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Review Article

Combination of histological and molecular data for improving 
outcome prediction in non-muscle invasive bladder cancer—
narrative review
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Abstract: The majority of patients with bladder cancer are diagnosed in non-muscle invasive stage. 
Most of them will experience recurrence or progression to more aggressive disease during follow-up. That 
raises the need for improvements with regard to risk assessment. Current risk stratification, based only 
on clinicopathologic features, does not fully reflect biological heterogeneity of the cancer and its role in 
prognosis. Many studies addressed the topic of variant histology and its influence on treatment and outcomes. 
It has been shown that accurate identification of variant histology implicates patient prognosis and inform 
right treatment decisions. Most studies on histological variants of bladder cancer suggest a more aggressive 
clinical course, with higher risk of recurrence and progression than in conventional urothelial cancer, 
even when diagnosed in non-muscle invasive stage. That prompts early aggressive treatment approach 
whenever variant histology is detected. Emerging genomic information are expected to complement clinical 
and pathological data and change the paradigms in the management of bladder cancer. Several reports 
highlighted the clinical significance of molecular stratification of bladder cancer, but the available evidence 
is based on retrospective data. Molecular subtyping gives promise not only for improving risk assessment, 
but also in predicting response to Bacillus Calmette-Guerin (BCG) or chemotherapy. Finally, molecular 
alterations might become targets for novel drugs to improve the overall response of these patients. However, 
its implementation into clinical practice requires further validation in prospective trials, especially in the 
context of non-muscle invasive bladder cancer.
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Introduction

According to epidemiological data, bladder cancer (BC) 
is 7th most prevalent cancer in males and 11th in both 
genders (1). Approximately 75% of patients are diagnosed 
with non-muscle invasive bladder cancer (NIMBC), while 
the remaining present with muscle-invasive disease. Almost 
70% of patients with NIMBC will develop recurrence after 
treatment of primary tumor, and up to 30% will progress 
into more aggressive disease (2). Several factors have been 
linked with the risk of BC development. Active and passive 
smoking are the most relevant risk factors, found almost 
in half of the cases (3). Occupational exposure to aromatic 
amines, polycyclic aromatic hydrocarbons and chlorinated 
hydrocarbons is the second most important risk factor 
for BC, accounting for up to 25% of all cases (4). Bladder 
schistosomiasis and other chronic urinary tract infections 
have been shown to increase the risk of BC. There is also a 
well-described relationship between Bilharzia and squamous 
cell variant of BC (3,5). Increased rates of secondary 
bladder carcinomas have been reported after radiotherapy 
for pelvic malignancies (3). There is also difference in BC 
prevalence between both genders, with higher incidence 
among men, however women present with more advanced 
disease and have worse survival rates (3). There is growing 
evidence that genetic factors and family association may 
influence the incidence of BC. Several susceptibility loci 
have associated with BC risk have been identified (6). 
Genetic predisposition may also influence the incidence of 
BC through its impact on susceptibility to other risk factors 
(3,6). Possible association was also suggested for the use of 
cyclophosphamide and pioglitazone. The role of dietary as 
well as metabolic factors remains uncertain (3).

The white-light cystoscopy of the bladder with 
histological evaluation of the tissue obtained by either 
cold-cup biopsy or transurethral resection (TURB) are the 
current standard in diagnosis and primary treatment of 
BC (7). Given the high overall risk of tumor recurrence, 
strict follow-up is recommended with regular cystoscopy 
and resection in case of relapse. Several intravesical 
treatment modalities have been proposed in order to 
reduce recurrence and prevent progression do muscle-
invasive stage, with Bacillus Calmette-Guerin (BCG) 
instillations being the most efficient one (8). Treatment 
and surveillance strategies for patients with bladder cancer 
are currently dictated by histologic evaluation of resected 
tissue, including determination of tumor grade and stage. 
Current risk stratification in NMIBC is based on European 

Organisation for Research and Treatment of Cancer 
(EORTC) and Spanish Urological Club for Oncological 
Treatment (CUETO) scoring systems (9,10). According 
to these nomograms, three prognostic subgroups of low, 
intermediate and high-risk can be distinguished which 
directly influences treatment decisions (9,10). In this 
setting, prognosis relies on clinicopathologic features that 
do not reflect the biological heterogeneity of the cancer.

It is becoming more apparent that reliable evaluation 
of the tumor’s aggressiveness and optimal management of 
BC requires accurate assessment of the tumor’s biological 
characteristics. Many studies addressed the topic of variant 
histology (VH) in the context of muscle-invasive (MIBC) 
and metastatic BC, and its influence on treatment and 
outcomes. Despite the large prevalence of NMIBC, data 
concerning the effect of variant histology on prognosis 
is scarce and true clinical variant histology significance is 
controversial.

