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Abstract

Introduction: Bladder Cancer (BC) is split into subgroups and is primarily caused by environmental
causes. Pathological classification can determine prognosis
Immunohistochemistry (IHC) is an inexpensive technique that reveals specimens’ important clinical
information. Biomarkers are required to improve IHC, and combinations are currently in clinical

use. We reviewed the main markers in use and emerging ones that may aid in BC management.

and clinical management.

Methodology: A literature search was conducted on MEDLINE and PubMed databases from
January 2017 to August 2022. Biomarkers chosen were cited three or more times.

Results: Out of 116 publications, 93 articles had their markers listed. Cytokeratin 5/6 (CK5/6),
14 (CK14), and 20 (CK20), GATA binding protein 3 (GATA3), tumor protein p53 (p53), marker
of proliferation Ki-67 (Ki-67), and Uroplakin IT (UPII) were discussed as markers in clinical use.
Human Epidermal Growth Factor Receptor 2 (HER-2), Programmed Cell Death 1 receptor (PD-1)
and Programmed Cell Death Ligand 1 (PDL-1), E-cadherin, vimentin, and Sex-Determining Region
Y-box 2 (SOX2) were considered novel biomarkers.

Conclusion: Major markers in clinical use require additional research to better understand their
applicability to BC subtyping. Novel markers show promising results since they can be used to
evaluate the need for targeted therapy.

Keywords: Clinical management; Immunostaining; Bladder neoplasia

Introduction

BC accounts for 3% of all new cancer cases each year and it is estimated to have been the cause of
death of approximately 200,000 patients in 2020 worldwide [1,2]. In Brazil, there were about 4,500
deaths of patients with BC diagnostics in 2019, 919 in the south area and 334 in Parana [3,4]. It is
also the seventh most common cancer among men in Brazil and is more prevalent in men than in
women [4].

Advanced age, cigarette smoking, benzene chemical exposure, pelvic radiation, and genetic
predisposition are all risk factors for BC [5]. BC is the major type of urothelial cancer and can be
staged using TNM staging methods according to World Health Organization (WHO) standards
from 2016, ranging from Ta (noninvasive carcinoma) to T4 (extravesical invasion) [5,6] (Figure
1A). Staging and providing an accurate diagnosis based on histopathological features is a challenge
for pathologists and oncologists since the morphological traits resemble different stages or other
types of malignancies of the adjacent organs with bladder invasion [7]. The distinction between
Non-Muscle-Invasive BC (NMIBC) and Muscle-Invasive BC (MIBC) is significant for clinical
management because they take different approaches to treatment and prognosis, as well as
biomarkers [8,9].

Carcinoma of the bladder is the most frequent, accounting for 90% of all instances of urothelial
origin (Figure 1B), and is classified as dysplasia, Carcinoma in situ (CIS), various kinds of invasive
urothelial carcinoma, and metastatic carcinoma [7].

Diagnosis is based on clinical findings, as it can be painless, with microscopic hematuria, or
symptomatic, with gross hematuria. Urinalysis is essential for diagnosis and urine cytology is often
performed. Cystoscopy is used to get images of the urinary tract and to detect cancer. Additionally,
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endoscopic resection and transurethral resection of the bladder tumor
are important for pathological analysis and tumor staging [5,10].

In this context, various methodologies are available to aid in
clinical prognosis and diagnosis. IHC is a tissue-based technique
useful by pathologists as a diagnostic tool and prognostic predictor
for patients with cancer that is often performed in cancer studies.
IHC has been applied to histopathological studies since 1941, the
year Coons et al. published a study that revealed the use of antibodies
with a fluorescent group in mammalian tissues specific for antigens
of interest [11]. Recently, there has been an improvement in the IHC
technique with the use of monoclonal and polyclonal antibodies
specific for tumor antigens, as well as the use of new technologies
such as multiplex IHC or immunofluorescence [12,13]. The principle
of THC is based on the use of primary or secondary antibodies
binding to specific biological molecules of interest in a tissue section
in the cell membrane, nucleus, cytosol, or different organelles, and
even in the extracellular matrix (Figure 2). The tissue is embedded in
paraffin and stained with a specific antibody. 3,3’-Diaminobenzidine
Tetrahydrochloride (DAB) is the most commonly used chromogen
[14].

