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Abstract

Urothelial carcinoma in situ (UCIS) is a high-grade non-muscle-invasive neoplasm with
significant clinical implications due to its potential for progression to muscle-invasive
disease. Accurate diagnosis and risk stratification are crucial for appropriate management,
particularly given the variability in response to intravesical Bacillus Calmette-Guérin (BCG)
therapy. While the diagnosis of UCIS primarily relies on morphological criteria, immuno-
histochemical (IHC) markers serve as valuable ancillary tools, particularly in challenging
cases. Markers such as CK20, CD44, p53, and Ki-67 have been extensively studied, though
none demonstrate complete sensitivity or specificity. Additionally, molecular classifica-
tion has identified luminal and basal subtypes, with potential prognostic and therapeutic
implications. Recent studies have also explored predictive biomarkers for BCG response,
including PD-L1, whose expression correlates with recurrence and potential responsive-
ness to immune checkpoint inhibitors. Emerging targeted therapies, such as enfortumab
vedotin, have shown promise, with nectin-4 overexpression observed in most UCIS cases.
Despite these advancements, challenges remain, including interobserver variability in
morphological assessment, heterogeneous IHC methodologies, and the need for standard-
ized molecular testing. This review highlights the current understanding of diagnostic,
prognostic, and predictive tissue biomarkers in UCIS, underscoring the potential role of
molecular profiling in guiding personalized treatment strategies. Future research should
focus on refining biomarker-driven classification systems to improve risk stratification and
therapeutic decision-making in UCIS patients.
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1. Introduction

Urothelial carcinoma in situ (UCIS) is the only flat neoplastic lesion formally recog-
nized as a distinct pathological entity in the fifth edition of the World Health Organization
(WHO) classification of genitourinary tumors. It is characterized by marked cytological
atypia, comparable in severity to that typically seen in high-grade papillary urothelial
carcinoma (UC) [1]. UCIS is defined as a malignant, non-invasive flat lesion that is confined
to the urothelium and does not penetrate the underlying lamina propria. From a clinical
standpoint, UCIS falls under the category of non-muscle invasive urothelial carcinomas
and, as such, is amenable to conservative management strategies, most notably intravesical
therapy with bacillus Calmette-Guérin (BCG) instillations. In particular, UCIS is consid-
ered a high-risk lesion for progression, as more than 50% of patients who do not receive
appropriate treatment go on to develop muscle-invasive UC, which is associated with a
significantly worse prognosis [2].

Moreover, under the current European Association of Urology (EAU) risk stratification
model, all patients diagnosed with UCIS are classified as either high risk or very high
risk, underscoring the aggressive biological potential of this entity and the importance of
timely therapeutic intervention [3]. For all these reasons, accurate and early histopatho-
logical diagnosis, along with appropriate treatment selection, is crucial for optimal
patient outcomes [4].

The essential histological criteria for diagnosing UCIS on transurethral resection
or biopsy specimens include the identification of urothelial cells exhibiting unequivocal
high-grade malignant features. These include pronounced nuclear abnormalities, such as
increased nuclear-to-cytoplasmic ratio, nuclear enlargement, hyperchromasia, membrane
irregularities, and nuclear pleomorphism. Additionally, architectural disorganization of
the urothelium is typically present, with features such as loss of cellular polarity, crowding,
and disordered maturation. These morphological alterations are often appreciable at low
to medium magnification and are seen in the absence of papillary structures or stromal
invasion, which is critical to distinguish UCIS from other flat or exophytic lesions [5,6]
(Figures 1 and S1).

UCIS can show various cytomorphological patterns, including large cell, small cell,
plasmacytoid, pagetoid, and denuding cystitis/clinging patterns. These patterns do not
have significant clinical implications [5,7], but may pose diagnostic challenges, and more
than one pattern can be present simultaneously in the same case [8]. Like their invasive
counterpart, rare cases of CIS may exhibit squamous and glandular differentiation, the
latter showing CDX2 expression accordingly [8-10].