Along VH, molecular subtyping is another emerging 
diagnostic modality with the potential for improving 
prediction of recurrence and progression in NMIBC. 
Over the years, several biomarkers have been identified 
for prognostic purposes, such as mRNA gene expression 
signatures, panels of epigenetic and immunohistochemistry 
markers in order to complement the pathologic evaluation 
and improve prognosis in NMIBC. Based on molecular 
data, several retrospective studies proposed tumor 
molecular sub classification and associated these subtypes 
with different prognoses.

It seems promising that the combination of histological 
and molecular information can be more accurate for 
predicting clinical outcome. Most of available literature 
focuses on the topic mainly in the context of MIBC or both 
MIBC and NIMBC, whilst studies regarding NMIBC alone 
are lacking. In this review, we present the most relevant 
findings regarding both histological and molecular variants, 
specifically in the setting of NMIBC, that have been reported 
over the recent years. We present the following article in 
accordance with the Narrative Review reporting checklist 
(available at http://dx.doi.org/10.21037/tcr-20-2257).

Relevance of TURB and pathology in diagnosis 
of histological variants and molecular evaluation

Diagnosis of histological variants, as well as correct 
molecular subtyping, relies strongly on the amount and 
quality of tissue obtained during TURB. Several factors 
can influence the quality of resected samples. Firstly, 
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NMIBCs can be very small in size which makes it difficult 
to obtain enough representative tissue for histological and 
thorough genomic analysis. Secondly, the use of cautery 
and resulting burning effect can cause tissue degradation, 
making the reliable evaluation challenging. The operation 
time has been also adversely associated with the extent 
of mRNA degradation (11). Another important factor is 
the method of tissue preservation. It has been shown that 
in frozen samples mRNA is relatively stable, while when 
formalin-fixed and paraffin-embedded, mRNA is often 
severely degraded (11). Also, it has to remembered that 
specimens can contain a large number of other components, 
such as immune or stromal cells. Therefore, an improper 
purification of resected tissue can affect the results of 
molecular subtyping (12). Finally, quality of histological 
or molecular subtyping can be affected by intratumoral 
heterogeneity. A study by Warrick et al. clearly showed 
that tissue samples obtained from different tumour sites 
can present different molecular patterns (13). Similarly, 
a coexistence of different histological variants within the 
same tumour has been described (14). The importance of 
resection quality with regard to VH has been addressed in 
several studies. In a report by Cai et al., authors evaluated 
TURB specimens of patients undergoing radical cystectomy 
(RC) and found significant disagreement between TURB 
and radical cystectomy specimens. Out of 4,110 patients, 
579 were found to have VH in cystectomy specimens, 
while after TURB variant histology was confirmed in  
266 patients (15). Similarly, Moschini et al. analyzed a 
group of 779 patients treated with TURB with subsequent 
cystectomy. A low concordance between the two specimens 
was found in general and depended on the type of  
variant (16). In contrast to these reports, Abufaraj et al.  
reviewed 268 patients who underwent TURB with 
subsequent radical cystectomy, and found 83.6% agreement 
between the histopathological reports (17). 

Having considered all these elements, obtaining high-
quality samples is the crucial step to reliably classify 
tumours on the basis of their histological and molecular 
characteristics. 

Prognostic role of histological variants in NIMBC

The heterogeneity and wide variety of histopathological 
patterns have been well described for urothelial carcinoma. 
The term variant histology includes urothelial cancer (UC) 
with presence of other morphologies, such as urothelial 
cancer with mixed histologic features as well as pure non-

urothelial cancers (1). In this review, we analyzed data 
regarding coexistence of divergent morphology with 
conventional urothelial component. The 2016 WHO 
Classification of Tumours of the Urinary System and Male 
Genital Organs emphasized prognostic importance of 
variant histology by distinguishing the category of UC with 
divergent differentiation. According to this classification, 
bladder cancers can be classified as urothelial and non-
urothelial tumors (2). There is a consensus that the presence 
of divergent morphology and some estimate of its quantity 
should be reported. 

Squamous dif ferentiat ion is  the most  common 
histological variant with estimated incidence up to 40% of 
invasive BCs and mostly associated with Bilharzia infection 
with higher frequency in Middle East countries (18).  
However, non-bilharzial squamous pattern can occur in 
Western populations and has been linked to recurrent 
urinary tract infections, bladder stones, indwelling 
catheters, pelvic radiation therapy, intravesical treatment 
with BCG, as well as exposure to cyclophosphamide (19-21). 
Histologically, it is defined by the presence of intercellular 
bridges or keratinization (14,22). Squamous differentiation 
has to be distinguished from pure squamous cell carcinoma 
in which no urothelial carcinoma component can be  
found (23). True incidence of squamous differentiation in 
NMIBC is unknown, owing to the fact that this pattern in 
low‐stage tumours is often focal and can be often missed 
during conventional evaluation (23).

