma, which may be con-
fused for high-grade urothelial carcinoma, the 
rest of the benign tumors are relatively straight-
forward to diagnose, as they resemble their coun-
terparts in other organs. To avoid misdiagnosing 
paraganglioma as urothelial carcinoma, it is 
always a good practice to look for evidence of 
overlying urothelium with urothelial dysplasia 
or urothelial carcinoma in situ. Uniform nests of 
cells with pale or eosinophilic cytoplasm should 
raise the differential diagnosis of paraganglioma. 
Ultimately, immunohistochemical stains can 
easily help arrive at the correct diagnosis. As 
with benign tumors, sarcomas morphologically 
resemble those in other viscera and the soft tis-
sue. Sarcomatoid urothelial carcinoma should be 
at the top of the differential diagnosis list for any 
malignant spindle cell tumor and should always 
be ruled out, before reaching the diagnosis of sar-
coma or IMT.
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Neuroendocrine Tumors 
of the Urinary Bladder

Ahmed N. Shehabeldin and Jae Y. Ro

Neuroendocrine tumors (NETs) are commonly 
found in the lung, gastrointestinal tract, and pan-
creas. NETs of the lung are classified as small 
cell neuroendocrine carcinoma (SCNEC), large 
cell neuroendocrine carcinoma (LCNEC), and 
typical and atypical carcinoid tumors. NETs of 
the gastrointestinal tract and pancreas are subdi-
vided based on their histological differentiation 
and Ki67 proliferation index into well- 
differentiated neuroendocrine tumors (WDNETs) 
grades 1, 2, and 3 or poorly differentiated neuro-
endocrine carcinomas (NEC) including SCNEC 
and LCNEC.  In the urinary bladder, however, 
neuroendocrine neoplasms are classified into 
WDNETs, SCNEC, and LCNEC, in addition to 
paraganglioma [1]. The cell of origin of these 
tumors remains uncertain. Neuroendocrine cells 
found in the basement membrane of normal uro-
thelium or reactive urothelial epithelium may 
give rise to WDNETs, while less differentiated 
NETs, including SCNEC and LCNEC, seem to 
arise from divergent differentiation of urothelial 
carcinoma [2]. Paragangliomas are thought to 
arise from chromaffin cells in the autonomic gan-

glia of the urinary bladder wall [3]. NETs of the 
urinary bladder are listed in Table 9.1 with clini-
cal and pathologic features.

 Well-Differentiated Neuroendocrine 
Tumors

Although the use of the term “carcinoid tumor” 
to describe WDNETs in the urinary bladder has 
been discouraged by the World Health 
Organization (WHO) [1], this term is still fre-
quently used, especially when describing tumors 
with malignant features, such as “malignant 
carcinoid.”

 Epidemiology, Clinical Features, 
and Treatment

WDNETs of the urinary bladder are extremely 
rare, with fewer than 25 cases described in the lit-
erature [4]. Based on these few described cases, 
patient demographics are similar to those of uro-
thelial carcinoma. WDNETs of the urinary bladder 
typically arise in middle-aged to elderly men who 
are, in most cases, asymptomatic; the tumors are 
found incidentally on cystoscopy or imaging stud-
ies performed for other reasons. In some cases, 
patients may present with nonspecific symptoms 
of hematuria and irritative urinary symptoms or 
with obstructive symptoms if the tumor is located 
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in the bladder outlet or the urethra. WDNETs of 
the urinary bladder are not hormonally active in 
most cases, and carcinoid syndrome has not been 
reported in association with these tumors [5]. 
However, paraneoplastic syndrome, in the form of 
calcitonin-producing WDNET, has been reported 
[6]. The majority of urinary bladder WDNETs 
behave in a benign fashion; however, cases with 
aggressive local disease, lymph node and/or dis-
tant metastasis, and death due to the disease have 
been described [1, 5].

Cystoscopic transurethral resection of low- 
grade WDNETs shows, in the few cases where 
long-term outcomes have been documented, no 
recurrence or disease progression [5]. For more 
aggressive disease, partial or radical cystectomy 
or cystoprostatectomy with systemic chemother-
apy may be required [7, 8].

 Pathologic and Immunohistochemical 
Features

On cystoscopic examination, most cases of 
WDNETs of the urinary bladder consist of small 
(0.1–1.2 cm) smooth-surfaced nodules or polyps 
with hyperemic mucosa located in the bladder 
neck or trigone area, although larger lesions (up 
to 5 cm) have been reported [7]. Histologically, 
WDNETs are usually located in the lamina pro-
pria. However, there are rare exceptions where 
the tumors involve the muscularis propria [9]. 
WDNETs demonstrate the typical pattern of 
 carcinoid tumors found in other locations: tra-
becular, insular (Fig.  9.1a), pseudoglandular 
(Fig. 9.1b), or acinar architecture with frequent 
association with cystitis cystica and cystitis glan-
dularis [9]. The neoplastic cells of WDNETs 

a b

c

Fig. 9.1 (a) WDNET shows insular growth pattern with 
delicate fibrovascular stroma and artifactual stromal 
retraction (hematoxylin and eosin, 20x). (b) WDNET 
shows nested pattern with focal pseudoglandular architec-

ture (hematoxylin and eosin, 100x). (c) WDNET cells 
have abundant amphophilic cytoplasm, bland nuclei with 
speckled chromatin, inconspicuous nucleoli, and no mito-
ses. Necrosis is not seen (hematoxylin and eosin, 200x)
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have abundant amphophilic granular cytoplasm 
(reminiscent of Paneth cells), bland nuclei with 
speckled chromatin, and absent to inconspicuous 
nucleoli. Occasionally, atypical cells with large 
nuclei and conspicuous nucleoli can be seen. 
Mitoses are rare, and necrosis is generally absent 
(Fig.  9.1c). Although no defined criteria have 
been proposed for malignancy, malignant carci-
noid tumors of the urinary bladder have been 
reported in the literature. In one case, transmural 
extension, serosal infiltration, and lymph node 
metastasis were seen [7]. In other cases, distant 
metastasis to the lungs and bones have been 
reported [8].

Urinary bladder WDNETs stain with com-
monly used neuroendocrine markers [synapto-
physin, chromogranin, neuron-specific enolase 
(NSE), CD56, and CD57]. Additionally, some 
tumors show positive staining with c-Kit (CD117), 
cytokeratin-7, uroplakin, and thyroid transcrip-
tion factor (TTF-1) [2, 5, 10]. Also, staining of the 
tumor cells with prostate acid phosphatase (PAP) 
presents a potential diagnostic pitfall where 
WDNETs can be confused with prostatic origin 
tumors. The lack of staining with other prostate-
specific markers, including prostate-specific anti-
gen (PSA) and NKX3.1, can be used to distinguish 
these entities [9].

In urinary bladder WDNETs, no further clas-
sification into grade 1, grade 2, and grade 3 based 
on a number of mitoses and Ki-67 proliferation 
index is officially recommended.

 Small Cell Neuroendocrine 
Carcinoma

 Epidemiology, Clinical Features, 
and Treatment

Previously known as oat cell carcinoma, SCNEC 
of the urinary bladder is more common than 
WDNET and LCNEC; however, it still only 
accounts for less than 1% of urinary bladder 
tumors [11], with approximately 500 new cases 
per year [2].

SCNECs of the urinary bladder, distinct from 
pulmonary SCNECs, are usually present as a 

combined form with urothelial carcinoma and 
SCNEC, and pure SCNECs are relatively rare. 
SCNECs typically affect older males with a his-
tory of smoking. Hematuria is the most com-
monly presenting symptom; irritative and 
obstructive symptoms are less commonly 
observed [11, 12]. Features of paraneoplastic 
syndrome, in the form of humoral hypercalcemia 
of malignancy secondary to the production of 
parathyroid hormone-related protein, have been 
observed [13]. Although urinary bladder SCNEC 
tends to have better prognosis than SCNEC of the 
lung or prostate [4], neuroendocrine differentia-
tion of urothelial carcinoma confers a worse 
prognosis, with earlier distant metastases, than 
does conventional urothelial carcinoma [14, 15]. 
However, when SCNEC is compared to conven-
tional urothelial carcinoma at similar stage, there 
is no difference in survival [16]. The 5-year 
cancer- specific survival rate for SCNEC is 
14–16% [17, 18].

Surgical management with cystectomy has an 
important role in the management of patients 
with urinary bladder SCNEC, unlike SCNEC of 
the lung [11, 19–23]. SCNEC patients who 
receive chemotherapy, radiation therapy, and cys-
tectomy achieve the best overall survival and 
cancer-specific survival outcomes compared to a 
single therapeutic modality [24]. Few cases of 
SCNEC arising in the ureter or the urethra have 
been reported in the literature, with similar histo-
logical features to SCNEC of the urinary bladder 
[25–27].

 Molecular Genetics

These tumors are thought to arise from divergent 
differentiation of multipotent stem cells in the 
urothelial lining. This theory is supported by the 
exceedingly rare incidence of pure SCNEC of the 
urinary bladder and because these tumors are 
usually found in association with either urothelial 
carcinoma, squamous cell carcinoma, adenocar-
cinoma, or sarcomatoid carcinoma [11, 28–30]. 
In a series of 51 patients with SCNEC of the uri-
nary bladder, the majority of cases had urothelial 
carcinoma; few patients had adenocarcinoma or 
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squamous cell carcinoma components, and only 
12% had pure SCNEC without other carcinoma 
components [31]. Additional studies demon-
strated a common clonal origin of coexisting uro-
thelial carcinoma and SCNEC, further 
substantiating the divergent differentiation model 
of SCNEC development. SCNEC of the urinary 
bladder shares common molecular aberrations 
with SCNEC of pulmonary origin. Deletions in 
4q, 5q, 10q, and 13q; DNA gains in 5p, 6p, 8q, 
and 20q; and loss of heterozygosity in 3p25–26, 
9p21, 9q32–33, and 17p13 have all been shown 
to lead to activation of oncogenes or suppression 
of tumor suppressor genes in SCNEC of the uri-
nary bladder [32, 33]. Alteration in the tumor 
suppressor genes, RB1 and TP53, are found in 
90% of SCNEC cases of the urinary bladder [16, 
34]. However, alterations in these two genes are 
also prevalent in conventional high-grade urothe-
lial carcinomas, which may lead to the conclu-
sion that these mutations lead to the development 
of invasive tumors rather than drive neuroendo-
crine differentiation [35]. Activating mutations in 
TERT promoter gene are found in urinary blad-
der SCNEC and conventional urothelial carci-
noma, but not lung or prostate SCNEC, further 
supporting the divergent differentiation model of 
SCNEC of the urinary bladder [36].

 Pathologic Features

On cystoscopic examination, SCNEC can origi-
nate from anywhere in the urinary bladder, 
including urachal remnants. SCNEC has similar 
cystoscopic and gross pathologic features to uro-
thelial carcinoma, with a polypoid, nodular, or 
ulcerated appearance; however, muscular and 
perivesical fat invasion is more commonly seen 
in SCNEC [4, 11, 37].

Histological examination shows the classical 
features of SCNEC in other organs, with mor-
phologic triads: (1) small size of tumor cell nuclei 
(less than three resting lymphocytes (<20 
microns); (2) scanty cytoplasm with overlapping, 
small, round to oval hyperchromatic nuclei and 
nuclear molding; and (3) speckled or “salt and 
pepper” chromatin pattern with no or inconspicu-

ous nucleoli (Fig. 9.2a). In addition to these fea-
tures, SCNECs always show a high mitotic rate 
(>10 mitoses/10 high-power fields) and single- 
cell necrosis or large areas of geographic necrosis 
(Fig. 9.2b and c). When small cell tumors do not 
show a high mitotic index and/or areas of necro-
sis, the diagnosis of SCNEC should be reserved 
for other ancillary diagnostic tests. Smudged, 
deeply basophilic material deposited in the blood 
vessels surrounding the tumor cells (Azzopardi 
phenomenon) can be observed. Most cases show 
lymphovascular and muscularis propria invasion 
[11, 14]. Coexisting non-small cell carcinoma 
components can be difficult to establish on biopsy 
specimens; however, resection specimens should 
be thoroughly sampled to look for more differen-
tiated invasive urothelial carcinoma or urothelial 
carcinoma in situ (Fig. 9.3a and b).

In cases with crush artifacts or poorly pre-
pared sections, non-small cell carcinoma may 
mimic SCNEC.  In such cases, immunohisto-
chemistry should be utilized to properly classify 
the tumor, as the classification has significant 
management implications.

 Immunohistochemical Features

SCNEC of the urinary bladder typically expresses 
markers of epithelial and neuroendocrine differ-
entiation. A panel of NSE, CD56, synaptophysin 
(Fig. 9.3c), and chromogranin (Fig. 9.3d) is typi-
cally used to demonstrate neuroendocrine differ-
entiation. These neuroendocrine markers are not 
always expressed in SCNECs, and diagnosis can 
be based solely on examination of hematoxylin- 
and eosin-stained sections [1, 11, 14, 28]. 
Insulinoma-associated protein 1 (INSM1) is a 
recently described driver of neuroendocrine dif-
ferentiation and a marker that has high sensitivity 
and specificity to neuroendocrine tumors and has 
been recently reported to be positive in 87% of 
SCNECs of the urinary bladder [38, 39]. 
Epithelial markers show variable positivity, with 
cytokeratin 7 (Fig.  9.3e), epithelial membrane 
antigen (EMA), cytokeratin AE1/AE3, and cyto-
keratin CAM 5.2 (perinuclear dot-like positivity) 
(Fig. 9.3f) seen in the majority of cases and cyto-
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a b

c

Fig. 9.2 (a) SCNEC cells have small nuclei, scanty cyto-
plasm, nuclear molding, and speckled chromatin pattern 
with no to inconspicuous nucleoli (hematoxylin and 

eosin, 100x). (b) SCNEC show large areas of geographic 
necrosis (hematoxylin and eosin, 40x). (c) SCNEC shows 
high mitotic activity (hematoxylin and eosin, 200x)

Fig. 9.3 (a) SCNEC (deeper in the urinary bladder wall) 
coexists with urothelial carcinoma in situ (on the surface) 
(hematoxylin and eosin, 40x). (b) SCNEC coexists with 
conventional invasive high-grade urothelial carcinoma 
(hematoxylin and eosin, 100x). (c–g) The conventional 
urothelial component from Fig. 9.3b shows positive mem-
branous and cytoplasmic staining with CAM 5.2, CK7, 

and CK20 and no staining with NE markers. The SCNEC 
component shows cytoplasmic staining with synaptophy-
sin but no staining with chromogranin. The cytokeratins 
show perinuclear dot-like positivity with CAM 5.2 and 
CK7 and no staining with CK20. ((c) synaptophysin, 
100x; (d) chromogranin, 100x; (e) cytokeratin 7, 200x; (f) 
cytokeratin CAM 5.2, 200x; and (g) cytokeratin 20, 200x)

a b
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Fig. 9.3 (continued)

keratin 34βE12 in less than half of the cases [11, 
14, 15, 28–31, 40–42]. Cytokeratin 20, which is 
commonly positive in urothelial carcinoma, is 
typically negative in SCNEC [2] (Fig.  9.3g). 
GATA3, a marker of conventional urothelial car-
cinoma, can be seen focally to diffusely positive 
in approximately one-third of SCNEC; however, 

this marker should be used with caution in cases 
of metastatic SCNEC, as lung origin tumors can 
show focal GATA3 expression in a minority of 
cases [43]. Uroplakin II and III, other known uro-
thelial markers, mostly do not stain SCNEC [44]. 
TTF-1 is a marker classically thought to be lung- 
and thyroid-specific but is also expressed in up to 
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50% of SCNEC of the urinary bladder [1, 11, 45]. 
Detected expression of somatostatin receptors 
(SSTRs) type 2A and type 4  in SCNEC of the 
urinary bladder has been documented [46]. 
Varying rates of positivity for P53, P16, epider-
mal growth factor receptor (EGFR), and c-Kit 
(CD117) immunohistochemical staining have 
been documented [11]. Aberrant regulation of 
CD44 expression, a cell-cell and cell-matrix 
adhesion molecule, has been correlated with 
aggressive and metastatic variants of some 
tumors. The glycoprotein product of the v6 splice 
variant of CD44 (CD44v6) can be utilized to dis-
tinguish poorly differentiated urothelial carci-
noma from SCNEC.  Poorly differentiated 
urothelial carcinoma cases will show positive 
staining with CD44v6, while no staining is typi-
cally seen in SCNEC [47]. Differentiating 
between primary SCNEC of the urinary bladder 
and SCNEC arising in the prostate and involving 
the urinary bladder has important clinical impli-
cations. In most cases, the presence of a more dif-
ferentiated, non-neuroendocrine carcinoma 
component helps in determining the origin of the 
SCNEC. However, in cases of pure SCNEC, dis-
tinguishing urothelial from prostatic origin can 
be challenging. In such cases, correlation with 
the clinical and imaging findings, in addition to 
immunohistochemistry, is required. PSA and 
PAP expression can be lost in prostatic SCNEC, 
but not in the more differentiated prostatic adeno-
carcinoma components. Thus, PSA,PAP, and 
NKX3.1 staining can be valuable differentiation 
tools [2, 48, 49]. Additionally, homeobox B13 
(HOXB13) has been reported to be a specific and 
sensitive prostate marker that can be used, espe-
cially in poorly differentiated NETs [50].

 Large-Cell Neuroendocrine 
Carcinoma (LCNEC)

Limited data is available regarding the cell of ori-
gin of this type of tumors; however, it is believed 
that LCNEC arises from similar pathways to 
SCNEC [2, 28].

 Epidemiology, Clinical Features, 
and Treatment

LCNEC of the urinary bladder is rare, with fewer 
than 30 cases reported in the literature [51]. 
These tumors have a predilection to older males 
and generally have aggressive biological behav-
ior and poor prognosis. Cases with pure LCNEC 
histology have a worse prognosis than cases 
where more conventional urothelial carcinoma is 
seen in combination with LCNEC [2, 51, 52]. 
Octreotide scanning commonly detects more dif-
ferentiated NETs, but is not typically useful in 
detecting LCNEC.  Thus, more conventional 
imaging modalities, like contrast-enhanced CT 
and PET/CT scans, are used in staging and 
in  localizing distant metastasis [19]. Given the 
rarity of this tumor, treatment plans are based on 
extrapolation from the literature about pulmo-
nary LCNEC [52].

A single case of primary LCNEC of the ureter 
has been reported. The tumor showed pure 
LCNEC morphology and stained with 
 neuroendocrine markers and cytokeratin, but not 
with uroplakin or TTF-1 [53].

 Pathologic and Immunohistochemical 
Features

Similar to LCNEC in the lung, microscopic 
examination of LCNEC of the urinary bladder 
shows neuroendocrine morphology, such as 
organoid nesting, trabecular growth, rosette-like 
structures, and peripheral palisading patterns 
with comedo-type central necrosis. The tumor 
cells are large and polygonal with low nuclear- 
cytoplasmic ratio, pleomorphic nuclei, coarse 
chromatin, and prominent nucleoli [54] 
(Fig. 9.4a). Mitoses and necrosis are more pro-
nounced in LCNEC than in SCNEC [2]. Like 
SCNEC, mixed histology with LCNEC and uro-
thelial, squamous, adenocarcinoma, or sarcoma-
toid carcinoma are commonly encountered [21]. 
Pure LCNEC is extremely rare. Like other tumors 
with neuroendocrine features, synaptophysin 
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(Fig.  9.4b), chromogranin, CD56, and NSE are 
usually positive in these tumors, along with epi-
thelial markers like cytokeratin AE1/AE3, cyto-
keratin CAM 5.2, and EMA.  Unlike SCNEC, 
LCNEC of the urinary bladder are not TTF-1- 
positive [54]. Of note, chromogranin is less sen-
sitive in LCNEC than in SCNEC in the urinary 
bladder [2]. The exceptionally high Ki-67 index 
in LCNEC (>95% in some cases), along with 
positive staining with neuroendocrine markers, 
serves to confidently distinguish this entity from 
urothelial carcinoma [54, 55].

The molecular alterations that occur in 
LCNEC of the urinary bladder have not been 
studied. Common molecular alterations seen in 
LCNEC of pulmonary origin, especially those 
with targetable mutations like EGFR, should be 
examined in these tumors [56].

 Paraganglioma

Extra-adrenal paraganglioma, also known as 
extra-adrenal pheochromocytoma, is a relatively 
rare neuroendocrine tumor that arises from chro-
maffin cells in the autonomic ganglia. In the gen-
itourinary tract, paraganglioma is most common 
in the bladder but has been reported in the kidney, 
renal pelvis, ureter, urethra, prostate, spermatic 
cord, and seminal vesicles [3, 57–64].

 Epidemiology, Clinical Features, 
and Treatment

Despite being the most common site of paragan-
glioma in the genitourinary tract, urinary bladder 
paragangliomas represent less than 0.6% of uri-
nary bladder tumors. Unlike other tumors with 
neuroendocrine differentiation in the urinary 
bladder, younger females are more likely to 
develop paragangliomas of the urinary bladder, 
with a 1:3 male-to-female ratio and a mean age of 
45 years [65]. These tumors are either found inci-
dentally on imaging or cystoscopy or present 
with the classic symptoms of hypertension, 
hematuria, and micturition syncope in only half 
of the cases, with paroxysmal palpitation and dia-
phoresis less commonly seen [19, 66–72].

About two-thirds of the paragangliomas aris-
ing in the genitourinary tract are sporadic, and 
one-third are seen in association with inherited 
disorders, including germline mutation in succi-
nate dehydrogenase B (SDHB), von Hippel- 
Lindau disease (VHL), type 1 neurofibromatosis 
(NF-1), Carney triad, multiple endocrine neopla-
sia type 2A (MEN 2A) and 2B (MEN 2B), and 
familial paraganglioma syndrome [3, 73–76].

CT and MRI scans can be used to detect para-
gangliomas, but both have a lower sensitivity and 
specificity than radioisotope scanning with 
131Iodine metaiodinebenzylguinidine (MIBG) 

a b

Fig. 9.4 (a) LCNEC shows large and polygonal tumor 
cells with low nuclear-cytoplasmic ratio, polymorphic 
nuclei, coarse chromatin, and focal prominent nucleoli 

(hematoxylin and eosin, 100x). (b) LCNEC shows cyto-
plasmic staining with synaptophysin (100x)
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[66, 67, 77, 78]. Complete surgical resection is 
the mainstay of treatment in genitourinary para-
gangliomas [66, 67, 73, 77, 79–81].

Although the majority of paragangliomas 
have good prognosis and are considered benign, 
malignant features, defined by metastasis or 
extensive local disease (i.e., deep local invasion 
or invasion of adjacent structures, lymph nodes, 
or distant metastases), are seen in 15–20% of 
cases. Tumors associated with mutations in 
SDHB are more likely to show malignant charac-
teristics [2, 65, 73, 82–84].

 Pathologic and Immunohistochemical 
Features

Urinary bladder paragangliomas grossly appear 
as solitary, well-circumscribed, intravesical exo-
phytic, or intramural nodules that is 2–5  cm in 
greatest dimension (Fig.  9.5a). The ubiquitous 
nature of paraganglia in the bladder makes stag-
ing such tumors difficult, as paragangliomas aris-
ing in the paraganglia present in the muscular 
wall should not be interpreted as a muscle- 
invasive tumor (Fig. 9.5b).

Fig. 9.5 (a) Primary urinary bladder paraganglioma 
forms a well-circumscribed submucosal nodule (hema-
toxylin and eosin, 20x). (b) Primary urinary bladder para-
ganglioma grows in the muscularis propria. As paraganglia 
are ubiquitously present in the urinary bladder wall, this 
should not be interpreted as muscle invasiveness (hema-
toxylin and eosin, 20x). (c) Primary urinary bladder para-
ganglioma shows polygonal cells with finely granular 
amphophilic cytoplasm and ovoid nuclei embedded in a 

richly vascularized stroma (hematoxylin and eosin, 100x). 
(d) Primary urinary bladder paraganglioma cells show 
nuclear atypia with nuclear pleomorphism and hyperchro-
masia (hematoxylin and eosin, 100x). (e) Primary urinary 
bladder paraganglioma shows nuclear staining with 
GATA3 (100x). (f) Primary urinary bladder paragangli-
oma shows cytoplasmic granular staining with synapto-
physin (100x)

a b

c d
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Histologically, paragangliomas show the charac-
teristic “zellballen” morphology of paragangliomas 
elsewhere, with polygonal cells that have finely 
granular amphophilic cytoplasm and ovoid nuclei 
embedded in a richly vascularized fibrous stroma 
(Fig. 9.5c). Nuclear pleomorphism and hyperchro-
masia (Fig.  9.5d), occasional mitotic figures, and 
focal neuroblastic or ganglioneuromatous differen-
tiation can be seen, but no correlation has been 
shown between these parameters and the malignant 
potential of the tumor [19, 67, 68, 74, 85, 86].

Although the diagnosis of paraganglioma can 
be readily rendered on hematoxylin- and eosin- 
stained sections, immunohistochemical stains 
may be needed for diagnosis in some cases. 
Bladder paraganglioma can have a histological 
resemblance to nested variant of urothelial carci-
nomas or urothelial carcinoma with neuroendo-
crine differentiation, especially on transurethral 
resection of bladder tumor (TURBT) specimens. 
In these cases, the presence of clusters of epithe-
lioid tumor cells with intact normal-appearing 
urothelium should raise the possibility of para-
ganglioma. Additionally, cytokeratin and P63 
positivity can be used to rule out paraganglioma, 
as paragangliomas are usually negative for cyto-
keratin and P63. On the other hand, GATA3, 
which is typically a urothelial marker, is positive 
in up to 89% of paraganglioma cases (Fig. 9.5e). 
This poses a potential pitfall of misdiagnosing 

paraganglioma as urothelial carcinoma based on 
GATA3 positivity [87–92].

Like other tumors of neuroendocrine origin, 
synaptophysin (Fig.  9.5f), chromogranin, and 
CD56 are positive in paraganglioma; S-100 and 
SOX10 highlight the sustentacular cells in para-
ganglioma, but not the polygonal cells, which 
helps in distinguishing paraganglioma from gran-
ular cell tumor of the bladder or melanoma [93]. 
The use of SDHB immunostain can be used to 
predict biological behavior. Subsequent muta-
tional analysis can also be performed on cases 
that show loss of staining with SDHB immunos-
tain [60, 82]. Also see “Paraganglioma” in Chap. 8, 
Mesenchymal Tumors.

 Summary

Although NETs of the bladder are rare, proper rec-
ognition of NETs is clinically important, because 
SCNEC and LCNEC are highly malignant and 
require different treatment protocols than those for 
conventional urothelial carcinoma. Carcinoid 
tumors and paragangliomas, on the other hand, 
generally have benign and indolent clinical courses, 
though malignant behavior may sometimes be 
observed. To make a correct diagnosis of NETs, 
proper recognition of morphology with judicious 
immunohistochemical stain selection is required.

e f

Fig. 9.5 (continued)
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Bladder Lymphoma and Leukemia

Jie Xu, Shaoying Li, and M. James You

 Bladder Lymphomas

Lymphomas represent approximately 0.2% of all 
neoplasms of the bladder [1]. Most patients with 
bladder lymphomas present with nonspecific uri-
nary symptoms, such as hematuria (most com-
mon), urinary frequency, dysuria, and lower 
abdominal and back pain [1–5]. Lymphomas 
most often involve retro-trigonal or lateral blad-
der [1, 6] and appear as a solitary, sometimes 
multifocal, submucosal mass on image studies, 
but their cystoscopic findings are not different 
compared to non-hematopoietic urothelial tumors 
[1]. Urine cytology is usually not diagnostic, and 
a tissue biopsy is required to reach a final 
diagnosis.

Bladder lymphomas can be either primary 
(without involving other organ sites) or second-
ary to systemic lymphomas. Primary bladder 
lymphomas are extremely rare, accounting for 
only 0.15–2% of all extranodal lymphomas [1, 
7], which may be due to the shortage of lymphoid 
tissue in the bladder. Primary bladder lympho-
mas have a female predominance and are most 
commonly seen in middle-aged women [2, 4, 8, 
9]. Marginal zone lymphoma of mucosa- 

associated lymphoid tissue (MALT lymphoma) 
is the most common primary bladder lymphoma 
[1–3, 9, 10]. MALT lymphoma is characterized 
by centrocyte-like lymphocytes (Fig.  10.1) 
accompanied with plasma cells and nonneoplas-
tic germinal centers. In contrast to stomach and 
salivary gland MALT lymphoma, lymphoepithe-
lial lesions were only found in a small subset of 
bladder MALT lymphoma cases and in the areas 
of cystitis cystica or cystitis glandularis [3, 9]. 
The rarity of lymphoepithelial lesions in bladder 
MALT lymphoma and their confinement to the 
areas of cystitis cystica or glandularis suggest 
that urothelial epithelium is resistant to invasion 
by lymphoma cells. The presence of lymphoepi-
thelial lesions is not required for the diagnosis of 
bladder MALT lymphoma [9].

Some studies suggest that primary bladder 
lymphomas may be associated with chronic cys-
titis [1, 9, 11]. Since there is only scant lymphoid 
tissue in the normal bladder, it is possible that 
preexisting chronic inflammation of bladder can 
induce acquired MALT, which can lead to MALT 
lymphoma [9]. However, the history of chronic 
cystitis is only present in approximately 20% of 
patients with primary bladder lymphomas [4, 5]. 
Therefore, the relationship between chronic cys-
titis and primary bladder lymphomas is still 
uncertain. Primary bladder lymphomas are gen-
erally thought to be indolent with a favorable 
prognosis because they are confined to the blad-
der and respond well to chemotherapy [1–4].
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Secondary bladder lymphomas are much more 
common and occur in 10–25% of patients with 
lymphomas, usually in patients with systemic 
lymphomas of advanced stage [1, 8, 12]. Thus, 
the prognosis of patients with secondary bladder 
lymphomas is usually poor. In our institution, 
chronic lymphocytic leukemia/small lympho-
cytic lymphoma (CLL/SLL) and diffuse large 
B-cell lymphoma (DLBCL) are the most com-
mon types of bladder lymphomas. Other sub-
types of small B-cell lymphomas, such as 
follicular lymphoma (FL) and mantle cell lym-
phoma (MCL), are less frequently seen in the 
bladder [3]. Among the large cell lymphomas, 
high-grade B-cell lymphoma is not uncommon, 
but less frequently seen than DLBCL.  Extreme 

rare cases of classic Hodgkin lymphoma [13], 
Burkitt lymphoma [14], and T-cell lymphomas 
have also been reported [1, 2, 15–18]. Anaplastic 
large cell lymphoma is the most commonly 
reported T-cell lymphoma involving the bladder.

CLL/SLL is the most common type of small 
B-cell lymphomas involving the bladder in our 
institution, although only a few cases have been 
reported in literature [19–21]. This is likely due 
to the fact that CLL/SLL is the most common 
leukemia of adults in Western countries [22]. 
Patients with CLL/SLL have an increased risk of 
developing subsequent neoplasms of epithelial 
and mesenchymal origins, likely due to the 
decreased immunity and B-cell dysfunction [23, 
24]. Coexistence of CLL/SLL and urothelial 

a b

c d

e

Fig. 10.1 MALT lymphoma in the bladder. (a) The 
MALT lymphoma has a nodular growth pattern. (b) The 
MALT lymphoma cells are predominantly small with 
slightly irregular nuclear contours and relatively abundant 
pale cytoplasm, presenting a monocytoid appearance. 

Occasional large cells resembling centroblasts or immu-
noblasts are present. (c–e) The MALT lymphoma cells are 
positive for CD20 (c) and negative for CD5 (d) and CD10 
(e). CD5 (d) highlights background small T cells
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 carcinoma has been reported [24]. CLL/SLL is 
characterized by multiple lymphoid aggregates 
involving the bladder wall (Fig. 10.2). CLL/SLL 
lymphoma cells are small, with clumped chroma-
tin and scant cytoplasm.

An important differential diagnosis of small 
B-cell lymphomas is MCL because it is thought 
to be very aggressive except for indolent variants 
(such as leukemic non-nodal MCL and in situ 
MCL). Classic MCL usually presents as a 
vaguely nodular proliferation of monotonous 
small lymphocytes (Fig. 10.3). MCL lymphoma 
cells show irregular nuclear contours resembling 
centrocytes, but their chromatins are somewhat 
more dispersed with inconspicuous nucleoli. 
Hyalinized blood vessels and scattered histio-

cytes are commonly seen in MCL. This diagnosis 
can be confirmed by the immunohistochemistry 
of cyclin D1 or SOX11.

In a reactive bladder, benign lymphoid folli-
cles are often seen, which have preserved mantle 
zones and reactive germinal centers character-
ized by polarization (dark versus light zones) and 
tingible body macrophages. In contrast, the neo-
plastic follicles of FL generally have attenuated 
or absent mantle zones and lack both polarization 
and tangible body macrophages in the germinal 
centers (Fig. 10.4). FL cells are composed of cen-
trocytes (small- to medium-sized, with irregular/
cleaved nuclei, inconspicuous nucleoli) and cen-
troblasts (large, with round or oval nuclei, vesicu-
lar chromatin, and one or more peripheral 

a

d e

f

b

c

Fig. 10.2 Coexistence of urothelial carcinoma and CLL/
SLL. (a) High-grade noninvasive papillary urothelial car-
cinoma is present (arrow). Multifocal lymphoid aggre-
gates are also identified in the lamina propria, which is 
overlaid with urothelial carcinoma. (b) The lymphoid 

aggregates are comprised of predominantly small lym-
phocytes with scattered histiocytes. (c–f) The CLL/SLL 
cells are positive for CD5 (large subset, c), CD20 (d), and 
CD23 (e) and negative for cyclin D1 (f)
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a b

c

Fig. 10.3 MCL. (a) Underneath the urothelium are large 
lymphoid nodules rich in hyalinized blood vessels. 
Scattered histiocytes give a “starry sky” appearance. (b 

and c) MCL cells are monomorphic and small, with dense 
to somewhat dispersed chromatin and scant cytoplasm 
(b), and are strongly positive for cyclin D1 (c)

a

c

b

Fig. 10.4 FL. (a) Lymphoid nodules/follicles are identi-
fied in the bladder wall, adjacent to the muscularis propria 
(right upper corner). (b) The FL cells are predominantly 
centroblasts (>15/HPF), with a few admixed centrocytes, 

indicating high-grade follicular lymphoma. (c) The FL 
cells are positive for CD20. Other areas show diffuse large 
B-cell lymphoma (picture not shown), which is likely 
transformed from the follicular lymphoma
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nucleoli). The grading of FL is based on the pro-
portion of centroblasts (low grade if <15/HPF, 
high grade if >15/HPF) [22].

