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Does the addition of AMACR to CK20 help
to diagnose challenging cases of urothelial
carcinoma in situ?
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Abstract

Background: Urothelial carcinoma in situ (CIS) in the bladder can be difficult to diagnose due to factors including
procedural artifact, minimal tissue sampled, therapy-related changes, and various CIS growth patterns. Prior data has
demonstrated an increase in alpha-methylacyl-CoA-racemase (AMACR) in urothelial CIS, but there is no information
on its utility for diagnosing difficult cases. The aim of this investigation was to assess the expression of AMACR that
was ordered on equivocal bladder cases during clinical practice.

Methods: Transurethral resections of the bladder in which AMACR and CK20 were performed during diagnostic
workup were identified and cases with a final diagnosis of CIS (n = 22) or non-neoplastic urothelium (n = 30) were
selected. Additionally, cases in which a diagnosis of CIS was rendered without IHC (n = 20) were selected and
tested for AMACR expression.

Results: Sensitivity of AMACR for CIS diagnosed with IHC during clinical practice was 73% and specificity was 97%,
while CK20 was 95% sensitive and 80% specific. Sensitivity of AMACR in CIS diagnosed without IHC was 100%. In all
groups, AMACR had inconsistent intensity, compared to CK20 which had consistent, strong intensity.

Conclusions: AMACR was usually positive in urothelial CIS and negative in non-neoplastic urothelium. However, it
is important to note that AMACR was less sensitive in difficult cases, while CK20 was more sensitive with more
consistent, strong staining compared to AMACR.
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Background
Urothelial carcinoma in situ (CIS) is a high-risk subtype
of non-invasive bladder cancer that has a substantial rate
of invasion and death, with a 5-year risk of progression
up to 45% [1–3]. However, if appropriate intervention is
made, risk of progression is significantly reduced with
improved disease-free survival [3]. It is important to
accurately identify this lesion in a timely manner so that
appropriate treatment can be administered. The initial
treatment is typically intravesical Bacillus Calmette-
Guerin (BCG) therapy. For refractory urothelial CIS,
radical cystectomy is the recommended approach [4–6].
Thus, it is essential to distinguish between CIS and non-
neoplastic tissue because underdiagnosis can lead to

invasion, while overdiagnosis can lead to harmful and
unnecessary treatment.
Distinguishing urothelial CIS from non-neoplastic

urothelium using hematoxylin and eosin (H&E) staining
alone can be difficult for multiple reasons including de-
nudation of tissue, artifact from procedure (fragmenta-
tion, crush, and/or cautery), inadequate sample size, or
therapy-related changes. Furthermore, some morpho-
logic growth patterns of urothelial CIS can be difficult to
diagnose, such as pagetoid spread or clinging carcinoma
[3]. Utilization of immunohistochemistry (IHC) can be
helpful in difficult-to-diagnose cases of CIS. Immunos-
tains that have been shown to be of some benefit in diagno-
sis include CK20 [7–14], CD44s [7, 13], Ki67 [7, 10–12],
and p53 [7, 8, 12–14]. Markers such as CD44s, Ki67, and
p53 are problematic due to overlapping expression profiles
of CIS and reactive nonneoplastic urothelium.
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AMACR has been found to be overexpressed in
urothelial carcinoma, with amount of expression correl-
ating with tumor grade [15–18]. Like CK20, prior studies
described increased expression of AMACR in urothelial
CIS [19, 20]. Based on this these publications, our insti-
tution has utilized AMACR in addition to CK20 in chal-
lenging cases. However, there are currently no studies
that evaluate the expression of AMACR in cases that
were equivocal on H&E in which staining was performed
during clinical practice. The aim of this investigation
was to assess the expression of AMACR in difficult blad-
der cases in which testing was performed in clinical
practice and compare its utility to that of CK20 for diag-
nostic urothelial CIS.

