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Abstract. Bladder cancer is a heterogeneous disease including conventional urothelial carcinoma (UC) and its histologic
variants, and non-urothelial carcinoma, including squamous and glandular neoplasms. Urothelial carcinoma accounts for
the majority of bladder cancer cases, but morphologic variants are common and include nested, microcystic, micropapillary,
lymphoepithelioma-like, plasmacytoid, sarcomatoid, giant cell, undifferentiated, clear cell and lipoid. Certain variants of
UC tend to be associated with a poor prognosis and have diagnostic and potential treatment implications that make the
identification of variant histology crucial to clinical decision making. While there is still uncertainty regarding the prognostic
implications of many of these variants, identifying and reporting variant histology is important to develop our understanding
of their biology. Unique molecular features accompany many of these morphologic variants and to better understand these
tumors, we review the molecular and clinical implications of histologic variants of bladder cancer. Major efforts are underway
to include variant histology and divergent differentiation of UC in clinical trials to develop evidence based approaches to
treatment. The purpose of this article is to review the current literature on variant histology of urothelial cancer and to highlight
molecular findings and the clinical relevance of these tumors.
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INTRODUCTION
Bladder cancer is the sixth most common cancer
in the US with an estimated 80,470 new cases and
17,670 deaths in 2019 [1]. The incidence of bladder
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cancer is higher in men than women, with approximately three-quarters of all bladder cancer cases
being diagnosed in men. UC may arise anywhere
within the urinary tract, with the majority of tumors
originating in the bladder and the rest occurring in
the ureter, renal pelvis and proximal urethra. Risk
factors for bladder cancer include tobacco use, occupational exposures and various chemicals, urinary
tract infections, genetic factors, chronic inflammation, irradiation and pharmaceutical drug use.
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Bladder cancer is divided into three clinical disease
states - non-muscle invasive, muscle-invasive, and
metastatic – each differing in tumor biology, clinical
phenotype, management, and prognosis. In addition
to the clinical disease states, bladder cancer demonstrates numerous histologic variants that also provide
important insights into biology, phenotype, treatment
and prognosis. In the United States, approximately
90% of urinary tract tumors are urothelial in origin,
with 1–7% of tumors represented by primary squamous cell carcinoma and another 2% being primary
bladder adenocarcinomas.
Of the 90% of urothelial-derived tumors, up
to 33% of cystectomy specimens show some
component of divergent differentiation [2]. Divergent differentiation includes squamous, glandular,
small cell, trophoblastic and Mullerian features.
Additionally, based on the 2016 WHO categorization, 10 histologic variants are recognized: nested
including large nested, microcystic, micropapillary,
lymphoepithelioma-like, plasmacytoid, sarcomatoid,
giant cell, poorly differentiated, lipid-rich and clear
cell [3]. Squamous cell neoplasms make up a separate
category to include pure squamous cell carcinoma,
but should be distinguished from urothelial carcinoma with squamous differentiation. Similarly, the
category of glandular neoplasms includes primary
adenocarcinoma, but does not include urothelial
carcinoma with glandular differentiation. Urachal
carcinoma is its own category and will be discussed briefly. Other WHO categories not covered
in this review include tumors of Mullerian origin, melanocytic tumors, mesenchymal neoplasms,
hematopoietic and lymphoid neoplasms. A separate
WHO group of urothelial tumors is the “non-invasive
urothelial neoplasms” which will not be discussed in
this review.
This review will focus on the major histologic
variants of bladder cancer including their molecular
characterization and clinical implications.

HISTOLOGIC VARIANTS OF
INFILTRATING UROTHELIAL
CARCINOMA
Histologic variants are defined as distinctively
different histomorphologic phenotypes of a particular neoplasm [4]. In addition to histomorphologic
variation, a large body of literature is evolving
around the diverse molecular subtypes of bladder
cancer. Numerous groups were responsible for the