DLBCL is the most common type of large 
B-cell lymphomas involving the bladder [1, 3, 8]. 
The DLBCL can either be secondary involve-
ment of a systemic diffuse large B-cell lymphoma 
or transformed from a low grade B-cell lympho-
mas (such as MALT lymphoma) of the bladder 
[1]. Histologic sections show diffuse prolifera-
tion of large lymphoma cells (Fig.  10.5). The 
DLBCL lymphoma cells usually have centro-
blastic morphology (oval to round, vesicular 
nuclei, two or more peripherally located nucleoli 
and scant cytoplasm), but sometimes they have 
immunoblastic morphology (a single centrally 
located nucleoli and more cytoplasm). The 
DLBCL is subclassified as either germinal center 
B-cell-like (GCB) or non-GCB subtype based on 
immunophenotype. The GCB subtype is gener-
ally thought to have better a prognosis than the 
non-GCB subtype [22]. It is important to perform 
FISH analysis for MYC rearrangement to rule out 
double or triple-hit lymphoma because some of 
them have the morphology of the DLBCL.

High-grade B-cell lymphomas are a group of 
aggressive mature B-cell lymphomas that have 
intermediate features between DLBCL and 
Burkitt lymphoma or appear blastoid (Fig. 10.6). 
High-grade B-cell lymphomas are classified into 
two categories: [1] high-grade B-cell lymphoma 
with MYC and BCL2 and/or BCL6 rearrange-
ments (double- or triple-hit lymphoma) and [2] 
high-grade B-cell lymphoma NOS [22]. Patients 
with high-grade B-cell lymphoma have poor 
outcomes.

 Acute Leukemia Involving 
the Bladder

In contrast to lymphoma infiltration, acute leuke-
mia involving the bladder is less frequent. Acute 
leukemia in the bladder includes acute myeloid 
leukemia, B-lymphoblastic leukemia/lymphoma, 
or T-lymphoblastic leukemia/lymphoma, with 
acute myeloid leukemia being more often than 
the lymphoblastic leukemia. So far, only a few 

single cases and a small case series of the bladder 
infiltrated by acute leukemia have been reported, 
with myeloid cases being more often than lym-
phoid ones [25–28]. In the patients with acute 
myeloid leukemia, it is not surprising to see the 
blasts in the bladder’s blood vessels (Fig. 10.7), 
which should not be considered as leukemic 
involvement of the bladder. The extravascular 
infiltration of myeloid blasts in the bladder is 
usually nondestructive and does not form tumor 
masses (Fig.  10.8). When they do form tumor 
masses effacing the normal bladder architecture, 
they are called myeloid sarcoma (Fig. 10.9) [25, 
28]. The myeloid sarcoma is most commonly 
associated with acute myeloid leukemia, espe-
cially when there is a monocytic differentiation, 
but it can also be seen in patients with a history of 
a myeloproliferative neoplasm or myelodysplas-
tic syndrome [22].

 Differential Diagnosis of Bladder 
Lymphoma and Plasma Cell 
Neoplasms

Mimics of bladder lymphomas and plasma cell 
neoplasms include unusual variants of bladder 
cancer, such as lymphoepithelioma-like and plas-
macytoid urothelial carcinoma variants [29, 30].

The lymphoepithelioma-like urothelial carci-
noma is a rare variant of urothelial carcinoma 
that resembles undifferentiated carcinoma of the 
nasopharynx, but it is negative for EBV.  The 
lymphoepithelioma- like urothelial carcinoma is 
composed of sheets of undifferentiated, pleomor-
phic cells with syncytial appearance. Admixed 
are background inflammatory cells, including T- 
and B-lymphocytes, plasma cells, histiocytes, 
and occasional neutrophils and eosinophils. In 
rare occasions, eosinophils may be prominent 
[29, 30].

Morphological features of epithelial compo-
nent along with positive immunohistochemical 
stains by several cytokeratin markers (AE1/AE3 
and CK7) and the co-expressions of p63 and 
GATA3 on the epithelia cells establish the diag-
nosis of lymphoepithelioma-like urothelial carci-
noma. Lacking morphological atypia and 
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a b

c d

Fig. 10.6 High-grade B-cell lymphoma, NOS. (a) 
Diffuse lymphocytic infiltrate is identified beneath the 
urothelium. (b) The lymphoma cells are monotonous and 
medium-sized, with a blastoid appearance (round nuclei, 
fine chromatin, and small distinct nucleoli). A “starry sky” 
pattern is appreciated due to the scattered macrophages 

that have ingested apoptotic tumor cells. Mitoses are eas-
ily seen. (c–d) The lymphoma cells are positive for CD20. 
The lymphoma cells do not invade the overlying urothe-
lium. FISH analysis is negative for MYC rearrangement 
(picture not shown), consistent with high-grade B-cell 
lymphoma NOS

Fig. 10.5 DLBCL, non-GCB immunophenotype. (a) 
The bladder urothelium (right upper corner) is unremark-
able, but the tissue underlying the urothelium is exten-
sively replaced by diffuse lymphoma cells. (b) The 
DLBCL cells are large, with fine chromatin, one to three 
small nucleoli and moderate to abundant amount of 
“clear” cytoplasm (likely due to retraction artifact). 

Mitosis and apoptotic debris are frequently seen. (c–e) 
The DLBCL cells are CD20+ (c), CD10- (d), BCL6+ 
(picture not shown), and MUM-1+ (E), consistent with 
non-GCB immunophenotype. (f) The DLBCL cell prolif-
eration index by Ki67 is >95%. FISH analysis for MYC 
gene rearrangement is negative (picture not shown), 
excluding double- or triple-hit lymphomas
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c
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Fig. 10.7 Acute myeloid leukemia is only identified in 
the bladder’s blood vessels. (a) At low power, the urothe-
lium (right lower corner) is unremarkable, while the blood 
vessels (arrows) are expanded by cells. There is no extra-

vascular blast infiltrate. (b–c) At high power, the blasts in 
the blood vessels are medium to large in size, with round 
to irregular nuclei, vesicular chromatin, and distinct 
nucleoli (arrows, c)

a b

Fig. 10.8 Leukemic blasts infiltrating the bladder in a 
patient with history of acute myeloid leukemia. (a) 
Diffuse blasts are identified in the lamina propria of the 
bladder. Extramedullary hematopoiesis is seen (the insert 
shows a dysplastic megakaryocyte). (b) The blasts are 

intermediate to large in size, showing highly irregular 
nuclear contours, vesicular chromatin, and small nucleoli. 
(c–d) The blasts are negative for CD34 (c) but are positive 
for CD13 (subset)
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c d

Fig. 10.8 (continued)

a b

c d

Fig. 10.9 Acute myeloid leukemia involving the bladder 
with multiple polypoid masses (myeloid sarcoma). (a) 
Diffuse leukemic blastic infiltrate in the bladder wall.  
(b–c) The blasts are medium-sized, showing round to 

irregular nuclear contours, vesicular chromatin, one or 
more small distinct nucleoli, and small to moderate 
amounts of cytoplasm. (d) The blasts are positive for 
CD34 (subset, variable)
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immunophenotypic aberrancy in the background 
of lymphocytes exclude the diagnosis of 
lymphomas.

The plasmacytoid urothelial carcinoma is 
another rare, aggressive variant of urothelial car-
cinoma [31–33]. It is characterized by plasmacy-
toid cells with abundant eosinophilic cytoplasm, 
centrally or eccentrically located large nuclei, 
and small nucleoli. Some of the plasmacytoid 
urothelial carcinoma cells may show signet ring- 
like appearance. Approximately 50% of reported 
plasmacytoid urothelial carcinoma cases exhibit 
either urothelial carcinoma in situ or conven-
tional urothelial carcinoma, which might be a 
hint for the correct diagnosis [29–33]. 
Immunohistochemical stains are also important 
in distinguishing the plasmacytoid urothelial car-
cinoma from a plasma cell neoplasm (plasmacy-
toma or plasma cell myeloma). The most 
commonly used plasma cell marker CD138 may 
not be helpful in this setting, as about one-third of 
the plasmacytoid urothelial carcinoma cells are 
positive for CD138. However, the neoplastic cells 
are positive for epithelial and urothelial lineage 
markers (CK7, CK20, p63, GATA3, and uropla-
kin III) but consistently negative for MUM1, a 
very useful marker in this setting which consis-
tently expressed in plasma cell neoplasm and not 
in epithelial neoplasm [29, 30, 34].
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Secondary Tumors in the Bladder

Miao Zhang

The urinary bladder may be involved secondarily 
by surrounding organs such as the prostate, colon, 
and cervix. Due to the proximity of the prostate 
and bladder, secondary involvement of the blad-
der by high-grade prostatic adenocarcinoma is 
not uncommon. The involvement is mostly by 
direct extension. Uncommonly, the bladder can 
be involved by metastasis from other primaries 
such as malignant melanoma, breast cancer, 
colon cancer, stomach cancer, and lung cancer. 
The bladder appears to be the second most com-
mon site to be involved in metastasis in the uri-
nary tract following the kidney. The diagnosis is 
dependent on morphological features and clinical 
information.

Unlike primary bladder malignancies, which 
usually present with urinary symptoms, the meta-
static involvement of bladder infrequently pres-
ents with any urinary symptoms. In one study, 
about 54% of the metastatic cancers of the blad-
der were located near the bladder neck and tri-
gone area, in comparison to only 24% in primary 
cancers of the bladder [1].

Adenocarcinomas are the most frequent histo-
logical subtypes of metastatic cancers of the 
bladders, followed by squamous cell carcinomas 
and other subtypes like small cell carcinomas and 
clear cell carcinomas. Pure primary bladder ade-

nocarcinomas are morphologically indistinguish-
able from metastatic adenocarcinomas. 
Therefore, a clinical history is the key in making 
the diagnosis. Because of the rarity of primary 
bladder adenocarcinomas, when such morphol-
ogy is present, metastasis from other sites should 
be ruled out first.

Micropapillary carcinoma (MPC) can occur 
in the bladder, breast, ovary, and lung. While 
morphological features are quite similar, pathol-
ogists rely on immunohistochemical stains to 
distinguish these possible entities. Lotan et  al. 
[2] found that immunostaining for uroplakin, 
CK20, TTF-1, estrogen receptor (ER), WT-1 
and/or PAX8, and mammaglobin was the best 
panel for determining the most likely primary 
site of MPC. The best markers to identify uro-
thelial MPC were uroplakin and CK20, whereas 
p63, high molecular weight cytokeratin, and 
thrombomodulin were less sensitive and spe-
cific. Lung MPC was uniformly TTF-1 positive. 
Breast MPC was ER positive, mammaglobin 
positive, and PAX8/WT-1 negative, while ovar-
ian MPC was ER positive, mammaglobin nega-
tive, and PAX8/WT-1 positive. In the metastatic 
setting, or when MPC occurs without an associ-
ated in situ or conventional carcinoma compo-
nent, staining for uroplakin, CK20, TTF-1, ER 
and WT-1, and/or PAX8, and mammaglobin is 
the best panel for accurately classifying the 
likely primary site of MPC. GATA3 is a good 
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marker for determining the primary site of carci-
noma in the bladder and breast.

Prostate Cancer High-grade prostatic adeno-
carcinoma can have overlapping morphological 
features with high-grade urothelial carcinoma; 
however, even high-grade prostate cancers retain 
their characteristic cytologic features, such as cel-
lular uniformity, prominent nucleolus, and rare or 
no mitoses. In general, it is not a problem to dif-
ferentiate prostate carcinoma from urothelial car-
cinoma. Prostatic adenocarcinoma involves the 
bladder mostly by direct extension through pros-
tatic urethra, causing obstruction. Although most 
patients are at high stages with extensive high-
grade prostatic adenocarcinoma and treatment, 
rarely, it can present as a primary mass lesion in 
the bladder without a prior diagnosis of primary 
prostatic adenocarcinoma. It may pose a diagnos-
tic difficulty, as ductal- type adenocarcinomas 
(Fig. 11.1) or acinar- type adenocarcinomas with 
pseudopapillary areas mimic papillary urothelial 
carcinoma [3]. Immunohistochemical positivity 
for NKX3.1 and negativity for GATA-3 should 
help to distinguish prostatic from urothelial pri-
mary. It is worth noting that after extensive treat-
ment, tumor glands losing immunoreactivity for 
PSA do not exclude prostate primary. Careful 
review of clinical history and serum PSA level is 
also key.

Breast Cancer Breast cancer involving the blad-
der is rare with only 50 cases reported in the lit-
erature (2.5% of all secondary neoplasm). The 
first report of bladder metastasis from breast can-

cer was in 1980 [4]. In most cases, breast cancer 
has already become widespread at the time of 
diagnosis; however, in some rare cases, only blad-
der metastasis is detected [5]. Clinically, patients 
present with lower abdominal pain and hematuria. 
Imaging studies show irregular thickening of the 
bladder wall. Invasive lobular breast carcinoma 
metastatic to urinary bladder occurs more fre-
quently compared to its ductal counterpart [6]. 
Histologically, signet ring cell morphology of 
individual cells, eosinophilic cytoplasm, and 
rounded eccentrically located nuclei are typical 
features of lobular carcinoma (Fig. 11.2). In addi-
tion, signet ring cells with intraluminal targetoid 
mucin droplet are a very helpful finding to favor a 
breast primary. Immunohistochemical markers 
such as ER, PR, mammaglobin, and GCDFP-15 
can be helpful in distinguishing bladder primary 
from metastatic breast primary. GATA-3 is not 
helpful, as it is positive in both breast and bladder 
primaries. Attention to clinical history is very 
helpful. It is critical to recognize breast carcinoma 
in the bladder, given the therapy implications. 
Bladder metastasis from breast cancer is often 
advanced at the time of diagnosis. The prognosis 
is very poor and most patients die within 1 year. 
However, some cases with a survival of 5 years or 
more have also been reported [7].

Renal Cell Carcinoma Metastatic renal cell 
carcinoma (RCC) to the urinary bladder is rare. 
When this occurs, it might complicate the diag-
nosis. Morphologically, RCC can be confused 
with transitional cell carcinomas (TCCs), espe-
cially those exhibiting clear cell features, and 

Fig. 11.1 Prostatic ductal adenocarcinoma involving the 
bladder

Fig. 11.2 Metastatic breast cancer involving ulcerated 
bladder mucosa
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with other bladder tumors, such as paraganglio-
mas and metastatic melanomas [8]. Reported 
metastatic RCC subtypes include clear cell RCC 
(most common), papillary RCC, and chromo-
phobe RCC.  Clinically, patients present with 
hematuria or urinary retention or obstruction. 
Although most patients have histories of RCC, in 
rare cases, patients presented with metastatic 
clear cell RCC to the bladder and were subse-
quently found to have renal masses. Cystoscopy 
examination shows fungating or nodular mass 
lesions and some as “not typical appearance of 
bladder tumor.” These tumors may be located at 
the bladder neck, trigone, dome, posterior wall, 
and posterior wall near dome and base. 
Histologically, most tumors are clear cell RCCs 
(Fig. 11.3), and some are associated with sarco-
matoid carcinoma; papillary RCC have also been 
reported and very rarely chromophobe RCCs [9]. 
In general, there is histological fidelity between 
the primary and metastatic tumors in the bladder 
in terms of cell type and grade. Metastatic tumors 
in the bladder may undermine the urothelium, 
float in the lumen or ulcerate the surface. The one 
reported case of chromophobe RCC showed pag-
etoid spread to preexisting urothelial papilloma. 
Most cases of clear cell RCC are readily identifi-
able on the H&E sections. Immunohistochemical 
studies are that of typical RCCs, which show 
PAX-8 positivity and AMACR and CK7 positiv-
ity of papillary RCCs. GATA-3 is negative in all 
reported cases.

Because of the rarity of metastatic RCC 
involving the bladder, misdiagnosis is not uncom-

monly seen. Some were misdiagnosed as papil-
lary urothelial carcinoma and some as prostatic 
adenocarcinoma or urachal adenocarcinoma. 
Management of metastatic RCC involving the 
bladder is not standardized. Surgical interven-
tions such as transurethral resection and partial or 
radical cystectomy have been used. Although 
implicating a poor prognosis, long-term survival 
has been reported [10].

Gynecological Malignancies Metastatic cervical 
and ovarian cancers are the most common gyneco-
logical malignancies involving the bladder in women 
[11]. Metastatic high-grade serous carcinoma 
(Fig.  11.4) is a common finding and morphologi-
cally deceptive as these tumors can mimic papillary 
urothelial carcinoma. Female gender and a clinical 
history of gynecological cancer should raise suspi-
cion. Immunohistochemical study for PAX8 is use-
ful when considering gynecological origin.

Squamous cell carcinoma (SCC) of the cervix 
(Fig. 11.5) can be morphologically indistinguish-

Fig. 11.3 Metastatic clear cell renal cell carcinoma 
involving the bladder

Fig. 11.4 Metastatic high-grade serous carcinoma 
involving the bladder wall

Fig. 11.5 Metastatic cervical squamous cell carcinoma 
involving the bladder wall
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able from urothelial carcinoma with squamous 
differentiation or primary squamous cell carci-
noma of the bladder. Imaging and clinical infor-
mation are most useful. The demographic 
distribution of cervical SCC is quite different 
from bladder SCC, as cervical SCC happens in 
younger women. Ancillary study such as in situ 
hybridization study for high-risk HPV can be 
used too, as positivity for high-risk HPV is rarely 
seen in high-grade urothelial carcinomas (<20%) 
[12]. Immunohistochemical study for p16, how-
ever, is less helpful, as positivity can be seen in 
up to 80% of high-grade urothelial carcinomas 
[12, 13].

Primary uterine carcinomas such as endome-
trial neuroendocrine tumor and endometrial stro-
mal sarcoma are rare and were also reported to 
involve the urinary bladder [14]. Main differen-
tial diagnoses with endometrial stromal sarcoma 
are soft tissue mesenchymal tumors of the blad-
der including solitary fibrous tumor, synovial sar-
coma, and large nested variant of urothelial 
carcinoma. Immunohistochemical studies for 
CD10, ER, and PR are positive in endometrial 
stromal sarcoma, while CD34 is positive in soli-
tary fibrous tumor, and TLE1 is positive in syno-
vial sarcoma.

Gastrointestinal Cancer The colon is the most 
common primary site secondarily involving the 
bladder (Fig. 11.6), mostly by direct spreading. 

The most common distant site of origin is the 
stomach (4.3% of all secondary neoplasms). 
Other reported cases from the gastrointestinal 
tract include metastatic rectal adenocarcinoma, 
appendiceal adenocarcinoma, ileal carcinoid 
tumor, and gastrointestinal stromal tumor 
(Fig. 11.7) [7, 15]. The metastatic foci are mass 
forming, and biopsy material showed typical his-
tological and immunohistochemical features 
concordant with the primary tumors.

Malignant Melanoma Of the malignancies 
arising from the skin, melanomas appear to be 
the most common involving the bladder, morpho-
logically mimicking urothelial carcinoma in situ 
in some cases, though the presence of pigment 
helps with the diagnosis (Fig. 11.8). Various cuta-

Fig. 11.6 Metastatic colonic adenocarcinoma involving 
the bladder

Fig. 11.7 Metastatic epithelioid gastrointestinal stromal 
tumor involving bladder serosa

Fig. 11.8 Metastatic melanoma involving bladder 
mucosa, mimicking urothelial carcinoma in situ
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neous primary sites were reported, including 
cases of vulvar melanoma [16]. Metastasized 
melanomas involving the urinary bladder are 
almost always accompanied by distant metastasis 
to other sites.

Lung Primary lung squamous cell carcinoma, 
adenocarcinoma, and neuroendocrine tumor have 
all been reported to metastasize to the bladder 
(2.8% of all secondary malignancy). Metastatic 
lung squamous cell carcinoma possesses extreme 
diagnostic difficulties as primary urothelial carci-
noma bears the same immunohistochemical fea-
tures as lung squamous cell carcinomas. Not 
surprisingly, clinical correlation is crucial in 
making the distinction between primary and 
metastasis.

Other rare primary sites such as the pancreas, 
gallbladder, thyroid (Fig. 11.9), testis, liver, bone, 
and tongue have all been reported to involve the 
urinary bladder [16].

Conclusion The diagnosis of metastasis based 
on the histologic appearance involving the blad-
der is often difficult and poses a significant chal-
lenge to the clinicians and pathologists. The 
bladder is not a common site for metastasis of 
cancer and often goes undiagnosed in the clinical 
follow-up of patients with cancer. Primary blad-
der adenocarcinomas are rare, and when encoun-
tered, a metastasis from other sites should be 
considered and ruled out.
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Urine Cytology

Haijun Zhou

 Introduction

Urine cytology is the microscopic examination of 
cells that exfoliate from the urinary tract. Urine 
cytology was first developed by Papanicolau [1] 
and is now the most common morphological test 
used to evaluate a wide variety of benign and 
malignant diseases that originate from the uro-
thelium overlying the kidney, ureter, bladder, and 
urethra [2–4].

The detection of hematuria by urinalysis is 
typically the initial presentation of urothelial car-
cinoma. Urine cytology is usually performed in 
patients with microscopic or gross hematuria, 
and the goal is to detect high-grade urothelial car-
cinoma at an early stage (non-muscle invasive 
high-grade urothelial carcinoma and carcinoma 
in situ) [5]. Dyscohesive high-grade urothelial 
carcinoma cells exfoliated into urine can be 
detected microscopically without a tissue biopsy. 
Urine cytology is also an essential modality for 
patients undergoing surveillance for a previously 
diagnosed bladder neoplasm, although this may 
present diagnostic challenges due to the effects of 
prior treatment. Other indications for urinary 
tract cytology include follow-up for patients with 

atypical cytology caused by either neoplastic or 
benign conditions.

The urine specimen generally consists of 
voided urine and instrumental urine, i.e., brushing 
or washing (barbotage) specimens. Although 
urine cytology has high specificity (84.0% to 
100.0%) for detecting high-grade invasive and/or 
in situ urothelial carcinoma, it is limited by its low 
sensitivity (ranging from 28.0% to 97% with a 
median of 48.0%) [6, 7] due to nontargeted sam-
pling and overlapping cytomorphology shared 
with many benign or reactive conditions, particu-
larly for low-grade urothelial neoplasms [8, 9].

In conjunction with urine cytology, urologists 
may perform cystoscopy and upper urinary tract 
(UUT) imaging studies for possible gross lesions. 
With cystoscopy, papillary lesions, bladder cal-
culi, and bladder diverticula can be visualized. 
Papillary lesions and suspicious erythematous 
mucosa changes can be biopsied for histology 
diagnosis. Imaging studies, including computer-
ized tomography (CT) urograms and retrograde 
pyelograms, will help detect renal pelvis and ure-
ter lesions. Grossly identified or suspicious 
lesions will be biopsied or brushed for histologi-
cal and cytological evaluation.

There are two recently published international 
classifications: The Paris System for Reporting 
Urinary Cytology (2013) and the International 
Consultation on Urologic Disease–European 
Association of Urology (2015) [10, 11]. Unlike 
in cervical cytology, there has not been a wide-
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spread acceptance and use of any single reporting 
system for urine cytology studies as uniform ter-
minology and criteria for urine cytology report-
ing have not been established among pathologists 
[12]. This chapter will not address the strengths 
and weaknesses of each classification system but 
will rather focus on the diagnostic features of 
urine cytology.

Because of the intrinsic limitations of urine 
cytology, ancillary tests have been developed to 
help monitor patients undergoing surveillance to 
assure that there is no residual or recurrent disease 
and to detect high-grade tumors when cytology or 
biopsy specimens are limited or suboptimal.

This chapter discusses the spectrum of urine 
cytological abnormalities, diagnostic pitfalls, and 
the clinical use of ancillary studies in the practice 
of urine cytology from the perspective of the 
cytopathologist.

 Specimen Type

Urine specimens include voided urine, catheter-
ized urine, bladder washings (barbotage), bladder 
brushings, ureteral and renal pelvic brushings 
and washings, and neobladder urine from an ileal 
conduit [13, 14].

Voided urine specimens are the most com-
monly submitted urine specimens to the cytology 
lab. Specimens collected from voided urine are 
noninvasive and easy to procure. The disadvan-
tages of voided urine include low cellularity, 
degenerative changes, and vaginal contamination 
from female patients, which may pose certain 
diagnostic challenges.

Instrumented urine specimens include cathe-
terized urine, bladder washings (barbotage or irri-
gation), and UUT washings and brushings. These 
types of specimens have relatively high cellularity 
and good preservation. However, instrumented 
specimens require caution because they may pro-
duce artifactually clustered urothelium, papillary 
cell clusters, and increased basal cells that will 
lead to “atypical” or false-positive diagnosis [15].

Post-cystectomy ileal conduit/neobladder 
specimens contain acute inflammation, columnar 
cells from ileal mucosa, and bacterial colonies. 
The nature of this type of specimen makes the 
detection of true recurrent neoplastic conditions 
difficult, and the positive predictive value of ileal 
conduit specimens is low [16].

 Specimen Adequacy

The cytological criteria of adequacy for urine 
specimens are not well defined due to the exis-
tence of many pre-analytic variables, including 
collection type, cellularity, specimen volume, 
and cytomorphological findings. The cytomor-
phological presence of any atypical, suspicious, 
or malignant findings makes a specimen intrinsi-
cally adequate regardless of collection type, cel-
lularity, or specimen volume. An unsatisfactory 
or inadequate specimen is one that is poorly cel-
lular, predominantly degenerated, and/or com-
pletely obscured by inflammatory cells, blood, 
lubricants, debris, crystals, bacteria, spermato-
zoa, etc. [17]. Urine specimen volume only 
affects the adequacy of voided urine specimens 
because instrumental urine specimens have artifi-
cial volume. Low volume indicates under- 
sampling of the voided urine and is arbitrarily 
linked to the finding of a lack of malignancy. One 
study suggests that a cut-off of 30 mL is an ade-
quate volume of voided urine [18]. An adequate 
instrumented urine specimen is suggested to have 
at least 20 urothelial cells in 10 high-power fields 
using the ThinPrep method [19].

The determination of adequacy is important 
enough to warrant repeated sampling in order to 
avoid missing high-grade malignancy. However, 
rendering meaningful interpretation in the correct 
clinical setting is important in order to avoid 
unnecessary repeated sampling. Urine specimen 
processing methods commonly include cytospin, 
membrane filtration, and ThinPrep and SurePath 
liquid preparations, and all produce satisfactory 
results.
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 Reporting and Classification

Unlike in cervical cytology, there has not been a 
universally accepted single reporting system for 
urine cytology. Several published reporting and 
classification systems for urine cytology have 
their own strengths and weaknesses. The Paris 
System for Reporting Urinary Cytology (The 
Paris System) was created to decrease the use of 
the atypical category and to emphasize the risk of 
high-grade urothelial carcinoma rather than low- 
grade urothelial carcinoma. Prospective and ret-
rospective studies have shown that The Paris 
System improves the diagnostic performance 
[20–22].

The diagnostic categories in The Paris System 
are (1) nondiagnostic/unsatisfactory; (2) negative 
for high-grade urothelial carcinoma (NHGUC); 
(3) atypical urothelial cells (AUC); (4) suspicious 
for high-grade urothelial carcinoma (SHGUC); 
(5) high-grade urothelial carcinoma (HGUC); (6) 
low-grade urothelial neoplasm (LGUN); and (7) 
others: primary and secondary malignancies and 
miscellaneous lesions. Each category has its cor-
respondent risk of malignancy and recommended 
clinical response. Explanatory notes as to the 
diagnostic categories are useful supplements to 
cytology reports.

 Normal Components of Urinary 
Sediment

Normal urine has few urothelial cells in a clean 
background without inflammatory cells. Normal 
cellular components of a urine specimen include 
superficial urothelial cells (umbrella cells), inter-
mediate urothelial cells, basal cells, squamous 
cells, columnar cells, renal tubular cells, and red 
blood cells, spermatozoa, and seminal vesicle cells.

Benign superficial and intermediate urothelial 
cells are the most common cellular elements in 
urine specimens. They are variable in size, rang-
ing from 20 μm in diameter for intermediate cells 
up to 100 μm for the typical umbrella or superfi-

cial cells. Urothelial cells have round-to-oval 
nuclei and delicate cytoplasm. Binucleate and 
multinucleate cells are common for superficial 
urothelial cells, with a low nucleus to cytoplasm 
ratio (Fig. 12.1). Basal urothelial cells are more 
commonly observed in instrumented specimens. 
Basal urothelial cells are smaller than intermedi-
ate cells with small nuclei in relatively uniformed 
size, with finely granular and evenly distributed 
chromatin. Benign clusters or fragments of uro-
thelial cells are often seen, particularly in instru-
mented urine, and the benign cytomorphology of 
the cells forming the group fulfills The Paris 
System criteria for negative.

Superficial squamous cells are rarely seen in 
males but are more commonly seen in females. 
Squamous cells originate in the urethral squa-
mous epithelium and in the trigone of the urinary 
bladder. Voided urine sediment may also contain 
squamous cells that originated in the female gen-
ital tract (Fig. 12.2).

Columnar urothelial cells are common and 
exhibit as single cells or small groups with well- 
preserved polarization. Sometimes, mucus- 
secreting columnar epithelial cells with peripheral 
nuclei and distended clear cytoplasm may be 

Fig. 12.1 Normal urothelial intermediate and superficial 
cells with low nuclear to cytoplasmic ratio and abundant 
delicate cytoplasm. The nucleus is round with a smooth 
contour and fine chromatin and conspicuous nucleoli. 
Note the superficial cell (umbrella cell) has multinucle-
ation (ThinPrep Papanicolaou stain; 40X)
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seen. Columnar cells are often seen from cystitis 
cystica or cystitis glandularis (Fig.  12.3). 
Glandular cells from urachal remnant, nephro-
genic metaplasia, or Müllerian rest  (endometriosis 
or endocervicosis) may sometimes also be seen.

Sloughed renal tubular cells may be found in 
urine specimens. Proximal/distal tubular cells in 
urine are singly displaced and easily identified by 
their large size (20 to 60 μm in diameter) with 
irregular and coarsely granular basophilic cyto-
plasm. Their nuclei are small and only slightly 
larger than erythrocytes. In urine specimens, they 
may be intact preserved cells or appear as “ghost” 
or necrotic forms that retain their size and cyto-

plasmic characteristics. Renal collecting duct 
cells are small (12 to 18 μm in diameter) with a 
single, slightly eccentric nucleus, coarse and 
evenly distributed chromatin, and a uniform 
basophilic cytoplasm and distinct borders.

Other benign cells in males may include semi-
nal vesicle cells and spermatozoa on occasion, 
usually after prostatic massage [23]. Erythrocytes 
are a frequent component, particularly in patients 
with clinical evidence of hematuria [3].

 Inflammatory, Infectious, 
and Reactive Changes

 Inflammatory Cells, Bacteria, 
and Fungi

The presence of large numbers of neutrophils, 
macrophages, and lymphocytes indicates inflam-
mation. Bacterial cystitis may be acute or chronic; 
most bacterial cystitis is caused by coliforms and 
other gram-negative rods. Urine specimens that 
form acute cystitis contain numerous exfoliated 
urothelial cells, necrotic material, and inflamma-
tory cells, with a predominance of neutrophils. In 
chronic cystitis, the urine usually contains a 
background of chronic inflammation with macro-
phages and erythrocytes [3]. Urothelial cells may 
be abundant and poorly preserved, occasionally 
forming small clusters.

Bacillus Calmette-Guérin (BCG) treatment on 
patients with non-muscle invasive urothelial car-
cinoma can cause similar changes seen in tuber-
culous cystitis. Inflammatory cells, granuloma 
formation, necrosis, multinucleated Langhans- 
type giant cells, and reactive atypia of urothelial 
cells are present. Ziehl-Neelsen staining may 
reveal acid-fast bacilli but is not required in 
patients with a history of BCG therapy. True 
tuberculous cystitis is not common and may be 
seen in AIDS patients.

Fungi, particularly Candida albicans, may be 
seen in pregnant women, diabetics, immunocom-
promised patients and those undergoing chemo-
therapy for cancer. Other fungi are uncommon, 
although fungus of the species Alternaria is a 
common laboratory contaminant [24].

Fig. 12.2 Normal urine with urothelial intermediate cells 
and keratinizing squamous cells. The background is clean 
(ThinPrep Papanicolaou stain; 40X)

Fig. 12.3 Benign urine with a cluster of columnar cells 
seen in glandularis cystica. The cluster of columnar cells 
forms a three-dimensional structure with the preservation 
of a glandular architecture (ThinPrep Papanicolaou stain; 
40X)
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 Degenerative Changes and Necrosis

Degenerative changes are very common in urine 
cytology. The cell cytoplasm starts to become gran-
ular and vacuolated, and some contain spherical 
eosinophilic inclusions (Melamed-Wolinska bod-
ies) in degenerating cells [25]. Slight nuclear 
enlargement and hyperchromasia may be seen, but 
the contours of the nuclei are usually regular with-
out the coarse granularity seen in cancer cells. 
Necrotic urothelial cells have nuclear pyknosis and 
marked cytoplasmic vacuolization. Of note, 
marked necrosis and inflammation can also be seen 
in necrotic tumors, particularly high- grade urothe-
lial carcinoma and squamous cell carcinoma.

 Viral Infection

BK polyomavirus infection is common and may 
cause hemorrhagic cystitis and nephritis in 
patients with stem cell or renal transplantations. 
Polyomavirus plays a significant role in urine 
cytology because of its “decoy” cells mimicking 
cancer [26]. Decoy cells exhibit a high N:C ratio 
and eccentric nucleus, features shared with high- 
grade urothelial carcinoma [27]. However, the 
large, homogenous, amorphous ground glass-like 
intranuclear inclusions and a condensed rim of 
chromatin differentiate decoy cells from cancer 
cells [28]. Other features of polyomavirus- 
infected cells include a reticular chromatin pat-
tern and decoy cells that show a typical eccentric 
cytoplasm resembling the tail of a comet (comet 
cells). Cytomegalovirus (CMV) and herpes viral 
infections with their characteristic cytomorpho-
logical features may occasionally be encountered 
in urine cytology.

Rarely, parasites may be observed in urine 
cytology. The most common is Schistosoma hae-
matobium, which may be associated with squa-
mous cell carcinoma [29].