This article was conceived as a narrative review, which, by definition, does not follow
a formal systematic search strategy or predefined inclusion/exclusion criteria. In narrative
reviews, literature selection is typically guided by the authors” expertise, knowledge of the
field, and the intended scope of the manuscript, rather than by a structured, reproducible
search process [11,12]. Accordingly, we integrated key and recent publications deemed
most relevant to the topic.
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Figure 1. (A): Normal urothelium, (B): UCIS: mitotic figures throughout the entire thickness of
the urothelium, (C): UCIS involving von Brunn nest, (D): UCIS denuding variant, (E): UCIS with
pagetoid pread, (F): UCIS large cell variant.

2. Diagnostic Markers

The diagnosis of flat urothelial lesions with atypia—including reactive atypia, urothe-
lial dysplasia, and carcinoma in situ of the urothelium (UCIS)—is primarily and fun-
damentally based on the morphological features observed in hematoxylin-eosin-stained
histological slides, hence, the evaluation relies on architectural patterns and cytologic
abnormalities identified under light microscopy. However, in diagnostically challenging
cases or in case of ambiguous morphological features, immunohistochemistry (IHC) may
serve as a useful ancillary tool to provide additional support to the interpretation. Despite
this potential aid, the routine use of IHC is not generally recommended, as no individ-
ual immunohistochemical marker currently available has demonstrated both complete
sensitivity and absolute specificity in distinguishing among these lesions [13,14]. For this
reason, the role of IHC should be considered complementary—an adjunct to, rather than a
substitute for, morphological assessment that is strongly suggestive of UCIS. When applied
in isolation or in cases without clear morphological context, IHC results can be misleading,
as considerable immunophenotypic overlap may occur among reactive, dysplastic, and
neoplastic conditions [6,8,15] (Figure 2a,b).

The availability of limited tissue in bladder biopsies makes the application of molecular
techniques more challenging than IHC in this setting. However, in a recent study on
13 cases of small/flat atypical urothelial lesions, the authors achieved optimal results using
next generation sequencing (NGS) testing with appropriate methodology. Nevertheless,
the limited availability of molecular techniques in routine diagnostics and their higher costs
mean that they can only be considered in selected cases [16]. The use of certain markers,
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alone or in combination, can be helpful in the differential diagnosis of atypical flat urothelial
lesions and in the diagnosis of UCIS in specific cases, such as in the post-treatment setting
and in less common morphological patterns [5,9,13,17-19]. As reported in a recent study,
the markers currently used in the differential diagnosis between benign and malignant flat
urothelial lesions in the bladder may not be reliable in samples from the upper urinary
tract, possibly due to intrinsic biological and anatomical characteristics [20].

Figure 2. Cont.
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Figure 2. (a,b). Representative images of 2 cases of UCIS: haematoxylin-eosin and selected immuno-
histochemical markers (see text). Note variable staining of AMACR and HER2.

2.1. CK20

CK20, an epithelial intermediate filament, is usually present in a subset of normal
tissues, including gastrointestinal epithelium and Merkel cells [21], is frequently used in
the evaluation of flat bladder lesions. In normal and benign reactive urothelium, CK20
expression is restricted to the superficial umbrella cells, where it plays a crucial role in
maintaining urothelial lining integrity and providing the elasticity needed to accommodate
daily fluctuations in urine volume [22]. Conversely, in dysplasia and UCIS, CK20 is
expressed in the intermediate and basal cell layers and /or throughout the entire urothelial
thickness in up to 90% of cases [23], often with staining intensity increasing in parallel
with the severity of the lesion (from dysplasia to CIS). According to a recent meta-analysis
and diagnostic test accuracy review [24], CK20 and CD44 showed higher sensitivity and
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specificity compared to p53 and AMACR, although this does not preclude the latter’s
potential diagnostic role in specific contexts.