first attempts at a molecular characterization schema
for urothelial cancer; as a result, various classification terminology emerged [5–10]. Recently, an
international group proposed a consensus molecular classification to standardize the use of these
molecular groups in clinical trials. They identified
six transcriptome-based consensus groups: luminal
papillary, luminal nonspecified, luminal unstable,
stroma-rich, basal/squamous and neuroendocrinelike. Subset analysis of histologic variants was
incorporated and some variants were overrepresented
in specific consensus classes [11]. Overall, the consensus classes were strongly associated with overall
survival, with luminal papillary showing the best
overall survival and used as the referent. Stroma-rich
and luminal non-specified had similar outcomes to
luminal papillary; whereas luminal unspecified had a
moderately worse outcome. Basal/squamous tumors
were associated with worse outcomes than luminal
papillary and neuroendocrine-like had the overall
worst prognosis.
When compared to conventional UC, some variant
histologies of UC are associated with a poor prognosis, which may be related to more biologically
aggressive disease and/or a poorer response to therapy. Early work on molecular subtypes shows that
basal subtypes are associated with increased response
to cisplatin-based neoadjuvant chemotherapy [12].
The presence of variant histology can influence the
diagnosis, treatment and prognosis of a given patient;
thus, it is critically important that any variant histology is accurately diagnosed and reported. It is
important to note that the vast majority of cases with
variant histology co-exist with conventional UC and
do not usually arise in pure form. Below, we describe
examples of histologic variants and discuss potential
clinical implications.
Nested variant of urothelial carcinoma
Nested variant of urothelial carcinoma (NVUC) is
a rare variant of urothelial carcinoma with a deceptively bland appearance and a reported incidence of
0.3% of invasive bladder tumors [13]. This variant’s
low-grade cytology introduces a number of benign
entities into the differential diagnosis including von
Brunn nests, nephrogenic adenoma, or cystitis cystica. In addition to the small nested architecture, the
diagnostic features include minimal cytologic atypia
with mild pleomorphism and occasionally prominent
nucleoli. The large nested variant shows similar bland
cytology, but the nests are larger and may mimic
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inverted growth pattern of a non-invasive urothelial
carcinoma [14]. In both small and large nested urothelial carcinoma, benign mimickers can be excluded
if the urothelial nests invade the muscularis propria;
however, the absence of invasion leads to diagnostic
difficulties for the pathologist [15].
NVUC may be distinguished from benign urothelial processes by the presence of a TERT promoter
mutation [16]. The finding of a TERT promoter mutation strongly supports a nested carcinoma, although
a negative result does not entirely exclude the diagnosis. TERT mutation is not entirely specific, as they
have also been identified in a subset of inverted papillomas, which have morphologic overlap with NVUC
[17]. This variant’s transcriptional phenotype is most
consistent with the luminal subtype, which is associated with better outcomes. This finding is supported
by expression of FOXA1 and GATA3, with no expression of basal markers CK5/6 and CK14 [18]. Warrick
et al. also showed nested variant emerging in the
urothelial-like cluster [18].
Despite its innocuous morphology, NVUC has
definite malignant behavior and often presents with
locally advanced or metastatic disease [19, 20]. At the
time of presentation, NVUC is usually at an advanced
stage [15]. This may be due to under diagnosis of
malignancy in a neoplasm with bland cytology, where
a diagnosis of carcinoma is not made until muscle
invasion is identified. However, patients with NVUC
did not have worse outcomes or an increased rate of
recurrence when stage matched to patients with conventional UC [21]. The optimal management for this
variant has not yet been determined because NVUC is
rare, and has not been the subject of prospective studies [22]. Further studies are needed to determine an
effective multimodal approach for this variant; however, it should be considered a high-risk aggressive
tumor and early cystectomy may be warranted [23,
24].
Microcystic urothelial carcinoma
The microcystic variant is another deceptively
bland variant of UC characterized by microcysts,
macrocysts, or tubular structures that range in size
from microscopic to 2 cm in diameter and are characteristically round to oval [25, 26]. Tumors with
microcystic histology represent 1.2% of bladder
tumors and have a variable clinical course [27]. As
seen in conventional UC, microcystic variant demonstrates GATA3, CK7, CK20, and p63 expression.
Microcystic UC does express MUC5AC, which is
