
33© Springer Nature Switzerland AG 2021 
A. M. Kamat, P. C. Black (eds.), Bladder Cancer, https://doi.org/10.1007/978-3-030-70646-3_4

Pathology

Eva M. Compérat and Hikmat Al-Ahmadie

Introduction

The urinary tract from the renal pelvis to the 
proximal portion of the urethra is lined by a mul-
tilayered epithelial lining called urothelium (for-
merly referred to as transitional epithelium). The 
thickness of the urothelium varies depending on 
the extent of bladder distention and can therefore 
range from 4 to 7 cells thick. A number of condi-
tions can alter the thickness and the shape of the 
urothelium such as inflammatory and reactive 
conditions and may make the histologic evalua-
tion of bladder tissue more challenging.

Approximately 98% of malignant tumors aris-
ing in the urinary bladder are of epithelial (uro-
thelial) origin, of which the overwhelming 
majority, approximately 90%, is “usual” urothe-
lial carcinoma (formerly referred to as transi-
tional cell carcinoma). Most urothelial 
carcinomas (UCs) at initial diagnosis are papil-
lary and superficial and in approximately 70% of 
cases, multiple recurrences following local resec-
tion without tumor progression will develop. 
Pathologic features that have been reported asso-

ciated with recurrence and progression include 
the depth of invasion, if any at presentation, mul-
tifocality, a history of prior urothelial tumors, 
tumor size, and grade [1–3].

 Flat Urothelial Carcinoma  
In Situ (CIS)

CIS represents high-grade neoplasia of the blad-
der that often shows characteristic features such 
as markedly enlarged nuclei (often >4X the size 
of a lymphocyte), hyperchromasia, disorganiza-
tion, loss of nuclear polarity, loss of cohesion, 
and frequent mitotic activity, that may be atypical 
and extends to the upper portion of the urothe-
lium. Loss of cellular cohesion contributes to the 
higher rate of detecting these high-grade lesions 
on urine cytologic examination compared to 
other papillary neoplasms. CIS is often relatively 
straightforward to diagnose, although a number 
of morphologic variants may be challenging due 
to their rarity [4].

 Papillary Neoplasms

Papillary (exophytic) neoplasms of the bladder, 
based on their cellularity and degree of atypia, 
may be either benign (urothelial papilloma) or 
malignant (papillary urothelial neoplasms of 
low-malignant potential  - PUNLMP, low-grade 
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papillary urothelial carcinoma  - LGPUC, and 
high-grade papillary urothelial carcinoma  - 
HGPUC) [5]. Generally, the highest grade com-
ponent of the papillary lesion is assigned to the 
neoplasm with the exception that if the high-
grade component is minimal (<5%), an overall 
low-grade can be assigned with a note referring 
to the presence of a focal high- grade 
morphology.

 Urothelial Papilloma

Urothelial papilloma is a rare, benign condition 
typically occurring as a small, isolated growth 
seen primarily (but not exclusively) in younger 
patients. Morphologically, it is a discrete, exo-
phytic papillary growth with a central fibrovascu-
lar core lined by urothelium of normal thickness 
and cytology with prominent umbrella cells [5, 
6]. Inverted urothelial papillomas are similarly 
rare and benign neoplasms, differing only in that 
the epithelial cords are endophytic and conse-
quently more closely packed. Both exophytic and 
inverted papillomas generally follow a benign 
course and have recently been reported to harbor 
activating RAS pathway alterations (primarily 
activating KRAS and HRAS mutations) and lack 
the more common genomic features of urothelial 
carcinoma [7].

 Papillary Urothelial 
Neoplasm of Low Malignant Potential 
(PUNLMP)

PUNLMP is a papillary urothelial neoplasm with 
an orderly papillary proliferation of urothelial 
cells with minimal architectural abnormalities 
and minimal nuclear atypia. Generally, the papil-
lae are lined by thickened urothelium [5]. When 
strictly defined, PUNLMP does not progress to 
invasive disease but recurrence is common [8, 9].

 Low-Grade Papillary Urothelial 
Carcinoma (LGPUC)

LGPUC is characterized by an overall orderly 
appearance but have variability in architecture or 

cytologic features such as variability in nuclear 
polarity, nuclear size, shape, and chromatin tex-
ture. Mitotic figures may be frequently identified 
but are generally not atypical and are limited to 
the lower half of the neoplastic urothelium [5]. 
The majority of these lesions will recur, but pro-
gression is not common (ranging from 2.4% to 
8%) [8, 9].

