
Abstract. The significant heterogeneity in the clinical
outcome among patients with bladder cancer has highlighted
the existence of different biological subtypes of muscle-invasive
and non-muscle-invasive bladder cancer. Transcriptional
profiling studies revealed that primary bladder cancers can be
grouped into ‘intrinsic’ basal and luminal molecular subtypes.
Luminal tumors have a papillary configuration and express
markers of urothelial differentiation (uroplakins, cytokeratin
20) fibroblast growth factor 3 (FGFR3), E-cadherin and early
cell-cycle genes. On the contrary, basal tumors express
markers of the basal layer of the urothelium (cluster of
differentiation 44, cytokeratin 5/6 and cytokeratin 14); some
show squamous differentiation. Patients with basal tumors
respond better to immune checkpoint inhibitors and have a
worse prognosis than those with luminal tumors, who respond
better to FGFR3 and human epidermal growth factor receptor
2. Patients with squamous differentiation tumors show better
response to agents targeting epidermal growth factor receptor.
The aim of this review was to highlight the chronological order
of research performed in the field of the molecular
classification of bladder cancer, with particular emphasis on
prototypical research projects and recent advances. If
prospective studies confirm the association of bladder cancer
molecular subtypes with different responses and prognoses to
targeted therapies, molecular subtyping will be incorporated
into bladder cancer management.

All human cancers display a significant molecular
heterogeneity, each constituting a distinct entity, with unique
gene mutations, copy-number aberrations, DNA methylation
and RNA expression patterns. However, mRNA expression-
profiling studies, performed on a larger scale, revealed that a
significant number of human cancers can be grouped into
molecular subtypes. In fact, all of the studies incorporated into
The Cancer Genome Atlas (TCGA) showed that molecular
subtypes can be found in most types of human cancer, each
with different clinical and prognostic outcomes, as well as
distinct responses to targeted therapies and non-targeted
chemotherapy. 

In general, bladder cancer can be divided into muscle-invasive
(MIBC) and non-muscle-invasive (NMIBC), each with its own
prognosis. MIBCs typically follow a rapid progression route and
metastasize to lymph nodes, bones, lungs, liver and peritoneum,
in that order of frequency (1). They tend to be aggressive with a
usually fatal outcome. On the other hand, NMIBCs are less
aggressive but do, however, recur, therefore requiring lifelong
surveillance and surgical intervention. Furthermore, NMIBCs
and MIBCs also display different histopathological
characteristics. The former, mostly associated with papillary
features, while the latter usually constituting flat lesions with
often concomitant carcinoma in situ. Histological variants of
invasive urothelial carcinoma exist, as per the World Health
Organization 2016 classification of tumors (2), with some
exhibiting a more aggressive behavior, such as micropapillary
variant, sarcomatoid, clear-cell, small-cell/neuroendocrine and
squamous differentiation (Figure 1). 

Molecular Subtypes

In a study performed by Lindgren et al., gene-expression
analysis and whole-genome array–comparative genomic
hybridization was conducted on 144 carcinomas, identifying
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two intrinsic molecular subtypes, MS1 and MS2 (3), largely
representing NMIBC and MIBC, respectively. The MS2/MIBC
subtype revealed significant genomic instability, independent
of TP53 inactivation, and higher frequency of TP53/Mouse
double minute 2 homolog alterations, E2F transcription factor
3 (E2F3) amplifications and retinoblastoma 1 (RB1) losses
than in the MS1/NMIBC class of tumors (3). On the other
hand, fibroblast growth factor 3 (FGFR3) activating mutations
were prevalent in the MS2/NMIBC subgroup, as well as
phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic
subunit alpha (PIK3CA) activating mutations, which are
connected to the downstream activation of the protein kinase
B, also known as AKT pathway (3). 