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a potential diagnostic problem as its expression is
also seen in cystitis glandularis, a benign lesion with
similar morphology. Microcystic UC may also be
confused with bladder adenocarcinoma, as tubules
and cysts mimic glandular structures [28].
The molecular characterization of this variant has
not been well studied. Limited prognostic and treatment data exist for this rare variant, which also has
morphologic overlap with the nested variant. There
is no apparent difference in survival between microcystic carcinoma and conventional UC [28].
Micropapillary urothelial carcinoma
The micropapillary (MP) variant of urothelial carcinoma is a rare histologic variant characterized
by multiple small nests of tumor cells lacking true
fibrovascular cores. Multiple clusters of tumor cells
are often present within a single lacunar space, resembling papillary serous carcinoma of the ovary. This
variant accounts for 0.7–8% of bladder cancer, is seen
predominantly in men and frequently co-exists with
conventional urothelial carcinoma.
On a molecular level, MP is associated with downregulation of miRNA-296, which plays a crucial role
in the regulation of the inflammatory response. This
downregulation of miRNA is also observed as a
late event of carcinogenesis and is associated with
aggressive behavior. In addition, activation of the
chromatin-remodeling complex RUVBL1 appears to
drive the expression signature of MP and contribute
to its development [29]. The activation of RUVBL1
is also associated with aggressive behavior in other
cancers [30]. MP shows widespread dysregulation of
its expression profile, which affects about 30% of the
protein-coding genome. The change in the expression pattern affects different oncogenic pathways that
are focused on transformation, cell cycle regulation,
DNA damage repair, and signal transduction [29].
Therefore, RUVBL1 and miRNA-296 appear to play
important roles in the pathogenesis of MP and may
represent potential opportunities for targeted therapies.
HER2/ERBB2 overexpression and amplification is
found at a higher rate in MP compared to conventional UC [31, 32]. In breast cancer, amplification or
overexpression of HER2 is found in aggressive subtypes, including micropapillary. Despite the fact that
HER2 amplification is associated with worse cancerspecific survival, it may also provide an opportunity
for ERBB2-targeted therapy [33, 34]. The majority of
MP cancers are of urothelial-like or luminal subtype,
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which is confirmed by the expression of FOXA1,
a biomarker of luminal phenotype [18, 31]. A subset of luminal MP bladder cancers defined as being
p53-like are the most aggressive variant of the disease, as they are associated with chemo-resistance
to cisplatin-based neoadjuvant chemotherapy [29].
However, patients with luminal tumors tend to have
better prognosis but may not respond that well to
neoadjuvant cisplatin-based chemotherapy [12]. The
consensus classification found an overrepresentation
of micropapillary tumors in the luminal nonspecified
category [35].
MP demonstrates aggressive clinical behavior with
features including lymphovascular invasion (LVI),
early lymph node metastases, and wide metastatic
spread [29, 36]. Interestingly, MP histology is also
associated with poor prognosis in cases of lung,
breast, pancreas, colon/rectum, and salivary gland
carcinoma with this histologic pattern [33]. In
patients with micropapillary UC stage matched to
patients with conventional urothelial carcinoma, one
study showed no differences in recurrence or disease
specific survival [37]. The presence of a moderate or
extensive MP component is associated with a high
risk of advanced stage at presentation, and early
cystectomy in non-muscle invasive cases has been
advocated in the past. However, more recent data has
shown that patients with clinical non-muscle invasive (cT1) micropapillary urothelial carcinoma do
not have adverse outcomes when managed conservatively [38]. A survey of the Society of Urologic
Oncology members in 2014 showed no consensus on
the treatment of MP, although the majority agreed it
should be treated differently than conventional UC
[39].
Intravesical BCG therapy appears to be ineffective in patients with non-muscle-invasive MP
tumor. Radical cystectomy offers the best chance
of cure in patients and many clinicians advocate
for early radical cystectomy in patients with surgically resectable disease [40]. However, opinions
on the management of MP are diverse among
members of the Society of Urologic Oncology.
There is currently no consensus on the incorporation of neoadjuvant chemotherapy with radical
cystectomy based on this survey [41]. Conversely,
a consensus panel of the European Association of
Urology (EAU) and the European Society for Medical Oncology (ESMO) bladder cancer experts showed
consensus (86% agreement) for treating high-grade
pT1 MP with immediate radical cystectomy and
lymphadenectomy [42]. The optimal treatment strat-