Squamous patterns detected in the histopathological 
specimen represents a negative prognostic factor. In a 
study by Lopez-Beltran et al. (23), it was found that Ta/
T1 tumours with squamous differentiation carry a greater 
risk of recurrence than pure UC. However, no association 
was found in terms of survival, suggesting that its effect 
on survival status is probably related to higher grade and  
stage (23).

In a paper by Li et al., a retrospective analysis was 
conducted in order to assess the efficacy of intravesical 
chemotherapy in T1 tumours with or without squamous 
component. Treatment protocol comprised of initial TURB 
and subsequent intravesical chemotherapy with epirubicin 
or hydroxycamptothecine. In this study, squamous 
differentiation of pT1 bladder UC was associated with 
higher tumour recurrence and progression rates, especially 
for high-grade tumours. It suggests that this variant might 
predict poor response to intravesical chemotherapy. Yet, no 
clear difference regarding survival was found (24).

In another study evaluating the efficacy of intravesical 
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therapy in variant histology NIMBC, it was found that 
patients with variant bladder cancer, including squamous 
pattern, had significantly worse prognosis in terms of 
progression, recurrence and survival, compared to patients 
with pure urothelial tumors (25).

These findings are somehow consistent with the 
results of several studies on MIBC in which squamous 
differentiation was found to be associated with higher 
progression rates and worse oncological outcomes (26,27). 
A poor response to chemotherapy or radiation therapy was 
shown in some studies, which once more may be associated 
with advanced stage of the disease rather than histology 
itself.

In contrast to abovementioned studies, some authors 
reported comparable survival rates between patients 
with squamous differentiation and those with pure UC, 
when adjusted for tumour stage (28,29). Interestingly, 
the importance of early diagnosis and aggressive surgical 
treatment was underlined by the SEER database (30). In 
this analysis, a subgroup of patients with squamous cell 
carcinoma was reviewed, and it was found that among those 
with T1 disease who did not undergo radical cystectomy, a 
squamous subtype was a strong and independent predictor 
of poor cancer specific survival. Athwart, among cases with 
stage T1 in which the bladder was removed as a part of the 
initial treatment, squamous histologic features were not 
associated with increased mortality when compared to pure 
UC (30).

Treatment of SCC

The precise data regarding management of squamous 
differentiation in non-muscle invasive disease are lacking. 
Bearing in mind that the presence of squamous component 
might carry a higher risk of recurrence and progression, as 
well as poorer response to intravesical chemotherapy, early 
radical cystectomy (RC) is considered the most suitable 
treatment option (24-26).

In the previously mentioned study by Gang Li, it was 
concluded that patients with high-grade and recurrent 
NMIBC with squamous differentiation should undergo 
early RC to prevent disease progression (24).

The efficacy of intravesical therapy in variant histology 
NIMBC has been evaluated by Gofrit et al. A group of 
41 patients received BCG immunotherapy. The results 
suggest inferior performance in tumors with squamous 
differentiation with progression rates to muscle-invasive 
disease of up to 45% within 2 years and subsequent death in 

almost all patients with progression (25).
Urothelial cancers with glandular differentiation are the 

second most common form of divergent differentiation, 
seen in up to 18% of all BCs (31). Pathologically, they 
are defined by the presence of gland formation within the 
tumour which may have tubular, enteric, signet-ring and 
villous-like appearance. UCs with glandular differentiation 
may be seen occasionally associated with urothelial CIS with 
glandular differentiation. Similarly to squamous variant, a 
tumour with mixed glandular and urothelial component is 
classified as UC with glandular differentiation. Therefore, 
patients with only glandular differentiation should be 
labelled as adenocarcinoma (32,33).

The meaning of glandular differentiation in NIMBC in 
terms of poorer outcomes is debatable, as there is paucity 
of literature on this variant with small groups of patients 
being reported. Most published reports have not assessed 
glandular differentiation in isolation, but rather in a 
combination with squamous pattern.

The  l a rges t  ser ie s  o f  NMIBC wi th  g landular 
differentiation was reported by Miller and Epstein (34). 
In that series, 6 out of 7 patients treated with BCG were 
eligible for follow-up. None of them developed recurrence. 
Similar results were achieved by Shapur et al., who reported 
group of only 4 patients with glandular variant non-invasive 
tumours. After a median follow-up of 22 months, none 
developed recurrence or progression (35).