The Lund group of Sjodahl et al. then used gene-expression
profiles from 308 tumors to further subdivide the MS1 and
MS2 tumor classes (4). This process resulted in seven tumor
clusters which were then incorporated into five major
molecular subtypes, based on their biological characterization
and the mutation distribution of PIK3CA, FGFR3 and TP53
genes. These five major molecular subtypes of urothelial

cancer were designated urobasal A (MS1a and MS1b),
genomically unstable (MS2a subdivided into MS2a1 and
MS2a2), urobasal B (MS2b2.1), squamous-cell carcinoma-like
[SCC-like (MS2b2.2)] and a highly infiltrated by non-tumor
cells subtype (MS2b1). Among these, the urobasal B and
SCC-like subtypes shared the worse prognosis, urobasal A had
a good prognosis, while the genomically unstable tumors had
an intermediate prognosis (4). Urobasal A tumors were found
to be predominantly low-grade papillary, NMIBC with
FGFR3 mutations and infrequent TP53 mutations. Urobasal B
tumors were mostly of stage T1 or higher, displaying TP53
mutations and expressing markers of basal urothelium. They
also showed homozygous cyclin-dependent kinase inhibitor
2A (CDKN2A) deletions and an active FGFR3 pathway
signature. Genomically unstable tumors were equally
distributed between MIBC and high-grade NMIBC,
suggesting that this subtype can rapidly progress, and
characterized by genomic instability, high proliferation rates
and frequent TP53 mutations. The SCC-like subtype expressed
squamous differentiation markers and had frequent TP53
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Figure 1. Aggressive histological variants of bladder cancer as revealed by hematoxylin and eosin staining. A: Micropapillary configuration (×200).
B: Sarcomatoid differentiation (×100). C: Clear-cell variant (×40). D: Small-cell/neuroendocrine differentiation (×100).



mutations. Finally, the ‘infiltrated’ subtype was characterized
by the presence of stromal and immune cells; therefore, this
group of tumors was not regarded as an intrinsic subtype of
urothelial carcinoma, with immunohistochemical evaluation
revealing the expression of markers characteristic for the other
subtypes (5). Furthermore, Sjodahl et al. demonstrated that the
above molecular subtypes exist independent of pathological
stratification. More specifically, some of the gene signatures
showed coordinated expression, independently of the
pathological stage and grade, conferring the molecular
subtypes as intrinsic tumor features. Hence, molecular
phenotyping will have a significant influence on behavior and
treatment response of the tumor compared to pathological
stratification (4). In 2015, the same group from Lund
University used an independent dataset of 234 MIBCs from
TCGA where they reproduced their original five subtypes and
observed the appearance of a new subcategory of tumors with
neuroendocrine differentiation as well as a novel ‘infiltrated
mesenchymal’ subtype (5). Following this, Sjodahl et al.
performed a global mRNA expression analysis (6) for
phenotypic profiling of tumors which been employed to
identify the molecular subtypes for nearly all major tumor
types. They further analyzed 307 cystectomy specimens of
advanced bladder cancer by immunohistochemistry, using
antibodies for 28 proteins and by gene-expression analysis and
defined five tumor cell phenotypes of MIBC: Urothelial-like,
genomically unstable, basal/SCC-like, mesenchymal-like, and
small-cell/neuroendocrine-like. However, they came to the
conclusion that in global mRNA analyses, tumors with
different phenotypes may co-cluster and tumors with identical
phenotypes occasionally cluster apart, therefore creating
disarray in molecular subtyping between global mRNA

profiling and immunohistochemical profiling (6). Further
studies were performed by a number of teams (7-9), including
the University of North Carolina, the MD Anderson Cancer
Center and TCGA (10-12), but they involved only MIBCs.
The three groups identified the mutual expression of
differentiation-associated biomarkers, previously linked to the
intrinsic basal and luminal subtypes of breast cancer, and
noted the fact that all MIBCs could be divided into two broad
categories of basal and luminal type (10-12). All of the latter
subtypes recognized by the groups revealed significant
concordance among them (11, 13). 