egy for MP urothelial carcinoma requires more
investigation.
Lymphoepithelioma-like carcinoma
The lymphoepithelioma-like carcinoma (LELC)
variant is another rare variant of bladder cancer
which resembles lymphoepithelioma of the nasopharynx, a tumor defined by both a prominent lymphoid
infiltrate and ubiquitous Epstein-Barr Virus (EBV)
positivity [43]. However, unlike lymphoepithelioma
of the nasopharynx, LELC are universally EBV negative and designated as lymphoepithelioma-like [44].
LELC is characterized by undifferentiated, malignant
epithelial cells with a syncytial appearance within a
dense, mixed inflammatory infiltrate [45]. The cytoplasmic borders are poorly defined and the epithelial
cells are often difficult to detect in the dense inflammation; they can be highlighted by expression of
pan-keratin AE1/AE3, CK7, and GATA3 [46]. LELC
cases often have p53 accumulation, which supports a
similar pathogenesis to high grade UC [47]. LELC
does not appear to show evidence of DNA mismatch repair protein deficiency, which suggests a
microsatellite stable phenotype. PD-L1 expression is
present in LELC, which creates a potential for the
use of immunotherapy [48]. A case series detailing
the RNA expression profiling of 14 LELC tumors
showed a basal-like phenotype in 12 of the cases [48].
One group has proposed that LELC be classified
into three different categories: pure, predominant,
and focal [49]. There is limited case series data
showing that pure and predominant LELC are associated with better outcomes and show better responses
to chemotherapy than focal LELC [49–53]. More
recently, a study of 30 cases of LELC showed that
5 year survival after cystectomy was equivalent in
pure LELC when compared to mixed LELC and conventional UC (62% versus 57%) [54]. At the time of
presentation, most LELCs have invaded the muscularis propria, but have not metastasized outside of the
bladder. Larger prospective studies are warranted to
determine if there is an optimal treatment regimen for
these tumors based on amount of LELC component
present.
Plasmacytoid urothelial carcinoma
The plasmacytoid variant of urothelial carcinoma
is a rare and aggressive variant characterized by
discohesive, single cells with eccentric nuclei that
resemble plasma cells. The WHO also includes the
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terminology “signet ring cell” and “diffuse” for
this entity. There is sufficient morphologic overlap with lymphoma, plasmacytoma, melanoma and
metastatic carcinomas of breast and gastric origin that
immunohistochemical workup is often necessary in
the absence of a conventional urothelial carcinoma
component. In addition to morphologic similarities
to plasma cells, these tumors also express CD138,
which is a diagnostic pitfall.
The molecular hallmark of plasmacytoid tumors is
a nonsense mutation in CDH1, the gene coding for
E-cadherin, a cellular adhesion molecule. Truncating CDH1 mutations were the only unique mutations
identified in plasmacytoid variant when compared to
other urothelial cancers, making them the defining
molecular feature of the variant [55]. Mutations in
CDH1 have been shown to lead to increased cellular migration and this may explain its propensity for
peritoneal spread and ability to cross fascial planes.
A biomarker for CDH1 mutation is loss of immunohistochemical expression of E-cadherin. In a study
of molecular subtypes of histologic variants, plasmacytoid carcinoma was classified as urothelial-like, or
luminal, with a subset of tumors in the genomically
unstable groups [18].
Patients with plasmacytoid variant typically
present at an advanced stage and have a high mortality rate [33]. Compared to patients with pure
urothelial carcinomas, patients with the plasmacytoid
variant are more likely to have nodal metastases and
higher pT3/pT4 stage [56]. Some studies suggest that
there is no difference in survival between patients
with plasmacytoid variant treated with neoadjuvant
chemotherapy plus surgery compared to surgery
alone, with recommendations for early radical cystectomy whenever possible [56, 57]. Further studies
addressing the unique biology of plasmacytoid variant, including novel treatment approaches are needed
for this aggressive variant.
Sarcomatoid urothelial carcinoma
Sarcomatoid carcinoma of the urinary bladder
is an uncommon malignancy that is composed
of epithelial-derived malignant cells that may
exhibit both epithelial and sarcomatoid morphology [58–60]. The sarcomatoid component may
demonstrate non-specific malignant spindle cells,
leiomyosarcoma-like, or other heterologous component such as osteosarcoma or chondrosarcoma [61].
These tumors are extremely rare and only represent
0.1% to 0.3% of all carcinomas [58]. The epithelial
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component is most commonly conventional urothelial carcinoma, but squamous cell carcinoma may
also be present. The sarcomatoid components of the
tumors tend to occupy more than 50% of the tumor
area; however, it is possible for these tumors to lack
any epithelial component, complicating the diagnosis. Immunohistochemistry for urothelial or epithelial
markers (p63, GATA3, pan-keratin, cytokeratin 903,
cytokeratin 7, and cytokeratin 5/6) may be useful in
this setting to support a diagnosis of sarcomatoid
carcinoma [62]. Although rare, sarcomatoid differentiation is more common than a primary sarcoma;
therefore, sarcomatoid carcinoma should be considered in any tumor with sarcomatoid features.
The sarcomatoid divergence can be explained by
loss of cell-to-cell and cell matrix adhesion, which
enables the development of metastasis [61]. In a
series of 28 cases of sarcomatoid carcinoma compared with conventional UC, sarcomatoid carcinomas
showed relative increase in mutations in TP53, RB1
and PIK3CA [63]. The authors also showed that
epithelial-mesenchymal transition (EMT) was either
partial or complete, with the complete EMT showing
a worse prognosis. The tumors with complete EMT
showed an entirely mesenchymal phenotype (negative for epithelial markers), rather than a mixture of
epithelial and mesenchymal components (focal retention of epithelial markers). An immunohistochemical
analysis of 28 sarcomatoid carcinomas showed frequent expression of the epithelial-to-mesenchymal
markers vimentin, FoxC2, SNAIL and ZEB1. The
authors suggest the identification of these biomarkers may drive aggressive behavior [62]. Wang et al.
found TERT C228T mutations in 35% of patients
with sarcomatoid UC that resulted in mortality for
all patients, indicating that the presence of TERT
mutation may be indicative of poor prognosis [64].
In a cohort of variant histology tumors, sarcomatoid carcinoma clustered in both the basal-squamous
and genomically unstable groups [18]. The consensus
molecular classification found that sarcomatoid carcinomas were overrepresented in the basal/squamous
group [35].
Patients with sarcomatoid carcinoma usually
present with advanced stage and have worse disease
specific and overall survival compared to conventional UC [65, 66]. These neoplasms should be
considered high-grade carcinomas, but it is not clear
whether they should be treated the same way as
high-grade urothelial carcinoma. There is no optimal
treatment for this variant of UC, as many patients
develop metastasis after surgery [61]. However, a
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number of patients have experienced prolonged survival with the combination of radical cystectomy and
radiation; the role of neoadjuvant chemotherapy is
unclear [65].