2.2. P53

P53 is frequently used in this setting [24-26]. The p53 protein is encoded by a tumor
suppressor gene located on chromosome 17, involved in transcriptional regulation, and is
frequently mutated or otherwise altered in UCIS [10]. In normal and reactive urothelium,
P53 typically exhibits a wild-type pattern characterized by nuclear expression of heteroge-
neous extent and intensity, predominantly in the basal/parabasal layers. In dysplasia and
UCIS, p53 is either strongly and diffusely expressed or completely absent (null phenotype),
as a consequence of gene mutations [13]. On the other hand, only up to 60% of UCIS cases
harbor TP53 mutations and exhibit abnormal p53 expression by IHC [13,15,27], although
the specificity of this marker can be up to 100% [15]. As a standalone marker, p53 can be
misleading, particularly in the differential diagnosis between UCIS and radiation-induced
atypia, since in the latter setting p53 expression appears increased compared to other
forms of reactive atypia [21]. A particularly challenging differential diagnosis is posed
by viral infections, due to the presence of significant cytologic atypia. These cells, whose
nuclear details are often better appreciated in cytologic preparations than in histologic
sections, may show strong p53 positivity and a high Ki-67 proliferative index. In cases
where the clinical context supports a diagnosis of BK virus infection, the use of a specific
marker—namely, an antibody against SV40 (simian virus 40 polyomavirus)—can reveal
the presence of infected cells. However, this does not completely rule out the diagnosis of
carcinoma, as an association between BK virus infection and an increased risk of urothelial
carcinoma has been documented [28]. The conflicting results reported in the literature may
be related to differences in interpretative criteria. While many studies have dichotomized
cases into aberrant expression (diffuse, strong, or null) versus normal/wild-type [15] other
authors have opted to calculate the percentage of positive cells [29], or used semiquantita-
tive scoring systems [30]. Aberrant p53 expression (particularly strong and diffuse nuclear
staining), combined with a high Ki-67 proliferative index, has been reported as a key factor
in the differential diagnosis between the ‘overriding” form of UCIS and normal umbrella
cells [31]. Likewise, immunocytochemical staining for p53 and Ki-67 is useful for improv-
ing diagnostic accuracy in the detection of UC cells in urine cytology [32]. Interestingly, a
study tested a cohort of flat urothelial lesions using dual immunohistochemical staining
for p53 and CK20 to identify cells co-expressing both markers. The percentage of these
double-positive cells proved to be a statistically significant parameter in the differential
diagnosis between UCIS and other lesions (reactive urothelial atypia, atypia of unknown
significance, and urothelial dysplasia) [29]. Accordingly, the CK20-negative cases identified
in the cohort by Lombardo et al. did not exhibit abnormal p53 expression or a high Ki-67
proliferative index [33].

2.3. CD44

CD44, a transmembrane adhesion molecule that interacts with extracellular hyaluro-
nan and links to intracellular cytoskeletal structures, is considered a useful marker in the
differential diagnosis of UCIS versus other flat urothelial lesions. It plays various physiolog-
ical roles in the urothelium, including cell adhesion, lymphocyte homing/activation, and
cell motility [34]. Its expression pattern is inverse to that of CK20, as in benign urothelium,
CD44 shows cytoplasmic staining restricted to the basal/parabasal layer [24], whereas in
UCIS, particularly the pagetoid type, and in reactive atypia, CD44 shows complete absence
or significant reduction (such as, patchy staining in basal cells), and full-thickness staining
with membrane accentuation, respectively [13]. The fact that high CD44 expression has
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been reported in normal/reactive urothelium in a recent meta-analysis makes it a useful
negative marker in the differential diagnosis of UCIS, with a sensitivity and specificity
of 0.865 and 0.767, respectively, according to the diagnostic test accuracy analysis [35].
Aberrant phenotypes have been reported in selected cases. For example, strong CD44
expression is more commonly observed in plasmacytoid UCIS (approximately 30% of
cases) and in a subset of UCIS cases presumed to be of the ‘basal’ type (see below) [36,37].
However, the results obtained in previous studies are significantly affected by the technical
difficulties historically reported in achieving reliable staining, which are now generally
overcome through methodological standardization.