In BC, staging and establishing the tumor origin of metastasis
evaluation is critical for differential diagnosis and classification in
NMIBC and MIBC, and IHC is a non-expensive and widely available
technology, but the molecular classification is not yet suitable for
clinical routine in all patients [9]. Although several markers, such
as CK20, CK5/6, CK14, and GATA3 are already in clinical usage,
they are still unable to differentiate all the possible stages and types
of BC [7,15,16]. The IHC staining combination of these markers is
important for recognizing tissue organization, cancer staging, and
clinical outcome prediction [7,17-19].

Classifying BC into luminal and basal subtypes is important
for clinical management since they behave differently, altering
the prognosis prediction [7]. Luminal BC is less invasive and
metastatic than basal BC, but it is also less sensitive to conventional
chemotherapy regimens [20-22]. The current review elaborates on
the major markers already in clinical use and potential novel IHC
biomarkers for BC.

Methodology

Articles included in this review were selected from the PubMed
and MEDLINE databases. The title should have contained the
Medical Subject Reading Terms (MeSH Terms) "bladder carcinoma”
or "bladder cancer" and, "biomarkers’, "immunohistochemistry".
Only journal articles conducted during the period from 2017 to
2022, in the English language and on humans were added. Here we
show our PubMed advanced search builder term: ((("bladder
carcinoma"[Title] OR "bladder cancer''[Title]) AND
"immunohistochemistry’[MeSH Terms] AND "biomarkers'[MeSH
Terms]) AND ((humans(Filter]) AND (English[Filter]) AND
(2017:2022[pdat]))) AND ("journal article"[Publication Type])”.

The eligibility criteria were assessed by analyzing all summaries
of the 116 publications and by excluding reviews, meta-analysis,
protocols, and guidelines; drug testing trials; evaluation of
methodology and comparison of techniques; not using IHC as the
analytical method and gallbladder research. Therefore, 93 publications
were analyzed and the identification of all markers studied in each
of these studies was listed. Biomarkers cited three or more times in
different studies and the ones, which were the main objective of the

articles, were included in this review. Supplementary Table 1 (ST 1)
and 2 (ST 2) contain the list of markers and the papers excluded from
this review, respectively.

Major Markers in Clinical Uses

Cytokeratin’s

Cytokeratin’s are proteins found in the intermediate and
superficial cells of the bladder urothelium. Abnormal expression
of this molecule is linked to a poor prognosis and cancer stage
classification [23]. CK20, expressed in the umbrella cells, is associated
with relapses, increased proliferative activity, but correlation with
progression is not as robust when co-expressed with Ki-67 [23,24].
Nonetheless, not all cytokeratin’s, such as CK20, are luminal type
markers. CK5/6 is expressed in basal progenitor cells and has
been related to chemosensitivity and inflammatory and aggressive
behavior [20,25,26]. This differential expression of cytokeratin’s can
also affect how the tumor will respond to chemotherapy, as seen by
Luetal. [27].

CK14, another basal marker, shows accurate discrimination
of BC subtypes, being specific for basal cell differentiation [28].
In concordance with previous research, CK14 was evaluated as a
differential marker for BC in a study by Al-Sharaky et al. [25]. By
analyzing 90 BC samples, this group found that co-expression of CK5
with CK14 and negative CK20 (CK5+CK14+CK20-) was associated
with a more aggressive and muscle invasiveness phenotype than
those lacking CK14 (CK5+. CK14-, CK20-) [25]. Similar results are
seen in other publications, where CK14 was correlated with worse
overall survival, cancer-specific survival, and recurrence-free survival
[29]. It is important to recognize that the same markers are expressed
differently in each type of BC, MIBC or NMIBC [30]. In fact, regarding
muscularis propria invasion in BC, CK5 is positive and linked to a
higher tumor grade [31]. However, when IHC was performed on
high-risk NMIBC, Garczyk et al. found CIS heterogeneity, with
basal (CK5/6) and luminal (CK20) biomarkers mixed, highlighting
the challenge in prognosis prediction by using these markers [32].
Similar results are seen by Wang et al., who found overlapping of
basal (CK5/6) and luminal (GATA3) markers in 48.4% of MIBC cases
after analyzing 109 patients' staining patterns of these markers [33].

GATA3

GATAS3 protein, discovered as a significant biomarker for BC, acts
as a transcription factor driving hematopoiesis, T-cell development,
proliferation, and differentiation of epithelial tissues [34]. Along with
CK20, GATA3 is a marker already used for the luminal type of BC
and was correlated with 80% accuracy when analyzed with the mRNA
expression [26].