Giant cell variant of urothelial carcinoma
Giant cell variant of urothelial carcinoma resembles giant cell carcinoma of the lung and pancreas,
with bizarre pleomorphic cells [67, 68]. The giant
cell component of the tumor varies from 20–100%
and is usually admixed with conventional UC [69].
Lopez-Beltran et al. found that both conventional
and giant cell UC were positive for CK7, CAM
5.2 and AE1/AE3, and epithelial membrane antigen by immunohistochemical staining. Appropriate
immunohistochemical studies can be useful to distinguish giant cell UC from its mimickers, including
secondary involvement of bladder by another primary carcinoma or pleomorphic sarcoma [69]. These
tumors are exceptionally rare, and little is known
about their molecular characterization. The universal clinical outcome for these aggressive tumors is
poor.

Lipid-rich variant of urothelial carcinoma
The lipid-rich variant of urothelial carcinoma is
extremely rare, with fewer than 40 cases reported
[70]. Lipid-rich UC is characterized by eccentrically placed nuclei and clear cytoplasmic vacuoles
resembling large lipoblasts or signet-ring cells [71].
Tumors with this morphology are usually comprised
of 10–50% lipid-rich morphology mixed with either
conventional UC or other variants of UC [70]. The
majority of neoplastic cells have nuclei of intermediate nuclear grade with occasional pleomorphism [72].
Diffuse staining with cytokeratin AE1/AE3 supports
an epithelial phenotype of the lipid cell component
[67]. There is a need for pathologists to be aware of
this rare variant and to be able to distinguish it from
conventional UC, liposarcoma, signet-ring cell carcinoma, and metastatic carcinoma from other organs
[71].
The behavior of lipid-rich morphology is not well
understood, however it appears to be associated with a
poor prognosis [70]. It tends to present as an advanced
stage high-grade UC [72]. It is suggested that patients
with aggressive variants of UC could benefit from
early radical cystectomy [73].

Clear cell urothelial carcinoma
Clear cell UC is characterized by extensive areas
of clear cells, demonstrates distinctive glycogen-rich
cytoplasm and presence of extensive clear cell carcinoma in more than 30% of tumor cells [74, 75].
CK7 and CK20 expression in clear cell carcinomas
makes it harder to differentiate between clear cell
carcinoma and UC and suggests substantial immunoprofile overlap with UC [76, 77]. Positive uroplakin
III immunostaining is present in 50% of clear cell UC
cases [77]. PAX-8 is positive in clear cell carcinomas
of renal or gynecologic origin and may be useful in
the differential diagnosis. Due to the rarity of this
tumor, little is known about its prognosis or optimal
treatment.
Neuroendocrine carcinoma
Neuroendocrine tumors of the bladder include
small cell carcinoma, large cell neuroendocrine carcinoma, well-differentiated neuroendocrine tumor
and paraganglioma. Small cell and large cell neuroendocrine carcinomas may arise from urothelial
neoplasms and frequently are admixed with conventional urothelial carcinoma or other variant
histologies.
Small cell carcinoma comprises <1% of all bladder tumors, with large cell neuroendocrine carcinoma
representing even fewer cases. Morphologically,
small cell carcinoma shows small cells with high
nuclear to cytoplasmic ratio, nuclear molding,
abundant mitotic figures and necrosis. Large cell neuroendocrine carcinoma has larger cells with evident
cytoplasm, finely stippled chromatin and prominent
nucleoli. Both tumors express some combination
of neuroendocrine biomarkers, e.g. synaptophysin,
chromogranin and CD56. Small cell carcinomas are
highly aggressive with over one-third (43.2%) of
tumors in a series of 44 presenting as metastatic disease and a median overall survival of 1.7 years [78].
Additional biomarkers were identified in a study of
63 small cell bladder cancers, with DLL3, PD-L1,
CD56 and ASCL1 differentially expressed by gene
expression profiling and IHC. Multivariate analysis
in this study showed that overall survival was shorter
in patients with DLL3 and CD56 overexpression, and
suggest a possible target for anti-DLL3 therapy [79].
In the consensus molecular classification, small
cell and neuroendocrine carcinomas unsurprisingly
fall into the neuroendocrine-like category [35]. The
neuroendocrine-like group is characterized by TP53
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and RB1 mutations. Almost three-quarters of the
tumors within the neuroendocrine-like category were
confirmed to have neuroendocrine morphology. A
single-patient classifier was developed in a testing set of 175 cases of urothelial cancer, which
identified a specific transcriptomic profile for neuroendocrine bladder cancer. This classifier was then
tested on a cystectomy set and identified cases
with transcriptome-level neuroendocrine features,
which lacked specific neuroendocrine morphology
(neuroendocrine-like tumors.) The neuroendocrinelike cases showed poor overall survival, consistent
with the aggressive behavior of neuroendocrine
carcinoma [80]. Validation of this neuroendocrine
classifier in a subsequent study supported its ability
to identify neuroendocrine-like tumors, with the need
to manage these tumors similar to morphologically
apparent neuroendocrine carcinomas [81].
The established therapeutic regimen for small
cell carcinoma is platinum-based chemotherapy (carboplatin or cisplatin) with etoposide. However,
a recent study showed increased overall survival
and progression-free survival in patients treated
with atezolizumab (Tecentriq, F. Hoffmann–La
Roche/Genentech) plus carboplatin and etoposide
[82].
Urothelial carcinoma with divergent
differentiation
Squamous, glandular, trophoblastic and other morphologies are frequently identified in high-grade
urothelial carcinomas and should be distinguished
from pure squamous cell carcinomas and bladder adenocarcinomas, along with other malignancies. Any
component of urothelial carcinoma, even surface
involvement of urothelial carcinoma in situ, is sufficient to rule out a pure squamous cell carcinoma or
adenocarcinoma. In the absence of any conventional
urothelial component, a pure squamous cell carcinoma or adenocarcinoma should be considered. The
percentage of squamous or glandular features may
provide additional information regarding these risks,
and should be reported.
Lopez-Beltran reported a series of tumors with
histologic variants and found approximately 20% of
tumors exhibited squamous features [67]. Multiple
case series have demonstrated decreased response to
therapy and increased risk of progression in urothelial
carcinomas with squamous features [83–85]. Multiple studies have shown that squamous tumors show
basal molecular expression profiles, which is not
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surprising given that basal markers and squamous
markers overlap. However, the morphologic identification of squamous features did not always cluster
with basal group and tumors in the basal group did not
always have squamous features [86]. RNA expression analysis of tumors with both urothelial and
squamous components showed divergent molecular
subtypes in 25% of cases, indicating that morphologic
variation indicates molecular variation [87]. A study
of urothelial cancer variants and PD-L1 expression
demonstrated high tumor cell staining in squamous
differentiation when compared to other variants [88].
Glandular features are less commonly identified in
urothelial carcinoma and usually present as intestinal type glands with mucinous secretion or malignant
cells within pools of extracellular mucin. Similar to
squamous features, a glandular component in urothelial carcinoma also portends worse prognosis [67,
89]. Despite these findings, mixed histologic features
(including glandular or squamous differentiation) did
not confer worse response with neoadjuvant MVAC
chemotherapy in a secondary analysis of the Southwest Oncology Group study S8710 [90].