 Lithiasis

Patients with calculi commonly have abnormal 
cytologic findings in voided urine [30]. The pres-

ence of stones can cause numerous large, smooth- 
bordered clusters and papillary fragments of 
benign urothelial cells (Fig. 12.4). These changes 
overlap with the features of low-grade urothelial 
carcinoma and thus may cause a major diagnostic 
pitfall in urine cytology interpretation. Significant 
atypia of urothelial cells due to lithiasis is uncom-
mon, and the clinical history of lithiasis is helpful 
for accurate cytology evaluation.

Reactive changes associated with infection 
may be misinterpreted as atypical or even suspi-
cious/malignant. The reactive non-neoplastic 
changes involving the urothelium should be clas-
sified as negative or atypia of unknown signifi-
cance in The Paris System.

 Low-Grade Urothelial Neoplasia

Low-grade urothelial neoplasia is a combined 
cytologic term which accounts for urine findings 
from low-grade papillary urothelial neoplasm 
(low malignant potential, low-grade papillary 
carcinoma and papilloma) and flat low-grade 
intraurothelial neoplasia, in keeping with the 
2004 WHO/ISUP terminology.

The presence of three-dimensional cellular 
papillary clusters with fibrovascular cores is the 
required diagnostic feature for low-grade urothe-
lial neoplasm in The Paris System [31]. 

Fig. 12.4 Benign reactive urothelial cells in lithiasis 
patient urine. The papillary fragments of those benign 
reactive urothelial cells caused by stone share some fea-
tures of low-grade urothelial carcinoma (ThinPrep 
Papanicolaou stain; 60X)
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Meanwhile, the high-grade cytologic atypia 
should not be present [11] (Fig. 12.5).

Urine cytology has low sensitivity (21% to 
53%) for detecting low-grade urothelial tumors, 
and this low sensitivity is a major cause of false- 
negative results in urine cytology [9]. 
Pathologists should not attempt to differentiate 
low-grade papillary urothelial carcinoma from 
papillary urothelial neoplasm of low malignant 
potential or papilloma in urine cytology speci-
mens [32].

Diagnostic pitfalls include differentiating 
between urothelial cell clusters arranged in a 
papillary configuration from those shed from 
normal benign urothelium after instrumentation, 
or irritation by calculi (Fig.  12.4) or inflamma-
tion [30, 33]. Benign cell clusters have smooth 
borders at the edge lined by a densely stained 
cytoplasm. Spontaneously shed complex clusters 
with morphologically benign urothelial cells in 
voided urine may suggest a papillary tumor when 
clinical trauma is excluded.

Ancillary techniques that may be valuable for 
separating benign and neoplastic urothelial cells 
include FISH, immunocytochemical tests, and 
DNA ploidy analysis [34–36].

 Atypical and Suspicious Cases

The atypical category poses one of the greatest 
challenges in urine cytology interpretation, with 
a range of 11% to 33% variable incidence in sev-
eral large published series [36–38].

Reported diagnostic criteria for the atypical 
category in The Paris System include a major 
required criterion that the N/C ratio is greater 
than 0.5 in well-preserved cells and that at least 
one of the three minor criteria be met: nuclear 
hyperchromasia, nuclear membrane irregularity, 
and/or irregular/coarse/clumped chromatin [31]. 
Meeting all of these criteria would upgrade the 
diagnosis to the suspicious category.

The rate of diagnosis in the atypical category 
should be as low as possible, and it should not be 
overused by pathologists as a wastebasket cate-
gory. It is critical for clinicians to undertake fol-
low- up of these patients; therefore, efficient 
communication with urologists is important 
when confronted with this sometimes inevitable 
diagnosis.

The “suspicious” urine cytology category 
should be restrictively used and only applies to 
situations in which the abnormal urothelial cells 
are insufficient to categorize as high-grade uro-
thelial carcinoma in The Paris System. The pre-
dictive value of the suspicious category for 
high-grade carcinoma found is 79% [39].

 High-Grade Urothelial Carcinoma

Diagnosing and monitoring high-grade urothelial 
carcinoma is a central role for urine cytology. 
There are five criteria in The Paris System for a 
diagnosis of high-grade urothelial carcinoma: at 
least five to ten abnormal cells, an elevated N:C 
ratio of 0.7 or greater, moderate to severe nuclear 
hyperchromasia, marked nuclear membrane irreg-
ularity, and coarse/clumped chromatin (Fig. 12.6).

The background of the urine samples can be 
clean with free of necrotic debris and lacks 

Fig. 12.5 A three-dimensional cellular papillary cluster 
with fibrovascular core is shown from a biopsy diagnosis 
of a low-grade urothelial carcinoma. No high-grade cyto-
logic atypia is seen (ThinPrep Papanicolaou stain; 40X)
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inflammation or with necrotic tumor diathesis 
and prominent inflammation. Multinucleate 
 cancer cells and prominent nucleoli and mitotic 
figures are often readily identified [40].

Tumor cells may be poorly preserved and 
degenerated, particularly when there is inflam-
mation or necrosis. In this scenario, cellular 
changes such as vacuolated cytoplasm, nonspe-
cific eosinophilic cytoplasmic inclusions, and 
pyknotic nuclei are present predominately. In 
most cases, atypical urothelial cells may be 
observed, typically in small amounts, alerting the 
urologist of the need for follow-up cystoscopic 
examination.

The reporting of cytologic features of urothe-
lial carcinoma variants is limited. High-grade 
papillary tumors usually do not shed large frag-
ments, and the dominant cytologic finding may be 
the presence of single cancer cells or small tumor 
groups without large papillary configuration. The 
micropapillary variant shares similar features 
with conventional urothelial carcinoma in urine 
specimens [41]. The plasmacytoid variant may 
show plasmacytoid tumor cells in urine speci-
mens which must be differentiated from multiple 
myeloma or signet ring cell adenocarcinoma [42].

Of note, the cytological diagnosis of high- 
grade urothelial carcinoma includes carcinoma in 
situ and invasive carcinoma. Positive void urine 
cytology diagnosis of high-grade urothelial carci-
noma will be followed with cystoscopy and 

biopsy. Instrumented urine specimens are com-
monly accompanied with concurrent biopsy. 
Thus, real-time histology-cytology correlation 
may be achieved.

 Non-urothelial Primary 
and Metastatic Malignancy in Urine 
Cytology

 Primary Non-urothelial Tumor

Non-urothelial bladder tumors account for less 
than 5% of all bladder tumors. They are rarely 
present in urine cytology and pose a diagnostic 
challenge [43, 44].

Squamous cell carcinoma is the most common 
non-urothelial carcinoma of the urinary bladder, 
and it is more prevalent in North Africa and the 
Middle East where Schistosoma haematobium 
infection is endemic [29]. Urinary squamous cell 
carcinoma is usually well to moderately differen-
tiated with abundant keratinization. Cytologic 
features are similar to those seen in other organ 
systems, i.e., large polygonal tumor cells with a 
keratinized cytoplasm, sharp cell borders, and 
atypical hyperchromatic nuclei. Tadpole cells, 
squamous pearls, or tumor nests may be present 
(Fig. 12.7). The cytologic diagnosis of squamous 
cell carcinoma cannot exclude urothelial carci-

Fig. 12.6 Dyscohesive, singly dispersed, and highly 
atypical urothelial cells with markedly increased nuclear 
to cytoplasmic ratio, hyperchromasia, and irregular 
nuclear outline (ThinPrep Papanicolaou stain; 40X)

Fig. 12.7 Keratinizing squamous cell carcinoma dis-
plays large polygonal tumor cells with orangeophilic 
cytoplasm and atypical hyperchromatic nuclei. Tadpole 
cells and necrotic squamous tumor cells are present 
(ThinPrep Papanicolaou stain; 40X)
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noma with divergent squamous differentiation. 
The diagnosis of pure squamous cell carcinoma 
should be based on resection specimens.

Adenocarcinoma of the bladder can arise 
either from the urothelium or from urachal rem-
nants with similar histologic features. Variable 
enteric, mucinous, signet ring-type, and clear 
cell-type adenocarcinoma cells may be detected 
in urine cytology. Cytomorphologic exclusion of 
urothelial carcinoma with glandular differentia-
tion is difficult. Meanwhile, it is important to rule 
out secondary involvement from a colorectal 
 primary [45].

Rarely, neuroendocrine carcinoma such as 
small cell carcinoma can be detected in urine 
cytology specimens. In small cell carcinoma, the 
singly dispersed tumor cells with high N:C ratio 
with nuclear molding due to scant cytoplasm, no 
or inconspicuous nucleolus and hyperchromatic 
nuclei are seen [46]. Ancillary cell block prepara-
tion with neuroendocrine marker immunohisto-
chemical studies is important for a definitive 
diagnosis if specimen volume is adequate.

Urinary mesenchymal sarcoma, hematologic 
malignancy, and melanoma can also be seen in 
urine cytology. In these settings, cytology inter-
pretation should be incorporated with biopsy and 
other necessary ancillary studies.

 Direct Extension and Metastatic 
Tumor to Urinary Bladder

Involvement of the bladder by direct tumor exten-
sion from adjacent organs is much more common 
than distant metastasis to the bladder [47]. 
Prostatic adenocarcinoma, colorectal carcinoma, 
and uterine cervical squamous cell carcinoma 
can readily extend to the bladder at late stages. Of 
note, urine cytological detection of prostate can-
cer may represent tumor cells sloughed from ure-
thral extension, and detection of renal cell 
carcinoma in urine cytology may indicate renal 
pelvic extension of renal cell carcinoma instead 
of distant metastasis to the bladder. Voided urine 
contamination associated with uterine tumors is a 

pitfall which may potentially over-stage the pri-
mary uterine carcinoma (Fig. 12.8) because geni-
tal tract contamination is common in voided 
urine specimens from female patients.

 Ancillary Tests

Ancillary tests have been developed to supple-
ment the detection of urothelial carcinoma in 
urine because urine cytology alone has low sensi-
tivity. Ancillary tests can be used in primary 
screening as well as surveillance, especially 
when the tissue specimen is limited or subopti-
mal and cytology or even histological diagnosis 
falls into the undetermined category. There are 
several FDA-approved assays, and many other 
tests are currently in development.

UroVysion is one of the most well-established 
FDA-approved multitarget multicolor FISH 
assays for the primary detection and surveillance 
of urothelial carcinoma. This assay utilizes cen-
tromeric fluorescent-denatured chromosomal 
enumeration probes for chromosome 3, 7, and 17 
to detect copy number increase and the locus- 
specific identifier probe for 9p21 to detect homo-
zygous deletion. The overall sensitivity and 
specificity are reported to be 72% and 83%, 

Fig. 12.8 High-grade uterine adenocarcinoma cells pres-
ent in a void urine specimen as genital tract contamina-
tion. The high N:C ratio, nuclear hyperchromasia, and 
prominent nuclei can also be seen in high-grade urothelial 
carcinoma (ThinPrep Papanicolaou stain; 40X)
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respectively [48]. The combined use of urine 
cytology and FISH improves the performance of 
the urine test, particularly for the undetermined 
category [49, 50]. False-positive UroVysion 
results can occasionally be seen in reactive con-
ditions such as irritative bladder, radiotherapy, 
cystitis and urolithiasis, and high-titer BK virus 
infection [51, 52].

ImmunoCyt/uCyt test is another FDA- 
approved immunocytochemical assay that can be 
used for the surveillance of urothelial carcinoma. 
The test uses three monoclonal antibodies (M344, 
LDQ10, and 19A211) to detect mucin-like anti-
gen and the high molecular form of carcinoem-
bryonic antigen with different fluorescent signals. 
The sensitivity and specificity are 78–90% and 
77–87%, respectively [53]. The test detects both 
low-grade and high-grade tumors [54, 55].

NMP22 is a nuclear matrix protein and its 
level can increase 25-fold or greater in patients 
with bladder cancer [6]. The FDA-approved 
NMP22 ELISA and NMP22 Bladder-Check can 
be performed at a laboratory or physician’s office 
for surveillance or primary screening of bladder 
cancer [53]. The overall sensitivity and specific-
ity are 62–75% and 70–83%, respectively [53].

BTA stat and BTA TRAK are FDA-approved 
tests that detect complement factor H-related pro-
tein in urine. BTA stat is an immunoassay, whereas 
BTA TRAK is a standard ELISA. The sensitivity 
and specificity of BTA stat for detection of urothe-
lial carcinoma are 54–75% and 64–82%, respec-
tively [53]. The sensitivity and specificity of BTA 
TRAK for detection of urothelial carcinoma are 
58–69% and 73–81%, respectively [53].

The abovementioned ancillary tests are all 
FDA-approved. UroVysion and ImmunoCyt/
uCyt tests are slide-based assays that can corre-
late directly with cytomorphology. NMP22 and 
BTA stat/TRAK are slide-free assays that can be 
used as a point-of-care test with acellular, low- 
volume specimens [56]. Other non-FDA- 
approved assays are also available with variable 
sensitivities and specificities, such as the Sienna 
test (anti-Htert), ProExC, CellDetect, Cxbladder 
Assay, and UroSEEK [56].

 Conclusion

Urine cytology is a key component in the prac-
tice of bladder pathology and plays a fundamen-
tal role in bladder cancer screening and 
surveillance. Numerous benign conditions with 
diagnostic pitfalls complicate the accurate inter-
pretation of urine cytology. Minimizing the 
usage of the atypical category and triaging 
patients correctly for next-step management is 
essential for urine cytology. The diagnostic 
accuracy of urine cytology can be improved with 
ancillary tests. Recognizing primary or second-
ary non- urothelial malignancies in urine cytol-
ogy within the appropriate clinical setting is 
critical in daily practice.
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Diagnostic Values 
of Immunohistochemistry 
in Bladder Cancer

Qihui “Jim” Zhai and Fang-Ming Deng

 General Considerations

Immunohistochemistry (IHC) has been used as a 
valuable tool in our surgical pathology practice 
for more than 50  years. Since then more and 
more biomarkers have been developed, intro-
duced, and applied in our daily practice. This tool 
has revolutionized the field of surgical pathology 
and offered relatively objective parameters and 
evidence-based support for our diagnoses, prog-
noses, and potentially therapeutic correlation.

There are always new biomarkers published in 
the literature; and they typically generate much 
excitement with an initial report of high specific-
ity. However, as more studies are performed with 
more sensitive detection systems, its specificity 
usually decreases. In our practice, we do not 
introduce all the new antibodies that become 
popular, unless they can offer new information 
that is not available by current well-established 
ones in the lab.

With recent advances in molecular studies of 
urinary bladder cancers, many new diagnostic 
markers have been identified and reported in the 

literature. Like any other organ, application of 
IHC in bladder pathology should follow the same 
general considerations. In this chapter, we will 
discuss the utilities of IHC with focus on the 
practical pearls and pitfalls in some commonly 
seen diagnostic challenges instead of reviewing 
all the established and new markers.

 When Do We Need to Request IHC?

There is no clear-cut guideline regarding when 
IHC should be used. Each pathologist may have a 
different threshold, because of a different level of 
confidence secondary to various backgrounds 
and experiences. When and how to use this tool is 
more like a combination of science and art. 
Personally, we request immunostains when we 
feel the features are not typical for a certain 
entity, and different interpretations may be ren-
dered if this case is shown to different patholo-
gists. Another important parameter for us is the 
clinical implications, as we want the patients to 
be managed with solid evidence.

In most of the cases, the routine hematoxylin- 
eosin (H&E) stain demonstrates typical features 
that make us confident about the diagnosis of 
bladder cancer, and immunostains are not needed. 
However, for a subset of cases, the histology is 
not typical and presents some overlapping fea-
tures between two or even more possible 
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 diagnoses. At this time, ancillary tests may offer 
additional evidence for an accurate diagnosis.

We frequently hear “H&E stain trumps the 
immunostains.” Our personal view is that it is 
usually true; however, it is individually case 
based. Most of the time, the immunostains should 
confirm what we think based on the H&E sec-
tions. Only rarely should it be “I am glad I 
ordered the immunostains,” a sign that the immu-
nostains offered some additional information that 
we did not feel confident or were not in favor of 
it with only on the H&E sections. Even more 
rarely, we wish we never requested those immu-
nostains, which further muddied the water, and 
we do not know what to do with all the immunos-
tains in a certain case. A too generous and casual 
use of IHC without justification could generate 
more confusion to us rather than providing help, 
because the different expressions of biomarkers 
may point us in different directions.

 What Panel Do We Need to Pick?

IHC is considered an ancillary test which can 
support, but not replace, careful morphological 
evaluation. The practical approach is to form a 
short list of differential diagnoses based on the 
histology of the lesion. Look into the clinical set-
ting and understand the clinical impacts of our 
possible diagnoses. A panel of biomarkers that 
are complimentary to each other among the dif-
ferential diagnoses should be used to increase the 
diagnostic accuracy.

To choose the proper panel of immunostains, 
we need a strong basic, constant study, innovative 
and creative thinking, and enjoyment of proper 
selection (BEST approach). Also, 3C practice 
(consultation, communication, and collabora-
tion) is commonly required.

Because of the biological nature of a tumor 
and technical issues associated with the IHC pro-
cedures, none of the IHC markers is 100% spe-
cific and 100% sensitive in any lesions, including 
bladder lesions. We must use these markers with 
justification and caution. Usually we should not 
rely on one single immunostain, to avoid a false- 
positive or false-negative result.

 How to Interpret the Results?

We need to be aware of the approximate sensitiv-
ity and specificity for each biomarker that is used 
in the panel. Sensitivity and specificity for any 
given antibody is relative, and so far we do not 
have absolutely specific and sensitive antibodies. 
There are at least four issues need to be consid-
ered for immunostaining interpretation:

 1. What cellular compartment is stained: nuclear, 
cytoplasmic, membranous, or both nuclear 
and cytoplasmic.

 2. When the marker stains cytoplasm, check 
whether it is membranous, granular cytoplas-
mic, or fibrillar cytoplasmic.

 3. Check whether the tumor cells stain or 
entrapped normal cell stain.

 4. Check the degree of staining: strong or weak 
or diffuse or focal.

The signal location is fundamental in our 
immunostain interpretation. There are three pos-
sible signal locations, namely, nuclear, membra-
nous, and cytoplasmic. Also possible is the 
combination of different locations. It is extremely 
important to remember the expression pattern for 
each marker. GATA 3, PAX2/8, and p63 are 
nuclear patterns. Cytokeratin and racemase are 
both cytoplasmic markers, but cytokeratin should 
be fibrillar stain and racemase granular stain. 
Uroplakin is membranous expression. Some 
markers may present combined staining patterns, 
such as S-100, which manifests both cytoplasmic 
and nuclear immunoreactivity.

How to define a positive stain is essential. 
The lesional area must be present and recog-
nized, and the targeted cells have to be positive 
or negative; not all brown stain is necessarily 
positive. Ideally, non-lesional normal or benign 
tissue is present to control the immunostained 
slides. The cells of interest in the immunos-
tained slides may be hard to appreciate when 
evaluated by hematoxylin counter stain only. 
Therefore, H&E sections should be reviewed 
and compared with the immunostains to make 
sure that we are interpreting the lesional tissue 
in the right areas.
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 The Economics of the IHC

Economy should not be the primary consider-
ation when we handle a difficult case. Cost- 
effectiveness can be achieved by careful planning. 
Sometimes a phone call with related physicians 
can save much time and the number of immunos-
tains. Clinical history and imaging results will 
help shorten the list of our differential diagnosis; 
subsequently we can use fewer immunostains. 
Under the new economic-medical climate, effi-
cient utility is extremely important to sustain the 
lab and practice.

 Practical Approach in Specific 
Diagnostic Dilemmas

There are many diagnostic dilemmas with over-
lapping histologic features, and yet they are clini-
cally relevant. Now we use some frequently 
encountered diagnostic dilemmas in bladder 
pathology to discuss the histologic features, com-
plimentary immunostain panel, signal location, 
interpretation skills, and clinical implications.

 Flat Urothelial Lesions

This group of lesions includes urothelial carci-
noma (UC) in situ, dysplasia, proliferation of 
uncertain malignant potential, and reactive atypia 
[1]. To separate them from each other is extremely 
important and not always easy. Several markers 
are valuable in this setting (Fig.  13.1 and 
Table 13.1).

CK20 is a marker often applied in the evalua-
tion of flat lesions of bladder. The key is how to 
interpret its expression pattern. In normal and 
benign reactive urothelium, CK20 is restricted to 
the surface umbrella cells. In contrast, CK20 is 
positive in the full urothelial thickness of dys-
plastic urothelium or in situ carcinoma (CIS) [2–
4]. CK20 cannot separate dysplasia from UC in 
situ, which relies on histologic evaluation.

P53 is often used in this setting. In normal and 
reactive urothelium, p53 is usually of scattered 
and weak nuclear expression. In dysplastic uro-
thelium and CIS, p53 is often diffusely and 
strongly expressed [2, 3].

Ki-67, a marker for proliferation index, is usu-
ally high with whole layer distribution while low 
and limited to basal and suprabasal layers of nor-
mal urothelium [3, 4].

CD44 is also reported to be useful, with an 
inversed expression pattern with CK20. Namely, 
it is positive with a membranous pattern in the 
benign basal and suprabasal cell layers [2]. This 
membranous expression of CD44 is lost in CIS, 
particularly the pagetoid type of CIS.  It is not 
hard to understand why some pathologists like to 
use the combination of these two complimentary 
markers together to evaluate flat urothelial 
lesions.

AMACR is another maker that can be used to 
differentiate reactive atypia from CIS, which is 
usually positive in CIS while negative in benign 
reactive urothelium. Comparing with CK20, 
AMACR was less sensitive and more specific with 
the same caveat of less staining intensity [5, 6].

Cocktails containing two or three antibodies 
have been applied on the same slide, offering dif-
ferent color detection and complimentary expres-
sion patterns [7, 8].

It should be kept in mind that the IHC in the 
differential diagnosis of flat urothelial lesion is 
limited, such as CK20 can be totally lost in CIS 
and only ~50% CIS has P53 mutation and shows 
abnormal P53 expression by IHC. Ki-67 labeling 
can be increased in reactive urothelium, such as 
inflamed urothelium.

 Histologic Variants of Infiltrating UC

This is a very important topic; Chap. 6, 
“Morphological Variants of Invasive Urothelial 
Carcinoma,” is completely dedicated to the 
details, including histologic features, immuno-
profile, and clinical significance.

13 Diagnostic Values of Immunohistochemistry in Bladder Cancer



162

Normal

HE

CK20

P53

Ki67

CD44

AMACR

CIS

Fig. 13.1 IHC panel for differentiation of benign urothelium from urothelial carcinoma in situ

Table 13.1 IHC panel for differentiation of reactive urothelium from urothelial carcinoma in situ

Normal Reactive Carcinoma in situ
CK20 + (limited to surface umbrella layer) – + (transurothelial), ~70%
P53 + (scattered, weak) + (scattered, weak) + (strong and diffuse)
CD44 + (limited to the basal) + (transurothelial) − (or limited to basal +)
Ki-67 Low Moderate to high High
AMACR + (transurothelial), ~70% – –
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 Assess the Depth of an Invasive 
Urothelial Carcinoma on the Biopsy 
and Transurethral Resection 
Specimens

In bladder biopsy or transurethral resection of 
prostate (TURP) specimens, the depth of inva-
sion of infiltrating UC is critical for the clinician 
to design the most appropriate subsequent thera-
peutic approach, cystectomy, or more conserva-
tive procedure. Most of the time, we can handle 
these cases with confidence based on H&E 
 sections alone; however, in difficult cases IHC 
may offer additional evidence to support our 
H&E impression.

Smoothelin is reported to be specifically 
immunoreactive with the contractile muscle bun-
dles, which are muscularis propria (MP); there-
fore, it is used to distinguish muscularis propria 
from muscularis mucosae (MM) [9–11]. A dif-
fuse and strong staining pattern is specific and 
can be considered as MP; on the other hand, a 
weak and blush pattern is usually considered as 
MM (Fig.  13.2). However, MP can be weakly 
stained; therefore, strong and diffuse stain is only 
useful in this situation. Occasionally smoothelin 
immunostain can be difficult to interpret; and pit-
falls should be kept in mind [12]. If this is the 
case, smoothelin is not reliable.

Careful lab validation with different condi-
tions/protocols and personal experience are very 

important. As with any other markers, smoothe-
lin will not solve all the problematic cases. 
Occasionally, we are not confident whether the 
muscle bundles represent hyperplastic MM or 
true MP. It is critical that we communicate with 
the urologist and comment that we are not sure 
based on the pathological features. The urologist 
can either proceed with the imaging findings or 
perform a very close follow-up and/or re-biopsy 
of a deeper portion to obtain a more straightfor-
ward diagnosis.

Most clinicians including urologists, medical 
oncologists, and radiation oncologists use muscle 
involving urothelial carcinoma as interchangeable 
with urothelial carcinoma involving the MP. So, it 
is not recommended to use invasive urothelial car-
cinoma involving muscle bundles in our pathol-
ogy report; we need to clearly specify it is MM or 
MP or not sure for MM or MP. Potential misun-
derstanding should be avoided in this setting, 
because the clinical implications are dramatic. 
Patient may undergo an unnecessary cystectomy 
based on a vague terminology.

 Establish the Urothelial Lineage 
and Rule Out Metastasis

 GATA3
GATA3 was described a few years ago, which 
was considered most specific for urothelial 

Fig. 13.2 Smoothelin to differentiate muscularis propria from muscularis mucosae
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 differentiation [13]. GATA3 has higher sensitiv-
ity than p63 and CK20 on high-grade urothelial 
carcinoma, as high-grade (HG) UC usually par-
tially or even totally lose p63 or CK20, while 
most of these cases retain the expression of 
GATA3 (14 and Fig. 13.3). Like most immuno-
histochemical markers, its sensitivity increased, 
and its specificity declined significantly in the 
subsequent literature. However, it is still a valu-
able nuclear marker, particularly when used 
along with a well- designed panel based on the 
histology. We should be aware that GATA3 is 
positive in most of breast carcinomas and many 
other tumor types [15]. Clinical history and addi-
tional urothelial and breast cancer markers might 
be needed, if GATA3 is positive in metastatic car-
cinoma cells.

 Uroplakin II
Uroplakins are a group of transmembrane pro-
teins that are urothelial specific and 
differentiation- dependent markers and have been 
shown to be highly specific but with low to mod-
erate sensitivity for urothelial carcinoma [16]. 
Hoang et al. published their data in 2013 and con-
cluded “The mouse monoclonal uroplakin II anti-
body (BC21) demonstrated superior sensitivity 
and specificity in urothelial carcinoma, compared 
with uroplakin III (BC17 and AU1), suggesting 

its advantages in the differential diagnosis of uro-
thelial carcinoma and in the detection of tumors 
of unknown origin” [17].

 p63
p63 is a highly sensitive nuclear marker of squa-
mous and urothelial cell neoplasms [18]. 
However, p63 is not specific; it also stains the 
myoepithelial cells in the prostate and breast with 
a rim of nuclear positive myoepithelial cells indi-
cating a noninvasive process. p63 can be used to 
differentiate between urothelial and prostate car-
cinomas; it has a similar sensitivity but greater 
specificity than HMWCK 34βE12 because of 
nuclear staining which minimizes the nonspecific 
staining inherent in cytoplasmic stains. However, 
a special precaution is recommended, since a 
subset of prostate cancers can be p63 positive. It 
also needs to be kept in mind that p63 can signifi-
cantly decrease in high stage and HGUC and vir-
tually absent in micropapillary UC [19].

 S100P
S100P or so-called “placental” S100 is another 
promising marker derived from gene expression- 
based studies that has been used to confirm uro-
thelial histogenesis, which is a member of the 
S100 family of calcium-binding proteins [20]. It 
was initially believed as relatively urothelial 

Fig. 13.3 A small biopsy of urothelial carcinoma with GATA3 reactivity
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 specific, while immunopositivity for S100P has 
been documented with significant prevalence in 
several cancers, including significant prevalence 
of immunopositivity in tumors of the pancreas, 
breast, colon, lung, desmoplastic melanomas, and 
ovarian mucinous neoplasms. Notwithstanding 
this finding, this marker may be of significant 
value in supporting urothelial differentiation 
based on its high degree of sensitivity and proven 
performance in several clinical scenarios [21].

 Distinction of High-Grade Prostate 
Adenocarcinoma from Urothelial 
Carcinoma

Neoplasms within the prostate and urinary blad-
der can be primary or result from metastasis or 
direct extension from adjacent organs. Primary 
prostate adenocarcinoma can extend up to the 
urinary bladder, and primary urothelial carcino-
mas arising either in the urinary bladder or in the 
urethra can invade into the prostate. The clinical 
management and prognosis are different for pros-
tate adenocarcinoma and urothelial carcinoma. 
Hormone therapy is often used to manage patients 
with advanced prostate adenocarcinoma; chemo-
therapy is often selected to treat patients with 
high-stage UC.

Well-differentiated lower-grade UCs and 
prostate adenocarcinomas can easily be distin-
guished by histology, and these low-grade tumors 
do not usually create differential diagnostic prob-
lems, but high-grade/poorly differentiated uro-
thelial carcinomas can mimic prostate 
adenocarcinoma, especially those of Gleason 
patterns 4 and 5 (score 8, 9, and 10). High-grade 
adenocarcinoma with solid and papillary growth 
pattern can mimic high-grade urothelial carci-
noma (Fig. 13.4). The possibility of overlapping 
histologic features, especially in the limited 
material available from a biopsy specimen, may 
make it a challenging exercise to accurately dis-
tinguish between urothelial and prostate adeno-
carcinoma. Here we outline a few major 
morphologic characters on H&E sections and 
then focus on discussing the utilization of IHC to 
separate these two different entities.

 Morphologic Characteristics on H&E 
Sections
High-grade urothelial carcinomas usually show a 
nesting architecture, squamous differentiation, 
higher degrees of nuclear pleomorphism, and 
brisker mitotic activity, compared to poorly dif-
ferentiated prostate adenocarcinomas which typi-
cally show much less nuclear pleomorphism 
(relatively uniform cells), more prominent nucle-
oli arranged in infiltrating cords and focal cribri-
form glands, and lastly, even though high grade, 
few or no mitoses (Fig. 13.4). However, the mor-
phologic characteristics of the two tumors may 
overlap, and therefore immunostains may be 
required to distinguish them.

 Commonly Used Immunohistochemical 
Markers
Numerous immunomarkers expressed on pros-
tatic and urothelial cells have been extensively 
studied for differentiating between urothelial and 
prostate adenocarcinomas, including prostate 
specific antigen (PSA), prostate-specific acid 
phosphatase (PSAP), prostate-specific membrane 
antigen (PSMA), prostein (P501s), NKX3.1, 
cytokeratins (CK7, CK20, and high molecular 
weight cytokeratins through antibody 34βE12 or 
CK5/6), uroplakin, thrombomodulin, p63, carci-
noembryonic antigen (CEA), GATA3, and many 
others. [22–25] Different studies delineate the 
use of different markers for distinguishing 
between the two neoplasms, and in our practice 

Fig. 13.4 High-grade prostate cancer mimics urothelial 
carcinoma
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we have found that NKX3.1, PSA, PSAP, P501S, 
thrombomodulin, and 34βE12 are useful markers 
for this purpose. Other useful markers including 
GATA3, p63, and Uroplakin II have been dis-
cussed in the previous section.

Thrombomodulin and uroplakin are rela-
tively specific for UCs, compared to prostate 
adenocarcinomas. However, uroplakin has been 
mentioned to be inconsistent in staining UCs. 
Thrombomodulin is expressed in UCs though it 
has a sensitivity ranging from 49 to 91%. This 
wide variation in sensitivity for thrombomodulin 
has been ascribed to the varying cutoffs used by 
different studies with high sensitivity being from 
studies with any degree of positivity versus lower 
sensitivities in studies using higher degrees of 
cutoff for positivity. Whatever the degree of cut-
off for positivity, thrombomodulin was not 
expressed in prostate adenocarcinomas, and 
therefore it can be used in distinguishing prostate 
adenocarcinoma from UC [26].

NKX3.1 The homeobox protein NKX3.1 is a 
transcription factor and tumor suppressor. 
NKX3.1 has been shown to be highly specific for 
prostatic origin. Prostate adenocarcinoma and 
lobular carcinoma of the breast are the only can-
cers that have been shown to express it. NKX3.1 
was expressed from 92% to 97% of high-grade 
prostatic adenocarcinomas. NKX3.1 proved to be 
specific and sensitive when differentiating high- 

grade prostatic adenocarcinomas from poorly 
differentiated UCs [27–30] (Fig. 13.5).

PSA and PSMA are markers of prostatic epi-
thelium that have been useful in identifying car-
cinoma of uncertain origin. PSA is expressed in 
prostate glandular tissue and also in other tissues 
like breast and salivary gland neoplasms and also 
anal glands. It is a highly sensitive marker; how-
ever, its sensitivity decreases with increasing 
Gleason score. PSA has a sensitivity ranging 
from 73% to 97% for poorly differentiated pros-
tate adenocarcinomas. PSMA is like PSA, with a 
high specificity and a sensitivity of 95–97% in 
poorly differentiated prostate adenocarcinomas. 
Since high-grade prostate adenocarcinomas, par-
ticularly castration-resistant prostate adenocarci-
noma, may be negative for PSA or PSAP, the 
absence of these markers does not completely 
exclude a prostatic origin [30–33].

Recent study shows PSMA and NKX3.1 are 
more sensitive markers than PSA for metastatic 
prostate adenocarcinoma to the bone following 
decalcification. We recommend use of PSMA 
and NKX3.1, rather than PSA, as the IHC mark-
ers to confirm metastatic prostate adenocarci-
noma to the bone [34].

ERG A nuclear marker ERG (ETS avian 
erythroblastosis virus E26 oncogene homology) 
has recently generated interest. Its expression in 
prostate depends on the TMPRSS2-ERG fusion 

Fig. 13.5 NKX3.1 highlights high-grade prostate adenocarcinoma involving bladder neck

Q. “J”. Zhai and F.-M. Deng



167

status, which ranges from 2% to 49% sensitivity 
depending on population studies. It is highly spe-
cific for prostate adenocarcinoma and is very 
helpful when positive in a tumor with the differ-
ential diagnoses of UC and prostate cancer. 
However, ERG has low sensitivity, and high- 
grade prostate adenocarcinoma, particularly 
castration- resistant prostate adenocarcinoma, is 
more likely to be negative [35, 36].

HMWCK Antibody Clone 34βE12 is a spe-
cific marker for prostatic glandular basal cells 
that is directed against cytokeratins CK1, CK5/6, 
CK10, and CK14. It also stains the urothelium 
and has a sensitivity ranging from 65% to 100% 
for UCs, with the variation in sensitivity attrib-
uted to be possibly from the antigen retrieval 
method. With microwave heat retrieval, there was 
diffuse positivity in all cases of HGUCs as com-
pared to enzyme retrieval methods which showed 
patchy staining and diffuse positivity only in 
65% of UCs. HMWCK in contrast is expressed in 
up to 11% of prostate adenocarcinomas and has a 
specificity of 89–97% for UCs. Since prostate 
cancer can rarely express HMWCK, a precaution 
is required.