Therefore, GATA3 is often used in a pathological context and to
distinguish it from the basal subtype, often marked as CK5/6 positive
[26]. However, Wang et al. showed that samples with co-expression
of both luminal and basal markers can be overlapped in MIBC cases
[33]. This study covered 91 patients and co-expression of the markers
was found in 48.35% of the MIBC samples. In most research, GATA3
has consistently been shown to be a luminal marker and with a
significant correlation to clinical outcome among the markers studied,
with higher expression of GATA3 indicating better recurrence-free
survival, independent of stage and metastasis, and lower GATA3
staining associated with poor prognosis and overall survival, and may
predict patients who will receive radical cystectomy [29,33].
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Figure 1: Anatomy of the bladder wall and urothelium. A) Shows the detrusor muscle layer, connective tissue, and urothelium from the innermost layer to the
bladder lumen. Urothelium umbrella cells feature a unique apical cell membrane containing barrier components such as proteoglycans and GAGs, mucins and
lectins, and uroplakins. The intermediate and basal layers are linked to the basement membrane beneath them. The connective tissue that contains the capillaries
vessels is located beneath the urothelium. B) Normal (non-tumor) histology of bladder lumen stained with hematoxylin and eosin (400x magnification).

P53

TP53 is a tumor suppressor gene, and its altered expression
leads to avoidance of growth suppression and genomic instability,
important features for tumor progression [35,36]. Altered expression
of p53, with nuclear accumulation and mutations, is present in BC
[37]. p53 staining patterns in the IHC method are heterogeneous
in BC, being null staining and nuclear accumulation markers of
alteration [32,33].

Most publications cannot show a correlation between p53
expression and clinical outcomes, such as grade, recurrence, or
progression [33,38,39]. Usually, p53 is investigated in conjunction
with other markers, such as DDX31, Ki-67, pRb, or p21, and its
clinical evaluation is relevant when associated with other THC
markers [33,39-41]. Simultaneously, Daizumoto et al. reported no
correlation between p53 THC expression and grading and the TNM
classification system, but only with cancer-specific survival among 77
samples of BC [40]. In concordance, Semeniuk-Wojtas et al. reported
an independent association of p53 with cancer recurrence survival
[42]. Lloreta et al. analyzed 162 BC samples and found an association
between p53 expression and high-grade, staging, tumor progression,
and disease recurrence, but all outcomes were better evaluated when
expression with FOXO1 was evaluated [43].

By testing a different p53 THC expression scoring method with
a cut-off the classification of 0% or more than 50% as abnormal,
and 1% to 49% as wild type for 344 samples of BC, Hodgson et al.
provided 100% sensitivity and 100% negative predictive value [44].
Therefore, this research highlights the importance of updating the
THC technique when analyzing markers’ expression and the difficulty
of providing a consensus on the p53 prediction value for oncologic
outcomes.

Ki-67

Ki-67 is a proliferation marker linked to cancer cell aggressiveness
and risk-recurrence, and is negatively correlated with basal NMIBC

(CK5+) and positively associated with luminal NMIBC (CK20+)
(24,42). Da Silva et al. showed in 93 BC samples an association
between Ki-67 and high-grade BC, but not with muscle invasion and
cancer recurrence (p>0.05) [38].

In addition to its correlation with staging and grading, other
publications state that Ki-67 could indeed predict clinical outcomes,
as seen by Fossum et al. who demonstrated Ki-67 correlation with
aggressive disease and local-only recurrence in 42 MIBC samples
[45]. Han et al. classified 48 BC samples into luminal and basal
subtypes, in addition to a specific basal type called Claudin-Low
Subtype (CLS), enriched with Epithelial-to-Mesenchymal Transition
(EMT) and immune infiltration markers [46]. As a result, CLS had
poorer oncologic outcomes and was marked with higher Ki-67
than other BC subtypes [46]. At the same time, in pT1 stages, Ki-
67 has previously been associated with poorer outcome with tumor
recurrence prediction, and Ziaran et al. proposed the implementation
of Ki-67 expression evaluation on NMIBC risk stratification [39]. Still
analyzing pT1 BC stage, Culpan et al. also found positive expression
of Ki-67 association with high-grade tumor, and worse recurrence-
free, progression-free, and cancer-specific survival when analyzing
101 patients’ samples with BC. Therefore, Ki-67 shows great potential
for clinical prediction as an IHC marker for BC.