Consensus Molecular Classification

In 2019, an effort to achieve an international consensus on
MIBC was made using 1,750 MIBCs from 16 published
datasets and two additional cohorts (14) in order to compare
six molecular classification schemes. Kamoun et al.defined
with six molecular subtypes (Table I), labeled as luminal
papillary (LumP), luminal nonspecified (LumNS), luminal
unstable (LumU), stroma-rich, basal/squamous (Ba/Sq) and
neuroendocrine-like (NE-like). They further analyzed seven
bladder cancer genes most commonly mutated [CDKN2A,
FGFR3, proliferator-activated receptor gamma (PPARG),
human epidermal growth factor receptor 2 (HER2; ERBB2),
TP53, E2F3 and RB1], and generated comprehensive profiles
of their genomic alterations for each of the above subtypes. 
They observed that:

LumP subtype showed predominately FGFR3 mutations
in up to 40% of cases, lysine-specific demethylase 6A
(KDM6A) mutations in 38% and homozygous deletions of
CDKN2A in 33% of cases (14).
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Table I. Key points regarding consensus molecular classification of muscle-invasive bladder cancer.

Molecular subtype                                 Differentiation           Mutation, %                      Histology                    Clinical features*        Median survival, 
                                                                                                                                                                                                                               years

Luminal papillary (LumP)                         Luminal               KDM6A, 38%           Papillary morphology           pT2 and higher                      4
                                                                                                 FGFR3, 40%
                                                                                               CDKN2A, 33%
Luminal non-specified (LumNS)               Luminal                 ELF3, 35%            Micropapillary variant           Elderly patients                     1.8
Luminal unstable (LumU)                          Luminal                 TP53, 76%                                                                                                            2.9
                                                                                                 ERCC2, 26%
                                                                                                   APOBEC+
Stroma-rich                                              Intermediate                                                                                                                                            3.8
Basal/squamous (Ba/Sq)                               Basal                   TP53, 61%                      Squamous                     Women mostly                     1.2
                                                                                                    RB1, 25%                    differentiation                    and pT3/pT4
Neuroendocrine-like (NE-like)            Neuroendocrine           TP53, 94%                  Neuroendocrine                                                               1
                                                                                                    RB1, 39%                    differentiation

APOBEC: Apolipoprotein B mRNA editing enzyme, catalytic polypeptide-like; CDKN2A: cyclin-dependent kinase inhibitor 2A; ELF3: E74-like
ETS transcription factor 3; ERCC2: excision repair cross-complementing rodent repair deficiency, complementation group 2; FGFR3: fibroblast
growth factor 3; KDM6A: lysine-specific demethylase 6A; RB1: retinoblastoma protein; TP53: tumor protein p53. *According to (14). 



The LumNS class of tumors demonstrated alterations
mainly in PPARG (76% of tumors) and in ELF3 (35%)
which is activated by PPARG and represents an early
regulator of urothelial differentiation (14, 15).

On the other hand, LumU tumors showed the highest
proportion of copy-number alterations, somatic mutations
and apolipoprotein B mRNA editing enzyme, catalytic
polypeptide-like (APOBEC)-induced mutations than any
other class. More specifically, they demonstrated frequent
TP53 (76%) and ERCC2 (22%) mutations, PPARG
alterations (89%) and amplifications at the 6p22.3 region
consisting of E2F3 and SRY-related HMG-box 4 (SOX4)
(76%). Finally, HER2 (39%) was overexpressed in this class
of tumors, without, however, showing any type of
association with the other tumor classes (14).

The stroma-rich tumors displayed overexpression of smooth
muscle, myofibroblast, fibroblast and endothelial gene
signatures and intermediate urothelial differentiation (14).

The Ba/Sq tumors revealed an increased load of mutations
in TP53 (61%) and RB1 (25%) genes and were linked to
genomic deletions of 3p14.2 in 49% of cases (14).

Finally, NE-like tumors demonstrated TP53 mutations
occurring concurrently with RB1 alterations (94%), either
mutations or deletions (14). 