 Selection of Immunostain Panel
As we have discussed earlier, the principle of 
selecting markers should include a complemen-
tary panel with speculated positive and negative 
profile (Table 13.2).

 Pitfalls
A very small percent of high-grade prostate ade-
nocarcinomas may lose the expression of PSA; 

on the other hand, very rarely p63, a marker for 
UC, can be positive in prostate adenocarcinoma 
[37]. Therefore, the interpretation of immunos-
tains in this small proportion of cases requires 
even more caution, and a constellation of features 
should be used.

UCs arising from the prostate and direct 
extension from the urinary bladder share the very 
same histologic features and immunoprofile. 
Careful clinical examination of the bladder is 
essential, and it is directly related to the tumor 
staging.

A useful algorithmic approach based on our 
practice is to stain with two or more complemen-
tary immunostains that are available in the labo-
ratory, including NKX3.1, PSA, PSMA, P501S, 
or PSAP and GATA3, HMWK, p63. If it still 
unresolved, then stain with other markers as 
needed. Very rarely is the tumor unresolved after 
these markers.

 Nephrogenic Adenoma and Its 
Mimickers

Nephrogenic adenoma (NA) is a relatively fre-
quent lesion of the urinary tract, which occurs 
predominantly in the bladder, as well as in the 
renal pelvis, ureter, and urethra, with a male to 
female incidence ratio of 2:1. The term nephro-
genic metaplasia can be used interchangeably 
with NA.

Irritative bladder symptoms, occasionally 
with hematuria, are the usual chief complaints. A 
well-established association between NA and 
mucosal trauma (i.e., nephrolithiasis, bladder 
reconstruction, catheterization, chronic inflam-
mation, intravesical BCG therapy, urinary tract 
infection, and radiation) led to the once widely 
accepted conclusion that NA results from a meta-
plastic response. However, relatively recent stud-
ies have shown an association of NA with renal 
transplant and immunosuppression, and these 
lesions likely represent an implantation of renal 
tubular epithelium into a disturbed urothelial 
mucosa [38].

Cystoscopically, NA is seen as single or mul-
tiple papillary, polypoid, mulberry-like, or 

Table 13.2 IHC panel for differentiation of urothelial 
carcinoma from prostate adenocarcinoma

Urothelial Ca Prostate Ca
Uroplakin + −
GATA3 + −
P63 + −
HMWK + −
NKX3.1 − +

PSA − +

PSMA − +

P501S − +

PSAP − +
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shaggy exophytic lesions in the background of an 
inflamed urothelial mucosa (Fig. 13.6).

Several histologic patterns for NA have been 
described, including tubular, cystic, polypoid, 
solid, and very recently flat and their combina-
tions [41]. The epithelium lining these structures 
is composed of a single- or multi-cellular layer of 
eosinophilic cuboidal and hobnail cells. Often, 
the tubules are small and lined by only one cell 
layer with luminal blue mucin compressing a 
nucleus, resembling a signet ring cell. However, 
the presence of prominent basement membrane 
around these tubules is a useful diagnostic feature 
for this entity. As for the stroma, it is usually 
edematous and accompanied by a mixed inflam-
matory cell infiltrate.

The lining cells of NA are positive for differ-
ent types of keratin, which have limited value in 
separating this entity with other malignant 

tumors, since the latter are of epithelial differen-
tiation as well. However, there are two markers 
that can be used to diagnose NA.

AMACR: Most NAs (58–78%) are immuno-
reactive for Alpha-methylacyl-CoA racemase 
(AMACR), a molecule that is expressed in pros-
tate adenocarcinoma [39] (Fig. 13.7).

PAX2 or PAX-8 is a renal transcription factor 
that is relatively specific for renal tubular epithe-
lium. We and others reported 100% staining with 
PAX2 in a series of 39 examples of NA and 100% 
positive for PAX8  in 15/15 flat pattern nephro-
genic adenoma [40, 41] (Fig. 13.7).

 Diagnostic Dilemmas
NA is a benign lesion, with some features mim-
icking malignant tumors. The major differential 
diagnoses are those of malignant lesions includ-
ing clear cell adenocarcinoma, urothelial papil-
lary carcinoma, and prostate adenocarcinoma. 
The necessity to distinguish NA from the above 
mimickers cannot be overstated since there are 
significant differences in management and patient 
outcome. Whereas patients with NA generally 
require no further intervention, those with a diag-
nosis of carcinoma typically undergo transure-
thral resection, partial or complete cystectomy, 
and/or adjuvant chemoradiation.

NA vs. Clear Cell Adenocarcinoma 
of the Bladder
NA is a reactive process and the clustered tubules 
are most frequently confined to the lamina pro-
pria in an inflammatory background. The base-
ment membranes around these tubules are usually 

Fig. 13.6 Nephrogenic adenoma mimics urothelial car-
cinoma or prostate adenocarcinoma

Fig. 13.7 Positive stains of PAX-8 and AMACR in nephrogenic adenoma
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well formed, and mitoses are very rare. On the 
other hand, clear cell adenocarcinoma, like most 
of the malignant tumors, demonstrates larger size 
and aggressive histologic features including stro-
mal invasion, anaplastic cytology, high mitotic 
index, and tumor necrosis.

p53 and Ki-67 are useful in separating these 
two entities. Clear cell adenocarcinoma shows 
strong and diffuse p53 nuclear staining, 
whereas NA shows weak and focal staining. 
Ki-67 activity is found to be between 10% and 
80% in clear cell adenocarcinoma and less than 
5% in NA.

Hepatocyte nuclear factor-1β (HNF-1β) is 
another good but not definitive discriminatory 
marker in differentiating clear cell adenocarcino-
mas from NAs. All cases of clear cell adenocarci-
nomas of the bladder/urethra (n = 18) are positive 
for HNF-1β, while most of the NAs are negative 
for HNF-1β [42].

PAX8 is not helpful to differentiate the two 
lesions because both are immunoreactive for this 
antibody.

NA vs. Prostate Adenocarcinoma
In male patients, most NAs are found in the blad-
der neck region and adjacent urethra, which is a 
frequent site of surgical manipulation in patients 
with prostate and bladder pathology [43]. The 
most important diagnostic dilemma when 
encountering NA in urethral biopsies or TURP 
from male patients is to distinguish this lesion 
from prostate adenocarcinoma. It is not uncom-
mon to observe the tubules of NA encroaching 
deeply into the periurethral stroma of the pros-
tate. Such cases may possibly be misinterpreted 
as prostate adenocarcinoma.

NA should demonstrate negative staining for 
NKX3.1, PSA, and PSAP. Prostate adenocarci-
noma should stain positively for these markers. 
Additionally, NA is positive for PAX2/PAX8, 
whereas prostate adenocarcinoma is negative 
for both.

AMACR is positive in both NA and prostate 
adenocarcinoma; immunostains alone can be a 
potential trap and misleading. Awareness of this 
pitfall is critical to separate these two lesions; one 
is benign and the other is malignant.

NA vs. Papillary Urothelial Carcinoma
NA and papillary UC can overlap due to the pres-
ence of cellular atypia and papillary growth pat-
tern with fibrovascular cores, which are seen in 
both entities. Sometimes, there may be a clinical 
history of papillary UC, and a re-biopsy is per-
formed. We should be cautious not to jump to the 
conclusion of a recurrence of papillary UC, when 
we see papillary structures with cytologic atypia. 
The most important difference is the cell layer: 
papillary urothelial carcinoma has multiple cell 
layers, but papillary NA is lined usually by single 
cell layer.

NA is positive for PAX-2/PAX8, but negative 
for GATA3 and p63. Conversely UC is positive 
for GATA3 and p63 and negative for PAX2/
PAX8. Again, this complementary panel should 
be very useful in handling most of the cases 
within this problematic scenario.

Rarely NA may be associated with various 
tumors including urothelial neoplasms, prostate 
or bladder adenocarcinoma, or squamous cell 
carcinoma of the bladder.

The message is that we should not ignore the 
associated pathology.

 Immunostains for Neuroendocrine 
Tumors of the Bladder

We have a dedicated chapter for neuroendocrine 
tumors including small cell carcinoma, carcinoid, 
and large cell carcinoma with neuroendocrine 
differentiation. Chapter 9, “Neuroendocrine 
Tumors of the Urinary Bladder,” has concen-
trated on this important topic.

 Distinction of Primary 
Adenocarcinoma of the Bladder 
from Secondary Adenocarcinoma 
Involving the Bladder

If adenocarcinoma is found in the bladder, the 
key issue for clinical management is whether this 
is a primary or secondary adenocarcinoma, 
including metastatic and direct tumor extension 
from other pelvic organs such as the colon, cer-
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vix, or uterus. The treatment of choice for pri-
mary adenocarcinoma of the bladder is radical 
cystectomy or cystoprostatectomy (for male 
patient). In the case of secondary bladder adeno-
carcinoma, finding the primary site and adminis-
tering systemic treatment to control tumor spread 
will be the focus.

The histologic spectrum of primary urinary 
bladder adenocarcinoma is wide and should 
be handled with care. Common histologic pat-
terns are enteric type, which closely resembles 
colorectal adenocarcinoma histologically and 
immunohistochemically (CDX2+, CK20+, 
GATA3-, P63-, CK7-), and non-enteric type, 
which displays variable histologic and immu-
nohistochemical features, distinct from a colon 
primary.

If it is enteric type, clinical work-up is neces-
sary to rule out a colonic primary. Coexisting 
urothelial dysplasia, carcinoma in situ, or inva-
sive urothelial carcinoma strongly favors a pri-
mary bladder adenocarcinoma.

Immunostains have limited value in separat-
ing primary bladder adenocarcinoma from 
colorectal adenocarcinoma metastasis or direct 
extension to the bladder. β-catenin is reported to 
be the most helpful marker in this setting. More 
than 90% of colorectal adenocarcinomas demon-
strate a strong nuclear positivity, while more than 
90% of the primary urinary bladder adenocarci-
nomas express beta-catenin with a strong mem-
branous pattern [44, 45].

 Metastatic Carcinoma of the Urinary 
Bladder

Usually a clinical history of other primary carci-
noma such as breast, colon, and kidney will make 
us think about the possibility of a metastasis 

involving the urinary bladder. However, any 
unusual histology should alert us of the possibil-
ity of metastasis to bladder. Communication with 
the treating physician and a small panel of immu-
nostains can be useful.

We have discussed GATA3, uroplakin II, and 
p63, and these markers can be used as evidence 
of urothelial differentiation, although they are not 
100% specific. Of note, GATA3 can be positive 
in UC, breast cancer, and many other tumors, 
which should caution us to take advantage of 
additional tools and information in making the 
final diagnosis.

Again, clinical history and associated urothe-
lial dysplasia or urothelial CIS can be very valu-
able for the final accurate diagnosis.

 Immunohistochemistry in Separating 
Spindle Cell Neoplasms 
of the Bladder

The first consideration should be sarcomatoid 
urothelial carcinoma; we usually are able to 
appreciate somewhere on the slide a component 
of conventional urothelial carcinoma or squa-
mous or adenocarcinoma component. An epithe-
lial marker is necessary to confirm this 
impression. However, in limited specimens with-
out typical areas of recognizable carcinoma, we 
may need to use immunostains to work up the 
lesion (Table 13.3).

 Immunohistochemistry in Prognosis 
and Molecular Classification

At present, there is no marker or panel of IHC 
markers that can be recommended for routine 
clinical use to prognosticate the clinical behavior 

Table 13.3 IHC panel for differentiation of bladder spindle cell lesions

AE1/3 p63 HMWCK or CK5/6 ALK-1 SMA Desmin Myogenin or MyoD1
Sarcomatoid UC + +/− +/− − −/+ − −
IMT + − − + + +/− −
Leiomyosarcoma − − − − + + −
Rhabdomyosarcoma − − − −/+ + + +
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or to select therapy for urothelial carcinoma, 
although the need to improve and personalize 
therapy for this disease is pressing [16]. Predictive 
biomarkers that are able to forecast and stratify 
patient response to novel and emerging targeted 
therapies are also currently sought. Several mark-
ers, in varying stages of validation, which have 
been reported for various prognostic or predictive 
roles, are briefly described below.

 CK20, CD44, Uroplakin, CK14, GATA3, 
and CK5/6
Recent integrated genomic and protein analysis 
studies have been used to delineate urothelial 
carcinoma subgroups. It may help to define 
subsets of patients who will response and 
achieve higher survival rates. IHC analysis 
using limited markers (CK5/6, CD44, CK14, 
GATA3 and CK20, uroplakin) can fairly sub-
type urothelial carcinoma into luminal and 
basal groups [46].

 PD-L1
The introduction of immune checkpoint block-
ade therapy has transformed the management 
of advanced bladder cancer. The prognostic 
value of programed death-ligand 1 (PD-L1) in 
UC has been assessed in several studies, while 
the results remain controversial and heteroge-
neous. Despite its limitations, PD-L1 immu-
nohistochemistry may serve as a predictive 
biomarker of anti-PD- L1/PD1 therapy. Three 
antibody clones for PD-L1 (SP263, 22C3, and 
SP142) are considered predictive assays to 
identify UC patients who are more likely to 
respond to anti-PD-1/PD-L1 inhibitors, dur-
valumab, pembrolizumab, and atezolizumab, 
respectively. Various studies have shown over-
all good analytical comparability of PD-L1 
companion assays and indicate that all three 
clones are potentially useful in the evaluation 
of PD-L1 expression in UC [47].

Other promising markers including Ki-67 have 
potential utility for predicting disease recurrence 
in noninvasive UC, p53 may have a role in prog-
nostication of progression in muscle invasive dis-
ease, and Her2, EGFR, and VEGF may have a 
role in selection of appropriate  therapy [16].

 Summary

A few messages need to be emphasized: use the 
histologic features to formulate a short list of dif-
ferential diagnoses; and select a panel of immu-
nomarkers which will be expected to be 
complimentary among the possible entities. Be 
aware of the staining patterns (expression loca-
tions) of each antibody that are applied in the 
case, taking the clinical history, histology, immu-
noprofile, and clinical consequences into consid-
eration to render an accurate final diagnosis 
confidently.
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 Mutational Frame

Development and progression of bladder UC 
occur mainly through genomic modifications 
affecting almost all chromosomes. All types of 
genetic changes that include aneusomies, epigen-
etic alterations, activating or silencing mutations, 
amplifications, and deletions are commonly seen 
in this disease [1, 2].

 Numerical Chromosomal Alterations

The most frequently detected copy number aber-
rations in UC are on chromosomes 1, 8, 9, 10, 11, 
13, and 14 [3]. These changes offer the necessary 
setting of genetic instability that in turn allows 
for the accumulation of succeeding genetic 
defects. Although most non-muscle invasive 
bladder cancer (NMIBC) are diploid or near dip-
loid, loss of specific regions is common and asso-
ciated with higher recurrence [4–6]. A study 
comparing genetic deviations between Ta and T1 
tumors has found that losses of 9q (54%), 9p 
(39%), and Y (28%) and gain of 1q (14%) were 
more prevalent in Ta tumors, whereas deletions at 
2q (36%), 8p (32%), and 11p (21%) and gains at 
1q (54%), 8q (32%), 3p, 3q, 5p, 6p, and 10p 

(18% each) were more common in T1 neoplasia 
[6]. Notably, loss of 9q has also been shown in 
normal surface epithelium adjacent to tumor. 
Loss of 9q appears to be an early marker of local 
genomic instability and may act in the initiation 
of bladder cancer [5, 7]. NOTCH1 and TSC1 are 
the candidate tumor suppressor genes on chro-
mosome 9q that may factor in the cancer patho-
genesis. Gains of chromosomes 3q, 7p, and 17q 
and 9p21 deletions (p16 locus) are of special note 
which give them potential diagnostic and prog-
nostic significance [8] (see Urovysion below).

 Mutations

Mutations in bladder cancer (BC) mainly involve 
the genes responsible for neoplastic transforma-
tion, signal transduction, cell cycle regulation, 
DNA damage repair, transcription, and chroma-
tin remodeling. Overall mutation rates in muscle 
invasive bladder carcinoma (MIBC) are very 
high (mean 8.2 and median 5.8 per megabase in 
coding regions according to The Cancer Genome 
Atlas (TCGA) data, only slightly fewer than lung 
cancer and melanoma [9, 10]). Recurrent genetic 
alterations include mutations in the coding region 
of many genes such as FGFR3, PIK3CA, 
KDM6A, STAG2, and TP53 [10, 11] as well as in 
numerous non-coding regions such as TERT, 
PLEKHS1, WDR74, TBC1D1, LEPROTL1, and 
GPR126 [12, 13].
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High mutation load in invasive UC is mainly 
thought to be driven by the APOBEC (apolipo-
protein B mRNA editing enzyme catalytic 
polypeptide- like) mutagenesis. APOBEC is a 
member of the evolutionary conserved family of 
cytidine deaminases that are involved in the 
intrinsic response to infection, modification, and 
clearance of viral DNA. TCGA Bladder Cancer 
Group has shown that the somatic mutations in 
UC are dominated by a C:G → T:A [9]. This is 
characteristic of mutations caused by the 
APOBEC family [14]. APOBEC-a and 
APOBEC-b mutation signatures account for 67% 
of all single nucleotide variants (SNVs) within 
MIBC. A second frequent mutational signature is 
associated with ERCC2 mutations and thought to 
be responsible for ~20% of all SNVs. ERCC2 
encodes a DNA helicase that has a central role in 
the nucleotide excision DNA repair pathway. A 
third signature in the TCGA analysis is likely 
related to 5-methylcytosine deamination and has 
been associated with 8% of SNVs.

The most frequently mutated gene in the blad-
der cancer is the TERT (telomerase reverse tran-
scriptase) promoter [13, 15, 16]. TERT encodes 
the catalytic subunit of the telomerase complex 
which is upregulated in the majority of cancers 
and is essential for vanquishing senescence and 
apoptosis by maintaining the 3′ telomere length 
at the ends of chromosomes [17]. Somatic TERT 
promoter mutations occur early in the process of 
bladder carcinogenesis [16, 18, 19]. Mutations 
generate consensus binding motifs for ETS tran-
scription factors, increasing TERT expression 
and activity. Given that telomere shortening acts 
as a mitotic clock, the activation of telomerase 
elongates telomeres at the ends of chromosomes, 
which is essential for the continued growth of 
cancer cells [20].

Activating mutations of FGFR3, a gene 
located at chromosome 4p16.3, are common in 
bladder UC, particularly in the subset of low- 
grade and low-stage tumors, where their fre-
quency reaches up to 70–80% [18]. They map to 
three mutation hotspots in exons 7 (codons 248 
and 249), 10 (codons 372, 373, 375, 382, and 
393), and 15 (codon 653) [21].

One of the most frequently mutated gene is 
TP53 in muscle-invasive UCs and has been 
detected in nearly 50% of the cases [9]. Mouse 
double minute 2 homolog (MDM2) is another 
gene functioning in cell cycle regulation. MDM2 
amplification and overexpression are seen in 7% 
of UCs and mutually exclusive with TP53 muta-
tion. RB1 mutation is a frequent accompaniment 
of TP53 mutation, is observed in 17% of cases, 
and is mutually exclusive with CDKN2A deletion.

Mixed-lineage leukemia 2 (MLL2) gene 
belongs to the group of chromatin remodeling 
genes involved in epigenetic regulation. It is 
another frequently mutated gene and found in 
around 28% of UCs. Other frequently mutated 
genes include lysine (K)-specific methyltransfer-
ase 2C (KMT2C), ataxia telangiectasia mutation 
(ATM), FAT atypical cadherin 1 (FAT1), CREB- 
binding protein (CREBBP), ERBB2, spectrin 
alpha non-erythrocytic 1 (SPTAN1), and lysine 
(K)-specific methyltransferase 2A (KMT2A).

The recurrent gene fusions are rarely observed 
in UC [10]. Less than 5% of bladder cancers har-
bor FGFR3-TACC3 (transforming acidic coiled-
coil containing protein 3) fusions and even less 
frequently TSEN2 (tRNA splicing endonuclease 
subunit 2)-PPARG (peroxisome proliferator-acti-
vated receptor gamma) and MKRN2 (makorin 
ring finger protein 2)-PPARG translocations [22].

 Epigenetic Alterations

Aberrant DNA methylation and histone modifi-
cation play a role in regulating gene expression 
and may contribute to carcinogenesis. Several 
groups have documented that hypermethylation 
of RARB, RASSF1, and DAPK is linked to aggres-
siveness in UC [23].

Chromatin-modifying genes (CMGs) are the 
regulators of gene expression and commonly 
mutated in the malignancies [10, 24]. It was 
found that the two most commonly mutated 
CMGs in NMIBC were KDM6A (38%) and 
ARID1A (28%) [25]. KDM6A mutation fre-
quency is 52% in low grade (LG) Ta, 38% in  
high grade (HG) Ta, 32% in HGT1, and 24% in 
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MIBC, whereas ARID1A mutation frequency is 
9% in LGTa, 28% in HGTa, 18% in HGT1, and 
24% in MIBC cases. Frequency of KDM6A muta-
tions was found elevated in the female patients 
with Ta tumors (72%) compared to men (42%). 
ARID1A has been associated with increased risk 
of recurrence, which may be linked to increased 
aggressiveness or BCG resistance [25].

 Molecular Pathways

Bladder UC is believed to develop via a field 
effect that involves multiple sites in the mucosa, 
leading to multifocal and metachronous tumori-
genesis [18, 26]. Urothelial cells in the affected 
field gain additional genetic alterations and 
become malignant by clonal evolution.

UC develops along two oncogenic tracks: 
papillary (~80% of bladder cancers) and nonpap-
illary (~20% of bladder cancers), with some 
overlapping molecular profile (Fig. 14.1). Low- 
grade (LG) papillary tumors are superficial, and 
they arise from premalignant lesions referred to 
as urothelial dysplasia (low-grade intraurothelial 
neoplasia), whereas nonpapillary lesions are gen-
erally high grade (HG) and develop from urothe-

lial dysplasia that progresses to carcinoma in situ 
(high-grade intraurothelial neoplasia). Low- 
grade papillary UCs have high propensity for 
recurrence after transurethral resections, but they 
usually do not penetrate the basement membrane 
of surface epithelium to invade the bladder wall. 
On the other hand, urothelial CIS is notorious for 
frequent transformation to invasive and meta-
static cancer. It is also known that some of the 
low-grade papillary tumors (~10 to 15%) may 
progress to the noninvasive high-grade papillary 
UC and subsequently invasive UC.  The MIBC 
cohort in The Cancer Genome Atlas (TCGA) 
study has demonstrated the mutual exclusiveness 
of alterations between CDKN2A and TP53, 
CDKN2A and RB1, TP53 and MDM2, and 
FGFR3 and RB1 gene pairs. Similar analyses 
showed the co-occurrence of mutations in the 
TP53 and RB1 genes and in the FGFR3 and 
CDKN2A genes [10]. It has now been widely 
accepted that the Ras pathway is a major driver of 
the papillary track, whereas the p53/RB1 and 
PTEN-related pathways contribute to the aggres-
sive and invasive phenotype [2, 18, 27, 28]. Most 
CIS lesions gain TP53 mutations early in evolu-
tion and do not acquire FGFR3 mutations [29]. 
On the other hand, some low-grade papillary 
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tumors with FGFR3 mutation may acquire addi-
tional mutations of the TP53 gene and chromo-
somal losses of 9p21 (the locus that includes 
CDKN2A) and may progress to high-grade and 
invasive carcinoma [29–31].

 Low-Grade Tumors

FGFR3/RAS Pathway: The FGFR3/RAS path-
way is active mainly in low-grade noninvasive 
papillary UC. FGFR3 signals through Ras (RAS- 
MAPK- ERK pathway) and regulates cell cycle 
entry and proliferation. The most common 
FGFR3 mutations facilitate ligand-independent 
receptor dimerization, leading to transphosphory-
lation and downstream signaling. Activating point 
mutation in FGFR3 is most common in Ta tumors 
(~80%), with decreased frequency in high-grade 
Ta (59%), T1 (10–34%), and MIBC (10–20%) 
[25, 32, 33]. FGFR3 mutations have been associ-
ated with a higher risk of recurrence in noninva-
sive papillary bladder cancer and favorable 
clinical outcomes in pT1 tumors [18, 27, 34, 35]. 
Approximately 10% of low-grade bladder carci-
nomas harbor mutations in RAS genes (HRAS, 
KRAS, or NRAS) [36] which do not co-occur with 
FGFR3 mutations [37]. FGFR3 fusion proteins 
are also implicated in bladder cancer pathogene-
sis, with in-frame FGFR3- TACC3 fusions being 
the most common [10]. TACC3 is upstream of 
FGFR3 signaling, and fusion protein causes con-
stitutive activation of the MAPK-ERK pathway 
[38]. FGFR3-TACC3 fusions appear more com-
monly associated with MIBC.

 High-Grade Tumors

TP53/RB1 Pathway: The TP53/RB1 pathway is 
an important regulator of cell cycle progression 
and plays an important role in the development of 
aggressive UCs [18, 39]. The mutation or deletion 
of TP53 has been observed predominantly in CIS 
and MIBC. According to TCGA cohort data [10], 
89% of MIBCs have an inactivated TP53 cell cycle 
pathway, with TP53 mutations in 48%, MDM2 

amplification in 6%, and MDM2 overexpression in 
19% of cases. Seventeen percent of MIBCs harbor 
RB1 mutations often with concurrent TP53 muta-
tions [40]. CDKN2A (p16), which functions as a 
negative regulator of the RB1 pathway, is found to 
be mutated (7%) or deleted (22%).

Evidence suggests LG noninvasive papillary 
UC, which classically has a high frequency of 
FGFR3 mutation, progresses to high-grade and 
invasive carcinoma through mutations in TP53 
and chromosomal losses of 9p21, the locus that 
includes CDKN2A  [30, 31]. In contrast, most 
CIS lesions develop TP53 mutations early and do 
not acquire FGFR3 mutations [29].

PIK3/AKT/MTOR Pathway: In vitro studies 
show that the ablation of p53 in a background of 
mutant Ras induces superficial papillary tumors 
but is insufficient to trigger cancer invasion, sug-
gesting that additional complex genetic events 
are needed to induce a thoroughly aggressive and 
invasive phenotype [41]. Up to 40% of bladder 
UCs show the activation of the phosphoinositide 
3-kinase/protein kinase B (or AKT)/mechanistic 
target of rapamycin (PI3K/AKT/mTOR) path-
way. The PIK3/AKT/MTOR pathway regulates 
important steps in tumorigenesis and tumor pro-
gression. This pathway is activated by receptor 
tyrosine kinases including ERBB2, ERBB3, and 
FGFR3. The upstream pathway activator ERBB2 
encodes human epidermal growth factor receptor 
2 (Her2), which is mitogenic for cell growth. It is 
amplified, mutated, or overexpressed in 12% of 
MIBCs or a subset of high-grade NMIBC cases 
[9, 25, 28]. When present in NMIBC, ERBB2 
amplification is associated with high risk of pro-
gression and concomitant CIS [42–44]. ERBB2 
mutations are commonly found in the extracellu-
lar domain and are likely reflect APOBEC muta-
tional signature [10]. PIK3CA (cancer-associated 
phosphatidylinositol 3-kinase) encodes the cata-
lytic subunit of PI3K, and its mutations are seen 
more frequently in NMIBC than in MIBC (Ta, 
40–50%; T1, 6–20%; MIBC, 22%) [10, 13, 45]. 
They are more commonly located in the helical 
domain than in the kinase domain, likely due to 
the mutagenic activity of APOBEC. PIK3CA 
mutations appear to be associated with a  favorable 
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outcome in patients who undergo radical cystec-
tomy [46]. The reduced expression of phospha-
tase and tensin homolog (PTEN) is a negative 
regulator of the PIK3/AKT/MTOR pathway. 
Inactivating deletions or mutations of the PTEN 
gene has been observed in many MIBC cases. 
Loss of PTEN was significantly associated with 
non-papillary, high-grade and invasive tumors, 
supporting that the involvement of the PI3K/
AKT/mTOR pathway might be a potential driver 
of an invasive phenotype. AKT1 and TSC1 are 
other tumor suppressor genes and negative regu-
lators of this pathway. However, they are not as 
frequently mutated [18].

 Urothelial Proliferation of Unknown 
Malignant Potential (Urothelial 
Hyperplasia) and Dysplasia

The deletion of chromosome 9 is prevalent in 
urothelial hyperplasia and dysplasia [40, 47, 48], 
suggesting that this deletion occurs in the early 
stage of bladder cancer. In one study, chromo-
some 9 deletions were detected in 37% of cases 
of flat urothelial hyperplasia with or without 
associated papillary lesions, in addition to chro-
mosome 8 deletions in 10% and FGFR3 muta-
tions in 23% of the cases [49]. The FGFR3/HRAS 
mutations are frequently found during the devel-
opment of urothelial hyperplasia  [2, 27, 28, 50, 
51]. FGFR3/RAS pathway enables tumors to 
progress from urothelial hyperplasia to noninva-
sive papillary tumors with high recurrence rates. 
Expression of ectopic mutant FGFR3 in normal 
urothelial cells has been shown to induce aber-
rant activation of the MAPK and PLCg1 signal-
ing pathways and increase cell proliferation [21]. 
In animal models the activating mutations of the 
Ras gene caused the development of urothelial 
dysplasia and low-grade superficial papillary UC 
[50, 52]. The dose of activated Ras was related to 
phenotypic change. A low copy number of mutant 
Ras induced urothelial dysplasia, whereas a high 
copy number led to the development of low-grade 
superficial papillary tumors.

 Tumor Progression

Approximately, 15–20% of patients with NMIBC 
progress to muscle invasive disease [53] which is 
referred to as secondary MIBC. Two of the candi-
date genes proposed in tumor progression are 
E2F1 and CDKN2A. E2F1 is a regulator of cel-
lular apoptosis that has been linked to tumor 
invasion and metastasis in various cancer types 
[53, 54]. Upregulation of E2F1 and its down-
stream targets, EZH2 and SUZ12, have been 
shown in patients with NMIBC progressing to 
muscle-invasive disease [55]. CDK2NA is a cell 
cycle regulator involved in G1-S arrest. CDKN2A 
is lost in the invasive portion of NMIBCs, and 
only tumors with progression lose both TP53 and 
CDK2NA [56].

 Urothelial Papilloma (UP)

Results of molecular studies in UPs are variable. 
Rates of reported TERT promoter mutations vary 
from 46% to 0% [57, 58]. Similarly range of 
FGFR3 mutations varies from 75% [59] to 0% 
[58]. In a recent study, 10 of 11 UPs had oncogenic 
mutations in the RAS/ERK signaling pathway 
(seven KRAS, one HRAS, one KRAS plus HRAS 
and one BRAF mutations) [58]. Only one case har-
bored oncogenic FGFR3 or TERT promoter muta-
tions. This lesion was likely a recurrent carcinoma 
despite papilloma histology as the tumor also had 
oncogenic PIK3CA, KMT2D, and CDKN1A muta-
tions and arose in a patient who had history of sev-
eral low-grade noninvasive papillary urothelial 
carcinomas, prior and subsequent to UP.

 Inverted Urothelial Papilloma (IUP)

There is variability in the reported results of 
molecular studies in inverted papillomas. Some 
groups report FGFR3 mutations in 9.8–45% (a 
mean of 18%) of inverted papillomas [60, 61], 
but others have found no change in FGFR3 gene 
[62]. Similarly, some tumors have been reported 
to harbor 9p deletions (in 3.9% of cases), 9q 
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 deletions (in 13.2%), and 17p deletions (in 51%) 
[60]. The most common molecular alterations in 
IUP appear in the MAP kinase/ERK pathway, 
HRAS and KRAS mutations being predominant. 
Recurrent HRAS mutations (Q61R) have been 
reported in 60% to over 90% of cases [57, 62].

TERT promoter mutations are rare in inverted 
urothelial papilloma, with most studies showing 
inverted papillomas lack these mutations [57, 
60–63]. This information and the benign behav-
ior and frequent mutations in the MAP kinase/
ERK pathway in these lesions have been taken as 
evidence that IUPs are a distinct type of indolent 
low-grade urothelial neoplasia that does not 
progress to carcinoma [64].

 Urothelial Carcinoma with Variant 
Histology

 Urothelial Carcinoma with Divergent 
Differentiation

The literature on the molecular characteristics of 
divergent (glandular and/or squamous) differen-
tiation in UC is scant, but it is very likely that 
there is overlap with those of UC, particularly in 
the presence of high rates of TERT promoter 
mutations [65, 66].

 Plasmacytoid Urothelial Carcinoma 
(PUC)

PUCs are characterized by loss of E-cadherin 
expression similar to lobular or diffuse carcino-
mas of the breast and stomach. Somatic CDH1 
truncating mutations are mostly responsible from 
E-cadherin loss as they have been identified in 
84% of PUC; CDH1 promoter hypermethylation 
occurs less frequently [67]. Aside from CDH1 
alterations, the genomic landscape of PUC is 
generally similar to that of coexistent conven-
tional UC, suggesting that both histologic sub-
types potentially evolve from a common cell of 
origin [67, 68]. No germline CDH1 mutations 
have been reported in PUC.

 Micropapillary Urothelial Carcinoma 
(MPUC)

Genomic expression profile of micropapillary 
cancer reveals that more than 6000 genes are 
aberrantly expressed when compared to conven-
tional UC [69]. The micropapillary expression 
signature is also present in conventional UC 
component accompanying MPUC, suggesting 
that micropapillary variant arises from a unique 
subset of conventional UCs.

Consistently higher rates of ERBB2 amplifica-
tion have been reported in MPUC than in conven-
tional UC [70]. ERBB2 amplification is associated 
with a worse outcome following radical cystec-
tomy in some series [71]. A study has shown that 
ERBB2 amplification is more commonly identi-
fied in the micropapillary variant than conven-
tional UC when both components are present 
[72] although the rate of ERBB2 amplification in 
the conventional urothelial component in these 
mixed (micropapillary + conventional urothelial) 
tumors is much higher than the reported rates in 
UC not containing micropapillary component 
[10, 73, 74].

It has been reported that in MPUC there is 
common downregulation of miR-296 and activa-
tion of chromatin-remodeling complex RUVBL1, 
with overexpression of its downstream target 
genes such as lysine-specific demethylase 4B 
(KDM4B), insulin-like growth factor-binding 
protein 3 (IGFBP3), and disintegrin and metal-
loproteinase domain-containing protein 15 
(ADAM15) [75, 76]. These are known to be 
involved in cell growth, DNA damage repair, and 
metastasis.