UPII

Uroplakins (UPs) are a group of 4 proteins associated with the
urothelium apical surface, which helps maintain the homeostasis
of the bladder mucosa. Recently, UPII has shown great sensitivity
and specificity for urothelial BC [47-49]. It has been consistently
associated with luminal BC, being a great marker of differentiation
from basal BC [18].

However, Guo et al. showed that UPII and CK20 had overlapping
expression patterns using IHC in 74 tissue microarrays and this
can infer staining for these two markers could not be effective
[26]. This is inferred from Lu et al. research, in which CK20 had a
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Figure 2: a) Technique for immunohistochemistry using antibodies specific for tumor antigens and streptavidin [biotin complex. B) Proteins currently in clinical use
as predictive biomarkers in bladder cancer, as well as putative biomarkers examined in this work. Keratin 20 (CK20), cytokeratin 5/6 (CK5/6), keratin 14 (CK14),
GATA binding protein 3 (GATA3), tumor protein 53 (p53), phosphatase 1(interacting protein (Ki-67), and recombinant human uroplakin Il (UPII) are clinically used
biomarkers, while candidate biomarkers include human epidermal growth factor receptor 2 (HER-2), programmed cell death protein 1 (PD-1), programmed death-
ligand 1 (PD-L1), epithelial cadherin (E-cadherin) and SRY-box transcription factor 2 (SOX-2).

better performance in discriminating different types of luminal
profiles, with distinct clinical outcomes, and whether UPII was
positive for both subtypes [27]. UPII performance was compared
to GATA3 in distinguishing urothelial carcinoma from other BC
mimickers, studied by Leivo et al. such as nephrogenic adenoma,
papillary nephrogenic adenoma, endometriosis/endosalpingiosis,
inflammatory myofibroblastic tumor, and ectopic prostate tissue, and
malakoplakia [50]. This study, although the number of samples from
each mimicker was small, provided that UPII had high specificity
for urothelial lesions and GATA3 stained for most of the mimickers
(59%) [50]. In conclusion, even though the studies on UPII staining
for different BC subtypes could overlap with CK20, it could be a
powerful THC tool for differentiating BC from other organ cancers.

New BC Biomarkers for IHC

HER-2

The HER-2 or ERBB2 gene is found on the long arm of human
chromosome 17 [51]. In some types of cancer, it is overexpressed by
mechanisms of constitutive activation, leading to cellular proliferation
and tumorigenicity, seen in breast, lung, bladder, and gastric cancers,
for example [52,53].

In breast cancer, monoclonal antibody targeting HER-2 is the
preferred treatment when overexpression and/or amplification of
this gene are present [53]. Unsurprisingly, this immunotherapy is a
historical success in science when considering targeting a molecular
marker in cancer. Nowadays, different types of monoclonal antibody
therapies are being used and combined in the clinical context of breast
cancer, with IHC being a powerful tool for screening these patients
[54]. HER-2 overexpression in BC was first published in 1990 when
they showed it as a possible diagnostic or prognostic marker, and it is
considered a luminal marker for BC [32,55]. Still, the treatment of BC
targeting HER-2 is not well established.

Cimpean et al. analyzed HER-2 expression in 45 samples using
the THC technique and found the role of this protein in the invasion

of urothelial tumors (+2 and +3 IHC score) and its overexpression
correlating with lymphovascular involvement [56]. For NMIBC,
HER-2 was studied in 67 patients with stage T1 (T1G3) BC in a
paper published in 2017 [57]. HER-2 overexpression was defined as a
predictor of disease-free survival better than prognostic factors (sex,
tumor size/number of recurrences) and the use of BCG treatment
[57]. Li et al. demonstrated in 56 samples of bladder transitional cell
carcinoma that 37.5% were positive for HER-2 and this expression
was related to the staging of BC compared to non-cancer samples
[58].

However, Franceschini et al. found a distinct expression in
urothelial carcinoma of the bladder by different techniques. Using
chromogenic and fluorescent in situ hybridization methodologies
could detect the amplification of HER-2 in more samples than IHC.
Moreover, they also stated that this overexpression was not only
related to the micropapillary histotype of BC but it was found in usual
type BC [59].