PRIMARY SQUAMOUS CELL
CARCINOMA
Falling under the squamous cell neoplasms categorization, pure squamous cell carcinoma (SCC)
represents 1–7% of all newly diagnosed bladder
cancer cases in the United States [91]. It is important to note that pure SCC differs from UC with
squamous cell features, which accounts for 40–60%
of cases of urothelial carcinoma [92]. The diagnosis of squamous cell carcinoma is reserved for
tumors that are solely composed of keratin-forming
squamous cells, lacking any identifiable urothelial
component in patients without a history of conventional urothelial carcinoma [93]. General risk factors
for squamous cell carcinoma include smoking, urinary tract infections, schistosomiasis, and chronic
irritation from catheterization. Histologic markers for
the development of squamous cell carcinoma include
keratinizing squamous metaplasia, squamous carcinoma in situ, and verrucous squamous hyperplasia
[94].
Cyclooxygenase (COX)-2 is a protein that has
been found to be important in carcinogenesis. COX2 is undetectable in normal bladder tissue, but
is expressed in SCC, which suggests that chronic
inflammation leads to production of COX-2, and in
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turn, induces the development of SCC. Therefore,
inhibiting the peroxidase activity of COX-2 may help
reduce the incidence of SCC [95]. In addition, EGFR
is a type I tyrosine kinase growth factor receptor that
transduces signals controlling aspects like cell growth
and differentiation [96]. The presence of EGFR outside of the urine is extremely rare. Guo et al. found
expression of EGFR in all invasive squamous cell
carcinomas (n = 16), which suggests that EGFR may
play a role in this variant [93]. There may be potential
for targeted therapeutics that inhibit EGFR signaling
in squamous cell carcinoma.
Most squamous cell carcinomas present with
advanced, muscle-invasive disease [93]. It is two
times more likely that squamous cell carcinomas
(84%) will present with advanced disease when compared to UC (42%) [85, 97]. Radical cystectomy
provides better outcomes compared with radiation
therapy and chemotherapy, although neoadjuvant
radiation may benefit a number of patients with
locally advanced disease. There is no clear role for
neoadjuvant chemotherapy in primary squamous cell
carcinoma. Preliminarily data are emerging that show
neoadjuvant pembrolizumab has activity in squamous cell carcinoma of the bladder [98]. A better
understanding of the morphological variations associated with SCC tumors is needed in order to develop
a more concrete therapeutic approach [93].

colorectal adenocarcinoma. This pattern is composed of intestinal-type glands with pseudostratified
columnar cells and cellular atypia. Intracellular or
extracellular mucin is often present. Mucinous adenocarcinoma is characterized by abundant extracellular
mucin with floating carcinoma cells. Mixed adenocarcinomas are comprised of a mix of more than one
pattern of growth [102]. The presence of signet ring
cells has been linked to a worse prognosis [89].
Limited data exist on the molecular profile of
bladder adenocarcinoma. A molecular analysis of
15 primary bladder adenocarcinomas identified alterations in numerous genes within the MAPK, mTOR,
Wnt, and Tp53/Rb1 pathways, with TP53, PIK3CA
and KRAS being the most frequently mutated genes
[103]. Adenocarcinoma is less likely to demonstrate
high tumor mutation burden when compared to conventional UC [98]. These molecular findings show a
close genetic relationship to colorectal adenocarcinomas and suggest options for possible targeted therapy
trials.
Principles for chemotherapy are derived from the
management of mucinous adenocarcinomas arising in other sites, most notably the colon using
fluoropyrimidine-based regimens. There is a need for
more effective chemotherapy for these carcinomas
[104].

