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Abstract: The Genitourinary Pathology Society (GUPS) undertook
a critical review of the recent advances in bladder neoplasia with a
focus on issues relevant to the practicing surgical pathologist for the

understanding and effective reporting of bladder cancer, emphasizing particularly on the newly accumulated evidence post-2016
World Health Organization (WHO) classiﬁcation. The work is
presented in 2 manuscripts. Here, in the ﬁrst, we revisit the
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nomenclature and classiﬁcation system used for grading ﬂat and
papillary urothelial lesions centering on clinical relevance, and on
dilemmas related to application in routine reporting. As patients of
noninvasive bladder cancer frequently undergo cystoscopy and
biopsy in their typically prolonged clinical course and for surveillance of disease, we discuss morphologies presented in these scenarios which may not have readily applicable diagnostic terms in
the WHO classiﬁcation. The topic of inverted patterns in urothelial
neoplasia, particularly when prominent or exclusive, and beyond
inverted papilloma has not been addressed formally in the WHO
classiﬁcation. Herein we provide a through review and suggest
guidelines for when and how to report such lesions. In promulgating
these GUPS recommendations, we aim to provide clarity on the
clinical application of these not so uncommon diagnostically challenging situations encountered in routine practice, while also
importantly advocating consistent terminology which would inform
future work.
Key Words: Bladder, urothelial, cancer, carcinoma, WHO,
papillary, atypical, inverted, artiﬁcial, immunohistochemistry

(Adv Anat Pathol 2021;28:179–195)

T

he Genitourinary Pathology Society (GUPS), established
in 2018, is an international subspecialty organization that
aims to promote the care of patients with urologic diseases by
encouraging best practice, research, and education in urologic
pathology. Recent advances in the pathology of urothelial
cancer show numerous developments in molecular underpinnings with morphologic and clinical correlates. Since the
last edition of the World Health Organization (WHO) classiﬁcation of urothelial tumors in 2016, considerable progress has
occurred in our understanding of urothelial neoplasia which
has a signiﬁcant impact on the pathologist’s role in reporting
and management of tumors of the upper tract, bladder, and
parts of the urethra.1
This GUPS project included 38 invited experts (32 urologic
pathologists and 6 urologists and urologic oncologists) from 10
countries. In this work, GUPS focused on the recently published
developments as well as the authors’ experience to (1) clarify
nomenclature and classiﬁcation; (2) propose practice approach
and/or nomenclature in areas which have not received formal
recognition in the WHO, standard or even subspeciality textbooks or other reporting standards; and (3) outline how the
evolving molecular developments may impact routine practice.
The project and the ensuing manuscripts of the updates is
organized into 2 parts: (1) classiﬁcation and grading of ﬂat and
papillary urothelial neoplasia with new reporting recommendations and approach to lesions with mixed (ﬂat and papillary) and early papillary patterns of neoplasia; and (2) variants/
subtypes of urothelial cancer, substaging and reporting T1 cancer, and molecular taxonomy, immunotherapy and programmed
death-ligand 1 testing implications.
In this paper (part 1), we present the work of 3 teams
that critically reviewed the literature, deliberated on signiﬁcant updates important for surgical pathologists and
provided recommendations for clinical application. All
participants of the entire project provided feedback on both
manuscripts. The 2016 WHO classiﬁcation of noninvasive
urothelial tumors is outlined in Table 1. The work of team 1
focused on the topic of “ﬂat” urothelial, squamous and
glandular lesions; team 2 on grading noninvasive urothelial
tumors, and team 3 on early papillary and mixed papillary
and ﬂat lesions, and treatment-related pathologic alterations. The list of participants involved with this GUPS
offering are listed in Appendix 1.
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TABLE 1. The 2016 World Health Organization (WHO)
Classification of Noninvasive Urothelial Tumors
Urothelial dysplasia
Urothelial carcinoma in situ
Urothelial proliferation of uncertain malignant potential
Urothelial papilloma
Inverted urothelial papilloma
Papillary urothelial neoplasm of low malignant potential Urothelial
papilloma
Noninvasive papillary urothelial carcinoma, low-grade
Noninvasive papillary urothelial carcinoma, high-grade