By analyzing different subtypes of BC and its response to novel
therapies targeting tyrosine kinase receptors, Wucherpfennig et al.
reported that 95% of the squamous differentiated BC was positive for
EGFR and potentially suitable for anti-HER2 therapy [60]. Hence,
although there is clear evidence of overexpression of HER-2 in BC,
more investigations toward this molecule and its association with
subtyping BC are needed for possible prognostic and treatment
choice predictor use.

PD-1 and PD-L1

Inhibition of immune checkpoints has been an ally to neoadjuvant
and adjuvant therapy in cancer, as stromal cells are important for
tumor establishment and metastasis [61]. PD-1 acts as an effector
of apoptosis and negatively regulates T cell function when bound to
PD-L1, also known as B7-H1 [62,63]. Tumors expressing PD-1 have
been associated with tumor evasion from the immune system and
have been studied as a monoclonal antibody target for novel cancer
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therapies [64].

Atezolizumab was the first inhibitor of PD-LI to be approved by
the FDA for treating urothelial cancer in 2016 [65]. In this clinical
trial, 310 patients with locally advanced (T4b) or metastatic urothelial
carcinoma received one dose of the drug every three weeks. IHC
was used as a tool for identifying the patients with the expression
of the marker and samples were from primary lesions, metastatic
sites, transurethral resection of bladder tumors, and biopsy for
unknown lesions. Atezolizumab demonstrated durable activity and
good tolerability in pre-treated local and advanced or metastatic BC
patients, correlating with higher levels of PD-L1 expression in tumor-
infiltrating lymphocytes [65].

Following the approval of Atezolizumab for the BC treatment,
various studies have attempted to define and group patients who
may benefit from immunotherapy. One study, conducted in 2018,
analyzed immunotypes as a method to predict survival in 258 patients
with MIBC who underwent radical cystectomy and were selected for
adjuvant chemotherapy [66]. They divided patients’ samples after
chemotherapy for IHC into two phenotypes: Stromal immunotype
A with cytotoxic T lymphocytes high, NK cells high, regulatory T
cell low, macrophage low, and mast cells low (CTL high NK high
Treglow Macrophage low MClow) and immunotype B (CTL low NK
low Treghigh Macrophage high MChigh). Immunotype B patients
showed worse 5-year overall survival and 5-year disease-free survival,
but a better response to platinum-based chemotherapy compared
with immunotype A. Simultaneously, immunotype A expressed
higher immune checkpoint molecules (PD-L1, PD-1, and CTLA-4),
characterizing tissue inflammation with more T cell population than
in immunotype B [66]. In conclusion, immunotype A patients could
benefit from immunotherapy targeting immune checkpoints such as
PD-L1 or PD-1 and immunotyping patients could predict the use of
this therapy [66].

Furthermore, in another study of MIBC, they investigated
the ability to classify samples from MIBC with local recurrence to
normal using PD-L1 and Ki-67 markers for IHC [45]. Therefore,
they compared 42 samples from patients who underwent radical
cystectomy compared with normal bladder tissue from those same
patients. PD-L1 score was higher in tumor cells in IHC, and these
patients would benefit from immunotherapy [45]. Nevertheless, when
analyzing recurrence, PD-1 upregulated in tumors was associated
with fast relapse in 40 samples of high-grade MIBC in association
with low inflammation markers, such as CD3, CD4, CD88, and CD20
[67].

Still, Lietal. demonstrated in 98 patients who underwent urothelial
cancer surgery with no neoadjuvant therapy that overexpression of
PD-L1 was associated with higher grade and lower survival [68]. Thus,
PD-1 and its ligand are well-established targets for immunotherapy
and the assessment of their expression by IHC is extremely important
for prognosis and deciding therapeutic procedures.

E-cadherin

EMT is essential for invasion and metastasis establishment.
Modulation of cell-cell adhesion molecules is key for EMT and
phenotype switching in cancer and E-cadherin is involved by being
downregulated in different types of cancer [69,70].

In 2017, a group from Zagazig University in Egypt analyzed 54
patients with BC and histological normal samples from these same
patients. Among those samples, 46.3% were of low malignancy

and 53.7% were of high malignancy. Normal epithelial expressed
E-cadherin and 55.6% of tumor samples showed an aberrant
(negative) expression of this marker. Increasing the tumor stage
was significantly associated with decreased E-cadherin immuno-
expression, where it showed positivity in 20% of pTis cases but
negative in all pT3 and pT4 cases (p<0.001) [71].