In a series by Mitra et al., after matching for stage 
and percentage of variant, similar survival outcomes 
were reported in patients with glandular differentiation 
compared to patients with pure UC (36). In a study by 
Kim et al., similar survival outcomes between tumours with 
glandular differentiation and conventional UC were found 
after stage adjustment, however, patients with squamous 
and/or glandular differentiation were more likely to have 
extravesical tumours and node positive disease (37).

Although data regarding treatment are sparse, BCG 
instillations seem to outperform other forms of intravesical 
therapies and might be performed in patients with glandular 
variant of NMIBC (38). It has to be emphasized, that this 
is not the case in pure adenocarcinoma which is considered 
an aggressive disease and should be treated aggressively  
with RC.

Sarcomatoid variant is another rare variant with 
reported incidence that ranged from 0.3% of all urothelial  
cancers (39). However, some authors report that sarcomatoid 
foci can be found in up to 6% of UC (40). This type 
exhibits features of both epithelial and mesenchymal 
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differentiation. Due to highly variable morphology, the 
diagnosis is often challenging (41). This variant frequently 
presents at an advanced stage and has worse overall survival 
when compared with pure UC, even after adjustment for 
stage (42,43). There are no reports that assessed outcomes 
of TURB alone or with intravesical instillation. One 
study concluded that RC should be the preferred option 
for patients with T1 disease, rather than intravesical  
therapy (44). Other reports confirm the importance of early 
radical treatment, preferably radical cystectomy without 
neoadjuvant chemotherapy as it did not show any clinical 
benefit (45).

Micropapillary variant has a prevalence of about 
0.6–1% of all BCs with significant male predominance. 
Microscopically, it is characterized by small nests and 
aggregates of tumour cells within lacunae without vascular 
cores (2). This variant often presents at high pathologic 
stage and has low survival rates. However, studies 
comparing outcomes after RC did not find increased 
recurrence rates or adverse cancer-specific survival in 
micropapillary carcinoma, when compared to pure UC (46). 
Relatively high proportion of micropapillary component 
has been shown in NMIBC with most patients presenting 
with T1 or CIS lesions (47,48). The role of bladder sparing 
treatment in this histological variant has been examined. 
In a study by Kamat et al. (47), a high incidence of BCG 
failure was reported with 67% progression rate occurring 
at median of 8 months. Among patients treated with RC 5- 
and 10-year overall survival was 71% and 53%, respectively. 
None of the patients treated with bladder preservation 
strategy survived 10 years (47). Similar observations 
were achieved by Spaliviero et al. who analyzed a group 
of 36 cases with either T1 or CIS with micropapillary 
component. Patients were managed by either early RC or 
BCG instillations with deferred cystectomy. The reported 
5-year cancer specific mortality was 25% in the group 
managed conservatively, compared to 17% in those who 
were treated with early RC (49). Willis et al. (48) reported 
a group of 72 patients treated with either BCG or up-front 
cystectomy. A 5-year disease specific survival was 100% for 
patients undergoing cystectomy, whereas 60% in the group 
managed conservatively. In addition, almost half of the 
patients treated with bladder preserving protocol developed 
progression (48). In contrast to these results, Jackson et al. 
retrospectively reviewed the outcomes of 40 non-invasive 
tumors with micropapillary features in order to identify 
patients who might be managed conservatively (50).  
The cohort was divided into two groups of superficial and 

invasive micropapillary differentiation. It was reported that 
superficial type is associated with higher median overall of 
63 months, compared to 47 months in the second group. 
Thus, authors concluded that detailed pathological analysis 
may help identify patients with non-invasive micropapillary 
tumors that could be managed without immediate RC (50). 
A meta-analysis by Abufaraj et al. showed significantly lower 
survival rates for patients with T1 micropapillary bladder 
cancer treated with TURB plus BCG instillation, compared 
to those managed by early-cystectomy (51). In a recently 
published EAU-ESMO consensus, most experts agreed 
that RC with lymph node dissection represents the optimal 
approach in the treatment of T1 high-grade bladder UC 
with micropapillary histology (52).

Plasmocytoid variant is a rare and aggressive variant 
which is characterized by the presence of mononuclear 
tumour cells with plasmacytoid, lymphoid, or even rhabdoid 
features. Also, single cells with cytoplasmic vacuoles that 
impart a signet ring cell appearance are commonly seen 
in this variant (53). At the time of diagnosis, it usually 
occurs as extravesical disease with distant metastasis and is 
associated with poor prognosis (54). In a recent study by Li 
et al., a group of 98 patients with plasmocytoid carcinoma 
undergoing cystectomy was analysed. Plasmocytoid features 
were associated with advanced stage and higher rate of 
positive lymph nodes and positive margins. However, this 
was not associated with worse survival outcomes when 
compared with patients with pure UC (55). Therefore, RC 
with chemotherapy should be considered as a treatment of 
choice (56).