Methods
Study cohort
Retrospective pathology electronic database analysis was
used to identify bladder biopsies/transurethral resections
of the bladder (referred to here on as “biopsies”) from
2014 to 2018 performed at The Ohio State University
Medical Center. Cases that had been assessed with
AMACR (Dako, Santa Clara, CA, clone 13H4, dilution 1:
300) and CK20 (Dako, Ks20.8, 1:200) by IHC prior to
diagnosis were identified. Of these, cases with a final re-
ported diagnosis of urothelial CIS or non-neoplastic
urothelium were selected. Cases that had not been
assessed with any IHC stains prior to diagnosis with a
final reported diagnosis of urothelial CIS were also iden-
tified. Archived slides from all cases with AMACR per-
formed were obtained from the surgical pathology files
and were reviewed to confirm the diagnosis (by D.L.Z.).
For the group with IHC performed for this study, con-
secutive cases with sufficient remaining tissue were
selected.
The cases above comprised the following groups: 1.

urothelial CIS with IHC (n = 22), 2. non-neoplastic
urothelium with IHC (diagnosed as reactive urothelium)
(n = 30), and 3. urothelial CIS without IHC (n = 20). The
groups urothelial CIS with IHC and non-neoplastic
urothelium with IHC represent cases in which it was dif-
ficult to distinguish urothelial CIS from non-neoplastic
tissue using the H&E slides alone.

Immunohistochemistry
Cases in the group urothelial CIS without IHC were
assessed via AMACR IHC (same clone and conditions as
used in clinical practice, see above) for this study. Sec-
tions (4 μm) from one representative block from each
case were deparaffinized online on the Bond III instru-
ment using ready to use dewax and 100% ethanol. Sec-
tions were then retrieved online using high pH (ER2) for
20 min. The slides were then incubated with a primary
monoclonal antibody specific for AMACR with a

dilution of 1:300 for 15 min. Detection was performed
using the Leica Bond Polymer Refine Detection system.
Prostatic adenocarcinoma was used as the positive
control.
Each case, either previously stained (AMACR, CK20)

or in which staining was performed for this study, was
analyzed for expression (D.L.Z). Immunoreactivity was
semiquantitatively evaluated as negative (luminal expres-
sion in ≤1/3 of the urothelial thickness, inclusive of um-
brella cell staining), partial positive (> 1/3 but ≤2/3), or
positive (> 2/3 to transurothelial). Overall intensity per
case was semiquantitatively graded from 1 to 3 (1, weak;
2, moderate; 3, strong) and a mean intensity was calcu-
lated for cases which had partial positive or positive
expression.

Results
Cohort
Diagnostic and treatment history of the cohort are pro-
vided in Table 1. Cohort characteristics of the three
groups (urothelial CIS with IHC, non-neoplastic urothe-
lium with IHC, and urothelial CIS without IHC) were
similar. There was no significant difference in rate of
positive cases in any group based on history of invasion,
history of BCG therapy, or future invasive disease. There
was no significant difference in the intensity of staining
based on patient treatment or diagnostic history.

Urothelial CIS with IHC
Almost all cases of urothelial CIS with IHC were positive
for AMACR (positive 16/22, 73%; negative 6/22, 27%)
with a mean intensity of 2.4 (Fig. 1a-i). Both groups of
urothelial CIS included cases of pagetoid growth pattern
(1 case of urothelial CIS with IHC, 2 cases of urothelial
CIS without IHC), which clearly highlighted the
AMACR staining pattern (Fig. 1m-n).
Almost all cases of urothelial CIS with IHC were posi-

tive for CK20 (positive 21/22, 95%; negative 1/22, 5%),
which was significantly greater than AMACR (95% vs
73%, p = 0.02). All cases in this group that were positive
for CK20 demonstrated strong staining, with a mean

Table 1 Diagnostic and treatment history of the cohort

History of
urothelial
CIS

History of
invasive
disease

History of
intravesical
BCG

Future
urothelial
CIS

Urothelial CIS with
IHC (n = 22)

10/22
(45%)

10/22 (45%) 12/22 (55%) 5/22
(23%)

Non-neoplastic
urothelium with IHC
(n = 30)

11/30
(37%)

17/30 (57%) 15/30 (50%) 4/30
(13%)

Urothelial CIS
without IHC (n = 20)

6/20 (30%) 8/20 (40%) 7/20 (35%) 10/20
(50%)

BCG, Bacillus Calmette-Guerin; CIS, Carcinoma in situ;
IHC, Immunohistochemistry

Alston and Zynger Diagnostic Pathology           (2019) 14:91 Page 2 of 6



intensity significantly greater than that of AMACR (3.0
vs 2.4, p = 0.01) (Table 2) (Fig. 1a-i). All cases positive
for AMACR were also positive for CK20. Only one case
of urothelial CIS with IHC did not express CK20, which
was in concordance with AMACR. The patient had a
history of low-grade noninvasive urothelial carcinoma
and urothelial CIS, status post BCG therapy complicated

by recurrent urinary tract infections. Morphology of the
abnormal urothelium on additional sections showed
marked nucleomegaly, loss of polarity and prominent
mitotic figures. Additionally, the focus had strong and
diffuse p53 reactivity, unlike the adjacent urothelium.
Therefore, despite the CK20 and AMACR results, a
diagnosis of CIS was rendered.