 Sarcomatoid Urothelial Carcinoma

The sarcomatous and urothelial components 
within the same tumor share common clonal ori-
gin. More recently, it has been shown that sarco-
matoid UC is enriched with mutations in TP53, 
RB1, and PIK3CA and is associated with overex-
pression of epithelial-mesenchymal transition 
markers [77–80].
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 Nested Variant of Urothelial 
Carcinoma

Up to now, only a few molecular findings have 
been reported related to this tumor type, the most 
common being the high rate of TERT promoter 
mutations as well as occasional mutations in 
TP53, JAK3, and CTNNB1. These findings sug-
gest that this UC subtype harbors molecular 
alterations similar to those of UC in general [81, 
82]. Documentation of TERT promoter mutation 
can be beneficial in difficult cases such as small 
biopsies as it is not found in benign mimickers of 
nested UC.

 Small Cell/Neuroendocrine 
Carcinoma of the Bladder (SmCC)

One of the most common findings in SmCC is the 
near ubiquitous presence of loss-of-function co- 
alterations of TP53 and RB1. One study reported 
mutations of TP53 and RB1 in 90% and 87% of 
cases, respectively (80% of tumors displaying 
co-alterations of both) [83]. Even in tumors with 
no loss-of-function mutations in RB1 gene, RB 
protein expression was lost immunohistochemi-
cally, suggesting an alternative mechanism for 
RB suppression, such as epigenetic silencing.

Small cell carcinoma has a high somatic muta-
tional burden driven predominantly by an 
APOBEC-mediated mutational process [84]. 
Genes that are commonly mutated in UC are also 
found mutated in bladder SmCC, including TERT 
promoter mutations (95%) and truncating altera-
tions in genes involved in chromatin modification 
such as CREBBP, EP300, ARID1A, and KMT2D 
in ~75% of cases [83, 84]. Unlike UC, there is 
near absence of KDM6A truncating mutations, 
CDKN2A deletion, and CCND1 amplifications in 
SmCC [83]. SmCC is associated with a high level 
of chromosomal instability, and whole genome 
duplication is seen in 72% of tumors. RNA 
sequencing reveals novel fusion transcripts, 
including an in-frame Pvt1 oncogene (PVT1)-
ERBB2 fusion, which is associated with aberrant 
ERBB2 expression.

Studies investigating the clonal connection 
between the small cell and urothelial components 
within the same tumor have shown that there are 
shared changes between the two components as 
well as different alterations in each component. 
These findings further support the common 
clonal origin for SmCC and coexisting conven-
tional UC [83].

 Micro-RNA (miRNA)

Over 200 miRNAs or miRNA families/clusters 
are aberrantly expressed in UC [85]. The down-
regulated miRNAs may serve as tumor suppres-
sors. miR-145 appears to be the most frequently 
downregulated miRNA in bladder cancer. The 
upregulated miRNAs may contribute to tumor 
progression. miR-21 has been shown to be upreg-
ulated in the tissues, plasma, and urinary exo-
somes of patients with bladder carcinoma, but its 
role in UC still needs further investigation. 
Circulating miRNAs in body fluids, especially in 
urine, constitute an important cancer signature 
and carry the potential to be the useful molecular 
markers for diagnosis, prognosis, classification, 
and recurrence of UC. miR-146a-5p is frequently 
overexpressed in the urine of UC patients, which 
indicates its potential as a novel biomarker for the 
rapid and early diagnosis.

 Inheritance

Upper tract UC is a characteristic tumor of Lynch 
syndrome (an autosomal dominant disorder 
caused by a defect in a DNA mismatch repair 
(MMR) gene). Invasive upper tract UCs are 
MSI- high/MMR-deficient in ∼20% of cases 
[86]. Emerging evidence suggests an increased 
(but smaller) risk of urothelial neoplasia in the 
bladder as well [87]. The 10-year risk for urothe-
lial cancer in patients already diagnosed with 
Lynch syndrome is 2%. The patients with Lynch 
syndrome seem to develop urothelial tumors 
mainly when MSH2 is affected by a germline 
mutation [88].
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Bladder cancer has been reported in patients 
with hereditary retinoblastoma, possibly related 
to radiation and/or cyclophosphamide therapy. 
Bladder cancer can be a component of Costello 
syndrome. Patients with this syndrome have been 
reported to develop papillary UC during child-
hood [87].

 Molecular Biomarkers for Tumor 
Detection and Surveillance

Analysis of desquamated urothelial cells in urine 
is a valuable source for noninvasive detection of 
bladder cancer. Urine cytology is an important 
tool in this respect for both diagnosis and follow-
 up of UC.  However, its overall low sensitivity, 
especially in low-grade tumors, limits its utility. 
By the help of accumulating data about patho-
genesis and molecular background of urothelial 
neoplasia, several urine-based noninvasive assays 
have now become available for early detection 
and surveillance of the disease with higher sensi-
tivity and specificity.

- The Urovysion assay: This test is multitar-
get, multicolor fluorescence in situ hybridization 
(FISH) assay and explores four common chro-
mosomal alterations (aneuploidy of chromo-
somes 3, 7, and 17 and losses in 9p21) in 
high-grade UC cells shed to the urine [89]. It was 
reported that almost all invasive tumors including 
pT1 as well as a large fraction of the noninvasive 
bladder tumors were identified by this assay. 
Most studies also claim that adding this test to 
standard urine cytology increases sensitivity for 
detecting recurrence [90].

- Mutation detection assays: Urine-based 
mutational tests performed on cellular DNA have 
higher sensitivity than urine cytology and can 
detect low-grade tumor, an advantage over 
FISH. They mainly evaluate the genes altered in 
bladder cancer, such as TERT promoter and 
FGFR3, with focus on mutational hotspots [91, 
92]. The noninvasive test may be useful for moni-
toring patients and triage cystoscopy. A positive 
result may serve as a warning of future recur-
rence if the subsequent cystoscopy is unable to 
show a tumor. Mutations in the TERT promoter 

occur early and are very common in UC regard-
less of grade, stage, and morphologic variants 
including papillary urothelial neoplasm of low 
malignant potential [93, 94]. TERT promotor 
mutations do not occur in reactive urothelial pro-
liferations. Thus, they also have great diagnostic 
utility in distinguishing UC from its benign mim-
ics. FGFR3 mutations in the cell-free DNA 
obtained from blood were identified in 68% of 
patients with advanced or metastatic UC in one 
study [95].

- UroSEEK: This is a urine-based molecular 
assay recently developed for the detection and 
surveillance of urothelial neoplasms [96]. It is 
designed to detect alterations in 11 genes (TERT, 
FGFR3, PIK3CA, TP53, HRAS, KRAS, ERBB2, 
CDKN2A, MET, MLL, and VHL) commonly 
mutated in bladder cancer and copy number 
changes on 39 chromosome arms. Combined 
with cytology, the test detects 95% of bladder 
UC, 75% of upper tract UC, and 68% of recurrent 
bladder carcinoma. The advantage of the assay 
over cytology is more evident in low-grade 
tumors as UroSEEK detects 67% of these cases 
whereas cytology does none.

 Molecular Markers for Treatment

The potential therapeutic molecular targets have 
been identified overall in 70% of the bladder can-
cers; however, none of them has been integrated 
into clinical practice, waiting for the results of 
ongoing studies and clinical trials.

FGFR Inhibitors: A very high proportion of 
bladder tumors are characterized by FGFR3 dys-
regulation. Activating point mutations of FGFR3 
are found in up to 80% of low-grade and low- 
stage UC of the bladder. Upregulated expression 
of FGFR3 protein is also found in a significant 
number of tumors which lack point mutations 
and are predominantly muscle invasive [21]. 
Thus, FGFR3 may be an important therapeutic 
target in both noninvasive and invasive 
UC.  Several studies have shown in preclinical 
models that silencing or inhibition of FGFR3 has 
a profound inhibitory effect on some UC cells 
leading to decreased proliferation, reduced 
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anchorage-independent growth, and enhanced 
apoptosis [97–99]. Therefore, FGFR inhibitors 
have been proposed as novel therapeutic agents 
in the treatment of bladder tumors [100], and 
clinical trials of such agents have been initiated. 
In a phase II trial of erdafitinib (an FGFR inhibi-
tor) for metastatic UC with FGFR3 alterations, 
the overall response rate was 40% [101]. The 
study of BGJ398 and erdafitinib showed signifi-
cant clinical activity in patients with refractory 
metastatic cancers whose tumors contained acti-
vating FGFR3 mutations or fusions, which led to 
the recent US Food and Drug Administration 
(FDA) approval of erdafitinib. The US FDA also 
approved a companion diagnostic test for FGFR3 
mutations and fusions. Given the high frequency 
of FGFR3 mutation in NMIBC, FGFR3 may be 
a rational target in NMIBC as well.

DNA Damage Response (DDR) Gene 
Alterations and Treatment: ERCC2 is among the 
DDR-related genes, and its alterations are 
detected in 10–15% of MIBCs. Mutations in 
ERCC2 and other genes involved in DNA dam-
age response and repair have recently been shown 
to be associated with improved response not only 
to cisplatin-based chemotherapy but also to 
immune checkpoint blockade and radiation ther-
apy for advanced UC [102–104]. Forty percent of 
responders to neoadjuvant chemotherapy (NAC) 
have been seen to have nonsynonymous ERCC2 
gene alteration versus 7% in non-responders 
[105]. Other DDR genes such as ATM, RB1, and 
FANCC appear as potential biomarkers for 
response to NAC as well [106, 107].

Mammalian Target of Rapamycin (mTOR) 
Inhibitors: The potential therapeutic vulnerabili-
ties also include the targets in the PI-3 kinase/
AKT/mTOR and in the receptor tyrosine kinase 
(RTK)/mitogen-activated protein kinase (MAPK) 
pathways. Patients with mutations that activate 
mTOR pathway may benefit from mTOR inhibi-
tors. TSC1 is the negative regulator of mTOR, 
and its loss may be associated with increased cell 
growth and survival in high-risk NMIBC [4]. 
mTOR inhibitors may be an effective therapy to 
prevent recurrence of tumors with TSC1 loss.

Other Potential Targets: Urothelial carci-
noma with carcinogenesis by EGFR, ERBB2, 

ERBB3, PIK3CA, or RAS alterations may ben-
efit from targeted therapy. Chromatin regula-
tory genes have been found more frequently 
mutated in UC than other common cancers, fur-
ther supporting additional therapeutic options 
[10]. Long non-coding RNAs (lncRNAs) are 
long RNA transcripts greater than 200 nucleo-
tides in length that do not code for any proteins. 
The lncRNA urothelial cancer-associated 1 
(UCA1) has been associated with cisplatin che-
motherapy resistance through activation of Wnt 
signaling [108].

 Bacillus Calmette-Guérin (BCG) 
Responsiveness

Certain glutathione pathway genomic variations 
and immune system gene single nucleotide poly-
morphisms reveal potential to predict recurrence 
and progression-free survival after BCG therapy 
[109–111]. IL-8 (−251 T > A) polymorphism has 
been associated with an increased recurrence- 
free survival (RFS) in BCG-treated patients 
[112]. Gene polymorphisms in XPA, XPC, XPD, 
XPG, XPF, ERCC1, ERCC2, XRCC1, XRCC4, 
APEX1, GSTM1, CCNB1, PON1, and SLCO1B 
have been linked to reduced RFS or increased 
recurrence risk after BCG treatment. High tumor 
mutation burden and loss of CDK2NA may pre-
dict progression to MIBC in high-risk NMIBC 
treated with BCG [56]. ARID1A mutation has 
been associated with increasing stage and aggres-
siveness and may serve as a predictive biomarker 
of resistance in patients undergoing BCG therapy 
or a potential therapeutic target to enhance BCG 
response [25].

 Conclusions

The discovery of the molecular changes and 
pathways involved in bladder cancer is funda-
mental to understand its biological heterogeneity. 
Analysis of specific alterations can be used to 
plan targeted therapies, and predict clinical out-
comes and responsiveness to personalized 
therapies.
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Surgical Treatment in Urinary 
Bladder Cancer

Dalsan You, Bumjin Lim, and Choung-Soo Kim

 Introduction

Bladder cancer (BC) accounts for approximately 
3% of all the human malignancies. In 2018, there 
were approximately 550,000 new cases of BC 
and 200,000 deaths from BC worldwide. BC was 
ranked as the tenth most common cancer and the 
14th leading cause of cancer deaths in the world 
[1]. In 2020, an estimated 81,300 new cases 
(62,100 for men and 19,200 for women) and 
17,980 deaths (13,050 for men and 4,930 for 
women) occurred in the United States [2]. 
Approximately 70% of BC cases present as non-
muscle-invasive tumors (NMIBC) [3].

Despite recent advances in chemotherapy and 
radiation therapy, surgery continues to be the 
mainstay of the management of BC. The initial 
assessment, diagnosis, and staging of BC are 
determined with transurethral resection of blad-
der tumor (TURBT). TURBT serves to establish 
the pathologic diagnosis and the local extent of 
the disease. Especially in the setting of NMIBC, 
TURBT with intravesical cytotoxic chemother-
apy and immunotherapy is the main treatment 
procedure.

However, regarding muscle-invasive tumors, 
TURBT does not provide adequate local control. 
To maximize the chance for cure, radical cystec-
tomy with regional lymph node dissection is nec-
essary for muscle-invasive bladder cancer (MIBC). 
In this chapter, we summarize the contemporary 
surgical management of bladder cancer.

 Transurethral Resection of Bladder 
Tumor (TURBT)

TURBT is the first-line surgical treatment for any 
bladder tumor. The first description of endo-
scopic fulguration of papillary bladder tumors 
was reported in 1910 [4]. It is very important to 
identify histological diagnosis, staging, and other 
prognostic factors [tumor grade, multifocality, 
size, and presence of carcinoma in situ (CIS)]. 
TURBT is performed in the following way. 
General anesthesia or spinal anesthesia is used. 
After positioning the patient in the lithotomy 
position, physical examination is performed. 
Physical examination should include the palpa-
tion of the abdomen and suprapubic region for 
any palpable mass. In men, digital rectal exami-
nation (DRE) can be used to assess prostatic 
involvement, and in women, bimanual examina-
tion can be used to evaluate anterior vaginal 
involvement. A thorough visual inspection is then 
performed using the 30/70 degree lens to exam-
ine the urethra in its entirety and then to perform 
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a preliminary evaluation of the bladder mucosa 
and ureteral orifices. It is important to record the 
tumor size (by comparing with the diameter of 
the loop), anatomic location (lateral walls, fun-
dus, bladder neck, and ureteric orifices), and any 
mucosal abnormalities suggestive of CIS. If nec-
essary, a more accurate lens, such as a 120° lens, 
can be used. After tumor mapping, resection can 
be performed with either monopolar or bipolar 
electrocautery. The goal of any resection should 
be the visual eradication of any tumor burden 
with an adequate depth of resection.

Important basic surgical skills required for 
complete TURBTs are:

 (i) Resection of all visible tumors.
 (ii) Resection of histologically normal mucosa on 

the border of the tumor. Bladder tumors fre-
quently exhibit growth beyond the visible 
edge; resection should include an approximate 
1 cm margin of normal-appearing tissue.

 (iii) Resection of the muscle layer at the base of 
the tumor until normal muscle fibers are vis-
ible. Utilizing a cutting current, a loop elec-
trode is used to resect the tumor with 
muscularis propria (Fig. 15.1).

Depending on the location of the tumor, some-
times it is difficult to resect the tumor, especially 

those at the lateral and ureteral orifice areas. The 
obturator nerve passes near the inferolateral blad-
der wall, bladder neck, and lateral prostatic ure-
thra. When tumors are encountered on the lateral 
wall, there is a risk of an obturator reflex whereby 
the electric current stimulates the obturator nerve, 
causing the ipsilateral leg to adduct. This can lead 
to inadvertent lateral deflection of the instrument. 
It can cause bladder perforation. The reflex can 
be blocked by obturator nerve block or by muscle 
paralysis during general anesthesia [5]. To lessen 
this risk, we recommend the following tech-
niques. First, it is important to avoid overfilling 
of the bladder. A distended bladder brings the lat-
eral bladder wall closer to the obturator nerve. 
Second, using bipolar diathermy current is widely 
accepted to lower the risk of obturator reflex [6, 
7]. Third, the use of a neuromuscular blockade 
agent can reduce the reflex of the obturator nerve 
if the patient is under a general anesthetic. Lastly, 
obturator nerve block can be performed to avoid 
unwanted stimulation of the obturator nerve and 
subsequent adductor contraction. In 1922, obtu-
rator nerve block was first described by Labat [8]. 
Since then, several researchers have suggested an 
effective obturator nerve block method using 
nerve stimulator and ultrasound, which has 
proven that complications are reduced [9–11]. 
Tumors overlying a ureteral orifice pose another 

Urothelial layer

a

b c

Lamina propria
Muscle

Perivesical fat
Peritoneum

Fig. 15.1 (a) A loop electrode is used to resect the tumor with the muscularis propria. (b) Preoperative finding before 
TURBT. (c) Postoperative finding after TURBT
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challenge. Although this complication is rare, the 
surgeon should be concerned about ureteral ste-
nosis. In order to avoid the risk of stricture, only 
the cutting current should be used, and resection 
strokes should be as quick as possible. When 
resecting around the ureteral orifice area, ureteral 
stenting is sometimes used to prevent ureteral 
stenosis.

What do we need from pathology report?

 1. Good gross description.
 2. Tumor: papillary vs. flat; low grade vs. high 

grade, invasion, suburothelial connective 
 tissue invasion (lamina propria, submucosa 
invasion) vs. proper muscle invasion, lympho-
vascular invasion.

 3. Proper muscle (PM) present, no PM present, 
uncertain for PM.

 4. Adjacent urothelial mucosa, normal, low- 
grade dysplasia, high grade/cis.

 Re-staging Transurethral Resection

Re-staging transurethral resection, the so-
called repeat TUR (re-TUR), is mandatory in 
patients who have an incomplete resection of 
a NMIBC or evidence of T1or high-grade Ta 
disease. Residual tumors are common after ini-
tial TUR for high-risk NMIBC.  According to 
a recent meta-analysis of 2262 cases, tumor 
persistence rate is 19.4% to 56% and 15.2% 
to 55% in Ta and T1 diseases, respectively, 
and upstaging occurred in 0% to 14.3% of Ta 
and 0% to 24.4% of T1 at re-TUR, respec-
tively [12]. Therefore, the guidelines recom-
mended re-TUR for patients with high grade, 
T1 stage, or multifocal NMIBC. When re-TUR 
is performed, the remaining tumor is resected 
totally, and previously operated areas are cau-
tiously resected to include the muscle layer but 
to avoid perforation.

What do we need from pathology report?

 1. Residual tumor
 2. PM present, no PM present, uncertain for PM

 3. Urothelial mucosa, normal, low-grade dyspla-
sia vs. high-grade dysplasia/cis

 Partial Cystectomy

Partial cystectomy is a rarely performed proce-
dure in MIBC. It is used as bladder-sparing sur-
gery in the setting of primary adenocarcinoma 
arising from the urachus. It may provide onco-
logical results similar to radical cystectomy in 
highly selected patients with invasive bladder 
cancer [13]. The advantage of this surgery is that 
the patient can preserve their bladder and doesn’t 
need reconstructive surgery. Typically suitable 
candidates have a solitary tumor without CIS. 
Before partial cystectomy, systematic bladder 
biopsies are needed to confirm the absence of 
CIS and multiple lesions. In addition, it is neces-
sary to predict postoperative urination status by 
evaluating preoperative bladder capacity.

Partial cystectomy should be performed with 
pelvic lymph node dissection (PLND). The first 
step of partial cystectomy is bladder mobiliza-
tion. The tumor is then excised with a mucosal 
margin of 1 ~ 2 cm. If necessary, frozen section 
analysis is used to confirm the free resection mar-
gins. After excision of the tumor, the cystotomy 
is closed in two or three layers, and an instillation 
of fluid via a Foley catheter is performed to 
ensure a watertight closure. Normal saline or dis-
tilled water is usually used to irrigate the opera-
tion field. A closed drain should be placed. The 
cystotomy closure is confirmed with a cystogram 
on postoperative day 7, after which the catheter is 
removed (Fig. 15.2).

What do we need from pathology report?

 1. Good gross description
 2. Tumor: size, location, depth of invasion, 

grade, presence of necrosis, lymphovascular 
invasion

 3. Uninvolved mucosa, normal, low-grade dys-
plasia, high-grade dysplasia/CIS

 4. Margins

15 Surgical Treatment in Urinary Bladder Cancer
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 Radical Cystectomy

Radical cystectomy has been considered the stan-
dard of therapy for MIBC.  Recently, many 
patients are receiving neoadjuvant chemotherapy, 
which must be considered during preoperative 
planning [14, 15]. Traditionally in men, radical 
cystectomy typically includes removal of the 
prostate and seminal vesicles. In women, radical 
cystectomy also involves removal of the uterus, 
ovaries, and part of the vagina. All patients 
receive a mechanical and antibacterial bowel 
preparation. Mechanical and antibacterial bowel 
preparation have been thought to reduce postop-
erative complications such as anastomotic leak, 
intra-abdominal infection, and surgical wound 
infection. However, these practices were ques-
tioned based on the results of large randomized 
trials in colon and rectal surgery. Ren et al. and 
Zmora et  al. revealed that mechanical bowel 
preparation had no significant effect on postop-
erative complications [16, 17]. The efforts to 
reduce mechanical preparation have been tried in 
radical cystectomy, but these have not been 
enough evidence. For this reason, some urolo-
gists do not advise bowel preparation for patients 
undergoing radical cystectomy, especially if only 
ileal segments are to be used. But we recommend 
bowel preparation.

Prophylactic antibiotics are administered 
within 1  h of surgical incision, and a broad- 
spectrum cephalosporin is usually used. 
Stockings or pneumatic compression can be used 
to prevent thromboembolism. The male patient is 
placed in the hyperextended supine position with 
the flexion point of the table at the level of the 
anterior superior iliac spine. In female patients, 
the vagina must be fully prepared and accessible. 
Therefore, the modified “frog-leg” or lithotomy 
position is used. A nasogastric tube is placed, and 
the patient is prepared from xiphoid to the upper 
portion of the thighs. After the patient is draped, 
a Foley catheter is placed in the bladder. A verti-
cal midline incision is made extending from the 
pubic symphysis to the umbilicus superiorly. The 
incision should be directed 2–3 cm lateral to the 
umbilicus on the contralateral side of the marked 
stoma site (Fig. 15.3). After the midline is identi-
fied, the anterior rectus fascia is incised.

The rectus muscles are retracted laterally and 
the space of Retzius is entered. The posterior rec-
tus sheath and peritoneum are entered inferiorly 
to the level of the umbilicus. The median umbili-
cal ligament is identified; blunt dissection is per-
formed releasing the bladder from both pelvic 
side wall attachments. This can be achieved at the 
vas deferens levels in men and round ligament 
levels in women (Fig. 15.4). Then the root of the 

Fig. 15.2 Partial cystectomy. The tumor is excised with a mucosal margin of 1–2 cm, and the cystotomy in closed in 
two or three layers
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small bowel mesentery and the left colon are 
mobilized to achieve proper exposure of large 
blood vessels and the ureter. On the right side, the 
white line of Toldt is incised, and it is carried 
around the cecum and ascending colon 
(Fig. 15.5). The mesentery to the small bowel is 
then mobilized off its retroperitoneal attach-
ments. This dissection facilitates a tension-free 
urethro-enteric anastomosis. On the left side, the 
white line of Toldt is incised, and a window is 
created below the sigmoid colon mesentery. This 
window is used to allow the left ureter to pass 
through the uretero-enteric anastomosis. The ure-
ters are easily visible around common iliac ves-
sels. They are carefully dissected up to the 
bladder. The ureter separated from the bladder 
and suture ligature (Fig.  15.6). To ensure the 
absence of carcinoma, distal ureter margins are 
sent for frozen section analysis. The ureter is then 
slightly mobilized in a cephalad direction and 

Fig. 15.3 The vertical midline incision which extends 
from the pubic symphysis to the umbilicus superiorly

Fig. 15.4 The rectus muscles are retracted laterally to 
enter the space of Retzius. The median umbilical ligament 
is identified, and blunt dissection is performed to release 
the bladder from both pelvic side wall attachments

Fig. 15.5 The white line of Toldt is incised and carried 
around the cecum and ascending colon
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tucked under the rolled towel to prevent 
 inadvertent injury. The ureter is then moved 
toward the abdomen to prevent unexpected dam-
age. Control of the main pedicle to the bladder, 
including the superior, middle, and inferior vesi-
cal arteries, can be achieved with a vascular sta-
pler, surgical clips, or vascular sealing 
instruments.

What do we need from pathology report?

 1. Good gross description
 2. Tumor: size, location, depth of invasion, 

grade, presence of necrosis, lymphovascular 
invasion

 3. Margins: ureters, urethra, perivesical soft tis-
sue margin

 4. Tumor synoptic report
Procedure type:
Tumor site:
Tumor size:
Histologic type:
Histologic grade (low or high):
Tumor extension:

Margin status:
Lymphovascular invasion:
Primary tumor (pT):
Regional lymph node (pN):
# of LNs examined:
# of positive LNs:
Distant metastasis (pM):
Site of distant metastasis:
Stage grouping:

 Pelvic Lymphadenectomy

There is no doubt that bilateral pelvic lymphade-
nectomy is important for staging and treatment of 
invasive bladder cancer [18]. As described by 
Whitmore and Marshall in 1962, the original 
PLND template during radical cystectomy 
included nodal/lymphatic tissue bounded by the 
external iliac artery, distal ureter, and Cooper’s 
ligament. In the ensuing decades, urologists at dif-
ferent centers have modified the PLND template. 
The standard PLND margins of dissection consist 
of the genitofemoral nerves laterally, the internal 
iliac artery medially, Cooper ligament inferiorly, 
and the point at which the ureter crosses the com-
mon iliac artery superiorly. In case of advance 
disease, an extended dissection including the 
entire common iliac lymph node and presacral 
lymph node can be obtained.

Pelvic lymphadenectomy may be performed 
before removal of the bladder specimen depend-
ing on the surgeon. Completion of pelvic lymph-
adenectomy helps to identify the vascular 
pedicles of the bladder. During pelvic lymphad-
enectomy, a urologist should be careful about the 
obturator nerve. Damage to the obturator nerve 
can cause a sensory defect in the upper medial 
thigh, neuropathic pain in the groin and upper 
medial thigh, and motor weakness in the high 
flexation and adduction. The number of removed 
lymph nodes is related to survival benefit. Herr 
et al. found that survival improved in both node- 
positive and node-negative patients as the num-
ber of nodes removed increased when at least ten 
lymph nodes were removed [19].

Fig. 15.6 The ureter is separated from the bladder and 
ligated using suture
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What do we need from pathology report?

 1. How many lymph nodes isolated and how 
many lymph node-positive

 2. Size of largest metastatic lymph node (meta-
static tumor size, not lymph node size)

 3. Presence or absence of extranodal extension

 Radical Cystectomy: Male

The lateral vascular pedicles are isolated, ligated, 
and divided. The rectovesical junction, or rectal 
cul-de-sac (pouch of Douglas), is identified, and 
an incision is made where the peritoneum covers 
the seminal vesicles (Fig.  15.7). The rectum is 
dissected with either blunt dissection or sharp 
dissection in the midline, and it is carried to the 
level of the prostate. An understanding of the fas-
cia layer is important for proper dissection of this 
plane (Fig. 15.8). This is because Denonvilliers’ 
fascia did not develop between the prostate and 
the seminal vesicles but between the prostate and 
the rectum. This allows proper and safe entry into 
and development of Denonvilliers’ space between 

the anterior rectal wall and the posterior sheath of 
Denonvilliers’ fascia. Once the posterior pedicles 
have been defined, the urethra should be palpa-
ble, and at this point the anterior dissection is ini-
tiated like a radical prostatectomy. The endopelvic 
fascia is incised sharply, allowing for identifica-
tion of the urethra and the dorsal venous com-
plex. Ligation and division of the dorsal venous 
complex allows for visualization of the anterior 
urethra, which is then incised, and a frozen sec-
tion analysis of the urethral margin is performed 
to ensure a negative resection margin. For men 
with good erectile function who are not suspected 
to have extravesical tumor spread in the area of 
the neurovascular bundle, nerve fibers in the dor-
somedial pedicles lateral to seminal vesicles and 
the periprostatic neurovascular bundle should be 
spared. Avoid any trauma to the pelvic plexus, 
including clamping or pinching of the tissue with 
forceps. However, the role of preservation of the 
neurovascular bundles, unlike in radical prosta-
tectomy, remains controversial in radical 
cystectomy.

What do we need from pathology report?

 1. Tumor involvement in prostatic urethra: in 
situ vs. invasion into stroma

 2. Prostate parenchyma involvement: confined 
within ducts or acini vs. stromal invasion

 3. Mention prostate cancer, if present

Fig. 15.7 The rectovesical junction and rectal cul-de-sac 
(pouch of Douglas) are identified, and an incision is made 
where the peritoneum covers the seminal vesicles

Fig. 15.8 Denonvilliers’ fascia in the male pelvis
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 Radical Cystectomy: Female

In women, radical cystectomy also involves 
removal of the uterus, ovaries, and part of the 
vagina. When developing the posterior pedicles, 
the posterior vagina is incised at the cervical for-
nix (Fig. 15.9). This incision is carried anteriorly 
along the lateral and anterior vaginal wall form-
ing a circumferential incision. The anterior lat-
eral vaginal wall is then grasped. Applying 
countertraction to the anterior lateral vaginal wall 
facilitates dissection between the anterior vaginal 
wall and the bladder. A vaginal packing during 
this step can aid in defining the plane of separa-
tion between the bladder and the anterior vaginal 
wall in the midline.

In women, unlike men, dissection should not 
be done anterior to the urethra along the pelvic 
floor. The endopelvic fascia should remain undis-
turbed and unopened in women considering 
orthotopic diversion. This prevents damage to the 
rhabdosphincter region and corresponding ner-
vous system, which is important in maintaining 
continuous mechanisms. Anatomical studies 
show that the innervation to this rhabdosphincter 
region in women arises from branches of the 
pudendal nerve that course along the pelvic floor 
posterior to the levator muscles. Any dissection 

anteriorly may injure these nerves and compro-
mise the continence status [20]. This dissection is 
carried to the level of the bladder neck, which can 
easily be identified by use of the Foley catheter 
balloon as a guide. The specimen is removed, and 
a frozen section analysis of the urethral margin is 
performed. If the urethral margin is negative for 
malignancy, orthotopic diversion can be per-
formed. The vaginal stump is closed with a 2-0 
polyglactin suture.

What do we need from pathology report?

 1. Tumor involvement: vagina, uterine cervix, 
uterine corpus, fallopian tubes, and ovaries

 2. Margins

 Urethrectomy

Over the past 10 years, the indications for total 
urethrectomy at the time of cystectomy have 
undergone substantial modification. Historically 
urethrectomy was performed in patents with 
multifocal tumors, diffuse carcinoma in situ, and 
prostatic urethral involvement. In men, several 
studies have identified prostatic stromal invasion 
or diffuse CIS of the prostatic urethra as the pri-
mary risk factor. In women, the incidence of ure-
thral tumors was low if there was no tumor in the 
bladder neck by careful histological studies [21]. 
Therefore, it is currently performed in patients 
with tumor involving the prostatic urethra in 
men or bladder neck in women. We perform 
intraoperative frozen section of the urethral mar-
gin prior to proceeding with neobladder con-
struction. We routinely resect the urethra and 
anterior vaginal wall in women who are not can-
didates for neobladder diversion. In the male 
patient, urethrectomy is performed when pros-
tate stromal invasion exists or frozen section of 
urethra is positive.

The patient should be placed in a lithotomy 
position. After placement of the Foley catheter, a 
vertical perineal incision can be made over the 
palpable urethral bulb. If greater exposure is nec-
essary, an inverted U incision or a midline inci-
sion with lateral extension can be performed. The 
subcutaneous tissue and the bulbospongiosus 

Fig. 15.9 During development of the posterior pedicles, 
the posterior vagina is incised at the cervical fornix
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muscle are divided along in the midline until the 
central perineal tendon and corpus spongiosum 
are encountered. Dissection should be done later-
ally around the corpus spongiosum. The corpus 
spongiosum should be completely isolated until 
the end of urethra is identified proximally. The 
distal urethra should be separated for the corpora 
cavernosa. The dissection should be carried up to 
the base of the glans. When this step is com-
pleted, we proceed to excise the distal urethra to 
remove the entire urethra en bloc. Then the distal 
urethra is excised, including the fossa navicu-
laris, by wedge resection.

What do we need from pathology report?

 1. Low-grade dysplasia vs. high-grade dyspla-
sia/CIS vs. carcinoma with stromal invasion

 2. Margins

 Urinary Diversion

Once the bladder is removed, the urologist is con-
fronted with a challenge in selecting the appro-
priate urinary diversion. These procedures can be 
divided into incontinent (ileal conduit and cuta-
neous urostomy) and continent procedures. The 
continent procedures can be further subdivided 
into cutaneous reservoirs (in which the reservoir 
is connected to the abdominal skin requiring 
intermittent catheterization) and orthotopic neo-
bladder (in which the reservoir is connected to 
the urethra). Ileal conduits were the gold standard 
for urinary reconstruction before the advent of 
continent diversions, but continuously draining 
stoma can affect the quality of life of some 
patients. The urologist must analyze a variety of 
elements before selecting the optimal procedure 
for individual patient.

 Incontinent Diversion (Ileal Conduit)

Incontinent urine diversion simply directs urine 
from the ureters through a segment of isolated 
bowel to the surface of the abdominal wall via a 
cutaneous stoma. There, urine drains continu-
ously and is collected by an external appliance 

attached to the skin surface. The most common 
type of incontinent urinary diversion is an ileal 
conduit. A segment of ileum is selected; the ter-
minal 15 to 20 cm of ileum at the ileocecal junc-
tion is typically preserved to maintain adequate 
absorption of nutrients. The 15–20-cm-long ileal 
segment is isolated, and the proximal end is 
closed with seromuscular running suture. The 
left ureter is passed over the aorta to the right 
paracaval area. The right ureter is dissected 
upward. The ileal segment is anastomosed with 
both ureters. The distal part of ileal segment is 
brought to the skin. It is sutured with the skin at 
eight sites.