A nested variant represents another rare entity with 
relatively small numbers reported in the literature. 
Histologically, it is characterized by bland tumour cells that 
can form solid expansile or infiltrative nests or tubules (57).  
The true incidence of nested pattern in NMIBC is 
unknown, and so is the optimal management. It usually 
presents at advanced stage with muscular and nodal invasion 
and only up to 30% of nested variant cases are non−muscle-
invasive at the time of diagnosis. It may be related to the 
late diagnosis frequently associated with this tumour (58,59). 
This variant can imitate  benign urothelial proliferations, 
especially  in superficial transurethral resections and cold-
cup biopsies, thus some authors underlined the importance 
of restaging TURB to confirm non-muscle invasive  
status (59). Mally et al. retrospectively reviewed 30 patients 
with stage T1 tumours with nested features in order to assess 
if there is a difference in progression, metastasis or cancer-
specific survival compared to patients with pure UC (59).  
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No major differences in these parameters were found after 
matching for stage. However, patients with T1 disease in 
restaging TURB had higher rates of upstaging and nodal 
metastases in cystectomy specimens, compared to those 
with Ta disease. Still, after surgical treatment with an early 
cystectomy, there was no survival difference between nested 
variant tumors and pure UC. Authors also concluded that 
patients with <T1 in restaging TURB may be considered 
for conservative management (59). In study by Gofrit et al. 
evaluating the response to intravesical immunotherapy in 
VH tumors, a subgroup of 7 nested variant non-invasive 
tumors was reported. It was shown that this pattern had 
significantly worse prognosis compared to patients with 
conventional tumors in recurrence, progression and survival 
rates (25). 

Next VH of UC is a trophoblastic differentiation with 
elevated beta-human chorionic gonadotropin levels. These 
tumours are rare and have been associated with a poor 
prognosis. Elevated levels of beta-HCG have been linked to 
poor response to chemo- and radiotherapy (60,61). Up to 
date, there has been no study comparing tumours of similar 
grade and stage with and without trophoblastic component. 
Also, there has been no study investigating the relevance of 
trophoblastic differentiation NMIBC for risk of recurrence 
and progression.

Another manifestation of divergent differentiation 
is neuroendocrine variant which is most frequently 
represented by small cell carcinoma. Small cell carcinoma 
accounts for approximately 1% of all bladder tumours 
and is rarely seen in non-muscle invasive stage (62). This 
variant can coexist not only with conventional UC, but 
also with squamous or glandular component. Most patients 
present with advanced or metastatic disease at the time of  
diagnosis (63). Thus, any amount of small cell component 
has to be reported as there is a need for early aggressive 
treatment, also for non-muscle invasive disease. There is an 
evidence that neoadjuvant chemotherapy followed by RC 
represents the optimal treatment option (64). 

Molecular variants in non-muscle invasive bladder 
cancer

Over the recent years, many attempts have been made 
to identify molecular markers that would help not only 
to improve risk assessment for tumour recurrence or 
progression, but also to predict response to treatment and 
eventually to establish new, targeted treatment strategies. 
The constant improvement in immunochemical and 

genomic techniques resulted in identification of multiple 
markers, such as expression of different cell cycle genes, 
receptor tyrosine kinases, angiogenetic factors, cytokeratins, 
cell adhesion genes, mRNA and microRNA expression 
signatures (65-67). Several studies evaluated the clinical 
utility of these biomarkers in NMIBC, with P53, P27, Rb, 
Ki-67, FGFR3 being the most thoroughly investigated 
ones (67). Some of them were found to have prognostic 
value, but their ability to predict oncological outcomes with 
sufficient precision was limited (68-70). Thus, it has been 
postulated that a panel of biomarkers could improve their 
predictive accuracy, yet, the further studies assessing this 
matter reported conflicting results (71-73).

Nevertheless, the research in the field of molecular 
markers have been useful in determining specific gene 
expression profiles that have helped to define subgroups 
within bladder cancer. Similar approach was used in breast 
cancer, where molecular subdivision to four distinct groups 
was found to have significant prognostic impact (74). Over 
the last years, different research teams independently 
identified a variety of subtypes of bladder cancer based on 
RNA and immunohistochemical expression characteristics 
(75,76). Most of this work has been carried out in MIBC, 
where relationship between expression subgroups and 
outcome as well as treatment response has been found 
(75-77). The data regarding molecular subclassification in 
NMIBC is less extensive (78,79). 