URACHAL CARCINOMA
PRIMARY BLADDER
ADENOCARCINOMA
Included in the WHO category of glandular neoplasms, primary adenocarcinoma is an extremely rare
bladder malignancy with an incidence of 0.5–2%
[99]. Adenocarcinoma of the bladder is a tumor that
is composed entirely of malignant glandular epithelium, without any conventional urothelial carcinoma
present [100]. Differential diagnosis is extremely
difficult on small biopsies with poorly differentiated tumors [101]. Risk factors include urinary
bladder exstrophy, intestinal metaplasia resulting
from chronic irritation and obstruction. Metastatic
adenocarcinoma, especially from the colon and gynecologic sites, should be excluded before making a
diagnosis of primary bladder adenocarcinoma. Full
work-up can be achieved by extensive clinical, endoscopic and radiologic evaluation [101].
There is a range of morphologic appearances
in adenocarcinoma of the bladder. The enteric
type adenocarcinoma displays similar histology as

Urachal carcinomas represent a subset of primary
adenocarcinomas of the bladder, but are designated
separately in the WHO classification [105]. These
tumors may consist of mucinous, enteric, not otherwise specified, and signet ring cell types [106].
Urachal carcinomas arise from the urachal remnant
and involve the dome of the bladder. For patients
with surgically resectable disease, a partial cystectomy with en-bloc resection of the urachal ligament
with the bladder dome and umbilicus and lymph node
dissection is performed.
Next-generation sequencing was performed on
70 urachal carcinomas and showed mutations in
TP53, KRAS, BRAF and PIK3CA, which are commonly mutated in colon cancer [107]. In a series
of 12 urachal adenocarcinomas analyzed by targeted
exon sequencing and transcriptome profiling, investigators found that urachal adenocarcinoma closely
resembles colorectal cancer with a subset of cases
showing a microsatellite unstable phenotype. A single patient in this series underwent treatment with
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Table 1
Summary of Urothelial Variants and Their Key Diagnostic, Molecular and Clinical Features
WHO Recognized
Urothelial Variant
Histology

Diagnostic Features

Molecular Features

Clinical Features

Nested, including large nested

Small or large nests of
“low-grade” appearing
urothelial cells with
irregular infiltrating
pattern

TERT promoter mutations;
Luminal or urothelial-like
molecular subtype

Often present at higher stage;
however, stage for stage
prognosis is similar to
conventional urothelial
carcinoma

Microcystic

Round micro- or
macrocysts with thin
lining of low-grade
urothelial cells,
irregular infiltrating
pattern; may be related
to nested pattern

Unknown

Often presents at higher
stage; behaves like
conventional urothelial
carcinoma

Micropapillary

Nests of tumor without
fibrovascular cores,
multiple nests within
single lacunar space,
reverse polarity of
nuclei

Downregulation of
miRNA-296, activation of
RUVBL1, overexpression of
HER2; Luminal nonspecified
molecular subtype

Aggressive disease;
lymphovascular invasion.
Stage for stage similar
prognosis to conventional
UC. Possible HER2 targeted
therapy. No consensus on
optimal treatment.

Lymphoepithelioma-like

Undifferentiated
syncytial growth of
epithelial cells within
dense mixed
inflammatory cell
infiltrate; EBV negative

Basal-like molecular subtype

Older data showing
pure/predominant LELC may
have better response to
chemotherapy; no consensus
on optimal treatment

(Continued)
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(Continued)

WHO Recognized
Urothelial Variant
Histology

Diagnostic Features

Molecular Features

Clinical Features

Plasmacytoid/signet ring cell/diffuse

Single discohesive cells
infiltrating within
myxoid background;
morphologic overlap
with plasma cells.
Differential diagnosis
includes plasmacytoma,
melanoma, metastasis
from GI or breast

Nonsense mutation in CDH1,
e-cadherin loss by
immunohistochemistry.
Urothelial-like molecular
subtype

Aggressive disease with
frequent perivesical and
peritoneal involvement;
higher rates of recurrence
when compared to
conventional urothelial
carcinoma

Sarcomatoid

Biphasic malignant
epithelioid and
mesenchymal
neoplasm; may have
heterologous
sarcomatous elements
(osteosarcoma,
chondrosarcoma)

Basal-squamous subtype

Aggressive, often presents
with nodal or visceral
metastatic disease.
Cystectomy recommended.
Heterologous elements may
impart worse prognosis.