 Continent Diversion

All continent cutaneous reservoirs are made of a 
low-pressure pouch constructed of various detu-
bularized bowel segments and use a functional 
mechanism that connects the reservoir to the skin 
designed to prevent involuntary urine flow. One 
of the continent cutaneous reservoirs is continent 
ileal reservoir (ileal W-reservoir and Mitrofanoff 
continent mechanism), and the most obvious 
advantage of this type of diversion is the ability 
to avoid continuous urine drainage with the need 
for an external appliance. This continent cutane-
ous diversion requires life-long intermittent clean 
self-catheterization through the stoma both to 
empty the reservoir and to remove mucus.

In patients with renal insufficiency (estimated 
glomerular filtration rate  <  35  ml/min/1.73  m2, 
serum creatinine levels >2.0  mg/L), orthotopic 
urinary diversion should be avoided. Ileal reser-
voirs (Hautmann W-neobladder, Studer, and 
Ghoneim) are the most common procedure. Koch 
ileocecal reservoirs, Indiana pouch, and Mainz 
pouch also can be used.
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Medical Treatment with Targeted 
Therapy for Metastatic Urothelial 
Bladder Carcinoma

Omar Alhalabi and Jianjun Gao

 Introduction

Bladder cancer is the fourth most common can-
cer occurring in men and the 12th in women, 
with 81,400 new cases in 2020 in the USA and 
estimated 17,980 deaths [1]. While 75% of new 
urothelial carcinoma (UC) cases are non-muscle 
invasive, 25% of cases are muscle invasive or 
metastatic at presentation [2]. Traditionally, the 
5-year survival for localized disease has been 
68% compared to 5% in metastatic disease [3]. 
Muscle-invasiveness, multifocality, grade, and 
other risk factors help determine the further steps 
of management after endoscopic removal of 
localized tumors [4], which could include cys-
tectomy. Cisplatin-based neoadjuvant chemo-
therapy has been shown to provide long-term 
survival benefit in patients with muscle invasive 
UC [5–10]. Similarly, platinum-based regimens 
remain the standard-of-care first-line therapy for 
platinum- eligible patients with metastatic UC 
[11], but they offer only a modest median overall 

survival (OS) of approximately 15  months [2, 
12] and a very low 5-year survival of 4.8% [3]. 
Immune checkpoint therapy (ICT) finally shifted 
the paradigm with a better duration of response 
in platinum-refractory and platinum-ineligible 
frontline patients [13–20], although the majority 
of patients (about 75–80%) derive no benefit. In 
addition, antibody-drug conjugates (ADCs) tar-
geting tumor-associated antigens (TAAs) in UC 
have shown promising results in patients failing 
platinum-based therapy and ICT [21]. 
Furthermore, genetic alterations involving the 
fibroblast growth factor receptor (FGFR) have 
been identified in about 15–20% of patients with 
advanced bladder UC and in close to 35% with 
upper tract UC [22–24]. There are several ongo-
ing efforts to target these genetic alterations and 
better characterize distinct molecular subtypes 
of UC [25–28]. Here, we summarize the promi-
nent strategies in targeted therapy for advanced-
stage UC.

 Discussion

 Targeting Tumor-Associated Antigens 
(TAAs) Using Antibody-Drug 
Conjugates (ADCs)

ADCs are compounds that conjugate a monoclo-
nal antibody targeting a specific TAA with a 
cytotoxic payload by a cleavable linker [29]. 
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Following the binding of the antibody to the TAA 
on the surface of cancer cells, internalization of 
the conjugate occurs by way of endocytosis. 
Then the cytotoxic payload is released after lyso-
somal degradation [21]. The greatest challenge in 
using ADCs in solid tumors is the identification 
of specific antigen targets. Many TAAs are also 
expressed at a low level in healthy tissue, so 
internalization of the ADC could have serious 
toxicities. In UC, several TAAs have been studied 
as potentially attractive targets for ADC develop-
ment (Fig.  16.1a), either as monotherapy or in 
combination with other therapeutic agents includ-
ing ICT [21, 30].

 Targeting Nectin-4 with Enfortumab 
Vedotin
Nectins [1 through 4] act as Ca2 + −independent 
cellular adhesion molecules [31]. In addition, 
nectin-4 is the epithelial receptor for the measles 
virus and has been investigated as serum tumor 
marker for several epithelial carcinomas, includ-
ing ovarian, lung, and breast [32–35]. In particu-
lar, high nectin-4 mRNA expression levels were 

identified in bladder cancer [36]. The differential 
overexpression of nectin-4 in UC led to the devel-
opment of enfortumab vedotin (EV). EV is a 
fully human antibody against nectin-4 linked via 
a cleavable drug linker to a microtubule- 
disrupting chemotherapy agent: monomethyl 
auristatin E (MMAE) (Fig.  16.1a, Table  16.1) 
[36]. In the phase I EV-101 dose-escalation trial 
(NCT02091999), 112 patients with metastatic 
UC were treated with 1.25 mg/kg of EV on days 
1, 8, and 15 of a 28-day cycle [37]. Of the enrolled 
patients, 81% had received prior platinum ther-
apy, and 75% had received prior ICT. In the most 
mature data report in 2019, confirmed overall 
response rate (RR) was 42%, median duration of 
response was 7.7  months, and median overall 
survival (OS) was 12.5 months [38]. The encour-
aging results from EV-101 were recaptured in the 
phase II trial EV-201 (NCT03219333), which 
showed a confirmed RR of 42% as a third-line 
therapy [39]. Treatment-related grade 3 or higher 
(G ≥  3) adverse events (AEs) included rash in 
11% and peripheral neuropathy in 3%. On 
December 18, 2019, the US Food and Drug 
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Fig. 16.1 Distinct strategies for targeting urothelial car-
cinoma. (a) Antibody drug conjugates (ADCs). 
Sacituzumab govitecan and enfortumab vedotin target 
trop-2 to deliver SN-38 and nectin-4 to deliver MMAE, 
respectively. SN-38 and MMAE have distinct mecha-
nisms in inhibiting cellular growth and inducing apopto-
sis. (b) Mechanisms of targeting growth factor receptors 

in urothelial carcinoma. SN-38, active metabolite of irino-
tecan; Topo I, topoisomerase I; MMAE, monomethyl 
auristatin E; ADC, antibody drug conjugate; mAb, mono-
clonal antibody; HER-2, human epidermal growth factor 
receptor 2; FGFR, fibroblast growth factor receptor; TKI, 
tyrosine kinase inhibitor. (This figure was created using 
biorender.com)
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Administration (FDA) granted accelerated 
approval to EV in the third-line setting for 
patients with advanced UC who previously 
received anti-PD(L)-1 and a platinum-containing 
chemotherapy. A global, randomized, controlled, 
phase III trial EV-301 (NCT03474107) is ongo-
ing to compare EV against standard single-agent 
chemotherapy in patients with locally advanced 
or metastatic UC previously treated with plati-
num chemotherapy and anti-PD-1/PD-L1. 
Furthermore, EV combined with pembrolizumab 
is being tested as a “chemotherapy-free” regimen 
in the frontline setting for cisplatin-ineligible 
patients with locally advanced or metastatic UC 
in the EV-103 trial (NCT03288545). Preliminary 
data presented at the American Society of Clinical 
Oncology (ASCO) Genitourinary Cancers 
Symposium 2020 (San Francisco, CA) showed 
an overall RR of 73.3% including 15.6% com-
plete response. The overall RR in patients with 
liver metastasis was 53.3% (8/15) [40].

 Targeting trop-2 with Sacituzumab 
Govitecan
Trophoblast cell-surface antigen 2 (Trop-2) is 
overexpressed in several carcinomas, including 
breast carcinoma and UC [41–43]. In UC, expres-
sion of trop-2 correlates with invasiveness of 
tumors, advanced clinical stage [44], and worse 
prognosis [45]. Sacituzumab govitecan (SG) is a 
humanized antibody against Trop-2 linked to the 
cytotoxic payload SN-38 (active metabolite of iri-

notecan), which inhibits topoisomerase I, leading 
to DNA damage and cellular death (Fig.  16.1a, 
Table  16.1) [46, 47]. In a phase I/II study 
(NCT03547973), 45 patients with metastatic UC 
who progressed after ≥1 prior systemic therapy 
were treated with SG 10 mg/kg on days 1 and 8 of 
a 21-day cycle. Overall RR was 31%, duration of 
response was 12.9  months, and OS was 
18.9 months [48]. Grade ≥ 3 AEs were neutrope-
nia (38%), anemia (11%), hypophosphatemia 
(11%), diarrhea (9%), fatigue (9%), and febrile 
neutropenia (7%). Along with grade 4 neutropenia 
or febrile neutropenia, 65% had a polymorphism 
in UGT1A1, which is higher than expected for an 
unselected patient population and could explain 
the relatively high rate of neutropenia [49].

 Targeting SLITRK6 with Sirtratumab 
Vedotin (ASG-15ME)
SLIT and NTRK expression, like that of family 
member 6 (SLITRK6), was seen in 88% of blad-
der cancer specimens based on a tissue microar-
ray that involved more than 500 samples [50]. 
Sirtratumab vedotin (SV) is composed of a 
SLITRK6-specific human antibody conjugated 
to MMAE via a protease-cleavable linker [50]. 
NCT01963052 was a phase I dose-escalation 
trial that had 42 evaluable patients treated at 
doses considered active (≥0.5  mg/kg) for SV; 
overall RR was 33%, including 4/11 patients 
(36%) with liver metastases and 5/12 patients 
(42%) who failed prior ICT [51].

Table 16.1 Characteristics of ADCs at or beyond phase I drug development in UC

ADC (alternative 
name) Developer

Target 
TAA Linker Payload

Payload’s mechanism of 
cytotoxicity

Enfortumab 
Vedotin

Seattle genetics 
and Astellas

Nectin-4 Protease- 
cleavable

Monomethyl 
auristatin E 
(MMAE)

Microtubule-disrupting 
agent

Sacituzumab 
Govitecan 
(IMMU-132)

Immunomedics Trop-2 Protease- 
cleavable

Active metabolite 
of irinotecan 
(SN-38)

Topoisomerase I 
inhibitor leading to 
DNA damage

Sirtratumab 
vedotin 
(ASG-15ME)

Seattle genetics 
and Astellas

SLITRK6 Protease- 
cleavable

Monomethyl 
auristatin E 
(MMAE)

Microtubule-disrupting 
agent

Adapted from Alhalabi et al. (2019)
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 Targeting Growth Factor Receptors

 Targeting the Fibroblast Growth Factor 
Receptor (FGFR) with Tyrosine Kinase 
Inhibitors (TKIs)
In bladder cancer, aberrations in the FGFR sig-
naling pathway, particularly FGFR1 and FGFR3 
genetic aberrations, have been linked to oncogen-
esis and tumor angiogenesis [52, 53]. The expres-
sion of a constitutively activated FGFR3  in UC 
and its oncogenic role was first established 
20  years ago [54]. According to The Cancer 
Genome Atlas (TCGA) data, which includes 412 
muscle-invasive UC primary tumors, FGFR3 
alterations have a 14% frequency and cluster in 
the luminal I subtype [23]. Multiple mechanisms, 
such as mutations and fusions, are involved in 
FGFR3 pathway dysregulation and lead to con-
stitutive activation of the kinase domain of 
FGFR3 [55]. Here, we summarize the data on 
small-molecule FGFR TKIs that are FDA 
approved or in an advanced phase of investiga-
tion in UC (Fig. 16.1b, Table 16.2).

AZD4547
AZD4547 is an FGFR1–3 inhibitor [56] studied 
in the BISCAY trial (NCT02546661), which 
enrolled patients with UC who progressed on 
prior platinum therapy. Patients who had activat-
ing FGFR1–3 mutations or fusions received 
AZD4547 with or without durvalumab. Patients 
with mutations in homologous recombination 
repair genes were assigned to receive olaparib 
with durvalumab. Patients with RICTOR amplifi-
cation or deleterious mutations in TSC1 or TSC2 
were assigned to vistusertib with durvalumab. 
Finally, an unselected arm was assigned to dur-
valumab monotherapy alone to serve as a control 
arm to interpret RRs in the other arms [57]. 
AZD4547 had activity in the FGFR mutants with 
RR of 20% [57]; however, it was not statistically 
different from durvalumab plus AZD4547 with 
RR of 28.6%.

Dovitinib
Dovitinib (TKI258) is a broad-targeted inhibitor 
of tyrosine kinases, including FGFR3, which was 
evaluated in patients with previously treated 
advanced FGFR3-mutated or FGFR3 – wild-type 
UC [58]. The study was terminated as dovitinib 
had very limited single-agent activity (RR 0% in 
FGFR3-mutated and 3.2% in FGFR3  – wild 
type) among patients with previously treated 
advanced UC. Agents that are more specific have 
been prioritized over dovitinib in UC.

Erdafitinib
Erdafitinib (JNJ-42756493) is a pan-FGFR [1 
through 4] inhibitor approved by the FDA on 
April 12, 2019, for the treatment of metastatic 
UC with susceptible FGFR2 or FGFR3 genetic 
alterations after platinum failure. The FDA also 
approved the therascreen® FGFR RGQ RT-PCR 
Kit, developed by QIAGEN, for use as a compan-
ion diagnostic for this therapeutic indication [59]. 
In a phase I study using intermittent dosing of 
erdafitinib, 21% of UC patients responded, and 
dose-dependent elevations in serum phosphate 
were found to represent a pharmacodynamic 
effect of the medication [60]. The FDA approval 

Table 16.2 Examples of fibroblast growth factor recep-
tor (FGFR) tyrosine kinase inhibitors (TKIs) that are 
being tested in UC

Compound 
(alternative 
name)

Spectrum 
of FGFR 
inhibition

Recombinant 
FGFR3 IC50 
(nmol/L, 
in vitro) Developer

AZD4547 
[56]

1,2,3 1.8 AstraZeneca

Dovitinib 
(CHIR258, 
TKI258) [72]

1,3 500 Novartis

Erdafitinib 
(JNJ- 
42756493) 
[73]

1,2,3,4 3.1 Janssen

BAY1163877 
(rogaratinib) 
[74]

1,2,3 19 Bayer

BGJ398 
(infigratinib) 
[75]

1,2,3 1 Novartis

INCB054828 
(pemigatinib) 
[76]

1,2,3 1 Incyte

O. Alhalabi and J. Gao



203

was based on the results of the BLC2001 phase II 
trial of erdafitinib in advanced UC [24]. In this 
trial, erdafitinib was given at 8 mg per day in a 
continuous regimen, and dose was escalated to 
9 mg if the serum phosphate level had not reached 
the target of 5.5 mg per deciliter (1.8 mmol/L), a 
level that had been associated with an improved 
RR in the phase I study. The rate of confirmed 
overall RR was 40%, and disease control rate 
(DCR) was 79% [24]. Median time to response 
was around 6 weeks, indicating quick responses. 
Among patients with prior ICT, RR was 59%. 
The median PFS was 5.5 months, and the median 
OS was 13.8  months. AEs were manageable: 
13% of patients discontinued therapy due to 
treatment-related adverse events (TRAEs), and 
there were no treatment-related deaths [24]. 
Common G ≥ 3 AEs were hyponatremia (11%), 
stomatitis (10%), and asthenia (7%). To clarify 
the ideal sequence of erdafitinib and ICT in the 
second-line setting, the phase 3 THOR trial 
(NCT03390504) is comparing erdafitinib to 
 chemotherapy or pembrolizumab for patients 
with platinum-refractory advanced UC with 
selected FGFR gene alterations. Furthermore, 
NCT03473743 is a phase Ib/II trial assessing the 
combination of erdafitinib plus cetrelimab (JNJ- 
63723283; anti-PD-1) in cisplatin-ineligible 
patients with metastatic UC harboring selected 
FGFR gene alterations.

Rogaratinib
Rogaratinib (BAY1163877) is an oral pan-FGFR 
inhibitor that was studied in patients with UC and 
high FGFR1–3 mRNA expression levels, with 
particular attention to activity in patients with evi-
dence of activating mutations in potential resis-
tance genes, including PIK3CA and RAS. 
NCT01976741 showed an overall RR of 24%, and 
DCR was 73% [61]. FORT-2 (NCT03473756) is a 
phase Ib/II trial of rogaratinib plus atezolizumab in 
the frontline setting for cisplatin- ineligible, 
untreated, FGFR-positive metastatic UC.

Infigratinib
Infigratinib (BGJ398) is a potent, FGFR1–3 
inhibitor that initially demonstrated antitumor 

activity in four of five patients with FGFR3- 
mutated advanced UC when it was in phase I test-
ing [62]. Sixty-seven patients who were 
platinum-ineligible were subsequently enrolled in 
the expansion cohort. The majority (70.1%) had 
received two or more prior treatments. Overall 
RR was 25.4% and DCR was 64.2%. The most 
common treatment-emergent toxicities were 
hyperphosphatemia, elevated creatinine, fatigue, 
constipation, and decreased appetite [63].

Pemigatinib
Pemigatinib (NCT02872714) is a potent, selec-
tive, oral inhibitor of FGFR1–3. FIGHT-201 was 
a phase II, open-label, multicenter study of 
pemigatinib in patients with metastatic or unre-
sectable UC harboring FGFR3 genetic altera-
tions (cohort A) or other FGFR alterations 
(cohort B). Overall RR was 25% in cohort A and 
3% in cohort B [64].

 Targeting the Human Epidermal 
Growth Factor Receptor 2 (HER2)
Molecular alterations involving the human epi-
dermal growth factor receptor (including amplifi-
cation, mutation, and overexpression) occur in up 
to 20–30% of UC patients [23]. HER2 alterations 
have gained significant interest in the past few 
years with agents specifically targeting this 
receptor in UC.  HER2-targeted agents investi-
gated in clinical trials of UC have various mecha-
nisms of action, including (Fig.  16.1b) (a) 
monoclonal antibodies such as trastuzumab [65, 
66]; (b) HER2 TKIs such as lapatinib [67], afa-
tinib [68], and neratinib [69]; and (c) an ADC 
targeted against HER2 such as T-DM1 [70], as 
well as other investigational agents. A limitation 
to the clinical translation of HER2 as a predictive 
biomarker has been the discordance between 
HER2 immunohistochemistry (IHC) score, fluo-
rescence in situ hybridization (FISH), and 
genomic-level molecular characterization [71]. 
However, with proper biomarkers and well- 
designed clinical trials, HER2-targeted agents 
could be an important part of the management of 
early or advanced UC, either as monotherapy or 
in combination with other agents.
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 Summary

With the FDA approval of an FGFR inhibitor and 
an ADC in 2019, targeted therapy strategies 
finally became a reality for patients with meta-
static UC. Research efforts continue to identify 
new therapeutic targets, biomarkers of response, 
and mechanisms of resistance, thus leading to 
continued accumulation of our armamentarium 
against UC at the frontline and subsequent lines 
of therapy.
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 Introduction

The urinary tract is lined by the urothelium and 
runs from the renal calyces and pelvis to the ure-
ter and urinary bladder and to the proximal two- 
thirds of the urethra. Most tumors of these organs 
are derived from the urothelial lining. The most 
common specimens from the urinary bladder are 
obtained by cystoscopic biopsies and transure-
thral resections of the bladder tumor (TURBT), 
both of which contain urothelium with subepithe-
lial tissue and muscularis propria of varying 
depths [1]. Other specimens can be obtained 
from a partial cystectomy, radical cystectomy, 
cystoprostatectomy, pelvic exenteration, or resec-
tion of diverticula [1]. Surgical excision of an 
urachal carcinoma usually includes the bladder 
dome, urachal remnant, and umbilicus [1].

Pathology reports on cystoscopic biopsy and 
TURBT specimens provide the important infor-
mation that determines subsequent patient man-
agement, while reports of curative resections 

(e.g., cystectomy) may help determine the need 
for further surgery, adjuvant chemo/radiotherapy, 
or appropriate surveillance [2].

 Information for Bladder Cancer 
Diagnosis

 Clinical History
The most common presenting symptom in blad-
der cancer patients is painless gross hematuria, 
which is observed in 85% of newly diagnosed 
bladder cancer patients [3]. The microscopic 
hematuria occurs in virtually all patients. Lower 
urinary tract symptoms, such as urgency, noctu-
ria, and dysuria, may be signs of bladder cancer, 
especially in patients with concomitant urothelial 
carcinoma in situ [3]. However, these lower uri-
nary tract symptoms are also classic signs of 
more common diseases, such as inflammatory 
cystitis and urethritis. Therefore, patients pre-
senting with persistent lower urinary tract symp-
toms, especially older patients, should raise 
concern for bladder cancer.

A thorough clinical history should be obtained, 
as urinary tract stones, infection, instrumenta-
tion, radiation, or previous intravesical therapy 
may influence the interpretation of biopsy speci-
mens. This is especially important for the differ-
ential diagnosis of flat urothelial lesions, such as 
reactive urothelial atypia versus urothelial carci-
noma in situ.
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 Pathological Examination History
Because urothelial tumors frequently recur with 
similar histologic features and grade, any previ-
ously diagnosed tumor should be noted and 
reviewed for their histologic type, primary site, 
and histologic grade. Previous pathology infor-
mation is very helpful when a recurrent or meta-
static tumors present with predominant divergent 
differentiation and variant histology. For exam-
ple, when the previous urothelial tumor had areas 
of squamous differentiation, it is unlikely that the 
recurrent or metastatic tumor is of pure squamous 
cell carcinoma.

Clinical and pathological examination history 
can also help determine the clinical significance 
of denuded urothelium in bladder biopsy sam-
ples, as prior instrumentation and intravesical 
therapy are contributors to denudation. Urothelial 
carcinoma in situ is often associated with promi-
nent cellular discohesion and exfoliation of neo-
plastic cells in the urine, mimicking denuding 
cystitis (Fig.  17.1a). In these cases, review of 
simultaneously tested urine cytology slides 
would help to ensure detection of the few resid-
ual discohesive cells of carcinoma in situ 
(Fig.  17.1b). In summary, extensive urothelial 
denudation in biopsy samples should be reported 
with caution [4].

 Imaging
Computer tomography (CT) scan or magnetic 
resonance imaging (MRI) of the abdomen and 

pelvis is usually performed before biopsy and 
intervention, as post-procedural changes may 
cause inflammation and scarring, resulting in 
erroneous interpretation [5]. Imaging is used to 
localize the tumor within the urinary bladder and 
to estimate the depth of invasion. However, the 
final determination of tumor invasiveness and 
the depth of invasion should be assessed by 
pathologic examination of TURBT and/or sub-
sequent cystectomy specimens. Additional 
workup, preferably with CT urography, is usu-
ally performed to check synchronous upper uri-
nary tract lesions.

 Cystoscopy Findings
Cystoscopic findings serve as an alternative to 
gross examination of urothelial tumors on biopsy 
and TURBT specimens. They are useful for the 
differential diagnosis between low-grade papil-
lary urothelial tumors and non-neoplastic papil-
lary urothelial lesions, such as redundant 
urothelial mucosa and papillary/polypoid cystitis 
(Fig.  17.2a and b). Papillary urothelial tumors 
present as an arborizing papillary mass, where 
the papillae are composed of a reddish blood- 
containing fibrovascular core lined by a whitish 
outer layer of urothelial tumor cells. In higher- 
grade tumors, irregularity in the thickness of the 
tumor cell layer is increased, and the fibrovascu-
lar cores are more often fused (Fig. 17.2b and c). 
The tumor could be a solid sessile mass in an 
infiltrating high-grade urothelial carcinoma, but 

a b

Fig. 17.1 Urothelial carcinoma in situ mimicking denuding cystitis. Extensive urothelial denudation in a biopsy sam-
ple (a) and abundant tumor cells in the simultaneously collected urine sample (b)
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in that case, its diagnosis is usually evident on 
histologic examination alone (Fig 17.2d).

 Handling and Sampling of Bladder 
Cancer Specimens

Handling and reporting of bladder cancer speci-
mens are described based on the current guide-
lines by the College of American Pathologists 
(CAP, Revised: February 2019) with modifica-
tion [6, 7].

 Biopsy and Transurethral Resection 
of Bladder Tumors
Small, noninvasive papillary neoplasms are often 
excised with cold-cup forceps, diathermy for-
ceps, or small diathermy loops. These biopsy 

specimens should be entirely submitted for histo-
pathologic examination and transferred in a fixa-
tive with minimal handling to avoid tissue 
distortion [1]. At least three levels of sectioning 
should be obtained on each small biopsy speci-
men [8].

Larger neoplasms are often sampled using 
TURBT with a diathermy loop that produces 
6-mm-diameter tissue strips of variable lengths 
[1]. It has become a common practice to resect all 
visible tumors and take more deeply the underly-
ing muscularis propria for evaluation of the depth 
of tumor invasion [7]. If the muscularis propria is 
not adequately sampled, repeat sampling is 
required to stage properly, especially in all inva-
sive tumors [5]. Those specimens that need a 
separate diagnosis, such as deep biopsy for mus-
cularis propria invasion and random biopsies for 

a

c d

b

Fig. 17.2 Cystoscopic findings of papillary/polypoid cystitis (a), low-grade noninvasive papillary urothelial carcinoma 
(b), high-grade noninvasive papillary urothelial carcinoma (c), and invasive urothelial carcinoma (d)
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in situ carcinoma evaluation, should be submitted 
separately in a different container to ensure that 
they are not combined with TURBT specimens.

TURBT specimens should be weighted in 
aggregate [7]. It is important to avoid overfilling 
specimen cassettes with tissue fragments. 
According to the general rule of gross examina-
tion, one cassette per centimeter of tumor diam-
eter may be prepared, up to ten cassettes. 
However, if the tumor appears noninvasive in ini-
tial sampling, or is invasive into the subepithelial 
connective tissue, additional sampling of tissue 
(possibly including all the tissue) is necessary for 
the evaluation of tumor invasiveness and muscu-
laris propria invasion, respectively.

Thermocoagulation often produces severe 
artifact, such as detachment of epithelial cells 
from the basement membrane and spindling or 
palisading of the nuclei [9]. A comment on the 
thermocoagulation effect may be reported if it 
makes diagnostic evaluation difficult [1].

 Total Cystectomy, Radical 
Cystoprostatectomy, and Pelvic 
Exenteration

Orientation of the Specimens
Anatomic landmarks of the urinary bladder and 
simultaneously resected pelvic organs can be 
used to orient specimens. In the male, the bladder 
adjoins the rectum and seminal vesicles posteri-
orly, the prostate inferiorly, and the pubis anteri-
orly, and peritoneum superiorly [8]. In the female, 
the vagina is located posteriorly, and the uterus is 
located superiorly [8]. The perivesical fat sur-
rounding the bladder is lined by peritoneum 
along the superior surface and upper part of the 
bladder. In both males and females, the perito-
neum descends further along the posterior wall of 
the bladder than it does along the anterior wall. 
Both ureters are located within the lateral peri-
vesical fatty connective tissues.

Dissection of the Specimens
 1. Once the specimen is opened anteriorly from 

the urethra to the bladder dome, examine the 
bladder mucosal surface for ulcerations, for 
exophytic or nodular tumors, or for more sub-

tle mucosal alterations of in situ lesions, such 
as velvety erythematous mucosae. The num-
ber, size, gross appearance, and location of 
any lesion in the bladder should be 
documented.

 2. The tumors may appear flat, papillary, nodu-
lar, or ulcerated. Examine whether the tumor 
infiltrates the muscularis propria or the peri-
vesical fat of the bladder or other adjacent 
organs. Meticulous gross evaluation of the 
prostatic urethra is required to identify inde-
pendent primary lesions involving the urethral 
lining [5]. Note any gross abnormality, such 
as tumor penetrating the serosa or at a surgical 
margin.

 3. Take photographs of the opened specimen. 
Fresh tissue may be collected for special stud-
ies, and this must be stated in the pathological 
report.

 4. Secure the margins from each of the ureters 
and the urethra by shaving. This is not neces-
sary if the ureters and urethra have been evalu-
ated by frozen sections. When the specimen 
includes the prostate, the distal prostatic ure-
thral margin should be taken from the distal 
end of the prostate.

 5. After then, open the ureters from the trigone 
orifices using a small pair of scissors. Look 
for ureteral strictures and dilatations, and 
examine the mucosa for ulcerations, divertic-
ula, or exophytic lesions. Document these 
findings in the gross description. Submit 
transverse sections of the ureters.

 6. Be sure to search for lymph nodes, which are 
sometimes present in the perivesical fat.

Sampling of the Specimens
Sections are taken in such a way as to show the 
relationship of the tumor to the adjacent urothe-
lium, the tumor’s maximal level of invasion, and 
external soft tissue margins with inking.

Sampling the Tumor If a tumor is identified in 
the bladder, make a full-thickness cut through the 
tumor and the bladder wall to demonstrate the 
tumor’s maximal depth of invasion. For large 
exophytic tumors, take several sections from the 
tumor base to adequately assess the extent of 
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invasion [8]. At least one section should be taken 
for each centimeter of the tumor’s diameter.

Any previous TURBT scar and/or neoadju-
vant chemotherapeutic effect may make it diffi-
cult to define the outline of the tumor. In such 
cases, generous sampling of the bladder, with 
particular attention to abnormal-appearing 
mucosa and to sites of previously documented 
tumor resection, is necessary for proper staging 
of the tumor. If no visible tumor is identified in 
the initial sections of the previous TURBT scar, 
the entire lesion should be prepared for histologic 
examination to document any residual tumor.

Sampling the Non-tumoral Mucosa Carefully 
inspect and generously sample the normal- 
appearing bladder mucosa and those of the ureter 
and prostatic urethra because many in situ lesions 
of the urinary tract present as flat or subtle red 
velvety flat mucosal lesions. Submit several sec-
tions of the mucosa away from the carcinoma, 
especially if abnormal-appearing mucosae are 
present, including the lateral wall(s), dome, and 
trigone.

Sampling the Prostate Gland If the tumor 
appears to invade the prostate parenchyma, sec-
tions that clearly demonstrate whether it invades 
from the prostatic urethra (pT2) or directly 
through the bladder wall (pT4) should be taken. 
Slice the prostate from apex to base perpendicu-
lar to the urethra at 5 mm intervals. It is important 
to take sections from the bladder neck, as this is 
an important route for urothelial carcinoma to 
invade the prostatic stroma. Representative sec-
tions of the peripheral zone, transition zone, cen-
tral zone, and seminal vesicles should be 
included. Careful gross examination may help 
target sampling of selective abnormal-appearing 
areas.

If there are good reasons for additional sam-
pling for prostatic adenocarcinoma (e.g., raised 
serum PSA levels, the presence of extensive 
prostatic carcinoma, Gleason patterns 4 or 5 on 
the initial sections), then consideration should 
be given to treating the organ as a radical pros-
tatectomy with full staging and assessment of 
margins [2].

Sampling the Seminal Vesicle Inclusion of 
seminal vesicles is particularly important in 
tumors at the bladder neck, and these should be 
sampled in continuity with the tumor.

Sampling the Lymph Nodes
All nodal and perivesical fat samples should be 
thoroughly searched for lymph nodes. Submit 
one section from each grossly positive lymph 
node. All other grossly benign lymph nodes 
should be entirely submitted, as the presence of 
nodal disease may be used as an indication for 
adjuvant therapy.

Sampling the Margins Submit one section 
each of the ureteral margins and one section of 
the urethral margin, unless submitted separately 
as frozen section specimens. If a long segment of 
the ureter is present, then, after careful examina-
tion of the entire ureter, additional sections from 
the suspicious areas or a random section from the 
mid-portion of a grossly unremarkable ureter 
may be necessary, as urothelial cancer is often 
multifocal.

Sampling Other Organs If the submitted 
organs are grossly unremarkable, submit one or 
more sections of the uterus, vagina, and other 
organs. If the tumor grossly appears to invade the 
uterus or vagina, sections should be targeted, 
such that the relationship of the infiltrating tumor 
in the bladder wall and the adjacent viscus is 
clearly demonstrated.

 Partial Cystectomy
Partial cystectomy specimens, including resec-
tions of diverticula, should be fixed and dissected 
according to the guidelines given for radical cys-
tectomy specimens. However, unlike in a radical 
cystectomy specimen, in the partial cystectomy 
specimen the mucosal edges of the specimen rep-
resent the surgical margins of the bladder wall. 
Ink the edges and assess these margins for tumor 
involvement by taking perpendicular sections 
from all edges of the specimen at regular 
intervals.

The partial cystectomy specimen for urachal 
carcinoma consists of the dome of the urinary 
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bladder in continuity with the urachal ligament 
and may include the umbilicus. Sections should 
be taken at right angles to the long axis of the 
urachal ligament and submitted for histologic 
examination. Remember to sample two addi-
tional margins in the partial cystectomy speci-
mens: the soft tissue margin surrounding the 
urachal ligament and the skin margin around the 
umbilicus. The bladder portion of the specimen 
should be processed like other partial cystectomy 
specimens.

 Evaluation of Diagnostic 
and Prognostic Information

The pathology report should provide clinically 
useful information derived from the macroscopic 
and microscopic pathologic evaluations.

 Histologic Tumor Type
It is recommended to follow the current 2016 
WHO classification of urinary tract tumors found 
in Table 17.1 [3]. More than 95% of carcinomas 
of the urinary bladder, ureter, and renal pelvis are 
of urothelial origin. The presence of histologic 
variants in urothelial carcinoma should be docu-
mented. Focal squamous, glandular, and/or 
Müllerian divergent differentiation may be pres-
ent in the tumor and must be clearly reported 
with its relative proportion of the aberrant tumor 
histology. Occasionally, the divergent differentia-
tion is extensive but should still be classified as 
urothelial, unless the cancer is composed purely 
of the alternative histology. In other words, blad-
der cancer with a recognizable papillary, inva-
sive, or urothelial carcinoma in situ component 
should be classified as urothelial carcinoma with 
divergent differentiation. A key challenge is man-
aging patients who present with squamous cell 
carcinoma or adenocarcinoma on initial biopsy 
or transurethral resection. Because of limited 
sampling at initial biopsy or resection, exclusion 
of a high-grade urothelial carcinoma with squa-
mous or glandular differentiation is often diffi-
cult. This distinction typically can only be made 
after radical cystectomy when the entire lesion is 
available for histologic analysis [4].

The histologic subtype may reflect the risk of 
disease progression and different genetic etiol-
ogy and, subsequently, determine whether a more 
aggressive treatment approach should be taken. 
Some variants, such as micropapillary, plasmacy-
toid, and sarcomatoid variants, are associated 
with reduced survival [5]. A malignant neoplasm 
with a small cell neuroendocrine carcinoma com-
ponent arising in the urinary tract is designated as 
small cell carcinoma for treatment purposes.