“ FLAT” INTRAUROTHELIAL LESIONS
While the concept of urinary bladder carcinoma
in situ (CIS) has evolved over a period of ∼70 years, the
classiﬁcation of ﬂat urothelial lesions with atypia has been
relatively consistent for the past 2 decades. The term
“ﬂat” is used in quotations to distinguish them from
papillary lesions; although clinically or pathologically
they may not be precisely ﬂat in conﬁguration. The existence of cystoscopically invisible urothelial neoplasia did
not gain recognition until the 1950s. The morphologic
features of “intraurothelial cancer” were ﬁrst described by
Melicow and colleagues.2,3 The role of urine cytology was
noted that same year, when Koss4 described unequivocally malignant cells in urine sediment from a patient in
which cystoscopy showed only mild patchy erythema, but
no papillary tumor. This patient was subsequently found
to have extensive CIS with features similar to Paget disease, focal stromal invasion, and metastasis to the liver.
These descriptions laid the groundwork for increasing
recognition of urothelial CIS as a distinct form of bladder
cancer.5 More widespread acceptance was solidiﬁed
by reports of a large-scale industrial exposure to paraaminodiphenyl in 1955, which was linked to subsequent
development of bladder cancer.6 Thirteen patients in that
cohort developed de novo urothelial CIS, 7 of whom
progressed to well-documented invasive disease.
With the acceptance of urothelial CIS as an entity, proposals for subclassifying the full spectrum of intraurothelial
precursor lesions began to emerge. While many hospitals utilized their own local schemes, prominently published systems
included those by Koss7 Nagy et al,8 Mostoﬁ and
Sesterhenn,9 and Murphy et al.10 During this ∼40-year interval,
it was difﬁcult to compare cases between institutions because of
nonuniform terminology and issues around reproducibility. In
1996, Amin et al11 proposed a 2-tiered grading system for
noninﬂammatory atypical intraepithelial lesions that formed the
basis for the 1998 WHO/International Society of Urologic
Pathology (ISUP) consensus classiﬁcation of urothelial neoplasms.12 The rationale for this 2-tiered approach included: (1) 2
categories would allow for better intraobserver and interobserver reproducibility, (2) lower subgrades of “dysplasia” had
little known clinical implication and were largely ignored by
urologists, and (3) expanding the category of high-grade dysplasia/CIS to include lesions with signiﬁcant cytologic atypia
(regardless of extent) helped identify a subset of patients at
higher risk for progression who might beneﬁt from therapy.
Although the classiﬁcation of ﬂat precursor lesions
with cytologic atypia of the urinary bladder has remained
consistent over the last 3 editions of the WHO
classiﬁcation,1,13 here we discuss problematic diagnostic
issues of application and practice recommendations in the
context of the recent data.
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“Flat” Urothelial Hyperplasia