 High-Grade Papillary Urothelial 
Carcinoma (HGPUC)

HGPUC is characterized by disorderly appear-
ance due to marked architectural and cytologic 
abnormalities typically in the form of nuclear 
pleomorphism, clumped chromatin, increased 
mitosis, including atypical forms, and apoptosis 
[5]. They are commonly associated with invasive 
disease at the time of initial presentation. The 
adjacent mucosa may show evidence of CIS, and 
in some cases, prominent cellular discohesion 
and denudation may be present. Tumor recur-
rence occurs in the majority of cases and disease 
progression may occur in up to a third of cases 
[10, 11].

 Invasive Urothelial Carcinoma

The histopathological features of invasive UC 
can be variable, except when a specific variant 
histology is present (see more details about vari-
ant histology later in the chapter). Most invasive 
UC show cohesive irregular nests or solid sheets 
of cells with moderate to abundant cytoplasm. 
The nuclei are generally large hyperchromatic 
and pleomorphic commonly associated with 
irregular nuclear contours and occasionally 
prominent nucleoli. Mitotic figures are generally 
readily identifiable. Changes in underlying 
stroma (of the lamina propria and beyond) can 
aid in assessing the presence of invasion. Such 
changes include retraction, desmoplastic reac-
tion, fibrosis, or inflammation. Once invasion is 
established, assessing the depth and extent of 
invasion becomes very important. A very impor-
tant finding in this regard is the presence of inva-
sion into the detrusor muscle of the bladder 
(muscularis propria) which would in general 
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determine if the patient should be offered conser-
vative/localized or more radical surgical treat-
ment. The terminology applied in this setting, 
such as “muscle invasion” without further quali-
fication may be misleading as it does not distin-
guish between invasions of the muscularis 
mucosae (a component of the lamina propria) or 
the muscularis propria. Also, the term “superfi-
cial bladder cancer” is not precise and does not 
reflect a uniform disease state as it refers to bio-
logically different lesions in noninvasive flat (in 
situ) or papillary (low or high grade) urothelial 
carcinoma and carcinoma with lamina propria 
invasion. Therefore, invasion into the muscularis 
propria should be reserved to when tumor infil-
trates thick and organized smooth muscle bun-
dles, which should be distinguished from the 
generally thin, loose, wispy, and sometimes 
branching muscle fibers of the muscularis 
mucosae.

There are useful morphologic criteria that can 
be applied to determine invasion of lamina pro-
pria invasion, which include the presence of: (1) 
urothelial nests, clusters, or single cells within 
the lamina propria, (2) prominent retraction arti-
fact, (3) abundant eosinophilic cytoplasm of the 
infiltrating tumor, and (4) the presence of desmo-
plastic or inflammatory stromal response to the 
tumor.

When tumors invade the lamina propria (pT1), 
it is recommended to provide details about the 
extent of invasive disease. A number of methods 
have been studied and attempts to subclassify 
pT1 tumors based on their depth of invasion have 
been successful only in some cases and provided 
predictive or prognostic value for disease pro-
gression. This includes measuring the depth or 
width of the invasive disease, or whether invasion 
of the muscularis mucosae is present [12–14].

Lymphovascular invasion (LVI) is an impor-
tant histological finding that should be reported 
when present. It is defined by the presence of 
tumor within endothelium-lined spaces. 
Numerous studies have documented the clinical 
importance of LVI as an important prognostic 
marker of upstaging, lymph node involvement, 
recurrence, and decreased overall survival, 
underscoring the importance of identifying and 
reporting such finding [15–18].

 Pathologic Features of Invasive 
Urothelial Carcinomas (Including 
Divergent Differentiation)

The microscopic features of invasive UC are vari-
able and nonspecific, consisting of cohesive nests 
of cells with moderate to abundant cytoplasm and 
large hyperchromatic nuclei, nuclear pleomor-
phism, irregular nuclear contours, and occasion-
ally prominent nucleoli. Urothelial carcinomas, 
however, may show divergent differentiation 
(Table 4.1), particularly high-grade tumors, can 
be seen in approximately one-third of cystectomy 
specimens, but less frequently in transurethral 
resection specimens (approximately 7%). 
Although divergent differentiation/variant histol-
ogy is commonly associated with locally advance 
disease, it can be identified in a subset of lamina 
propria-invasive tumors which may impact treat-
ment selection and require a more radical surgi-
cal approach [19]. It is recommended to report 
variant histology anytime it is identified regard-
less of specimen type (biopsy, TUR, cystectomy) 
or tumor stage (NMIBC or MIBC) [20] [20].

The most frequently encountered variant his-
tology is invasive UC with divergent differentia-
tion, most commonly in the form of squamous 
and glandular differentiation. Squamous differ-
entiation (SqD) is the most common variant his-
tology identified in UC occurring in up to 40% 
of cases [21, 22]. Glandular differentiation is 
less common ranging from 8% to 18% [21, 23–
25] and morphologically includes areas that 

Table 4.1 WHO classification of tumors of the urothelial 
tract

Invasive urothelial tumors
Infiltrating urothelial carcinoma (with divergent 
differentiation)
Nested, including large nested
Microcystic
Micropapillary
Lymphoepithelioma-like
Plasmacytoid/signet ring cell/diffuse
Sarcomatoid
Giant cell
Poorly differentiated
Lipid-rich
Clear-cell

Adopted with modification from reference [38]
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resemble adenocarcinomas of other organs such 
as enteric/colonic, mucinous, or a variety of 
mixed types.