 Histologic Tumor Grade
There have been various grading systems for uro-
thelial tumor. The International Society of 
Urological Pathology (ISUP) proposed a consen-
sus classification in 1998 that was adopted by the 
WHO in 2004 and incorporated into the 2016 
WHO classification system with minor modifica-
tion (Table  17.1) [3]. The older WHO system 
(1973) may be concurrently used, according to 
institutional preference. Flat intraepithelial 
lesions and papillary and invasive lesions are 
graded separately.

The great majority of invasive urothelial carci-
nomas are high-grade. Since significant outcome 
differences have been reported between low- and 
high-grade invasive tumors, tumor grade should 
be reported [3]. Deceptively bland variants, such 
as nested or microcystic variants, that histologi-
cally appear low-grade tend to behave like inva-
sive high-grade tumors of a similar stage [4].

 Tumor Extent
Clinical stage classification (cTNM) is usually 
conducted by the referring physician before treat-
ment during initial evaluation of the patient or 
when pathologic classification is not possible. 
Pathologic information obtained from cysto-
scopic biopsy or transurethral resection is used 
for clinical tumor staging (cT) along with the 
cystoscopic assessment, bimanual examination, 
and radiographic evaluation. Pathological staging 
(pT) of bladder cancer relies on pathologic infor-
mation obtained from gross and microscopic 
assessment of partial or radical cystectomy 
specimens.

The latest TNM Staging System of the 
American Joint Committee on Cancer (AJCC)/
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Information Comments

Procedure (R & B) Biopsy, transurethral resection of bladder tumor (TURBT), partial 
cystectomy, radical cystectomy (total cystectomy), radical 
cystoprostatectomy, anterior exenteration, other (specify), not specified

Tumor site (R & B) Trigone, right lateral wall, left lateral wall, anterior wall, posterior wall, 
dome, other (specify), not specified

Tumor number (R) Single, multiple (specify)

Tumor size (R) Greatest dimension

Histologic type
(R & B)

Urothelial tumors
  Infiltrating urothelial carcinoma
  Infiltrating urothelial carcinoma with divergent differentiation:
  Squamous, glandular, trophoblastic, or Mϋllerian
  Specify the percentage of divergent differentiation
  Infiltrating urothelial carcinoma with variant histology:
   Nested (including large nested), microcystic, micropapillary, 

lymphoepithelioma-like, plasmacytoid/signet ring/diffuse, 
sarcomatoid, giant cell, poorly differentiated, lipid-rich, or clear 
cell

  Urothelial carcinoma in situ
  Noninvasive papillary urothelial carcinoma
  Papillary urothelial neoplasm of low malignant potential
  Urothelial papilloma
  Inverted urothelial papilloma
  Urothelial proliferation of uncertain malignant potential
  Urothelial dysplasia
Squamous cell neoplasms
  Pure squamous cell carcinoma
  Verrucous carcinoma
  Squamous cell carcinoma in situ
  Squamous papilloma
Glandular neoplasms
  Adenocarcinoma, NOS
  Adenocarcinoma, enteric, mucinous, mixed
  Adenocarcinoma in situ
  Villous adenoma
Urachal carcinoma
Tumors of Mϋllerian type
  Clear cell carcinoma
  Endometrioid carcinoma
Neuroendocrine tumors
  Small cell neuroendocrine carcinoma
  Large cell neuroendocrine carcinoma
  Well-differentiated neuroendocrine carcinoma
  Paraganglioma
Melanocytic tumor
  Malignant melanoma
  Nevus
  Melanosis
Mesenchymal tumors
  Rhabdomyosarcoma
  Leiomyosarcoma
  Angiosarcoma
  Inflammatory myofibroblastic tumor
  Perivascular epithelioid cell tumor, benign, malignant
  Solitary fibrous tumor
  Leiomyoma
  Hemangioma
  Granular cell tumor
  Neurofibroma
Urothelial tract hematopoietic and lymphoid tumors
Miscellaneous tumors
  Carcinoma of Skene, Cowper, and Littre glands
  Metastatic tumors and tumors extending from other organs
  Epithelial tumors of the upper urinary tract
  Tumors arising in a bladder diverticulum
  Urothelial tumors of the urethra

Table 17.1 Pathologic 
information to be included 
in the pathology report
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Information Comments

Histologic grade
(R & B)

Urothelial: Low-grade, high-grade
Squamous or adenocarcinoma: Well, moderately, poorly differentiated

Tumor extension (B) Noninvasive papillary carcinoma
Carcinoma in situ
Tumor invades subepithelial connective tissue
Tumor invades muscularis propria 
Urothelial carcinoma involving prostatic urethra, prostatic ducts, 
and acini

Tumor extension (R) Noninvasive papillary carcinoma
Carcinoma in situ
Tumor invades lamina propria: Subepithelial connective tissue
Tumor invades muscularis propria: Superficial, deep
Tumor invades perivesical soft tissue: Microscopically, 
macroscopically tumor invades adjacent structures
  Male: Prostate (transmural invasion from the bladder tumor)a, 

seminal vesicles
  Female: Uterus, vagina, adnexae
  Male/female: Pelvis wall, abdominal wall, rectum
  Other (specify)

Muscularis propria 
(B)

No muscularis propria (detrusor muscle) identified
Muscularis propria (detrusor muscle) present
Cannot be determined (explain)

Margin involvement 
(R)

Uninvolved by invasive carcinoma and carcinoma in situ/noninvasive 
urothelial carcinoma
Involved by invasive carcinoma, carcinoma in situ/noninvasive 
high-grade urothelial carcinoma, noninvasive low-grade urothelial 
carcinoma/urothelial dysplasia

Positive margin site 
(R)

Right ureteral margin, left ureteral margin, urethral margin, soft tissue 
margin, other margin(s) (specify)

Lymphovascular 
invasion (R & B)

Not identified, present, cannot be determined

Regional lymph 
nodes (R)

No lymph nodes submitted or found
Number of lymph nodes examined
Number of lymph nodes involved
  Size of largest metastatic deposit and specify site
  Extranodal extension: Not identified, present, cannot be determined

Associated epithelial 
lesions (R & B)

Urothelial papilloma, inverted urothelial papilloma, urothelial 
proliferation of uncertain malignant potential, urothelial dysplasia

Additional pathologic 
findings (R & B)

Inflammation/regenerative changes, therapy-related changes, cautery 
artifact, cystitis cystica et glandularis, keratinizing squamous 
metaplasia, intestinal metaplasia, adenocarcinoma of prostate, other 
(specify)

R represents curative surgical resection specimens, such as partial and radical cystec-
tomy. B represents cystoscopic biopsy and TURBT specimens

aUse the tumor staging system of urethral cancer for tumors that involve the ure-
thral mucosa without invasion, tumors that involve the urethral mucosa with invasion 
of subepithelial connective tissue/prostate stroma, or tumors that involve prostatic 
ducts and acini with or without stromal invasion

Table 17.1 (continued)

International Union Against Cancer (UICC), 
revised in 2016, is recommended to be used for 
carcinomas of the urinary tract (Table 17.2) [5]. 
The tumor stage of bladder cancer is based on the 
level of invasion: noninvasive limited to urothe-
lium (Ta or Tis); invasion into the subepithelial 
connective tissue also called lamina propria or 
submucosa (T1); invasion into the muscularis 
propria also called detrusor muscle (T2); and 

invasion into the perivesical fat or soft tissue 
(T3). Extravesical tumor invading adjacent 
organs is classified as T4 (Table  17.2). In the 
male, direct invasion into the prostate is included 
as part of the primary stage of the bladder tumor 
(pT4). However, initial spread along the prostatic 
urethral mucosa and prostate glands as in situ or 
noninvasive papillary urothelial carcinoma and 
then subsequent invasion to the prostatic stroma 
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Table 17.2 Pathologic stage classification of bladder 
cancer (pTNM, AJCC eighth Edition)

TNM Definition
Primary 
tumor

pTX Primary tumor cannot be 
assessed

pT0 No evidence of primary tumor
pTa Noninvasive papillary 

carcinoma
pTis Urothelial carcinoma in situ: 

“Flat tumor”
pT1 Tumor invades lamina propria 

(subepithelial connective 
tissue)

pT2 Tumor invades muscularis 
propria

pT2a Tumor invades superficial 
muscularis propria (inner half)

pT2b Tumor invades deep 
muscularis propria (outer half)

pT3 Tumor invades perivesical soft 
tissue

pT3a Microscopically
pT3b Macroscopically (extravesical 

mass)
pT4 Extravesical tumor directly 

invades any of the following: 
Prostatic stroma, seminal 
vesicles, uterus, vagina, pelvic 
wall, abdominal wall

pT4a Extravesical tumor directly 
invades prostatic stroma, 
uterus, vagina

pT4b Extravesical tumor invades 
pelvic wall, abdominal wall

Regional 
lymph 
nodes

pNX Lymph nodes cannot be 
assessed

pN0 No lymph node metastasis
pN1 Single regional lymph node 

metastasis in the true pelvis 
(perivesical, obturator, internal 
and external iliac, or sacral 
lymph node)

pN2 Multiple regional lymph node 
metastasis in the true pelvis 
(perivesical, obturator, internal 
and external iliac, or sacral 
lymph node metastasis)

pN3 Lymph node metastasis to the 
common iliac lymph nodes

Distant 
metasta-
sisa

pM0 No distant metastasis
pM1 Distant metastasis

pM1a Distant metastasis limited to 
lymph nodes beyond the 
common iliacs

pM1b Non-lymph node distant 
metastases

apM is required only if confirmed pathologically

should be staged according to the staging system 
of the male urethra [5]. If a biopsied tumor is not 
resected for any reason (e.g., when technically 
unfeasible) and the highest T and N categories or 
the M1 category of the tumor can still be con-
firmed microscopically, the pathologic stage 
could be applied without total removal of the pri-
mary cancer.

Noninvasive Versus Invasive Bladder 
Cancer
The pathologist should pay careful attention to 
the diagnosis of tumors infiltrating the subepithe-
lial connective tissue (T1). Recognition of sub-
epithelial connective tissue invasion is 
challenging because of various diagnostic pit-
falls, including tangential sectioning, poor speci-
men orientation, obscuring inflammation, thermal 
injury, deceptively bland cytology in some vari-
ants of urothelial carcinoma, and pseudoinvasive 
nests of benign proliferative urothelial cells [8]. 
In papillary tumors, invasion occurs most often at 
the base of the tumor and not infrequently in the 
stalk. Sometimes tentacular or finger-like exten-
sions arise from the base of the papillary tumor 
(Fig.  17.3a) [8]. Invasive carcinoma cells often 
infiltrate the underlying stroma as single cells or 
irregularly shaped nests of tumor cells 
(Fig. 17.3b). The invading nests appear cytologi-
cally different from cells of the noninvasive com-
ponent and often have more abundant cytoplasm 
and less nuclear pleomorphism, a feature known 
as paradoxical differentiation (Fig.  17.3c) [8]. 
The stromal reaction of subepithelial connective 
tissue to invasive tumor may be myxoid, fibrous, 
pseudosarcomatous, desmoplastic, or inflamma-
tory [8].

Tumor cells may involve von Brunn’s nests, 
either by pagetoid spread or by direct extension 
from adjacent tumors, and can be confused with 
subepithelial connective tissue invasion. When 
urothelial carcinoma involves von Brunn’s nests 
as an in situ component, the basement membrane 
preserves a regular contour. A parallel array of 
thin-walled vessels often lines the basement 
membrane of noninvasive nests, whereas these 
vessels are usually absent next to invasive nests 
[8]. In some cases, retraction artifacts around 
microinvasive individual tumor cells, especially 
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in micropapillary variants, may mimic vascular 
invasion. This finding is often focal and may 
itself be an early sign of subepithelial connective 
tissue invasion. Immunohistochemistry may help 
distinguish tumor cells (pancytokeratin) and 
retraction artifacts from true vascular invasion 
(CD31, CD34, and ERG).

T1 Substaging
Although not formally endorsed in the AJCC 
cancer staging system, pT1 substaging appears 
to have prognostic value, with early invasion into 
the subepithelial connective tissue showing bet-
ter outcomes than more advanced pT1 disease. 
The method of pT1 substaging has not been fully 
agreed upon, but pathologists are encouraged to 
provide an assessment of the extent of subepithe-
lial connective tissue invasion: by the level of 
invasion (above, at, or below muscularis muco-
sae), by maximum dimension, or by depth of 
invasive focus in millimeters. Microinvasive uro-
thelial carcinomas have been defined by differ-
ent groups as invasive tumors of <1 high power 
field in content, greatest invasive tumor diameter 
of <1 mm, extending to a depth of 2 mm or less, 
or invasive tumor above the muscularis 
mucosae.

T1 Stage Versus T2 Stage
Pathologists play a critical role in patient man-
agement by distinguishing non-muscularis 
propria- invasive bladder cancers (Ta, Tis, and T1) 
from muscularis propria-invasive bladder cancers 
(T2 and higher). Generally, the former is man-

aged by complete resection of the tumor through 
TURBT, followed by the initiation and mainte-
nance of either immunotherapy with intravesical 
BCG instillation or intravesical chemotherapy 
[10]. For muscularis propria-invasive bladder 
cancer, multimodal treatment involving radical 
cystectomy with neoadjuvant chemotherapy 
offers the best chance for cure [10]. Therefore, in 
the biopsy and TURBT specimens, the presence 
or absence of muscularis propria, regardless of 
whether there is invasion or not, should be 
reported as an indication of resection adequacy. 
Designation of a tumor as merely muscle- invasive 
is inappropriate: the type of muscle invasion  – 
i.e., muscularis mucosae invasion (T1 tumors) 
versus muscularis propria invasion (T2 tumors) – 
needs to be clearly stated. Descriptive terminol-
ogy, such as “urothelial carcinoma with muscle 
invasion, indeterminate for the type of muscle 
invasion,” may be used when it is not possible to 
assess the type of muscle invaded by the tumor. 
The muscle bundles of muscularis mucosae are 
typically thin, slender, and arranged in a single 
layer or a few layers of interrupted, dispersed, or 
continuous muscle frequently associated with 
large, thin-walled blood vessels [11]. On the 
other hand, muscles of the muscularis propria are 
usually thick, compact, and divided into distinct 
bundles.

Two patterns of hyperplastic muscularis 
mucosae have been described. One is aggregates 
of thin muscle fibers with haphazard orientation 
and irregular outlines morphologically distinct 
from that of the muscularis propria. The other is 

a b c

Fig. 17.3 Various patterns of early invasion in urothelial 
carcinoma. Tentacular extensions arising from the base of 
the noninvasive tumor (a), invasion as single cells or irreg-

ularly shaped nests of tumor cells (b), and paradoxical dif-
ferentiation of infiltrating tumor cells (c) (arrows, 
infiltrating tumor cells)
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hyperplastic compact muscle bundles with small 
parallel muscle fibers and regular outlines 
arranged singly or in small groups, which may 
strongly resemble the muscularis propria. The 
most reliable feature to distinguish muscularis 
mucosae from the muscularis propria is its loca-
tion in the subepithelial connective tissue; how-
ever, this is not always possible to determine 
when limited specimens are collected, such as 
with TURBT [4]. In the trigone, the subepithe-
lial connective tissue is thin and merges imper-
ceptibly into the muscularis propria. 
Furthermore, the muscle bundles in the trigone 
are smaller and thinner, especially in superficial 
muscularis propria compared to those from 
other regions of the urinary bladder (Fig. 17.4). 
Immunohistochemical staining with anti-
smoothelin may help with this distinction [7]. 
However, in any situation, when the distinction 
between hyperplastic muscularis mucosae mus-

cle versus proper muscle is difficult, discuss 
with an urologist for a clinical correlation, and 
if necessary, another deeper biopsy can be 
performed.

T2 Staging
In TURBT specimens, no attempt should be 
made to substage the depth of muscularis propria 
invasion because TURBT specimens lack orien-
tation with respect to bladder anatomy. It is not 
uncommon for tumor cells to abut but not pene-
trate bundles of muscularis propria. The muscle- 
tumor interface may even have a smooth contour. 
Even without direct invasion into the muscularis 
propria wall, tumor cells immediately adjacent to 
broad smooth muscle fibers should be catego-
rized as pT2 carcinoma [8]. When the proper 
muscle layer is extensively invaded and destructed 
by tumor cells, muscularis propria may also look 
like muscularis mucosae (Fig.  17.5). In such 

a b

Fig. 17.4 Comparison of the histology of the trigone and 
other bladder walls. Compared to the lateral wall (a) of the 
urinary bladder, the trigone has thinner subepithelial con-
nective tissue and smaller muscle bundles in the superfi-
cial muscularis propria (b). Both photographs are taken 

from the urinary bladder removed from one bladder can-
cer patient and are at the same magnification. The subepi-
thelial connective tissue is marked with square brackets
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cases, surrounding muscle bundles uninvolved by 
the tumor may help determine the type of invaded 
muscle.

T3 Staging
Besides the perivesical area, adipose tissue is 
frequently present in the subepithelial connec-
tive tissue and muscularis propria of the urinary 
bladder, usually scant in the former and abun-
dant in the latter. Therefore, involvement of adi-
pose tissue by the tumor in biopsy or TURBT 
specimens should not be interpreted as perivesi-
cal fat involvement or pT3 disease [12]. The 
determination of extravesical spread should be 
assessed on cystectomy specimens. Substaging 
of pT3 disease is not tenable in TURBT speci-
mens [4].

 Resection Margins
Tumor involving the resection margin on patho-
logic examination may be assumed to correspond 
to residual tumor in the patient and may be 
 classified as microscopic (R1) or macroscopic 
(R2) according to the findings at the specimen 
margins. Statements about deep soft tissue mar-
gins should specify whether the peritoneal sur-
face is involved by tumor. In cases of urachal 
adenocarcinoma, in which partial cystectomy 
with excision of the urachal ligament and umbili-
cus is performed, the margins of the urachal liga-

ment (i.e., the soft tissue surrounding the urachus) 
and the skin around the umbilicus should be 
specified.

 Venous/Lymphatic Vascular Invasion
Lymphovascular invasion (LVI) has been associ-
ated with poor clinical outcomes in invasive 
tumors; however, its overall value as an indepen-
dent factor remains controversial. Assessment of 
LVI is performed using light microscopic analy-
sis on invasive tumors of any stage [5]. 
Immunohistochemistry to identify vascular or 
lymphatic spaces is not currently recommended, 
but in suspicious cases, blood vessels can be 
highlighted by immunohistochemical staining 
for factor VIII-related antigen, ERG, CD31, or 
CD34 [5]. In general, we recommend an evalua-
tion of LVI: [1] at the peritumoral area, at least 
one high power field distance from the tumor 
edge; [2] for plump endothelial lining cells; and 
[3] for attached space or association with orga-
nizing clots. In addition, evaluating invasion in 
the space associated with vascular route (artery 
and vein) is recommended.

 Urothelial Carcinoma in Situ
The presence of urothelial carcinoma in situ has 
been associated with the presence of multifocal 
disease in the urinary tract, tumor recurrence, and 
increased risk of invasive disease [5]. Urothelial 
carcinoma in situ that occurs in association with 
high-grade papillary urothelial carcinoma should 
be reported [5]. In such cases, care must be taken 
to distinguish a separate focus of urothelial carci-
noma in situ from the “shoulder,” which refers to 
the lateral extension or base of a high-grade pap-
illary carcinoma, because both lesions may 
appear flat [5, 13]. While no consensus guide-
lines for this situation exist, it is recommended 
that [1] the carcinoma in situ should be located 
away from the papillary tumor or present in an 
entirely different tissue fragment; [2] if present in 
the same tissue fragment, a strip of non- neoplastic 
urothelium is present between the in situ compo-
nent and the papillary tumor; or [3] the in situ 
component looks histologically distinct from the 
papillary tumor [8].

Fig. 17.5 Muscularis propria invasion mimicking mus-
cularis mucosae invasion. The muscle bundles of the sur-
rounding muscularis propria are indicated by arrows
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 Involvement of the Prostate
Invasion of the prostate may occur in three ways 
with different tumor staging. First, tumors can 
initially spread along the prostatic urethral 
mucosa and prostate glands as carcinoma in situ 
or noninvasive papillary urothelial carcinoma and 
then subsequently invade the prostatic stroma 
(transurethral mucosal route, pT2). Second, 
tumors may invade through the bladder wall and 
the base of the prostate directly into the prostate 
gland (pT4). Third, tumors can also invade into 
extravesical fat and then extend back into the 
prostate gland (pT4). The latter two routes are 
considered direct transmural invasion. In other 
circumstances in which involvement by urothe-
lial carcinoma is seen in both sites, separate uri-
nary bladder and prostatic urethral staging should 
be assigned.

 Lymph Nodes and Distant Spread
Confirming the presence of nodal metastasis is 
a critical diagnostic role for pathologists, as 
the presence of nodal disease may indicate the 
need for adjuvant therapy. The primary regional 
lymph nodes of the urinary bladder are the 
perivesical, internal, and external iliac, obtura-
tor, and sacral nodes. The primary regional 
lymph nodes drain into the common iliac 
nodes, which constitute a secondary drainage 
region [5]. In contrast, the regional lymph 
nodes of the urethra and penis include the 
superficial and deep inguinal lymph nodes 
(Fig. 17.6). Therefore, when an inguinal lymph 
node is histologically indicative of urothelial 
or squamous cell carcinoma, the urethra and 
penis should be considered as primary sites for 
the metastatic tumor.

Fig. 17.6 Regional lymph nodes of the urinary tract
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The total number of lymph nodes resected has 
been associated with improved outcomes in 
patients undergoing radical cystectomy. In addi-
tion, the number of resected lymph nodes 
involved by metastatic disease has been associ-
ated with diminished outcomes. However, neither 
factor has consistently been an independent fac-
tor. Nevertheless, it is recommended that both 
numbers are reported [5]. Pathology reports 
should include the number of lymph nodes sub-
mitted by the urologist, the number of lymph 
nodes involved by metastatic disease and, in 
cases of positive lymph nodes, the size of the 
largest lymph nodes for TNM staging, and the 
presence or absence of extranodal extension.

Distant spread is most common to the retro-
peritoneal lymph nodes, lung, bone, and liver. 
Lymph node involvement beyond the common 
iliac nodes (e.g., paracaval or intra-aortocaval) is 
considered metastatic (M1a).

 Predictive Tissue Markers 
for Neoadjuvant Chemotherapy
The surgical treatment for bladder cancer is radi-
cal cystectomy and bilateral pelvic lymphadenec-
tomy, which is often preceded by neoadjuvant 
cisplatin-based chemotherapy. Pathologic 
response is a surrogate marker to predict clinical 
efficacy of neoadjuvant chemotherapy and patient 
survival [10, 14]. Complete pathologic response 
is defined as pT0/pTis in surgical specimens and 
is observed in 26–38% of patients with neoadju-
vant chemotherapy [10, 14]. There has been 
active research to determine the predictive bio-
markers for successful neoadjuvant chemother-
apy. Although none is currently widely accepted, 
mutations in ERCC2 and in genes encoding pro-
teins involved in repairing DNA damage (ATM, 
FANCC, RB1) have been proposed as predictive 
biomarkers for therapeutic response [15–18]. As 
such, molecular classification based on gene 
expression signature has been proposed as a 
potential predictive biomarker [19].

 Predictive Tissue Markers 
for Immunotherapy
The current FDA-approved immunotherapies for 
advanced bladder cancers are the PD-L1 inhibi-

tors atezolizumab (Tecentriq®), durvalumab 
(Imfinzi®), and avelumab (Bavencio®) and the 
PD-1 inhibitors nivolumab (Opdivo®) and pem-
brolizumab (Keytruda®). Immunostaining for 
PD-L1 and proteins involved in mismatch repair 
pathways are companion or complementary diag-
nostics that offer predictive value for immuno-
therapy efficacy [20–22]. PD-L1 immunostaining 
is required in the first-line setting for cisplatin- 
ineligible advanced bladder cancer patients to use 
atezolizumab and pembrolizumab. For second- 
line treatment, all above immunotherapeutic 
agents are approved without PD-L1 testing. 
Tumor mutation burden (TMB) and gene expres-
sion signatures have also been proposed as pre-
dictive markers for immunotherapy response in 
bladder cancer [20, 21].

PD-L1 Immunohistochemistry
PD-L1 immunohistochemistry is the most widely 
used predictive marker for the assessment of 
treatment response; however, given that the 
response rate even in PD-L1-positive patients is 
20–40% and that even PD-L1-negative/low 
patients also respond to immunotherapy [22], this 
biomarker is not definitive. PD-L1 assays in clin-
ical trials have used the Ventana SP142 
(Atezolizumab), the 22C3 pharmDx 
(Pembrolizumab), the Ventana PD-L1 SP263 
(Durvalumab), and the 28–8 pharmDx 
(Nivolumab) assays to quantify PD-L1 levels. 
The scoring algorithms and cutoff system used in 
clinical trials are summarized in Table 17.3 and 
Fig. 17.7 [23].

Mismatch Repair Deficient Tumors
All patients with tumors that are mismatch repair 
deficient (dMMR) or microsatellite instability 
(MSI)-high have been approved by FDA for 
pembrolizumab treatment regardless of tumor 
type [24], including bladder cancer. Mismatch 
repair (MMR) proteins repair DNA mismatches 
caused by misincorporation of bases during DNA 
replication. If DNA damage is not adequately 
repaired, these proteins induce apoptosis. When 
the MMR pathway does not function properly, 
mismatch errors increase and result in MSI. 
dMMR is diagnosed in the pathology laboratory 
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by determining MSI through immunohistochem-
istry or polymerase chain reaction (PCR) tests. 
The immunohistochemistry-based test detects 
MSI by demonstrating negative staining of one or 
more of the four MMR proteins: MLH1, MSH2, 
MSH6, and PMS2 [20]. The PCR-based test 
measures the length of repetitive DNA sequences, 
known as microsatellites, in normal and tumoral 
tissue using five markers: BAT25, BAT26, 
D2S123, D5S346, and D17S250. Based on this, 
tumors are classified as MSI-high, MSI-low, or 
MSI-stable (MSS) [20]. MSI is common in 

colorectal cancer, occurring in 15% of patients, 
whereas MSI-high is reported in only 3% of uro-
thelial carcinoma patients [20].

Tumor Mutation Burden
Mutations in tumor cells often modify the expres-
sion and function of proteins, resulting in neoanti-
gen formation. T cells recognize these neoantigens, 
triggering an anti-tumor immune response [20]. 
Therefore, it is not surprising that cancers with 
high mutation rates  – such as melanoma, non-
small cell lung cancer, and bladder cancer – are 

Table 17.3 Immunohistochemical PD-L1 assays for bladder cancer

Drug Assay Platform Algorithm Cutoffs Comment
Atezolizumab 
(Tecentriq®)

Ventana 
SP142

Ventana Ventana immune 
cell algorithm

5% Plasma cells not 
included

Pembrolizumab 
(Keytruda®)

Dako 22c3 Dako link 48a Combined 
positive score

10 Neutrophils and 
plasma cells not 
included

Durvalumab
(Imfinzi®)

Ventana 
SP263

Ventana Ventana immune 
cell and/or tumor 
cell algorithmb

25% Plasma cells not 
included

Nivolumab
(Opdivo®)

Dako 28–8 Dako link 48a Tumor cell 
algorithmb

1%, 5%

aCurrently exclusively approved for the Dako Link 48 platform, approval process for Omnis platform is ongoing
bThis algorithm is currently not prescribed and only explored in clinical trials

Fig. 17.7 PD-L1 scoring algorithms applied in clinical trials of urothelial carcinoma. Those algorithms that are cur-
rently not prescribed are indicated by asterisks (*)
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highly responsive to immunotherapy, which 
boosts T cells’ ability to recognize and target 
mutated tumor cells. Tumor mutation burden 
(TMB) is an estimate of somatic mutations and a 
good surrogate measurement of neoantigens, as it 
is easy to measure and use clinically. TMB can be 
assessed by whole exome sequencing or next-
generation sequencing of selected gene panels 
comprised of hundreds of genes [20]. TMB cut-
offs are currently in the range of 10–12 mutations 
per megabase, but this threshold needs to be stan-
dardized with a consistent cutoff [20].

Gene Expression Signature
There has been active research on gene expres-
sion patterns in bladder cancer, and various 
molecular classification systems have been pro-
posed. Recently, a consensus classification was 
determined [19]. According to the consensus 
classification, muscle-invasive bladder cancer is 
classified into six subtypes: luminal papillary 
(24%), luminal nonspecified (LumNS, 8%), 
luminal unstable (LumU, 15%), stroma-rich 
(15%), basal/squamous (Ba/Sq, 35%), and 
neuroendocrine- like (3%) [19]. Significant 
responses to atezolizumab were reported in the 
LumNS, LumU, and NE-like groups. Research 
suggests that these molecular classifications are 
predictive for immunotherapeutic response, 
although further study is necessary.

 Molecular and Genomic Testing
Molecular and genomic testing should be per-
formed for prognostic stage groups IVA and IVB 
bladder cancer and may be considered for stage 
IIIB.  Ideally, testing is performed early after 
advanced bladder cancer diagnosis, to facilitate 
appropriate treatment initiation and avoid delays 
in administering later lines of therapy. In addi-
tion, testing may be used to screen for clinical 
trial eligibility (NCCN guideline).

The most commonly identified clinically rele-
vant genetic alterations are cyclin-dependent 
kinase inhibitor 2A (CDKN2A, 34%), FGFR3 
(21%), phosphatidylinositol 3-kinase catalytic 
subunit alpha (PIK3CA, 20%), and ERBB2 
(17%) [25].

 Pathology Reporting

As described above, bladder cancer reports 
should include the specimen type, anatomic loca-
tion of the tumor, tumor size and number, histo-
logic subtype, histologic grade, surgical margin 
status, treatment effect, any other intraepithelial 
lesions, lymph node involvement with the num-
ber of positive lymph nodes, largest metastatic 
tumor size, and the presence or absence of extra-
nodal extension. In biopsy and TURBT speci-
mens, some of the above information may not be 
reported or may be modified due to the nature of 
the specimen itself. A synopsis of the formats for 
biopsy and cystectomy cancer specimen reports 
are provided in Table 17.1.
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AJCC Staging of Bladder Cancers

Euno Choi, Sanghui Park, and Jae Y. Ro

 Introduction

Bladder cancer is one of the major causes of can-
cer morbidity and mortality in men, accounting 
for an estimated 80,470 new cases and 17,670 
cancer deaths in the United States in 2019 [1]. 
Among many prognostic determinants, patho-
logic stage is the most crucial factor in risk strati-
fication, management, and surveillance follow-up 
for bladder cancer [2–6]. As with other hollow 
visceral organs, bladder tumor (T) stage catego-
ries are defined by the depth of invasion (extent 
of wall invasion). However, assigning pT stage 
category is sometimes problematic due to 
regional and individual histoanatomic variation. 
An ideal and uniform staging system would per-
mit accurate reflection of the natural history of 
cancer, the extent of disease spread, the stratifica-
tion of prognostic groups and comparison of 
therapeutic interventions among different hospi-
tals. Staging guidelines from the International 
Union Against Cancer (UICC) were released in 
2016 [7, 8], and on January 1, 2018, utilization of 

the eighth edition of the AJCC staging manual 
was implemented [9]. However, the UICC failed 
to incorporate new data considered in the new 
eighth edition of AJCC, and there are many dif-
ferences between the staging recommendations 
of recent UICC and AJCC staging systems. Thus, 
this chapter will discuss the current staging rec-
ommendations of the AJCC staging manual 
eighth edition.

 Stage pT0 Carcinoma

Stage pT0 carcinoma is assigned when there is 
no evidence of residual urothelial carcinoma in 
the cystectomy specimen, according to the 
eighth AJCC staging system [9]. The incidence 
of stage pT0 carcinoma is approximately 10% 
[10–15]. Recently, the incidence of pT0 carci-
noma has been increasing due to the use of neo-
adjuvant chemotherapy [16–18]. The presence 
of variant histology is associated with a 
decreased rate of complete pathologic response 
(ypT0) [19]. The clinical outcome of patients 
with ypT0 carcinoma is variable. The 5-year 
recurrence-free, cancer-specific, and overall 
survival rates were 84%, 88% and 84%, respec-
tively [11]. In one study, the presence of lym-
phovascular invasion and concomitant 
carcinoma in situ in the transurethral resection 
(TUR) specimen were the only significant prog-
nostic factors associated with shorter overall 
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survival and recurrence-free  survival in patients 
with ypT0 carcinoma [11]. The incidence of 
lymph node metastasis of patients with ypT0 
carcinoma was 3–7% [12, 14].

 Stage pTa Carcinoma

There are two types of noninvasive carcinomas 
with one pTa and the other with pTis. Stage pTa 
carcinoma is defined as noninvasive papillary 
carcinoma that lacks invasion, according to the 
eighth AJCC staging system [9]. pTa carcinoma 
should be distinguished from pT1 carcinoma by 
the absence of lamina propria or submucosal 
invasion.

 Stage pTis Carcinoma

Stage pTis carcinoma is assigned when urothelial 
carcinoma in situ without stromal invasion is 
present in the cystectomy specimen, according to 
the eighth AJCC staging system (Fig. 18.1) [9]. 
pTis carcinoma is often associated with concur-
rent invasive urothelial carcinoma, but it can be 
present alone in about 10% of cystectomy speci-
mens [20].

 Stage pT1 Carcinoma

pT1 carcinoma is defined when a tumor invades 
the lamina propria/submucosa but not the proper 
muscle layer, according to the eighth AJCC stag-
ing system [9].

 Topographic Variation of the Lamina 
Propria (Submucosa, Submucosal 
Connective Tissue Layer)

The lamina propria/submucosa (LP/SM) is com-
posed predominantly of loose connective tissue 
stroma with a collection of thin smooth muscle 
fibers, vascular plexuses, nerves, and occasional 
adipose tissue between the mucosa and muscula-
ris propria (MP) layer [21]. In the bladder, LP 
and SM are interchangeably used; however, the 
proper designation of LP and SM is available 
when muscularis mucosae (MM) is present: LP is 
the layer above MM, and SM is the layer below 
MM. Therefore, the proper term in the bladder is 
submucosal connective layer over LP or SM. In 
this chapter the term LP is used. The LP depth is 
more pronounced at the dome (0.98–3.07 mm), 
similar at the anterior, posterior, and lateral walls 
and relatively thinner at the bladder neck and tri-
gone (0.46–1.58 mm) (Fig. 18.2) [21]. The mean 
tumor depth of pT1 carcinoma is 1.1–1.5  mm 
(range, 0.1–5 mm) [22, 23].