Fig. 1 Photomicrographs of urothelial carcinoma in situ (CIS) and non-neoplastic urothelium (all images × 400 magnification). a-c, CIS that was
equivocal on H&E (a) showing strong, transurothelial expression with AMACR (b) and CK20 (c). d-f, CIS equivocal on H&E (d) with transurothelial,
moderate intensity staining with AMACR (e) and transurothelial, strong staining with CK20 (f). g-i, CIS equivocal on H&E (g) with minimal AMACR
expression (h) yet transurothelial, strong CK20 expression (i). j-l, Non-neoplastic urothelium on H&E (j) with surface AMACR expression (k) and
surface CK20 expression (l). m-n, Pagetoid urothelial CIS on H&E (m) showing staining of malignant cells with AMACR within a background of
non-neoplastic urothelium that is negative for AMACR (n)

Alston and Zynger Diagnostic Pathology           (2019) 14:91 Page 3 of 6



Comparing CIS that was CK20 positive/AMACR posi-
tive to CK20 positive/AMACR negative yielded no sig-
nificant difference in history of BCG therapy, prior CIS
diagnosis or history of urothelial lesions ≥pT1. Minimal
follow up precluded analysis of future diagnoses between
these groups.
Similar to AMACR, pagetoid morphology was readily

observable with CK20 expression.

Non-neoplastic urothelium with IHC
No cases of non-neoplastic urothelium with IHC (di-
agnosed as reactive urothelium) were positive for
AMACR, but 1 case showed weak partial expression
of > 1/3 but ≤2/3 of the urothelial thickness (partial
positive 1/30, 3%; negative 29/30, 97%) (Table 1), and
expression was strongest in umbrella cells with
weaker staining in the upper 1/3 of the urothelium
(Fig. 1k). The single partially positive case in this
group had previous diagnoses that included recurrent
noninvasive papillary urothelial carcinoma (low-grade
and high-grade) and urothelial CIS, status post induc-
tion BCG therapy and three rounds of maintenance
BCG therapy. After the biopsy was performed, the pa-
tient received one more round of maintenance BCG
therapy, and had no recurrence of disease at 24
months. Many cases (14/29, 45%) that were classified
as negative (luminal expression in ≤1/3 of the urothe-
lial thickness) did show weak surface positivity (Fig.
1j-k).
The majority of non-neoplastic cases with IHC did not

express CK20 (positive 5/30, 17%; partial positive 1/30,
3%; negative 24/30, 80%). Mean intensity of CK20 in this
group was 2.7 (Table 2). However, significantly more
non-neoplastic cases showed positive or partial positive
CK20 expression than AMACR (20% vs 3%, p = 0.02).
The only case in this group that displayed positive
AMACR expression, described above, was also positive
for CK20. Like AMACR, many cases that were classified

as negative did show weak surface positivity (15/24,
63%) (Fig. 1j-l).

Urothelial CIS without IHC
All cases of urothelial CIS without IHC were positive
for AMACR (20/20, 100%) with a mean intensity of
2.1. The percentage of cases with positive or partially
positive AMACR expression was significantly greater
for urothelial CIS without IHC compared to urothelial
CIS with IHC (100% vs 73%, p = 0.02). The mean in-
tensity was greater in the group urothelial CIS with
IHC compared to without IHC, but the difference
was not significant (2.4 vs 2.1, p = 0.26). The rate of
positivity of AMACR was significantly lower for non-
neoplastic urothelium with IHC compared to urothe-
lial CIS without IHC (3% vs 100%, p < 0.01) and
urothelial CIS with IHC (3% vs 73%, p < 0.01).