2.4. Ki-67

Ki-67, a marker of actively proliferating cells, is typically high with full-thickness
distribution in urothelial dysplasia/UCIS, whereas in normal urothelium, it is low and
restricted to the basal and suprabasal layers (up to 10% of basal cells) [13,25,26]. In routine
practice, Ki-67 immunoreactivity is most commonly assessed using the MIB-1 monoclonal
antibody, which targets the Ki-67 nuclear antigen.

Although it has been reported that reactive atypia is not associated with a consis-
tent increase in proliferative index, but rather with a suprabasal localization of nuclear
staining [13], a significant overlap in Ki-67 staining has been reported between UCIS and
reactive urothelial atypia [15]. This finding, along with the potential for false positives
(such as inflammatory cells migrating into the urothelium from the lamina propria), makes
Ki-67 less useful in this context [13], and its routine use is generally not recommended [5].

2.5. AMACR

Alpha-methylacyl-CoA racemase (AMACR) is another useful marker. It is typically
positive in urothelial dysplasia/UCIS but negative in reactive /benign urothelium, although
the absence of staining does not completely rule out UCIS [38]. On the other hand, AMACR
staining is not affected by potential false positives that may be observed with CK20 in
normal urothelium. This issue arises when a tangential section of a transurethral biopsy
or resection specimen includes only umbrella cells and the immediately underlying ones,
which may exhibit full-thickness CK20 expression, potentially leading to a misdiagnosis of
UCIS [27,39]. However, some authors have reported that even weak AMACR expression
in the superficial cells of normal urothelium can be observed [38,40,41]. As compared to
CK20, AMACR has been found to be less sensitive but more specific, with the same issue
of weaker staining intensity [27,40]. Interestingly, some studies have reported differences
in sensitivity depending on the presence or absence of prior treatment in the examined
cases [38]. In a recent meta-analysis, Yoo et al. analyzed the expression rates of CK20,
CD44, AMACR, and p53 in UCIS and their respective diagnostic accuracy. In the same
meta-analysis [35], AMACR was the only marker showing a statistically significant odds
ratio for differentiating UCIS from normal/reactive urothelium, despite CK20 and CD44
achieving higher pooled sensitivity and specificity values.

2.6. Other Markers and Panels

Several studies have described strong, full-thickness HER2 expression in UCIS, with
some series reporting this pattern in the majority of cases [42,43], while others found
overexpression in approximately one-third [44]. This variability likely reflects differences
in sample size, antibody clones, and scoring criteria across studies. Interestingly, across
multiple studies, HER2 demonstrated greater specificity for CIS than other commonly used
markers, such as CK20, CK5/6, P53, and CD138 [42,45].

PRAME (Preferentially Expressed Antigen in Melanoma) is a cancer /testis antigen that
has proven useful in recent years, particularly in the diagnostic assessment of melanocytic
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lesions. The limited data available in the literature on PRAME expression in UCIS indicate
low expression levels, ranging from 7% to 20% [46—48]. Fujii et al. reported PRAME
expression in 43.4% of their cohort of 53 UCIS cases, demonstrating its limited effectiveness
as a diagnostic marker [4]. However, as a potential target for immunotherapeutic drugs,
PRAME could be useful in identifying UCIS patients who may benefit from such treatment.

The expression of claspin, a nuclear protein associated with DNA replication and
damage response, has been studied in a cohort of UCIS cases. In this study, claspin staining
was weak or absent in most samples of benign urothelium but strong in UCIS samples,
with a specificity as high as 96% [49].