The MM in the urinary bladder LP layer was 
first described by Dixon and Gosling [24] in 
1983, and Ro et  al. later underlined its impor-
tance in the pathologic staging of bladder cancer 
[25]. The MM is usually at about the mid- to 
upper LP and forms a discernible layer in up to 
40% of cystectomy specimens, varying by region 
but more common in the dome (75%) and less 
common in the trigone (~10%) [21]. Typically, 
the MM forms individual or small groups of slen-
der and wavy fascicles or wispy fibers with (a) 
dispersed/scattered (71%), (b) discontinuous/
interrupted (20%), or (c) continuous (3%) muscle 
layers (Fig. 18.3) [25]. The MM also has a focal 
to rarely extensive hyperplastic appearance with 

Fig. 18.1 Urothelial carcinoma in situ. Flat proliferation 
of urothelial cells characterized by loss of polarity, marked 
nuclear enlargement, irregularity, and hyperchromasia 
with full-thickness involvement of the urothelium. 
Mitoses are frequently observed
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two recognizable patterns of aggregates of hyper-
plastic MM with haphazard outlines and 
 hyperplastic compact MM with parallel muscle 
fibers and a regular outline arranged singly or in 

small groups that sometimes mimics the muscu-
laris propria (MP) (Fig. 18.4) [21]. Hyperplastic 
MM is relatively more common in the dome and 
less frequent in the trigone [21]. Awareness of 

a b

Fig. 18.2 Variable thickness of the lamina propria based on anatomical location. The lamina propria is more prominent 
in the dome (a) than in the trigone (b)

a

c

b

Fig. 18.3 The muscularis mucosae is composed of individual or small groups of slender and wavy fascicles or wispy 
fibers with variable patterns as follows: (a) dispersed/scattered, (b) discontinuous/interrupted, (c) continuous
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these occasional hyperplastic MM patterns and 
 distributions of hyperplastic MM is crucial to 
avoid overstaging of bladder cancer.

Adipose tissue within the LP is seen in about 
50% of cystectomy specimens and typically 
located at the deep aspect near the superficial 
border of the MP (Fig. 18.5) [21, 26]. It is more 
often focal (35%), mostly situated in the dome 
(32%), and rare in the trigone (5%) [21]. 
Considering the high frequency of adipose tissue 

within the LP, care should be taken to avoid mis-
interpretation of pT1 carcinoma as perivesical 
soft tissue involvement (pT3 carcinoma) in TUR 
specimens to prevent inappropriate aggressive 
treatment.

 Substaging of pT1 Bladder Carcinoma

A reproducible, easy-to-use, and accurate sub-
staging system is essential to stratify pT1 carci-
nomas into prognostically distinct subgroups. 
There are two main approaches: histoanatomic 
and micrometric substaging. Histoanatomic sub-
staging using the MM and/or vascular plexus as 
histologic landmarks is the most studied approach 
for pT1 carcinomas. Both two- tiered and three-
tiered systems have been utilized. However, the 
size and distribution of the MM varies depending 
on anatomical location. Micrometric substaging 
of pT1 carcinoma involves measuring the depth 
of invasion from the mucosal basement mem-
brane using an ocular micrometer with different 
linear cut-offs. However, the LP depth varies 
depending on location. The eighth edition of the 
AJCC staging manual recommends subcategori-
zation of pT1, but no specific methods have been 
endorsed yet [9], and pT1 substages are not cur-
rently recommended to officially implement to 
use.

a b

Fig. 18.4 The muscularis mucosae shows a variable 
hyperplastic appearance ranging from focal to rarely 
extensive with two discernible patterns: (a) haphazardly 
arranged hyperplastic muscularis mucosae with irregular 
outlines and (b) hyperplastic compact muscularis muco-

sae with parallel muscle fibers and regular outline 
arranged singly or in small groups. This pattern of the 
muscularis mucosae should be distinguished from the 
muscularis propria, especially in transurethral resection 
specimens

Fig. 18.5 Adipose tissue within the lamina propria. 
Adipose tissue is seen in the deep aspect of the lamina 
propria, which faces the superficial border of the muscula-
ris propria. The presence of adipose tissue can be often 
misinterpreted as perivesical soft tissue in transurethral 
resection specimens, resulting in unnecessary 
overtreatment

E. Choi et al.



233

 Histoanatomical Substaging
This method uses the MM and/or vascular plexus 
as landmarks to divide the extent of LP invasion 
[27–30]. The MM is usually at about the mid- to 
upper LP and disperses or forms a discernable 
layer as a discontinuous or infrequently near- 
continuous layer in only about 40% of cystectomy 
sections [21]. In cases that lack the MM, the vas-
cular plexus has been proposed as a surrogate, 
because it is typically situated at about the same 
level of the accompanying MM.  However, the 
location of the vascular plexus sporadically varies 
from the suburothelial to the deep LP region, 
being above, below, and/or at the plane of the MM 
[21]. Therefore, some cases cannot be properly 
staged using this method because of absent or 
incomplete MM and variable locations of the vas-
cular plexus either above or below the MM [21].

These problems may cause concern about the 
feasibility of pT1 substaging. However, many 
studies have applied histoanatomical staging in 
pT1 carcinomas in relation to the MM and/or 
vascular plexus using either the three-tiered 
[above (T1a), into (T1b), and below (T1c)] or a 
two-tiered [above and into (T1a) and below 
(T1b)] approach, and substaging was feasible in 
43–100% (median, 93%) of the tumors [22, 23, 
27, 29–56].

 Micrometric Substaging
Substaging pT1 carcinoma can also be carried out 
by measuring the depth of invasion using an ocu-
lar micrometer, and measurement of the depth of 
invasion from the mucosal basement membrane 
in biopsy specimens correlates well with the final 
pathologic stage at cystectomy [57, 58]. The most 
studied method uses a 0.5  mm (1 high power 
field) cut-off to divide pT1 into pT1m (microinva-
sive) and pT1e (extensive) [28, 56, 59]. In contrast 
to the histoanatomical method, micrometric pT1 
substaging using a 0.5 mm cut- off was feasible in 
all (100%) tumors studied [29, 34, 35, 55, 56, 59]. 
Other studies have also proposed different cut-
offs to divide pT1, including 1  mm, 1.5  mm, 
3 mm, and 6 mm [22, 23, 29, 35]. Several studies 
have also suggested that measuring the aggregate 
linear length of invasive carcinoma in TUR frag-
ments is a superior quantification approach for 
pT1 substaging [60, 61].

 Microinvasive Carcinoma

Microinvasive carcinoma was originally defined 
as tumor extending up to 5 mm from the base-
ment membrane (Fig. 18.6) [62]. Since then, sev-
eral criteria has been proposed to define 
microinvasive carcinoma, and the cut-off has 
been lowered to the proposed 0.5  mm [59]. 
Alternatively, Lopez-Beltran et  al. suggested 
using 20 infiltrating tumor cells within the LP as 
the cut-off rather than a linear measurement [63]. 
The 0.5 mm cut-off is currently proposed in pT1 
substaging because it has been shown to be 
widely attainable and correlates with outcome in 
the majority of studies [29, 34, 35, 55, 56, 59]. 
Lawless et al. compared tumors with stalk-only 
invasion, base-focal invasion, and base-extensive 
invasion and suggested that patients with base-
extensive invasion had worse prognosis [64]. 
They proposed that the site as well as the extent 
of the LP invasion matters in patient stratification 
for risk of progression [64].

 Diagnostic Pitfalls

 Factors in Superficially or Focally 
Invasive pT1 Carcinomas
Because pT1 carcinomas often invade the LP as 
single cells or irregularly shaped small nests, the 
identification of pT1 carcinoma can be some-
times challenging when problems are encoun-

Fig. 18.6 Microinvasive carcinoma. Tumor cells micro-
scopically invade the lamina propria with a depth less than 
0.5 mm
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tered such as improper tissue embedding 
(tangential cut or poor orientation), procedural 
artifacts (thermal injury or cautery artifact), or 
tumoral responses (obscuring due to inflamma-
tion) [65].

 Bland Cytology and von Brunn Nests
Some variant histology such as nested variants 
show deceptively bland cytology, and florid von 
Brunn nests mimic invasion (Fig.  18.7) [65]. 
Tumor cells involving von Brunn nests either by 
pagetoid spread or direct extension from the adja-
cent tumor can be confusing and especially prob-
lematic when the involved von Brunn nests are 
distorted by inflammation or cautery artifact [66]. 
True LP invasion can be distinguished from pseu-
doinvasion of von Brunn nests by identifying the 
smooth linear contour of the basement membrane 
(Fig. 18.8).

 Helpful Histological Features 
in Identifying Invasive Carcinoma
Histological features that can be helpful in iden-
tification of LP invasion include identifying sin-
gle cells or irregularly shaped small nests, 
absence of parallel arrays of thin-walled vessels 
that often line the basement membrane of nonin-

vasive nests, presence of retraction artifacts, stro-
mal reaction, and paradoxical maturation, where 
invasive tumor cells obtain abundant eosinophilic 
cytoplasm [66]. Retraction is a helpful clue, but it 
sometimes mimics lymphovascular invasion, 
which can be distinguished from true lymphovas-
cular invasion using immunohistochemical stains 
(CD34, CD31, and D2–40) [66, 67]. A stromal 
reaction may be helpful in identifying invasion 
but is not always present [68]. It may be hypocel-
lular with myxoid background, cellular with 
spindle-shaped fibroblasts and variable collage-
nization, pseudosarcomatous, desmoplastic, or 
inflammatory (Fig. 18.9) [66, 67].

 Early Cystectomy

Proper muscle invasion in TUR specimens is the 
major indication for more aggressive treatment 
(radical cystectomy with bilateral pelvic lymph-
adenectomy, neoadjuvant chemotherapy or 
chemoradiation). However, early radical cystec-
tomy can be considered when pT1 carcinoma is 
associated with other high-risk features such as 
concurrent carcinoma in situ, multiple or large 
tumor size (>3 cm), and repeated pT1 on re-TUR 
and variant histologies, particularly for micro-
papillary carcinoma [3, 5].

Fig. 18.7 Nested variant urothelial carcinoma. Tumor 
cells are arranged in tightly packed nests separated by fine 
collagenous stroma. Tumor cells exhibit deceptively bland 
cytology that often makes it difficult to distinguish nested 
variant urothelial carcinoma from florid von Brunn’s nests

Fig. 18.8 Urothelial carcinoma in situ involving von 
Brunn’s nests, which should not be misinterpreted as inva-
sive carcinoma nests
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a

c

e

d

b

Fig. 18.9 Diverse stromal reaction seen in urothelial car-
cinomas. (a) Tumor cells infiltrate into hypocellular and 
loose stroma with a myxoid background. (b) Tumor cells 
are surrounded by cellular stroma composed of an admix-
ture of spindle-shaped fibroblasts and variable collage-
nization. (c) Tumor cells are intermingled with fibrous 
stroma containing atypical spindle cells and lacking overt 

malignant histological features (i.e., increased mitotic 
activity, necrosis). (d) Tumor cells infiltrate in cords and 
single cells with abundant fibrous stroma. (e) Tumor cells 
are embedded in a rich inflammatory stroma with variable 
inflammatory cells, including lymphocytes, plasma cells, 
neutrophils, and eosinophils
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 Stage pT2 Carcinoma

Stage pT2 carcinoma is defined as tumor extend-
ing into the MP. The urinary bladder MP serves 
as a key anatomic landmark in the evaluation of 
depth of invasion and is most often the critical 
intersection between conservative and aggressive 
treatment. Diagnosing pT2 carcinomas in TUR 
specimens is essential for aggressive treatment, 
including radical cystectomy. Therefore, distinc-
tion between the MM and MP invasion is manda-
tory. The MP layer is composed predominantly 
of smooth muscle bundles, fibroconnective tis-
sue, adipose tissue, and vessels in between the 
muscle bundles. A definite pT2 carcinoma is 
defined by infiltration into MP muscle bundles, 
but tumors situated in between MP muscle bun-
dles within the MP layer are also typically staged 
as pT2 carcinoma [6].

 Helpful Morphologic Features 
in Diagnosing pT2 Carcinoma

 Hyperplastic MM
The MM is occasionally hyperplastic and could 
mimic the MP, obscuring pT1/pT2 [21, 28]. 
Helpful morphologic clues for the MM include 
thin and slender muscle bundles, superficial loca-
tion, nonjuxtaposition to adipose tissue, close-
ness to the surface epithelium, or association 
with the vascular plexus [28].

 LP-Inner MP Boundary 
and MP-Perivesical Boundary
The inner boundary of the MP can be irregular 
due to disconnected muscle bundles that vary in 
size. Therefore, the principle of defining the 
LP-inner MP boundary (junction of pT1 vs. pT2) 
is not clear. Traditionally, the outermost extent of 
the MP was considered the boundary distinguish-
ing the outer MP from perivesical tissue. 
However, the criteria defining the outer boundary 
of the MP is unclear due to no clear defined 
boundary and aggregates of adipose tissue ran-
domly separating MP bundles without a clear 
demarcation line and is different among expert 
pathologists. It is reasonable to follow the com-

mon approach in defining the outer MP-perivesical 
tissue boundary [28, 69]. A common criterion in 
defining the inner and outer boundary of the MP 
can be used. In a recent study, three general meth-
ods were reviewed by expert genitourinary 
pathologists without consensus, although one 
method (multiple boundary lines between vari-
able outer bands of the MP) resulted in the high-
est level of interobserver reproducibility [69].

 Staging pT2 Carcinoma in TUR 
Specimens
Definite pT2 carcinoma can be diagnosed by 
identifying tumor infiltrating into MP muscle 
bundles. Therefore, MP presence is considered a 
surrogate marker for good TUR quality [70–73]. 
In contrast to cystectomy specimens, the clear 
line of demarcation of the LP-inner MP boundary 
cannot be drawn in TUR specimens, where tissue 
fragmentation is common. Therefore, the diagno-
sis of pT2 carcinoma in TUR specimens is gener-
ally recommended to be restricted to cases where 
definite muscle invasion is present (Fig. 18.10). 
However, the MP can be often fractured and sep-
arated by carcinomas into small muscle bundles, 
masquerading pT1 carcinoma invading into the 
MM.  Diagnosis of pT2 carcinoma is preferred 
when invasive carcinoma nests are surrounded by 
MP muscle bundles or invasive carcinoma nests 
are surrounding an MP muscle bundle, even 
without direct MP muscle invasion (Fig. 18.11) 
[6]. The diagnosis of pT3 carcinoma in TUR 
specimens is generally not recommended, 
because adipose tissue in the MP layer may be 
mistakenly considered to be perivesical adipose 
tissue (Fig.  18.12), complicating the distinction 
between pT2b and pT3a disease.

 Substaging of pT2 Bladder Carcinoma

pT2 carcinoma is subdivided into tumor extend-
ing into the superficial (i.e., inner half) MP 
(pT2a) and tumor extending into the deep (i.e., 
outer half) MP (pT2b). The clinical implication 
of this substaging is still uncertain [66], although 
several recent large studies have shown the clini-
cal utility of this approach [74–77]. Using the 
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middle of the MP as the cut-off seems to be prof-
itable in pT2 substaging [67]. However, this sub-
stage is not recommended on TUR specimens.

 Stage pT3 Carcinoma

pT3 carcinoma is defined by tumor extending 
into perivesical soft tissue. The outer boundary 
of the MP is not well delineated, confounding 
the distinction between T2b and T3a carcino-
mas. However, distinguishing pT2b from pT3a 

disease is critical, because pT3 disease is usu-
ally treated with adjuvant chemotherapy [69, 
78, 79]. Subclassification of muscle invasive 
tumors (>pT2) should be made only in cystec-
tomy specimens. It is usually not feasible to 
document pT3a carcinoma in biopsy or TUR 
specimens because the outer MP boundary is 
irregular, with discontinuous MP muscle bun-
dles separated by adipose tissue or fibroconnec-
tive tissue [26].

The MP outer boundary is irregular due to dis-
crete muscle bundles that vary in size. Therefore, 

a b

Fig. 18.10 Distinguishing between hypertrophic muscu-
laris mucosae and muscularis propria can be problematic 
in transurethral resection specimens. (a) Tumor cell nests 
infiltrate into hypertrophic muscularis mucosae composed 

of thin and slender smooth muscle fibers (pT1). (b) Tumor 
cell nests invade into aggregates of thick muscular bun-
dles (pT2)

a b

Fig. 18.11 Staging pT2 carcinoma in transurethral resec-
tion specimens. The diagnosis of pT2 urothelial carci-
noma is favored when tumor cells surround some muscle 

bundles of the muscularis propria (a) or tumor cells are 
surrounded by muscle bundles of the muscularis propria 
(b) in transurethral resection specimens
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the clear line of demarcation of the outer MP 
boundary (junction of pT2b vs. pT3a) cannot be 
delineated, and the criteria of definition vary 
among expert pathologists. In an interobserver 
study tasked to assign stage on equivocal cases, 
three categories for delineating the outer MP 
boundary were used as follows: (1) drawing a 
straight horizontal line using the outermost MP 
bundle edges as reference for the MP-perivesical 
tissue boundary, (2) drawing multiple discontinu-
ous lines between the outermost MP bundle 
edges, and (3) making a curved line along every 
outermost MP muscle bundle edges. The most 
commonly used approach was by interconnecting 
the outermost MP bundles edges with multiple 
straight lines [69]. The presence of lymphovascu-
lar invasion alone in perivesical soft tissue should 
not be considered pT3a, although this is not men-
tioned in the eighth edition of AJCC TNM stag-
ing manual [9, 67].

 Substaging of pT3 Bladder Carcinoma

pT3 carcinoma is subdivided further into pT3a 
(i.e., microscopic invasion of perivesical soft tis-
sue) and pT3b (i.e., macroscopic invasion of peri-
vesical soft tissue). To date, pT3 substaging 
counts entirely on meticulous gross examination 
of perivesical soft tissue. Even in a tertiary insti-
tution, the presence or absence of macroscopic 

perivesical soft tissue involvement was not docu-
mented in 17% of pT3 cystectomy specimens 
[80]. Moreover, there is considerable debate 
about the prognostic significance of pT3 substag-
ing [81–86]. However, it was adopted for use in 
the AJCC 2010 system [87]. An alternative 
approach has also been proposed to subdivide 
pT3 by measuring the depth of invasion into the 
perivesical soft tissue from the base of the MP 
(>4.5 mm) [88], but this approach remains to be 
clarified due to inconsistency in defining the MP 
base (outer boundary of the MP) [69].

 Stage pT4 Carcinoma

pT4 carcinoma is defined as extravesical tumor 
directly invading adjacent organs or structures 
and is subcategorized into pT4a (direct invasion 
into the prostatic stroma, uterus, or vagina) and 
pT4b (direct invasion into the pelvic or abdomi-
nal wall) [9]. Overall, 11.7–19.2% and 1.9–4.4% 
of patients with radical cystectomy harbor pT4a 
or pT4b disease, respectively, according to recent 
studies [89, 90].

 Substaging of pT4 Bladder Carcinoma

 Prostatic Stromal Invasion
Prostatic stromal invasion by bladder cancer may 
occur by transmural extravesical, transmural 
bladder neck, and superficially intraurethral inva-
sion [91–93]. Among these routes, transmural 
direct invasion of the prostatic stroma through 
extravesical fat or the bladder neck merits classi-
fication as pT4a. However, the third pathway of 
invasion of the prostate, superficially intraure-
thral invasion, has been a matter of debate. Cases 
with superficially intraurethral invasion of the 
prostatic stroma are not as aggressive as a true 
pattern of transmural invasion [92, 94–98]. Thus, 
the prior 2010 AJCC staging manual excluded 
intraurethral spread from pT4a [87], and Patel 
et al. validated this revision by showing that cases 
with subepithelial prostatic stromal invasion had 
more favorable outcomes compared to transmu-

Fig. 18.12 Adipose tissue within the muscularis propria. 
Adipose tissue is frequently detected between the layers 
of the muscularis propria
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ral pT4a disease [99]. Because of the ambiguity 
of defining prostatic stromal invasion in the pre-
vious AJCC staging manual [87], the new eighth 
edition AJCC staging manual clarified that intra-
urethral spread of urothelial carcinoma with 
prostatic stromal invasion should be assigned as 
pT2 according to urethral cancer staging and not 
bladder cancer staging, and the bladder tumor 
should be staged separately per bladder cancer 
staging [9]. Therefore, providing two separate pT 
stages is advocated. In cases of prostatic TUR 
specimens, rendering a definite pT stage is not 
recommended. In the absence of direct prostatic 
stromal invasion, explanatory comments should 
be given and the tumor staged at least as pT2 
unless otherwise specified.

 Seminal Vesicle Invasion
Seminal vesicle invasion may occur via direct 
bladder transmural perivesical soft tissue or 
intraepithelial extension from the prostate, and 
both have similarly poor prognosis (Fig. 18.13) 
[100]. However, the significance of seminal vesi-
cle invasion through an intraurethral prostatic 
route is uncertain [101]. Direct seminal vesicle 
invasion is staged as pT4 according to the current 
eighth AJCC staging manual, but there is no fur-
ther subclassification [9]. Studies demonstrate 
that seminal vesicle invasion has a more unfavor-
able effect on survival than prostatic stromal 
invasion alone and argue a prognosis comparable 
with pT4b tumor [100, 102, 103].

 Gynecological Tract Invasion
Direct invasion of the uterus or vagina by blad-
der cancer is regarded as stage pT4a (Fig. 18.14) 
[9], and the incidence is relatively rare (3–6% of 
female cystectomy specimens) compared to 
prostatic stromal invasion (7–38% of male cys-
toprostatectomy specimens) [91–97, 104–110]. 
The involvement of urothelial carcinoma in the 
female gynecological tract either via pagetoid or 
metastatic spread would not be considered stage 
pT4a [9].

 Pelvic or Abdominal Wall Invasion
Direct invasion of urinary bladder carcinoma into 
the pelvic or abdominal wall is assigned as stage 

a b

Fig. 18.13 Two distinct patterns of seminal vesicle involvement. (a) Direct perivesical tumor extension into the semi-
nal vesicle. (b) Intramucosal pagetoid spread of urothelial carcinoma in situ

Fig. 18.14 Vaginal invasion of urothelial carcinoma. 
Tumor cell nests extend into the muscular layer of the 
vaginal wall
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pT4b [9]. Stage pT4b is uncommon due to the 
limited number of patients with this stage dis-
ease, constituting only 1.9–4.4% of all patients 
with radical cystectomy [89, 90].

 Regional Nodal Staging (N Staging)

In the AJCC staging manual eighth edition, 
regional nodal staging in bladder cancer is 
determined by the number and location of posi-
tive lymph nodes, not by the number and size of 
positive lymph nodes [9]. In the previous edi-
tion, regional lymph nodes included the obtura-
tor, iliac (internal and external), sacral (lateral 
and sacral promontory), and common iliac 
lymph nodes [87]. In the current AJCC staging 
manual, perivesical lymph nodes are included as 
formal regional lymph nodes [9]. Regional 
nodal staging is classified as follows: (1) lymph 
nodes cannot be assessed (pNX); no lymph node 
metastasis (pN0); single regional lymph node 
metastasis in the true pelvis (pN1); multiple 
regional lymph node metastasis in the true pel-
vis (pN2); and metastasis to common iliac 
lymph nodes (pN3) [9]. Although reporting 
perinodal extension is not included in the AJCC 
staging manual eighth edition, it is recom-
mended to report the presence or absence of 
extranodal extension as well as the total number 
of lymph nodes examined [9]. However, the 

minimum number of lymph nodes necessary to 
determine adequate pN staging has not been 
clarified yet for bladder cancer.

 M Staging

Stage pM1 was previously designated for both 
non-regional lymph node metastasis and distant 
non-lymph node metastasis (Fig.  18.15) [87]. 
However, stage pM1 is now subdivided into non- 
regional lymph node metastasis (pM1a) and dis-
tant non-lymph node metastasis (pM1b) in the 
AJCC staging manual eighth edition [9] because 
patients with non-regional lymph node metasta-
sis (pM1a) have a better clinical outcome than 
patients with distant non-lymph node metastasis 
(pM1b) [111].

 Staging of Bladder Carcinoma 
Arising in a Diverticulum

The AJCC staging manual eighth edition pro-
vides formal recommendations regarding tumors 
arising in a diverticulum (Fig. 18.16). Most blad-
der diverticula are acquired and lack an MP layer 
[112]. Thus, the tumor moves directly from pT1 
carcinoma into pT3 carcinoma without invading 
the MP [112–117]. The AJCC staging manual 
eighth edition advises skipping the pT2 stage [9].

a b

Fig. 18.15 Distant metastasis of urothelial carcinoma. (a) Non-regional lymph node metastasis. (b) Distant non-lymph 
node metastasis (lung metastasis)
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In conclusion, this chapter provides a compre-
hensive review with regard to bladder cancer 
staging including a reliable substaging method of 
each stage based on histoanatomic characteris-
tics. In addition, confounding factors or diagnos-
tic pitfalls in the staging of bladder cancer were 
discussed. The accurate staging is crucial to 
determine the prognosis and the prompt treat-
ment option of bladder cancer patients. This 
chapter will offer a standardized guideline for 
bladder cancer staging to reduce disagreement in 
staging among pathologists and to define the 
optimal treatment for bladder cancer patients.
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 High Prevalence of Bladder Cancer

Bladder cancer is one of the most common can-
cers in the world, and it is especially prevalent in 
males [1]. The lifetime risk worldwide of devel-
oping urinary bladder cancer is 1.1% for males 
and 0.27% for females [2]. Globally, approxi-
mately 550,000 new cases were diagnosed in 
2018 (approximately 425,000 males and 125,000 
females) [2]. The survival rate of bladder cancer 
patients is also relatively high. In the United 
States, the 5-year relative survival rate for all 
bladder cancer patients is 77%. Of the 81,400 
new cases of bladder cancer projected to be diag-
nosed in 2020 in the United States, 17,980 people 
will die from the disease [3]. The high survival 
rate is largely because of the diagnosis of non- 
muscle- invasive bladder cancers (NMIBC) in 
approximately 70–80% of new patients, includ-
ing noninvasive papillary tumor (pTa), carcinoma 

in situ (CIS; pTis), or early invasive tumor (non- 
muscle- invasive; pT1). These tumors can be 
managed locally with transurethral resection of 
bladder tumor (TURBT) and intravesical chemo-
therapy or Bacillus Calmette-Guérin (BCG) 
treatment. The 5-year survival rate of pTa and 
pTis patients is reported to be 96% [3]. 
Approximately 10–20% of NMIBCs progress to 
muscle-invasive bladder cancer (MIBC). 
Characteristically, 50–70% of these cases recur 
[4, 5]; thus, the volume of bladder cancer surveil-
lance cases is considerable. With increasing lev-
els of treatment development and improved 
health care, bladder cancer survival rates are 
expected to increase, leading to a subsequent 
increase in the prevalence of bladder cancer [1].

The average age for an initial diagnosis of 
bladder cancer is 65–70 years. Global population 
growth and aging will increase the number of 
bladder cancer cases. The United Nations has 
reported that the world population is expected to 
increase from an estimated 7.7 billion people 
worldwide in 2019 to around 8.5 billion people in 
2030 and then to 9.7 billion people in 2050 [6]. 
The number of persons more than 60 years of age 
is expected to double by 2050 to a projected 2.1 
billion people [7]. With continuing population 
growth and aging, more bladder cancer cases are 
expected to be diagnosed. Pathologists are 
expected to see a high volume of bladder cancer 
cases, and bladder pathology will continue to be 
a common practice field.
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 Diagnostic Challenges and Clinical 
Management of Bladder Cancer

Cystoscopy with biopsy or TURBT requires the 
pathological evaluation of muscle invasiveness. 
T1 tumors invade lamina propria but are not 
muscle- invasive, and their clinical course and 
treatment are more like Ta tumors. Ta and T1 
tumors are grouped as non-muscle-invasive 
tumors and are usually treated locally. Treatment 
of muscle-invasive tumors often involves a radi-
cal cystectomy, if operable. During microscopic 
evaluation, the presence or absence of muscularis 
propria should be documented. Hyperplastic 
muscularis mucosa can mimic the thick muscle 
bundles of the muscularis propria [8, 9], and 
sometimes a repeat biopsy or further studies with 
immunostains may be required.

Histological variants account for approxi-
mately 25% of bladder cancer cases, which poses 
a challenge for the practice of bladder pathology. 
The identification of these histological variants 
has important diagnostic, prognostic, and thera-
peutic implications [10]. The recognition of non- 
muscle- invasive micropapillary urothelial 
carcinoma warrants an early radical cystectomy 
in most medical centers because of its aggressive 
behavior [11]. The presence of sarcomatoid uro-
thelial carcinoma suggests a poor prognosis: one 
large series study showed that median survival 
was only 18.4  month following diagnosis [12]. 
Plasmacytoid feature is an independent prognos-
tic factor for overall survival for plasmacytoid 
urothelial carcinoma, which is associated with 
adverse clinicopathological features and worse 
overall mortality compared to the conventional 
urothelial carcinoma [13, 14]. Besides urothelial 
carcinoma variants and other non-urothelial type 
primary carcinoma, secondary malignancies can 
occur in the bladder from metastasis or local 
extension. Recognizing these uncommon entities 
determines appropriate clinical management.

With the prolonged survival of bladder cancer 
patients, thanks to early detection and advances 
in treatment regimens, surveillance biopsy plays 
a critical role in monitoring patients local resec-
tion, intravesical treatment, and chemotherapy or 
radiation therapy. Pathological challenges include 

differentiating recurrent tumoral lesions from 
metaplastic changes that may happen frequently 
after variable treatments on bladder mucosa and 
differentiating tumoral lesions from reactive 
changes such as post-biopsy reparative changes, 
hemorrhagic cystitis, or radiation cystitis. 
Stromal changes may mimic mesenchymal sar-
coma which can happen de novo or post-radia-
tion. Morphologic diagnosis, therefore, is 
critically important for patient management, and 
pathologists must be familiar with all aspects of 
bladder pathology.

 Pathological Diagnosis and Clinical 
and Radiological Findings 
of Bladder Cancer

The diagnosis of bladder cancer should never 
happen in a black box. Microscopic findings 
should be correlated with clinical pictures. The 
patient’s clinical presentation, urine analysis, 
cytology, systemic review, and past medical his-
tory can all aid in the accurate evaluation of his-
tologic tissue.

Cystoscopy is important and necessary for the 
diagnosis of bladder cancer. Pertinent gross fea-
tures of the tumor (location, size, number, and 
most importantly, flat or papillary appearances) 
and other mucosal abnormalities can be ascer-
tained during cystoscopy. Therefore, cystoscopic 
images and reports are extremely helpful for 
pathologic evaluation.

Imaging studies are not often used as the first 
modality to evaluate bladder cancer. However, 
both computerized tomography (CT) and mag-
netic resonance imaging (MRI) may be used for 
assessment of local invasion, primarily to detect 
T3b disease or higher. Recent studies have also 
shown that MRI combined with diffusion- 
weighted imaging can differentiate  T1 or less 
tumors from T2 or greater tumors before surgery 
with a 91% sensitivity and 96% specificity [15]. 
CT and MRI detection of regional lymph node 
metastasis has low sensitivity and specificity. 
Staging for distal metastases can best be done 
with CT [16, 17]. Imaging studies can also help 
with the diagnosis of bladder mesenchymal 
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tumors when bladder mucosal change is nonexis-
tent or minimal. Adjacent organ abnormalities 
from the bladder (prostate, rectum, uterus, etc.) 
can also be visualized with CT or MRI and can 
broaden the differential diagnosis when patholo-
gists are evaluating tissue procured from the 
bladder when the diagnosis of a secondary tumor 
is considered.

 Molecular Pathology of Bladder 
Tumors

Despite the prevalence of bladder cancer world-
wide, few advances have been made in the clini-
cal management of bladder cancer in recent 
years, largely due to the poor understanding of its 
molecular signatures. Bladder cancer is patho-
logically and molecularly heterogeneous, and 
molecular profiling studies and whole genomic 
sequencing have helped to categorize bladder 
cancer into subtypes that are associated with dif-
ferent prognoses and responses to therapies [18]. 
These details have been discussed in depth in 
Chap. 14. These molecular advances have already 
helped to shift pathology practice forward. With 
sound molecular techniques, pathologists can 
now provide more accurate information for tumor 
prognosis, help to design appropriate treatment 
regimens, and predict treatment efficacy. With 
the development of molecular pathology, urolo-
gists and urological oncologists have many more 
options to provide tailored precision medicine for 
bladder cancer patients with molecularly defined 
tumor subtypes.

 Digital Pathology and the Use 
of Artificial Intelligence in Bladder 
Cancers

Because of the rapid development of computer 
technology and Internet innovations, digital 
pathology, including the use of digitized whole- 
slide images for computational analysis aided by 
artificial intelligence (AI), has advanced greatly 
in recent years [19]. AI-based approaches for the 
detection, segmentation, diagnosis, and analysis 

of digitized images were first compared with con-
ventional microscopy in 2018  in a large-scale 
multicenter comprehensive study [20] that dem-
onstrated that the diagnostic performance of WSI 
was comparable to that of traditional microscopy- 
based approaches. With deep learning approaches, 
AI-based analyses have a similar level of accu-
racy to that of expert pathologists [21–23].

Computer engineers and data scientists have 
focused on the development of new AI-based 
image analysis approaches in pathology and 
oncology to improve diagnostic accuracy and to 
identify novel biomarker for precision medicine. 
As end users, pathologists need efficient digital 
slide scanners, cloud-based database, and appro-
priate AI algorithms to instantly share images 
with AI-based predictions worldwide. A detailed 
discussion of these technologies is beyond the 
scope of this book, but to learn more, readers can 
refer to other recent publications [19].

With the continuing expansion of computer 
science and AI, remote online pathology practice 
with the aid of advanced internet technology is a 
very promising development for pathologists to 
embrace in the near future.

 Remarks

This book has extensively summarized recently 
published data about urothelial carcinomas and 
other bladder lesions. However, due to the rapid 
evolution of our understanding of bladder cancer 
and numerous recent publications, there are 
omissions in this book for newly published papers. 
This book is a summary of the authors’ knowl-
edge, expert understanding of these diseases, and 
the best angles of approach for diagnosis in blad-
der pathology. Numerous other professional 
books, including pathology books, have been 
published regarding bladder cancer. Our book 
will serve as an addition to the collective knowl-
edge regarding bladder cancer, particularly in its 
pathological diagnosis. It is our hope that readers 
will benefit from our book and that practicing 
pathologists and pathology trainees will maxi-
mize their diagnostic ability aided by the guid-
ance of this and other related books.
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