Discussion
AMACR overexpression has been described in urothelial
carcinoma in situ [19, 20]. CK20 also has increased ex-
pression in urothelial CIS [7–14]. Thus, both AMACR
and CK20 may be helpful in diagnosing challenging
cases of CIS. To the best of our knowledge, there are no
published studies that have examined the expression of
AMACR in difficult cases as a part of clinical practice
and compare these results to CK20.
In straightforward cases of urothelial CIS in which the

diagnosis was unequivocal on H&E light microscopy
alone, we found AMACR positivity, defined as expres-
sion in > 1/3 of the apical urothelial thickness, to have
100% sensitivity. Staining was granular, cytoplasmic, and
variable in strength. The sensitivity in our study was
comparable to that reported by Fellegara et al. (96%)
[20]. This group defined AMACR positivity by diffuse,
microgranular, cytoplasmic staining confined to the
superficial 2/3rd’s of the urothelium. Aron et al. reported
a lower sensitivity of AMACR for urothelial CIS, with
AMACR positivity in 78% of untreated urothelial CIS
and 50% of post-treatment cases [19]. Aron et al. defined
positive as > 5% staining, which differed from our scor-
ing criteria and that of Fellegara et al. We found that in
cases that were equivocal on H&E and required IHC to
assist in the diagnosis of urothelial CIS in clinical prac-
tice, AMACR had a sensitivity of 73% (n = 22), signifi-
cantly less than that of CIS not requiring IHC for
diagnosis. Additionally, AMACR can assist in recogni-
tion of CIS with pagetoid growth, in which neoplastic
cells exist among non-neoplastic cells. This particular
advantage of AMACR was also described previously by
Fellegara et al. [20], who found AMACR to be useful in
recognizing this urothelial CIS growth pattern.
The specificity of AMACR in our investigation for

non-neoplastic urothelium (diagnosed as reactive

Table 2 AMACR and CK20 expression in urothelial carcinoma in
situ and non-neoplastic urothelium

Positive Partial
positive

Negative Mean
intensity

CIS with IHC (n = 22) AMACR 16/22
(73%)

0/22
(0%)

6/22
(27%)

2.4

CK20 21/22
(95%)

0/22
(0%)

1/22
(5%)

3.0

Non-neoplastic with
IHC (n = 30)

AMACR 0/30
(0%)

1/30
(3%)

29/30
(97%)

2.0

CK20 5/30
(17%)

1/30
(3%)

24/30
(80%)

2.7

CIS without IHC
(n = 20)

AMACR 20/20
(100%)

0/20
(0%)

0/20
(0%)

2.1

CIS, Carcinoma in situ; IHC, Immunohistochemistry
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urothelium) with IHC was 97%. Only 1 case of non-neo-
plastic, reactive urothelium had partial positive expres-
sion of regenerating cells in a patient status post
multiple rounds of BCG therapy. This was similar to the
specificity reported by Aron et al. (100%) and Fellegara
et al. (93%) [19, 20]. However, one potential pitfall of
AMACR is that it frequently is expressed in umbrella
cells or surface urothelium. Almost half (45%) of non-
neoplastic cases exhibited some surface expression con-
fined to the upper 1/3rd urothelium or umbrella cells.
Previous reports described similar staining of surface
epithelium in non-neoplastic cases [19, 20].
CK20 had a similar pattern of expression as AMACR

but was more sensitive (95% vs 73%) and less specific
(80% vs 97%). The intensity of CK20 expression was con-
sistently strong, allowing for easier interpretation com-
pared to AMACR, which was highly variable in intensity.
In addition, CK20 shares the same advantage as AMACR
in that it easily demonstrated pagetoid growth, but also
shared the potential pitfall of often showing surface ex-
pression in non-neoplastic urothelium. The only pub-
lished study that directly compared the expression of
CK20 with AMACR in urothelial CIS found CK20 to be
less sensitive than AMACR (79% vs 96%) but more spe-
cific (100% vs 93%) [20]. However, there was no compari-
son of AMACR to CK20 in difficult cases in which IHC
was performed in clinical practice prior to diagnosis, as
was done in our study. Based on our results, CK20 was su-
perior to AMACR for the indication of identifying CIS in
challenging cases due to its higher sensitivity and stronger
staining intensity.
In cases of classic urothelial CIS, AMACR sensitivity was

100%, and thus there was no difference in rate of positive
staining based on BCG therapy history, and although cases
with a history of BCG therapy did have a higher mean inten-
sity, the difference was not significant. Fellegara et al. also
did not observe a difference in AMACR expression based
on treatment history [20]. However, this differed from the
findings of Aron et al., in which pre-treatment samples had
a sensitivity of 78%, while post-treatment sensitivity was
50% [19]. In our cohort, treatment was limited to BCG while
in the prior two studies treatment was not specified for all
cases.