The concept of ﬂat urothelial hyperplasia, originally
deﬁned as thickened mucosa without cytologic atypia, has
evolved.12 While the diagnosis was included in the 1998
ISUP consensus classiﬁcation of urothelial neoplasms,8 the
2016 WHO Classiﬁcations incorporated it into the descriptive category encompassing lesions with both ﬂat and papillary hyperplasia under 1 diagnostic term of “urothelial
proliferation of unknown malignant potential.”14 It is well
accepted that a subset of these “ﬂat” hyperplasia lesions
represent lateral extension of low-grade papillary urothelial
neoplasia (so-called “shoulder lesion”).
From a practical diagnostic perspective, the following
considerations are important: (1) these lesions may show a
noticeably thickened urothelium, typically with > 9 cell layers,
although the number of cell layers may vary; (2) cell density
may increase, but cytologic atypia is absent to minimal; (3)
tangential sectioning must be excluded; (4) while slight or
moderate undulation of the urothelium is acceptable (tented), no
true papillary formations (with delicate ﬁbrovascular cores) are
allowed, as such cases are better classiﬁed as papillary urothelial
neoplasia. A more comprehensive perspective is provided in the
section on early papillary and mixed papillary and ﬂat lesions
(Atypical proliferative urothelial lesions lacking cytologic atypia
section, later).
When a urothelial lesion falls within the spectrum of such
parameters of “hyperplasia,” GUPS recommends the term
“atypical urothelial proliferation (AUP)—ﬂat” with a comment
suggesting that this lesion may be associated or may be a precursor to early noninvasive low-grade neoplasia (see the Atypical
proliferative urothelial lesions lacking cytologic atypia section). In
contrast, if the changes clearly exceed reactive atypia, and fall
short of CIS the lesion is diagnosed as “urothelial dysplasia.” As
a de novo proliferation, without concurrent or a past history of
papillary urothelial neoplasia, AUP-ﬂat is not as closely associated with subsequent urothelial neoplasia compared with
AUP-tented, based on limited data.2,15 Alterations in chromosome bands 9q22, 9p21, 2q, 4, 8p, 11p, and 17, FGFR3 mutations and ampliﬁcation of 11q12-q13 have been noted in a
minority of AUP-ﬂat associated with papillary urothelial
tumors.16,17

Urothelial Dysplasia
Urothelial dysplasia remains a controversial diagnostic
“entity” due to poor interobserver reproducibility. The
WHO deﬁnition includes “appreciable cytologic and architectural features that are believed to be preneoplastic but fall
short of the diagnostic threshold for urothelial CIS.”14
While few objective criteria are formally provided, lesions
diagnosed as dysplasia typically demonstrate loss of the
perpendicular arrangement of the urothelial cells relative to
the basement membrane, but with distinct nuclear enlargement and minimal nuclear outline and chromatin
irregularity.1,5 Reactive and regenerative atypia must be
assiduously ruled out (Fig. 1A). The absence of well-deﬁned
objective criteria has led to poor reproducibility and has
severely limited our knowledge of the molecular correlates
and the clinical outcomes, because pathologists’ diagnostic
thresholds (vs. CIS) have greatly inﬂuenced the resulting
data.1,5–9,18–21 Because of these limitations, some pathologists prefer to acknowledge this uncertainty and include
such ﬂat lesions under the diagnostic terminology “ﬂat
urothelial atypia of unknown signiﬁcance” (Fig. 1B). Since
the diagnosis of urothelial dysplasia is usually managed by
surveillance, this approach typically does not affect patient
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care. Others, however, use this diagnosis only when the
patient has a history of prior urothelial neoplasia, that is,
they do not diagnose it in a de novo setting where there is no
history of bladder neoplasia. We strongly caution against
using the terms urothelial dysplasia and urothelial atypia of
unknown signiﬁcance loosely and almost as a waste basket
terminology, as it further desensitises clinicians, resulting in
dubious management utility. In patients with CIS, posttreatment, caution is warranted to call treatment induced
changes as dysplasia.
Most immunohistochemical studies on dysplasia compare phenotypes of difﬁcult-to-classify ﬂat atypia with frank
CIS.22–26 For ﬂat urothelial atypia short of CIS, recent data
suggest that a prior history of urothelial neoplasia is a better
predictor of progression than immunophenotype,27 arguing
against the utility of immunohistochemistry in this setting.28
We agree with this approach and advocate against using
immunohistochemistry for this indication.