Giant cell

Pleomorphic giant cells
often admixed with
poorly differentiated
urothelial carcinoma;
more common in renal
pelvis

Unknown

Highly aggressive with
uniformly poor outcomes

Lipid-rich

Urothelial cells with
numerous cytoplasmic
vacuoles which indent
the nucleus resulting in
a “lipoblast-like”
appearance

Unknown

Presents at higher stage with
high mortality

(Continued)
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Table 1
(Continued)
Clear cell

Voluminous, clear
glycogen-rich
cytoplasm; differential
diagnosis includes clear
cell adenocarcinoma

Unknown

Rare variant, prognosis
uncertain. Radical surgery
with adjuvant chemotherapy
suggested

Neuroendocrine Carcinoma

Small cell carcinoma
demonstrates high
nuclear to cytoplasmic
ratio with nuclear
molding, frequent
mitotic figures and
necrosis

Neuroendocrine-like group,
TP53 and RB1 mutations

Aggressive disease often
presenting with metastatic
disease; platinum-based
chemotherapy with etoposide;
atezolizumab in trials

Urothelial Carcinoma with Squamous
Features

Keratinizing cells
(present at arrow) or
intracellular bridges
consistent with
squamous derivation.
Must be admixed with
conventional urothelial
carcinoma

Basal-squamous subtype;
high PD-L1 expression

Worse prognosis than
conventional urothelial
carcinoma without squamous
features. Increasing amounts
of squamous features may
drive behavior

Urothelial Carcinoma with Glandular
Features

Intestinal type glands
with mucinous
secretions or
extracellular mucin
containing malignant
cells. Must be admixed
with conventional
urothelial carcinoma.

Unknown

Worse prognosis than
conventional urothelial
carcinoma. Increasing
amounts of glandular features
may drive behavior.
Fluoropyrimidine-based
chemotherapy often used for
advanced disease. No clear
role for neoadjuvant
chemotherapy

(Continued)

118

M. Alderson et al. / Histologic Variants of Urothelial Carcinoma
Table 1
(Continued)

WHO Recognized
Urothelial Variant
Histology

Diagnostic Features

Molecular Features

Clinical Features

Primary Squamous Cell Carcinoma

Exclusively composed
of keratinizing
squamous cell
carcinoma without
conventional urothelial
carcinoma. Must
exclude secondary
involvement by
gynecologic squamous
cell in women.

EGFR expression; high
PD-L1 expression

Presents at locally advanced
stage, metastatic presentation
rare. Cystectomy may lead to
better outcomes than
radiation or chemotherapy.
No clear role for neoadjuvant
chemotherapy

Primary Adenocarcinoma

Exclusively composed
of malignant glandular
neoplasm without
conventional urothelial
carcinoma. Primary
bladder
adenocarcinoma is a
diagnosis of exclusion
once all other potential
primary sites have been
excluded

TP53, PIK3CA and KRAS
mutations

Clinically aggressive
presenting at advanced stage
with nodal metastasis. No
established gold standard for
therapy, typically use
standard adenocarcinoma
chemotherapy regimens
(fluoropyrimidine-based)

immune checkpoint blockade, resulting in stabilization of their metastatic disease [107–109].
Although there is no standard chemotherapy,
5-fluorouracil-based chemotherapy regimens are
generally used. Based on the mutational profile with
mutations in the RAS pathway, anti-EGFR therapy
may be effective in these tumors. The possibility of including immune checkpoint inhibitors is
also promising for this rare disease and a clinical
trial of chemotherapy (fluorouracil, leucovorin calcium, gemcitabine, and cisplatin) is underway to
evaluate efficacy in adenocarcinoma of the bladder
(NCT00082706); this study is no longer recruiting
patients, however.
CLINICAL TREATMENT IMPLICATIONS
Evidence based guidance for clinical treatment of
histologic variants of UC is lacking, given that variants have largely been excluded from clinical trials in
the past. Recently, an expert panel from a FDA/NCI
workshop on eligibility for bladder cancer adjuvant
clinical trials concluded that patients with UC with
predominant (≥50%) urothelial carcinoma with a
component of variant histology may be enrolled in

adjuvant trials [110]. If sufficient numbers of patients
are enrolled with specific histologic variants, subset
analyses should be performed; however, pure nonUC tumor such as small cell carcinomas should be
analyzed separately. The selection of ≥50% (predominant) urothelial histology component is arbitrary but
a reasonable consensus-based cut off point; however,
the impact of the specific non-urothelial histology
proportion on tumor biology, treatment response and
clinical trial outcomes is still unclear.
A recently launched and important National Clinical Trials Network (NCTN) Alliance phase 2 trial
A031702 (ICONIC) is evaluating a novel combination regimen (ipilimumab, cabozantinib and
nivolumab) in rare genitourinary cancers comprising
unusual bladder tumors. These tumors will include
adenocarcinoma, squamous cell carcinoma and small
cell carcinoma, as well as variants of urothelial
carcinoma including plasmacytoid, sarcomatoid and
others (NCT03866382).
CONCLUSION
Variant and divergent histology is common in
bladder cancer and must be recognized, quantified

M. Alderson et al. / Histologic Variants of Urothelial Carcinoma

and reported accurately by an expert pathologist.
There is still uncertainty regarding the biological,
predictive, prognostic and treatment implications of
UC histologic variants. Therefore, the identification and consistent reporting of variant histology
in UC is essential. Additional dedicated prospective
clinical trials with defined criteria and endpoints,
translational research, registries, databases and
biorepositories are needed to better define treatment
strategies and biomarkers for patients with distinct
histologic variants of urinary tract cancer.
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