Conclusions
AMACR can be used to confirm the diagnosis of urothe-
lial CIS with high sensitivity and specificity, both in clas-
sic urothelial CIS and in challenging cases. However, it
should be noted that the sensitivity of AMACR is de-
creased in CIS that is equivocal on H&E. Furthermore,
despite similar patterns of staining, CK20 showed stron-
ger and more consistent intensity of staining, making it
easier to interpret than AMACR. Therefore, CK20 is
recommended instead of AMACR for this indication.

Abbreviations
AMACR: Alpha-methylacyl-CoA-racemase; BCG: Bacillus Calmette-Guerin;
CIS: Carcinoma in situ; H&E: Hematoxylin and eosin;
IHC: Immunohistochemistry

Acknowledgements
Not applicable

Authors’ contributions
EA performed the literature review, helped to collect and analyze data, and
drafted the manuscript. DZ performed the histological and
immunohistochemical evaluation and helped to construct the manuscript.
All authors participated in the design of the study. Both authors read and
approved the final manuscript.

Funding
This research did not receive any specific grant from funding agencies in the
public, commercial, or not-for-profit sectors.

Availability of data and materials
Data and materials of this work are available from the corresponding author
on reasonable request.

Ethics approval and consent to participate
This study was conducted after approval from the Institutional Review Board
of the Office of Responsible Research Practices at the Ohio State University.
The consent was not required from each patient because this was a
retrospective study.

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Received: 1 May 2019 Accepted: 9 August 2019

References
1. Chade DC, Shariat SF, Godoy G, Savage CJ, Cronin AM, Bochner BH, Donat

SM, Herr HW, Dalbagni G. Clinical outcomes of primary bladder carcinoma
in situ in a contemporary series. J Urol. 2010;184(1):74–80.

2. Van den Bosch S, Alfred Witjes J. Long-term cancer-specific survival in
patients with high-risk, non-muscle-invasive bladder cancer and tumour
progression: a systematic review. Eur Urol. 2011;60(3):493–500.

3. Zieger K, Jensen KM. Long-term risk of progression of carcinoma in situ of
the bladder and impact of bacille Calmette-Guérin immunotherapy on the
outcome. Scand J Urol Nephrol. 2011;45(6):411–8.

4. Nese N, Gupta R, Bui MH, Amin MB. Carcinoma in situ of the urinary
bladder: review of clinicopathologic characteristics with an emphasis on
aspects related to molecular diagnostic techniques and prognosis. J Natl
Compr Cancer Netw. 2009;7(1):48–57.

5. Lamm DL, Blumenstein BA, Crissman JD, Montie JE, Gottesman JE, Lowe BA,
Sarosdy MF, Bohl RD, Grossman HB, Beck TM, Leimert JT, Crawford ED.
Maintenance bacillus Calmette-Guerin immunotherapy for recurrent TA, T1
and carcinoma in situ transitional cell carcinoma of the bladder: a
randomized southwest oncology group study. J Urol. 2000;163(4):1124–9.

6. Casey RG, Catto JW, Cheng L, Cookson MS, Herr H, Shariat S, Witjes JA, Black
PC. Diagnosis and management of urothelial carcinoma in situ of the lower
urinary tract: a systematic review. Eur Urol. 2015;67(5):876–88.

7. Asgari M, Nabi Maybodi M, Abolhasani M. Differential diagnosis of urothelial
carcinoma in situ from non-neoplastic urothelia: analysis of CK20, CD44, P53
and Ki67. Med J Islam Repub Iran. 2016;30:400.

8. Jung S, Wu C, Eslami Z, Tanguay S, Aprikian A, Kassouf W, Brimo F. The role of
immunohistochemistry in the diagnosis of flat urothelial lesions: a study using
CK20, CK5/6, P53, Cd138, and Her2/Neu. Ann Diagn Pathol. 2014;18(1):27–32.