Nested (including large nested), small tubular, 
and microcystic variants have been grouped 
under the heading of deceptively bland carcino-
mas due to their appearance and low-grade fea-
tures, which can sometimes be difficult to 
distinguish from benign entities especially when 
examining superficial biopsy samples where 
frank invasion may not be easy to establish. It is 
debatable whether to grade these variants know-
ing that they tend to present at an advanced stage 
despite their deceptively bland histopathologic 
features. These tumors generally consist of well-
demarcated medium-sized to large nests closely 
resembling von Brunn nests but they typically 
infiltrate the lamina propria or deeper within the 
bladder wall [26–29]. Mitoses are generally rare, 
and the nuclei show minimal or no atypia particu-
larly in the superficial component of the tumor, 
but may display more atypia in the deeper and 
more invasive part of the tumor.

Lymphoepithelioma-like carcinoma is another 
variant that is sometimes difficult to recognize 
due to the presence of a dense immune cell infil-
trate surrounding and infiltrating nests of, or sin-
gle, tumor cells. It is important to recognize this 
variant as it may be mistaken for lymphoma and 
when present in pure form (i.e., not associated 
with classic urothelial carcinoma), may follow a 
less-aggressive clinical course [30, 31].

Micropapillary UC (MPUC) is a rare variant 
whose diagnosis requires the application of strict 
morphologic criteria. The tumor is characterized 
by the presence of small and tight tumor clusters 
lacking true fibrovascular cores and located 
within clear “lacunar” spaces. This arrangement 
is likely due to reverse cellular orientation or 
polarization and lack of cohesion between the 
tumor and the adjacent stroma [21, 32, 33]. These 
tumors have strong propensity for lymphovascu-
lar invasion [34]. Despite the increasing recogni-
tion of MPUC, there is generally lack of good 
interobserver agreement, particularly when strict 
diagnostic criteria are not applied [35]. This has 
significant clinical implication particularly that 
some clinicians advise early cystectomy for 

patients with MPUC even in the absence of inva-
sion into the muscularis propria [36, 37].

Plasmacytoid UC is a rare and aggressive vari-
ant that exhibits a diffuse and infiltrating pattern 
of discohesive, individual, or small clusters of 
cells, generally with minimal stromal reaction. 
Tumor cells contain eccentrically located nuclei 
resembling plasma cells and in the vast majority 
of cases, tumor cells contain intracytoplasmic 
vacuoles that give the appearance of signet ring 
cells [39–41]. Of all the variants of UC, PUC is 
most likely to be encountered in its pure form, 
but can occasionally be seen in association with 
usual UC or other variants [38]. Clinically, PUC 
is characterized by advanced stage at presenta-
tion, high mortality rate, high propensity for 
relapse, and frequent peritoneal carcinomatosis 
despite sometimes the apparent initial response 
to chemotherapy [39–43]. Recent analysis by 
next-generation sequencing identified the pres-
ence of CDH1 truncating mutations, and less fre-
quently CDH1 promoter hypermethylation, as 
the defining molecular feature of PUC [39]. 
Truncating somatic CDH1 mutations were iden-
tified in 84% of PUC and were specific to this 
histologic variant.

The sarcomatoid variant of UC, formerly 
known as carcinosarcoma, is rare and generally 
presents at advanced stage. Despite morpholog-
ical similarities with sarcomas, molecular anal-
yses have shown a common clonal origin for the 
carcinomatous and sarcomatous components, 
suggesting that these spindle cell areas strictly 
derive from the underlying epithelial malig-
nancy. Giant cell, undifferentiated, clear cell, 
and lipid- rich variants are exceedingly rare and 
have poor outcome [38]. Tumors with pure non-
urothelial features include squamous cell carci-
noma and adenocarcinoma, in which no 
urothelial component (invasive of in-situ) 
should be recognized. Primary small cell carci-
noma of the bladder is an uncommon neoplasm 
and resembles small cell carcinoma of any other 
organ. Neuroendocrine immunohistochemical 
markers, such as synaptophysin and chromo-
granin, may aid in the diagnosis if needed. 
These tumors seem to correspond to the neuro-
nal tumors described recently in the molecular 
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classification and display frequently loss of 
wild-type TP53 and RB [44, 45].