Ziaran et al. reported, in a study of 224 patients with different
stages of BC, an association between low expression of E-cadherin
with CIS, and worse progression free-survival with pT1 and pTa
stages. Simultaneously, normal expression of E-cadherin was
correlated with improved cancer-specific survival [39]. In contrast,
Ottley et al. showed in 26 THC high-grade pT1 BC that E-cadherin
expression was lower in invasive areas compared to papillary, CIS,
and normal regions and it was inversely correlated with N-cadherin
expression, which marks mesenchymal transition and invasion [72].
However, the authors could not find an association between this EMT
marker and disease-specific survival [72].

Therefore, the E-cadherin marker could be an important
prognosis predictor in BC studies, as its lower expression is correlated
with poor survival rates and invasiveness. Nonetheless, further
research is needed to validate its use in clinical practice and to create
a consensus as a survival predictor.

SOX-2

Stem cell markers are also studied in cancer for their characteristics
similar to some tumor cells when considering self-renew and poorly
differentiated stages, known as Cancer Stem Cells (CSC) [73,74].
SOX-2 is located on chromosome 3 and is important for stem cell
phenotype, embryonic development, and tumor progression [75,76].
The high expression of this CSC marker was previously associated
with BC poor prognosis, low recurrence-free survival, muscle
invasion, tumor size, and grade [77,78]. Zhu et al. showed higher
SOX2 expression in 22 BC samples compared to 7 para-tumor tissue
samples and the correlation of this marker with tumor progression
[74].

SOX2 expression in neuroendocrine-like tumors indicates
they are differentiating into the neuroendocrine phenotype, a rare
aggressive type of bladder carcinoma [79]. This publication is an
important result, as it addresses the possibility of a diagnosis of
neuroendocrine tumors earlier and provides adequate treatment for
these patients [79]. However, when analyzing low-grade NMIBC,
high-grade NMIBC, and MIBC using the IHC technique [80]. The
authors explained the difficulty of determining the CSC population
in BC, as it represents only a small fraction of the tissue [80]. Indeed,
biomarkers for CSC, such as SOX2, are an intriguing and prospective
topic, but still with difficult applicability in a clinical context using the
THC technique.

Vimentin

Vimentin is an intermediate filament expressed in mesenchymal
tissue, related to metastatic carcinomas, and rarely expressed in the
muscularis propria, and has moderate to strong expression in the
muscularis mucosa [81,82]. Usually, vimentin IHC evaluation is done
along with smoothelin or desmin markers since they have differential
expression patterns in MP and MM, aiding invasion classification
using the THC technique [82]. Although difficult, the pathological
distinction between these two muscular layers in Transurethral
Resection (TUR) samples is essential, as MP invasion indicates an
advanced stage with a worse prognosis and higher chances of more
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radical treatment [82,83].

Poletajew et al. analyzed the expression of vimentin in 47 TUR
remains and found that vimentin alone could not reliably distinguish
the two muscular layers, but showed differential expression between
them; suggesting vimentin could be used in a panel together with
other muscular markers [83]. Elkady et al. demonstrated vimentin
expression in 87.5% of MM, mostly (67.5%) of mild expression, and
no expression within the smooth muscle bundles of MP, showing 80%
sensitivity and 100% specificity [84]. Still, when comparing vimentin
expression with smoothelin and, when both combined, sensitivity
turned 100% [84].

Vimentin can also be used as an EMT marker for BC, as seen in
Ottley et al. [72]. Vimentin expression was assessed, being negatively
correlated to CK20, and positively correlated to basal markers [72].
Tumor progression was associated with vimentin expression, but no
clinical outcome association could be inferred [72]. Thus, vimentin is
an important marker for pathological classification of BC muscular
layers and can provide clinical management aid when used with other
muscular markers.

Conclusion

DefiningbiomarkersforIHCstainingin BC canbe challenging. The
IHC technique, cut-off points used for each marker, and establishing
marker combinations add to the difficulty of the pathologist’s
knowledge in providing the best diagnosis and prognosis in BC. As
seen in this review, even the markers already in clinical use for BC
could not show a convergent recommendation among publications,
as BC subtyping is not always straightforwardly classified into
luminal and basal subtypes, mostly because of BC heterogeneity. We
also highlight the use of novel biomarkers for the choice of treatment
in patients with BC and the importance of their availability for use in
clinical routines. In this sense, further research on BC biomarkers is
needed to provide solid marker recommendations and novel marker
investigation, as it has seen promising results in HER-2 and PD-L1
staining.
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