Urothelial Carcinoma In Situ
No major changes to the 2016 WHO diagnostic criteria
for urothelial CIS have been proposed and the diagnosis still
rests mainly on nuclear features and architectural disarray.
CIS remains both, an underdiagnosed and overdiagnosed
lesion, and requires accurate diagnostic recognition because
it is a biologically and therapeutically critical lesion. In
general, CIS exhibits nuclear enlargement (usually 5 to 6
times the size of adjacent lymphocyte nuclei), nuclear
rounding, variability in nuclear size and shape, nuclear
hyperchromasia, multiple nucleoli with nucleolar pleomorphism, loss of cellular polarity, and discohesion
(Figs. 1C, D). Not all of these features are required for the
diagnosis and hence a broad spectrum of histologic patterns
of CIS have been described that may be helpful in the recognition of CIS; evidence, however, suggests that the speciﬁc
patterns do not have prognostic impact.29 The recognition
of the pagetoid CIS, particularly on frozen sections of the
ureteral or urethral margins may be challenging due to
discontinuous involvement. A histologically subtle CIS
pattern with plasmacytoid features has been recently described,
characterized by cellular rounding, variably eccentric nuclei,
and dense globular eosinophilic cytoplasm.30 An important
concept to keep in mind is that CIS is predominantly a cytologic diagnosis which does not require full thickness involvement of the urothelium.
While most CIS demonstrates a CK20-positive/
CD44-negative immunophenotype, exceptions can also be
seen.1,21 The recognition of the immunophenotypic heterogeneity within CIS underscores that histology remains the
diagnostic gold standard and the any immunohistochemical
analysis for CIS should be in strict context of morphology.31
Speciﬁcally, some examples of CIS may express CD44 and
cytokeratin 5.30,31 Whether or not such a “basal immunophenotype” (ie, CD44/CK5 expression) has any prognostic
signiﬁcance in CIS requires further study. Recent evidence
suggests that racemase (alpha-methylacyl-CoA racemase)
and proliferation markers, such as Ki-67, may have some
utility in the distinction between CIS and reactive urothelial
atypia when ﬂorid examples of reactive change are
studied.32–34 Finally, p53 immunohistochemistry in ﬂat
urothelial atypia can be difﬁcult to interpret. If utilized, p53
should be evaluated with caution, recognizing that only
intense nuclear reactivity in practically all lesional cells (ie,
the full thickness of atypical urothelium) or a “null phenotype” should be regarded as “positive.”30,32,33
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FIGURE 1. Spectrum of flat urothelial lesions with atypia. A, Florid examples of reactive urothelial atypia often have a more basophilic or
amphophilic cytoplasm, mild nucleomegaly, and preservation of relatively fine nuclear chromatin. Small single or multiple nucleoli may
be present and mitotic figures, more often basally located, may be easily identifiable. B, Flat urothelial lesions with atypia in the “gray
zone” between definitive reactive atypia and definitive carcinoma in situ are problematic. Experts vary on classification of such cases, but
they may be diagnosed as “urothelial atypia, cannot exclude flat urothelial neoplasia/dysplasia or “urothelial dysplasia.” The minimal
degree of nucleomegaly, the mild cytologic atypia, and the eosinophilic cytoplasm are subtle, but are noticeable compared with normal
urothelium within a von Brunn nest in this image. C, Prototypical urothelial carcinoma in situ has pronounced nucleomegaly, irregular
nuclear chromatin, variability in nuclear size and shape, and loss of cellular order. D, Plasmacytoid urothelial carcinoma in situ is more
subtle than other patterns of urothelial carcinoma in situ. The nuclear enlargement may not be as pronounced, and nuclear size and
shape appears more homogenous. The triad of characteristic morphologic features includes abnormal architecture with cellular
rounding, enlarged nuclei with eccentric nuclear localization, and dense globular eosinophilic cytoplasm.

Flat Squamous Lesions
Limited data exist on the topic of primary squamous
precursor lesions of the urinary tract. Nonkeratinizing glycogenated squamous mucosa is common in women, particularly in the trigone area, which in the absence of cellular
atypia is generally considered a variant of normal
histology.35 Keratinizing squamous metaplasia may be a
predisposing factor for squamous cell carcinoma,36,37 and is
commonly identiﬁed adjacent to invasive squamous cell
carcinoma and squamous dysplasia. It is difﬁcult, however,
to determine its absolute risk for progression to invasive
carcinoma. Since extensive keratinizing squamous metaplasia is more likely to be associated with neoplasia, it is
recommended to report its presence and the extent (focal vs.
extensive). Squamous dysplasia, usually as keratinizing
squamous dysplasia, is a more deﬁnitive precursor for
invasive squamous cell carcinoma of the urinary

bladder.38,39 Most commonly, its morphologic features are
similar to the differentiated forms of squamous dysplasia
seen in the head and neck (moderate squamous dysplasia to
squamous cell CIS), in contrast to the basaloid patterns of
squamous dysplasia, more commonly seen in the uterine
cervix, which are relatively rare in the bladder.39 When the
architectural and cytologic atypia is obvious, the term squamous CIS should be used.