 En Bloc Resection

The role of transurethral resection of the bladder 
tumors (TURBT) is to remove the visible tumor 
(therapeutic) and provide tissue to establish diag-
nosis and stage (diagnostic). It is crucial for diag-
nostic histopathologic interpretation that there be 
minimal to no artefacts. One of the major criti-
cisms of TURBT is that when cutting the tumor, 
a dissemination of the tumor material is possible. 
Instead of resecting with an electrical wire-loop, 
the en bloc resection (EBR) has been suggested. 
This technique allows to resect the entire tumor 
including the detrusor muscle, limits tumor scat-
tering, and displays no cautery artefacts. EBR is 
supposed to improve the resection quality, lower-
ing perioperative complication rates, and decreas-
ing recurrence rates and might even lower the 
frequency of second resections [46]. This tech-
nique is especially useful in case of smaller 
tumors <1  cm, as it has been suggested by the 
NMIBC panel of the EAU [47]. Several recent 
studies demonstrated that EBR is a safe tech-
nique associated with high rates of recurrence- 
free survival after 2 years (85%) [48]. In many of 
the more recent publications, detrusor muscle 
was found in 100% of the specimens, which 
allows for correct staging [49]. Nevertheless, 
ERB cannot be performed for every bladder can-
cer. Not all patients are suitable for ERB, as some 
might harbor big tumors (>3 cm), tumors in loca-
tions that are difficult to reach or resect (anterior 
wall, bladder neck, etc.), or tumors which have an 
endophytic and infiltrating growth [46, 50].

 Upper Urinary Tract Biopsies

Confirming the diagnosis of an upper tract tumor 
can be readily achieved by ureteroscopic biopsy 
of the ureter or renal pelvis and can be comple-
mented by urine cytology from upper tract in 
select cases [51]. Contrary to the bladder, ure-
teroscopic biopsy can be more difficult to obtain, 

and the material may be sparse, superficial, and 
with crush or thermal artefact. Although interpre-
tation of the small amounts of tissue may be chal-
lenging to pathologists, evaluation of 
ureteroscopic biopsies can provide accurate 
assessment of grade and stage in the majority of 
cases, especially by combining biopsy and cytol-
ogy material [51, 52]. As biopsy techniques con-
tinue to evolve, the quality and quantity of biopsy 
material obtained ureteroscopically continue to 
improve as a result, as has been shown in a num-
ber of recent studies comparing standard versus 
newer biopsy forceps and basket devices [53, 54]. 
The challenge that remains, however, is how rep-
resentative these small ureteroscopic biopsies are 
of the entire upper tract tumor especially when 
the tumor is large and may be heterogeneous. An 
alternative to ureteroscopic biopsy may be a 
CT-guided percutaneous approach to sampling 
upper tract tumors, which has been shown to be 
safe and provided high diagnostic yield and con-
cordance [55].

 Pathology Report

Several items need to be mentioned in a pathol-
ogy report. The International Collaboration on 
Cancer Reporting (ICCR) produces common, 
internationally validated, and evidence-based 
pathology datasets for cancer reporting with the 
aim to encourage uniform pathology reporting 
standard across the world and utilize these reports 
as a guide to improve cancer patient outcomes 
and management worldwide [20]. Not only does 
it ensures that the same histological  elements are 
reported, it also allows for more accurate com-
parison of different studies conducted in different 
institutions or countries. The American 
Urological Association (AUA) and Society of 
Urologic Oncology (SUO) published guidelines 
that provide risk stratification, and clinical frame-
work for the management of nonmuscle-invasive 
and muscle-invasive urothelial bladder cancer 
[56, 57]. Similar guidelines are also provided by 
the European Association of Urology (EAU) [58, 
59]. However, for standardized reports to provide 
meaningful information, clear and reproducible 
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histological criteria defining different elements 
should be strictly followed. The World Health 
Organization (WHO) classification provides 
detailed description of different entities and his-
tological elements and is regarded as a very use-
ful guide [22]. Elements to be included in 
pathology report can be required or recom-
mended. Required elements are those which are 
prognostically important and on which clinical 
management is based. These elements are man-
datory reporting items that should be included in 
every pathology report. In comparison, recom-
mended elements are clinically important and 
reporting them is considered to be good practice 
but are not yet validated or regularly used in 
patient management.

These guidelines generally agree on including 
the following elements in pathology reports: 
Clinical information, specimen site, additional 
specimens submitted, operative procedure, histo-
logical tumor type, the presence and extent of 
variant histology, presence of noninvasive carci-
noma, associated epithelial lesions, histological 
grade, extent of invasion, the presence of muscu-
laris propria (in TURBT specimens), tumor 
focality, substaging T1 disease (when possible) 
and lymphovascular invasion. In cystectomy 
specimens, additional elements may be included 
such as response to neoadjuvant therapy, margin 
status, lymph node status, and pathologic stage.
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