One of the earliest attempts to classify bladder cancer in 
terms of molecular characteristics was made by Lindgren 
et al., who analyzed 144 samples, including both muscle 
invasive and non-muscle invasive lesions, and identified two 
molecular subtypes of MS1 and MS2 (75). It was shown that 
MS1 tumours presented with frequent FGFR3/PIK3CA 
mutations and were mainly Ta, while MS2 cancers were 
≥T2 and characterized by TP53/MDM2 alterations and 
RB1 losses, as well as higher rates of genomic instability. 
Both Ta and T1 tumours were further divided into two 
distinct subtypes. By using two different algorithms, 
researchers were able to define specific gene signatures that 
were predictive for progression and survival (75). 

This concept was further extended by the Lund 
University team which included a group of 200 Ta and 
T1 tumours out of total 308 cancers (78). After wide gene 
expression profiling and immunohistochemical evaluation, 
five subtypes of bladder cancer were defined—urobasal A 
and B, genomically unstable, squamous-like and infiltrated. 
The urobasal A group was characterized by KRT5 and 
FGFR3 overexpression, while urobasal B group shared 
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features of urobasal A and the other subtypes. Genomically 
unstable tumors were harboring TP53 mutations and ERBB2 
overexpression, whereas a squamous cell carcinoma-like 
subtype was recognized by squamous cell differentiation, 
overexpression of basal keratins. Eventually, a group of 
infiltrated tumors was distinguished, characterized by 
infiltration of immunologic cells and extracellular matrix 
gene expression. Importantly, these molecular subtypes 
showed distinct survival patterns in which urobasal A 
showed good prognosis, genomically unstable and the 
infiltrated group intermediate, and the urobasal B and the 
squamous-like carried the worst prognosis. There was no 
strict overlap between defined molecular subtypes and 
pathologic stage. Even though most of Ta, G1 and G2 
tumors were predominantly of the urobasal A subtype, all 
of molecular subtypes were found among T1 tumors and 
no fundamental differences were observed between invasive 
and non-muscle invasive genomically unstable cases (78). 

In a subsequent study, an extensive immunohistochemical 
mapping of subtype-defining markers was performed (80). 
It was shown that the subtypes can be characterized by 
distinct features at the immunohistochemical level. This 
led to development of immunohistochemical/histology-
based classifier that corresponds well with mRNA 
classification and can be easily implemented in a standard 
pathologic evaluation (80,81). Subsequently, Patschan et al.  
performed analysis of 167 stage T1 tumours in order to 
assess if molecular subtyping can provide with improved 
prognostic information. All tumours were characterized by 
immunohistochemical classifier and categorized into the 
three molecular subtypes: urobasal, genomically unstable 
and squamous-cell-carcinoma–like. The analysis revealed 
significantly higher frequencies of multifocal tumors, 
concomitant CIS, lymphovascular invasion, and deeper 
invasion depths in genomically unstable and squamous-
like subtypes compared to urobasal tumors. Genomically 
unstable and squamous-like tumors were also associated 
with high risk of progression (82). 

Later on, Hedegaard et al. (77,79) distinguished three 
major classes within NMIBC characterized by basal- and 
luminal-like features, previously described in the setting 
of MIBC. A comprehensive transcriptional analysis of 
total 460 patients with mainly Ta and T1 tumours was 
performed and revealed that class 1 and class 2 tumours 
show luminal-like characteristics, but demonstrate different 
levels of aggressiveness, and class 3 tumours show basal-
like characteristics (79). Class 1 and 2 lesions showed 
high expression of uroplakins, which are mainly expressed 

in luminal cells, whereas KRT5 and KRT15 expression, 
markers of undifferentiated basal cells, were primarily 
found in class 3 cancers. Furthermore, mutations in well-
known cancer driver genes, such as TP53 and ERBB2, 
were primarily found in high-risk tumours, together with 
APOBEC-related mutational signatures, mainly in class 
2 tumours (79). The expression of APOBEC proteins has 
been previously associated with poor prognosis in bladder 
cancer (83). Interestingly, a significant concordance between 
three classes and the Lund taxonomy was found. Class 
1 tumors were primarily classified as urobasal A (71%), 
class 3 tumors were also classified as urobasal A (65%), 
and class 2 tumors were classified as infiltrated (37%) or 
genomically unstable (57%) (71). Tumors of high stage and 
grade, concomitant CIS, and progression to MIBC were 
more frequently observed in classes 2 and 3 than in class 1.  
Similarly, patients with EORTC high clinical risk were 
predominantly found in classes 2 and 3. It was concluded 
that classes 2 and 3 represent high-risk tumors, whereas 
class 1 tumors have good prognosis (79). 