In recent years, some studies have applied antibody cocktails containing two or three
markers to UCIS cases, achieving different detection colors and complementary expres-
sion patterns [34,38]. Arias-Stella et al. tested CK20 and p53 in a cohort of 69 cases with
equivocal urothelial atypia, reporting conflicting results, with a predominant proportion
of discordant (26%) and indeterminate (45%) staining patterns. As a result, clinical data
proved to be prognostically superior to the immunophenotype [50]. In this setting, Aron
et al. reported high sensitivity—superior to that of individual markers—of the malignant
TUN-3 cocktail immunoreactivity pattern (CK20 and/or p53 full-thickness expression with
negative CD44) in distinguishing UCIS from reactive urothelial atypia, both in pretherapy
and posttherapy settings [38]. The same panel, applied to a series of 127 bladder biopsies
diagnosed as reactive atypia, atypia of uncertain significance, low-grade dysplasia, or UCIS
by general pathologists, was shown to enhance diagnostic accuracy, particularly in distin-
guishing atypia of uncertain significance and low-grade dysplasia from UCIS. Meanwhile,
it was able to confirm UCIS cases diagnosed based on morphological criteria alone, in
the post-treatment setting as well [51]. A few years ago, our group proposed a diagnostic
algorithm to improve the classification of flat urothelial lesions, whose histological and
immunophenotypical overlap can complicate diagnostic interpretation. The algorithm
was designed to integrate morphological assessment with immunohistochemical (IHC)
profiling, aiming to improve diagnostic accuracy in differentiating reactive atypia, atypia of
unknown significance (AUS), dysplasia, and UCIS [18]. We reviewed and summarized the
WHO 2016 [18] classification updates and evaluated a panel of IHC markers—including
CK20, p53, CD44, Ki-67, and pl6—based on their expression profiles across the spectrum
of flat urothelial lesions. The diagnostic strategy begins with morphological evaluation and
selectively incorporates IHC when the histologic and clinical context is ambiguous. Our
findings supported the use of a triplet panel (CK20, p53, CD44), with possible adjuncts, to
enhance reproducibility and interobserver agreement.

2.7. UTUC-Specific Considerations

The immunohistochemical thresholds and patterns described for UCIS of the blad-
der may not be directly applicable to upper tract urothelial carcinoma (UTUC). Dif-
ferences in urothelial thickness, exposure to urine, and background inflammation can
influence staining intensity and distribution. A recent study [20] reported that CK20,
CD44, and p53 patterns used for bladder lesions showed lower diagnostic reliability in
UTUC, suggesting that interpretation should be made with caution and in the appropriate
morphological context.

3. Molecular Classification

Similarly to muscle-invasive UC, within the molecular classification of UCS, lesions
classified as UCIS can exhibit luminal or basal expression patterns [44,46]. Primary (de
novo) UCIS tends to cluster within so-called ‘infiltrated luminal expression patterns’ [52],
whereas cases of muscle-invasive UC with concomitant UCIS (secondary UCIS) may fall
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into the ‘basal-squamous’ (basal-like) classification, as defined in the work of Robert-
son et al. [53]. Using a representative immunohistochemical panel, a large cohort study
(n = 156) demonstrated that approximately 85% of UCIS cases express luminal markers
(CK20, GATA3, and ER-f3), one-third overexpress HER2, and only a few cases exhibit
basal marker expression (CK5/CK6) [44]. The predominance of the luminal phenotype
(CK20+/GATA3+/CK5/6—/CK14—) in UCIS cases, particularly in solitary lesions, has
been confirmed in subsequent studies [54]. These studies have also highlighted the impor-
tance of interlesional and intralesional heterogeneity in the evaluation of immunohisto-
chemical surrogates for molecular classification [55,56]. Currently, the prognostic impact of
using these markers to stratify patients with UCIS has not been unequivocally proved [54].
It has been suggested that ‘basal/squamous’ immunohistochemical markers may effec-
tively support the identification of the minor subset of UCIS with aberrant overexpression
of CK5, CK14, and CD44 [37,42,57-59]. Interestingly, a phenotypic study on paired UCIS
and invasive UC from the same biopsy demonstrated a significant loss of luminal marker
expression during progression, while an increase in basal marker expression in the inva-
sive compartment suggests that luminal-type UCIS undergoes a class switch to the basal
type during progression [44]. Understanding these phenotypic differences in relation to
molecular classification is crucial not only from a prognostic perspective but also as a key
to interpreting cases where the immunohistochemical staining of a single marker does not
align with morphology.