Flat Glandular Lesions
Primary noninvasive neoplastic glandular lesions of the
urothelial tract are extremely rare. Most examples of in situ
carcinoma showing glandular features actually represent
urothelial CIS with glandular differentiation based on the
fact that: (1) the subsequent invasive carcinomas are urothelial, rather than adenocarcinomas, and (2) the largest
fraction of concurrent carcinomas and CIS are urothelial.40
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TABLE 2. Summary of Key Updates and Recommendations on
“Flat” Lesions

FIGURE 2. Glandular features in flat neoplasia of the urinary tract
most commonly represents urothelial carcinoma in situ with
glandular differentiation. Please see this image in color online.

(Fig. 2). When CIS with glandular differentiation is
excluded, most nonpapillary glandular precursor lesions in
the bladder have features of low-grade or high-grade glandular dysplasia, arising in the background of intestinal/
enteric type cystitis glandularis.41–43 High-grade glandular
dysplasia typically shows nuclear rounding, nuclear hyperchromasia, loss of intracytoplasmic mucin, increased mitotic
activity, and loss of cellular polarity, while low-grade dysplasia has maintained polarity with cellular pseudostratiﬁcation and mild nuclear atypia Such dysplastic lesions
are often identiﬁed on the surface adjacent to primary
bladder adenocarcinomas.41 Molecular studies also demonstrate that intestinal metaplasia and dysplasia are associated
with APC, PRKDC, ROS1, ATM, and KMT2D mutations,
and are distinct from urothelial CIS.44 Similar dysplastic
lesions may be identiﬁed in the setting of bladder augmentation from the intestinal tract and may involve either the
native bladder or the intestinal mucosa.45–47 Despite these
ﬁndings, the evidence still supports that cystitis glandularis
with intestinal metaplasia (in the absence of dysplasia) is not
an obligate precursor lesion and does not signiﬁcantly
increase the risk for a subsequent malignancy.43,48 The
presence of intestinal metaplasia with high-grade dysplasia,
harboring oncogenic genetic variants associated with both
urothelial carcinoma and primary adenocarcinoma of the
bladder, further supports the notion that it represents a
precursor lesion.44,49,50 Interestingly, recent studies have also
documented oncogenic variants in some intestinal metaplasia
cases, but without dysplasia, suggesting that a subset of these
could potentially harbor greater risk for progression.44,49,50
Table 2 summarizes the key updates and recommendations offered on ﬂat urothelial lesions.

GRADING OF NONINVASIVE PAPILLARY
UROTHELIAL NEOPLASMS
Perspectives on Current Classification
The current classiﬁcation of papillary urothelial neoplasms was ﬁrst published in 1998 by the members of the
ISUP.12 It has been subsequently adopted by the WHO
classiﬁcation without modiﬁcation, in both the second and
fourth editions.1,13 The effort to introduce this classiﬁcation
was prompted by the need to deﬁne a group of papillary

We propose classiﬁcation of ﬂat intraurothelial lesions as: “atypical
urothelial proliferation, ﬂat; urothelial dysplasia and carcinoma
in situ”
The term “ﬂat urothelial hyperplasia” should be superseded by
“atypical urothelial proliferation–ﬂat” when other differential
diagnostic considerations are excluded
Urothelial dysplasia is a difﬁcult diagnosis with poor reproducibility
and should be made with extreme caution, especially in a patient
without prior established history of urothelial carcinoma
Aggregate data conﬁrm that urothelial carcinoma in situ may have
a heterogenous immunophenotype, so the diagnosis should be
based primarily on morphologic features
Since extensive keratinizing squamous metaplasia is more likely to
be associated with neoplasia, it is recommended to report the
presence and the extent (focal vs. extensive) of keratinizing
squamous metaplasia
Many examples of carcinoma in situ of the urinary bladder showing
glandular features represent divergent differentiation of urothelial
carcinoma
When carcinoma in situ with glandular differentiation is excluded,
most nonpapillary glandular precursor lesions in the bladder have
features of low-grade or high-grade glandular dysplasia arising in
the background of intestinal/enteric type cystitis glandularis and
should be reported as such