Subsequently, Hurst et al. defined different molecular 
subtypes within non-muscle invasive bladder carcinoma (84).  
A group of 140 stage Ta tumors was analyzed and two 
genomic subtypes were identified. Genomic subtype 1 
(GS1) which was characterized by containing no or few 
copy-number alterations and genomic subtype 2 (GS2) 
that showed high frequency of chromosome 9 deletions. 
Additionally, GS2 tumors presented with upregulated 
glycolysis, DNA repair and mTORC1 signaling, which may 
serve as potential therapeutic targets. The analysis revealed 
a significant difference in overall survival and some evidence 
of decreased recurrence-free survival in patients with 
GS2 tumors, however, the difference was not statistically 
significant. All tumors expressed GATA3, FOXA1 and 
PPARG genes which are features of luminal status. There 
has also been a strong overlap between analyzed tumors 
and the Urobasal A subgroup of Lund classification (83). 
Additionally, There was compatibility of GS2 tumors with 
the class 2 cancers as defined by Hedegaard et al. (79,84).

In a study by van Kessel et al., a cohort of 1,239 patients 
with NMIBS was prospectively evaluated (85). Tumor 
samples were analyzed for GATA2, TBX2, TBX3, and 
ZIC4 methylation and FGFR3, TERT, PIK3CA, and 
RAS mutation status. Patients were also divided into three 
groups of low, intermediate and high risk of progression 
based on EORTC nomogram. Progression was seen in 
57 patients with only one case in low-risk group and 45 in 
high-risk tumors. It was also found that GATA2 and TBX3 
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hypermethylation and FGFR3 wild-type mutation were 
significantly associated with higher risk of progression. The 
EORTC high-risk group was further classified into good, 
moderate and poor classes, according to FGFR3 mutations 
and the GATA2 methylation status. Only 2.1% of patients 
in high-risk good class progressed to muscle-invasive stage, 
while in patients with high-risk poor subtype progression 
occurred in 14.9%. It was concluded that the combination 
GATA2 methylation and FGFR3 mutation status with 
EORTC risk system improves risk stratification in non-
invasive bladder carcinoma and allows classification of high-
risk tumors into three subtypes with a low, medium and 
high risk of progression and different clinical prognoses (85).

Although there is a diversity of published classifications 
and different teams used different definitions for describing 
molecular subtypes, there is a significant overlap among 
them. Efforts have been made in order to standardize 
the terminology for these subtypes. To date, a consensus 
among experts exists to use the term Basal/Squamous-like 
in describing tumors that display the expression of basal 
keratins and an enrichment of tumors with histological 
squamous differentiation. It was also suggested that the 
term Urothelial-like should replace previously used 
Urobasal subtype (86). Recently, a consensus classification 
of molecular subtypes in muscle-invasive bladder cancer 
has been proposed. Based on available studies, authors 
identified six molecular subtypes; luminal papillary, luminal 
non-specified, luminal unstable, stroma-rich, basal/
squamous and neuroendocrine-like. This may facilitate 
further investigations regarding clinical usefulness of such 
classification in prospective manner (87). Currently there 
is no such consensus in terms of molecular classification of 
NMIBC.

Molecular changes in some variant histology 
urothelial carcinomas

Although different variants of bladder cancer were found 
to share some molecular similarities, certain histological 
patterns of urothelial carcinoma can be characterized by 
specific genetic aberrations. 

The link between plasmocytoid differentiation and loss 
of E-cadherin expression has been found, which is related 
to mutation in the CDH1 gene as reported by Al-Ahmadie 
et al. (88,89). It was found that truncating mutations in the 
CDH1 gene occur in 84% of plasmacytoid carcinomas and 
are pathognomonic to this histologic variant (83). 

Strong association between micropapillary urothelial 

carcinoma and ERBB2 gene amplification and HER2 
overexpression has been reported (90,91). The ERBB2 
amplification in micropapillary urothelial carcinoma occurs 
more frequently than in classic urothelial carcinoma and 
several reports associated it with worse cancer-specific 
survival following radical cystectomy (92). This may 
have important clinical implications as therapeutic agents 
targeting HER2 signaling are broadly used in the treatment 
of breast cancer (93). The downregulation of miR-296 and 
activation of chromatin-remodeling complex RUVBL1 
have also been found to characterize micropapillary 
differentiation, but the role of these alterations is not clearly 
understood and requires further investigations (94).

In nested variant of bladder cancer, TERT promoter 
mutations were found to be useful in distinguishing 
between nested pattern and benign urothelial lesions (95). 
This mutational status was linked to poor prognosis in 
sarcomatoid variant of urothelial carcinoma (96). High 
rates of TERT promoter mutations were also found in 
neuroendocrine bladder carcinoma (97). This histological 
variant was also found to be associated with frequent co-
occurrence of TP53 and RB1 mutations as well as with 
the absence of KDM6A truncating mutations, CDKN2A 
deletion and CCND1 amplifications, which are commonly 
seen in urothelial carcinoma (97).