4. Prognostic/Predictive Markers

The lack of responsiveness to BCG therapy is common and represents a crucial param-
eter in deciding whether to treat UCIS with radical surgery [60]. Approximately 10-20% of
patients who respond and 66% of those who do not respond progress to muscle-invasive dis-
ease [61-63]. Moreover, 15-25% of patients undergoing cystectomy for UCIS present with
microinvasive disease. The prognosis of UCIS varies based on multiple factors, mostly be-
ing clinical parameters such as disease extent (focal, multifocal, or extensive), involvement
of the prostatic urethra, and response to therapy [64]. Therefore, biomarkers predicting BCG
responsiveness are of particular interest. Programmed death-ligand 1 (PD-L1) expression
has been preferentially identified in patients with UCIS who experience recurrence after
BCG in several studies [33,65,66]. However, PD-L1 is not currently a validated predictive
biomarker for BCG response in clinical practice. Combined intravesical BCG and PD-(L)1
blockade remains exploratory and is being investigated in early-phase clinical trials [67].
Some studies have reported a prognostic association between p53 overexpression and
disease progression [68,69], though the prognostic role of p53 may be supported by more
complex mechanisms. Shariat and colleagues [70] reported a frequent association between
p53 and p21 positivity in a cohort of CIS cases, the latter being is a cyclin-dependent kinase
inhibitor involved in cell cycle regulation; however, only p21 expression was associated
with risk of progression to invasive carcinoma. More recently, other authors have sug-
gested that p53 may play a role in the pathogenesis of UCIS, stratifying cases into basal
and luminal subgroups that could have prognostic relevance [71]. Nevertheless, previous
studies have failed to demonstrate a significant association between p53 expression and
treatment response in CIS patients [71,72].

As mentioned above, the data supporting the prognostic role of molecular classification
in non muscle invasive UC, and particularly in UCIS, are conflicting. However, it is
noteworthy that Lombardo et al. reported that the absence of CK20 expression in UCIS (i.e.,
putative ‘basal-like’ lesions) is associated with a significantly higher rate of progression
and similar recurrence rates after BCG therapy as compared to CK20-positive cases [33].
New targeted therapies have been emerging in uro-oncology in recent years. Nectin-4 is
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an immunoglobulin-like adhesion molecule and the target of the antibody-drug conjugate
(ADC) enfortumab vedotin (EV). Preliminary evidence suggests high Nectin-4 expression
in UCIS [73], but data are limited to small case series. Moreover, clinical applicability in
CIS is yet to be established, considering intravesical delivery challenges and the potential
toxicity profile of systemic ADC therapy.

5. Conclusions

Despite several intrinsic issues in this context (including the subjectivity of morpholog-
ical assessment in the differential diagnosis between UCIS and other atypical flat urothelial
lesions, heterogeneity in immunohistochemical methodologies and markers used across
studies, with varying cut-offs and interpretative criteria, as well as relatively small cohort
sizes in most studies), immunohistochemical markers remain the most commonly used
ancillary tool to support morphology in the identification of UCIS in challenging cases. In
this setting, our advice, based on literature findings, is to use panels of antibodies, and
evidence-based algorithms which can assist pathologists in making more standardized
and clinically relevant diagnoses in routine bladder biopsy specimens. Moreover, as UCIS
is a potentially aggressive entity, immunohistochemical markers represent a promising
perspective in the prognostic stratification and therapeutic management of these patients.
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www.mdpi.com/article/10.3390/diagnostics15172163/s1, Figure S1: HE-stained histological section
and diagram.

Author Contributions: Conceptualization, F.S. and R.M.; methodology, F.S. and R.M.; validation,
M.Z. (Magda Zanelli), M.Z. (Maurizio Zizzo), A.P.,, UG.E, GM., A.B.G, L.C. and G.C,; investigation,
FS. and A.C.; writing—original draft preparation, F.S. and A.C.; writing—review and editing, F.S.,
A.C. and R.M,; visualization, ES., RM. and L.C.; supervision, ES., A.B.G., RM,, L.C. and G.C. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Conflicts of Interest: The authors declare no conflicts of interest.

Abbreviations

The following abbreviations are used in this manuscript:

UCIS Urothelial carcinoma in situ
BCG Bacillus Calmette-Guérin
IHC immunohistochemical

NGS next generation sequencing
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