9. Edgecombe A, Nguyen BN, Djordjevic B, Belanger EC, Mai KT. Utility of
cytokeratin 5/6, cytokeratin 20, and p16 in the diagnosis of reactive
urothelial atypia and noninvasive component of urothelial neoplasia. Appl
Immunohistochem Mol Morphol. 2012;20(3):264–71.

Alston and Zynger Diagnostic Pathology           (2019) 14:91 Page 5 of 6



10. Yin H, He Q, Li T, Leong AS. Cytokeratin 20 and Ki-67 to distinguish
carcinoma in situ from flat non-neoplastic urothelium. Appl
Immunohistochem Mol Morphol. 2006;14(3):260–5.

11. Kunju LP, Lee CT, Montie J, Shah RB. Utility of cytokeratin 20 and Ki-67 as
markers of urothelial dysplasia. Pathol Int. 2005;55(5):248–54.

12. Mallofré C, Castillo M, Morente V, Solé M. Immunohistochemical expression
of CK20, p53, and Ki-67 as objective markers of urothelial dysplasia. Mod
Pathol. 2003;16(3):187–91.

13. McKenney JK, Desai S, Cohen C, Amin MB. Discriminatory
immunohistochemical staining of urothelial carcinoma in situ and non-
neoplastic urothelium: an analysis of cytokeratin 20, p53, and CD44
antigens. Am J Surg Pathol. 2001;25(8):1074–8.

14. Arias-Stella JA 3rd, Shah AB, Gupta NS, Williamson SR. CK20 and p53
Immunohistochemical staining patterns in urinary bladder specimens with
equivocal atypia. Arch Pathol Lab Med 2018;142(1):64–69.

15. Zhou M, Chinnaiyan AM, Kleer CG, Lucas PC, Rubin MA. Alpha-Methylacyl-
CoA racemase: a novel tumor marker over-expressed in several human
cancers and their precursor lesions. Am J Surg Pathol. 2002;26(7):926–31.

16. Gunia S, May M, Scholmann K, Störkel S, Hoschke B, Koch S, Dietel M,
Kristiansen G. Expression of alpha-methylacyl-CoA racemase correlates with
histopathologic grading in noninvasive bladder cancer. Virchows Arch. 2008;
453(2):165–70.

17. Jiang Z, Fanger GR, Woda BA, Banner BF, Algate P, Dresser K, Xu J, Chu PG.
Expression of alpha-methylacyl-CoA racemase (P504s) in various malignant
neoplasms and normal tissues: a study of 761 cases. Hum Pathol. 2003;34(8):
792–6.

18. Langner C, Rupar G, Leibl S, Hutterer G, Chromecki T, Hoefler G, Rehak P,
Zigeuner R. Alpha-methylacyl-CoA racemase (AMACR/P504S) protein
expression in urothelial carcinoma of the upper urinary tract correlates with
tumour progression. Virchows Arch. 2005;448(3):325–30.

19. Aron M, Luthringer DJ, McKenney JK, Hansel DE, Westfall DE, Parakh R,
Mohanty SK, Balzer B, Amin MB. Utility of a triple antibody cocktail
intraurothelial neoplasm-3 (IUN-3-CK20/CD44s/p53) and α-methylacyl-CoA
racemase (AMACR) in the distinction of urothelial carcinoma in situ (CIS)
and reactive urothelial atypia. Am J Surg Pathol. 2013;37(12):1815–23.

20. Fellegara G, Gabba S, Dorji T, De Luca G, Colecchia M. Observations on Aron
et al's "utility of a triple antibody cocktail intraurothelial neoplasm-3 (IUN-3
CK20/CD44s/p53) and α-methylacyl-CoA racemase (AMACR) in the
distinction of urothelial carcinoma in situ (CIS) and reactive urothelial
atypia". Am J Surg Pathol. 2014;38(7):1013–5.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Alston and Zynger Diagnostic Pathology           (2019) 14:91 Page 6 of 6


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Study cohort
	Immunohistochemistry

	Results
	Cohort
	Urothelial CIS with IHC
	Non-neoplastic urothelium with IHC
	Urothelial CIS without IHC

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	References
	Publisher’s Note