Histological Variants

Kamoun et al. (14) attempted to associate urothelial
carcinoma histological variants with each of the above
molecular classes. They concluded that LumP tumors
exhibited a predominantly papillary configuration in 59% of
cases; however, this morphology was also observed in other
luminal classes, LumU and LumNS, but to a lesser extent.
LumNS tumors, for example, revealed a micropapillary
configuration in 36% of cases and were significantly
associated with carcinoma in situ in 80% of tumors. The
neuroendocrine variant of urothelial carcinoma was mostly
observed in the NE-like class of tumors, with 72% of the
cases exhibiting neuroendocrine differentiation. In a similar
way, Ba/Sq tumors revealed features of squamous
differentiation in a significant proportion of cases (79%),
confirming their molecular phenotype. The stroma-rich
tumors exhibited a predominance of smooth-muscle cells,
without being associated with a specific variant (13). To
date, the only valid immunohistochemical method performed
is the differentiation of basal tumors which express CK5/6
in cancerous cells from luminal tumors which are GATA3-
positive. In fact, Dadhania et al. (16) demonstrated that
CK5/6 and GATA3 were sufficient to differentiate basal from
luminal tumors with over 90% accuracy. Therefore, since the
taxonomy has greatly evolved, further association and
development of an appropriate immunohistochemical panel
that is able to predict each molecular class might help

integrate molecular subtyping of bladder cancer in routine
pathology and indicate appropriate therapy and prognosis. 

Clinical Outcomes According to 
Consensus Molecular Subtypes

The consensus group of scientists further attempted to
associate molecular classes with clinical implications,
prognosis and therapeutic possibilities, using age, gender and
stage of the tumor for comparitive purposes. More
specifically, Ba/Sq tumors were mostly observed in advanced
disease stages, with female predominance and a significant
poor prognosis. They demonstrated increased expression
levels of EGFR and its ligand, defining it, therefore, as a
possible target therapy. They also revealed a possible
immunotherapeutic potential, as these tumors expressed
genes of the antigen processing and presenting machinery, as
well as immune checkpoint markers. Patients with LumP
were almost exclusively younger than 60 years of age and
had the best prognostic outcome, along with patients with
stroma-rich type of tumors. Furthermore, LumP and LumU
tumors were usually of lower stage (T2), in contrast to the
other types of tumors and LumNS tumors were mostly
observed in patients over 80 years, with a median survival
of 1.8 years. On the other hand, patients with LumU tumors
had a slightly poorer prognosis and patients with NE-like
exhibited the worst prognosis out of all molecular classes
(14). Moreover, combining the mRNA signatures with
evidence from responses to anti-programmed cell death 1
(PD1)/programmed cell death ligand (PD-L1) therapy
revealed a relationship with increased interferon-γ level,
CD8+ T-cells and reduced activity of the transforming
growth factor-beta pathway. Nevertheless, none of the
molecular classes were associated with either a desirable, or
not, response to immune checkpoint inhibitors. Finally, the
authors attempted to associate the outcomes of each
molecular class after neoadjuvant chemotherapy or anti-PD-
L1 therapy. They concluded that patients with Ba/Sq and
LumNS tumors benefited from neoadjuvant chemotherapy
and those with LumNS, LumU and NE-like from anti-PD-
L1 targeted therapy (17). 

Conclusion

Further analysis of the new consensus molecular
classification of bladder cancer, may provide a solution to
intertumor heterogeneity (18) and disease-specific treatment
focused on each subtype, delivering therefore the most
appropriate regimen (19). FGFR3 overexpression or
translocations and mutations in the tyrosine kinase domain of
FGFR3 has been observed in the majority of patients with
MIBC and has, thus, increased the interest of scientists in the
development of FGFR3 inhibitor-targeted therapies that have
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already been associated with a clinical benefit in patients (20-
22). Other studies have shown benefits from the use of anti-
vascular epidermal growth factor receptor 2 inhibitor
ramucirumab, targeting the tumor vasculature in patients with
platinum-refractory advanced or metastatic urothelial
carcinoma (23). Furthermore, already widely used for many
types of solid tumor, anti-PD1/PD-L1 immune checkpoint
inhibition has also been integrated into the therapy of
advanced or metastatic bladder cancer. Moreover, the need
for developing an immunohistochemical panel that accurately
predicts the molecular subtypes of the current consensus
classification scheme needs to be highlighted so that such a
panel can be incorporated into the everyday practice of
pathologists and provide a more cost-effective approach.
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