Micropapillary, nested, plasmacytoid variants were found 
to have luminal features, whereas urothelial carcinoma 
with squamous or neuroendocrine differentiation was 
found to have basal characteristics (98). In general, basal 
tumors tend to be enriched with squamous and small 
cell/neuroendocrine features and inactivating mutations 
as well as deletions of TP53 and RB1, while luminal 
tumors are often enriched with papillary histopathological 
features and activating mutations in FGFR3, ERBB3 
mutations and ERBB2 amplifications (99). Overexpression 
of FOXA1 together with overexpression of GATA3 and 
PPARG activation were also found to be markers of 
luminal status (100). Warrick et al. proposed that tumors 
can be distinguished into luminal and basal subtypes 
based on FOXA1 and CK14 expression (98). The rates 
of CK15 expression were higher in squamous variant of 
bladder cancer compared to micropapillary, nested, and 
plasmacytoid carcinomas, marking its basal status. Inversely, 
micropapillary, nested, and plasmacytoid cancers expressed 
higher levels of FOXA1 and low rates of CK15, suggesting 
their luminal character (98). As shown by Hedegaard et al.,  
subtyping of non-muscle invasive bladder cancer based 
on luminal and basal characteristics can have significant 
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prognostic utility (79). Further studies are required to 
evaluate if such distinction is of clinical usefulness.

Discussion 

The need for improving the accuracy of predictive and 
prognostic tools in NMIBC is undisputable. Current 
prognostic models rely only on clinical and pathologic data 
and do not reflect the biological landscape of the disease.

The accurate identification of variant histology implicates 
patient prognosis and inform right treatment decisions. It 
has to be noted that the number of patients with variant 
histology is in fact not that small. Kamat et al. suggested 
that almost 45–50% of variant histology cases are missed 
during pathologic evaluation after TURB, and variant 
pattern that was not reported after initial electroresection 
was found in cystectomy specimens in about half of the 
cases (47). In a study by Shah et al. (40), TURB specimens 
were reviewed once again before the initiation of therapy. It 
was shown that variant histology was not reported in 44% 
of cases.

Most studies on histological variants of bladder cancer 
suggest a more aggressive clinical course than conventional 
UC. Overall risk of recurrence and progression is higher 
than in conventional UC, even when detected in non-
muscle invasive stage. However, when treated aggressively, 
survival outcomes are comparable to those achieved 
in pure UC (34,45,58,61). The controversy regarding 
optimal management is fuelled by the fact that most of 
recommendations are based on retrospective series, with 
small case number reported or extrapolation of data from 
pure UC. In variant histology NMIBC management with 
endoscopic resection followed by intravesical treatment 
has shown inferior performance when compared to 
conventional UC. Only glandular differentiation has 
shown promising response to intravesical BCG (25). To 
date, radical cystectomy is considered the mainstay of 
treatment in variant histology bladder carcinoma (101). 
The application of chemotherapy is controversial, although 
tumors with neuroendocrine components, like small 
cell carcinoma, and plasmocytoid tumors, appear to be 
chemosensitive and the use of neoadjuvant chemotherapy 
should be taken into consideration (58,64).

 Emerging genomic informations are expected to 
complement clinical and pathological data and change 
the paradigms in the management of bladder cancer. 
There is no doubt that different molecular classification 
systems improved our understanding of bladder cancer 

biology and confirmed its heterogeneous nature. Several 
reports highlighted the clinical significance of molecular 
stratification of bladder cancer, but the available evidence 
is based on retrospective data (78,79,82,85). Molecular 
subtyping gives promise not only for improving risk 
assessment, but also in predicting response to BCG or 
chemotherapy. Finally, molecular alterations might become 
targets for novel drugs to improve the overall response of 
these patients (82). However, several obstacles have been 
linked to molecular subtyping. The traditional system that 
uses clinical and pathologic parameters provides quick 
estimation of prognosis and is convenient to operate in 
clinical practice. Future developments should focus on 
adjusting molecular classifications to the requirements of 
daily practice. Secondly, during the monitoring and follow-
up of non-muscle invasive disease, recurrent tumors can 
present with different molecular features than the primary 
tumor (11). The implication of that is that every tumor 
detected during follow-up should undergo thorough 
pathological and molecular evaluation to better stratify the 
risk of progression. This can generate additional cost to the 
whole diagnosis and treatment process. Eventually, different 
sites in each tumor can present features of different 
molecular subtypes which can significantly affect the 
accuracy of molecular stratification (12). Thus, molecular 
information should be interpreted with caution, together 
with clinical and pathologic data, before any decisions 
regarding treatment are undertaken.

Nevertheless, progress has been made and molecular 
subtyping will surely gain more recognition as a promising 
tool in risk stratification. However, its implementation into 
clinical practice requires further validation in prospective 
trials, especially in the context of non-muscle invasive 
bladder cancer. 
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