tumors with minimal cytologic and architectural atypia, that
was never associated with invasion at the time of ﬁrst
diagnosis, and rarely, if ever, progressed to invasive disease.
The term “papillary urothelial neoplasm of low malignant
potential” (PUNLMP) was chosen for this category. This
classiﬁcation also morphologically attempted to deﬁne
papillary tumors with a greater degree of disorder into lowgrade and high-grade papillary carcinomas. Some have
advocated further separating noninvasive high-grade papillary carcinomas with extreme atypia as “with anaplasia”;
although this is not formally currently advocated by the
WHO/ISUP classiﬁcation. The rationale to develop a
2-tiered rather than a 3-tiered or 4-tiered carcinoma classiﬁcation was because greater the number of tiers would
reduce the interobserver concordance between the pathologists and because the categories in the 3-tier/4-tier systems
did not exactly map out to actionable treatment categories.
It should be noted, however, that the ISUP classiﬁcation is
in fact a 3-tiered system since PUNLMP is a true neoplasm
with capacity to recur, like papillary carcinomas.
This classiﬁcation was built on prior work done by
others, including Jordan et al.51 By applying 1973 WHO
classiﬁcation (papillary carcinoma, grades 1, 2, and 3) to 400
de novo papillary noninvasive tumors, they found that none
of the grade 1 tumors were associated with invasion at the
time of diagnosis. With extended follow-up, only 4 of 91
(4.4%) patients died of bladder cancer, all in patients who
had developed grade 3 carcinoma before progression.
Actuarial survival curves of grade 1 carcinoma patients at
10 and 15 years were similar to noncancer bearing agematched normal controls. The authors correctly concluded
that there was no reason to call these grade 1 tumors
“carcinomas” and suggested they be called “papilloma.”
However, this term was not appropriate given the contemporary molecular data that clearly show inverted and
exophytic papillomas, as deﬁned by the WHO, to be distinct
genetic entities unrelated to the more common papillary
urothelial neoplasms.52,53
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FIGURE 3. Cumulative incidence plots of recurrence (A),
progression (B), and cancer-specific mortality (C) for patients
with non–muscle-invasive bladder tumors of different grades
and stages. HPUC indicates high-grade papillary urothelial
carcinoma; LPUC, low-grade papillary urothelial carcinoma;
PUNLMP, papillary urothelial neoplasm of low malignant
potential. From Pan et al. 56 Reproduced with permission.
Please see this image in color online.

Subsequently, Holmang and colleagues54,55 applied the
ISUP classiﬁcation to a well characterized group of papillary
urothelial neoplasms and demonstrated that PUNLMP had a
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lower recurrence rate than papillary low-grade and high-grade
tumors. With 5 years clinical follow-up, progression to invasive disease was not seen in PUNLMP, while progression in
low-grade and high-grade carcinoma was seen in 4% and 23%,
respectively. Other more contemporary series have demonstrated the clinical utility of this classiﬁcation56,57 (Fig. 3).
Over the years the ISUP/WHO classiﬁcation has gained wide
acceptance and have been endorsed by many societies,
including the College of American Pathologists (CAP), the
American Joint Commission of Cancer (AJCC), and the
International Consortium on Cancer Reporting (ICCR),
among others. With few exceptions, it is in use worldwide and
for many young and mid-career pathologists, it is the only
classiﬁcation they have been exposed to.
Nevertheless, there are problems with the classiﬁcation that
need to be addressed. A signiﬁcant number of publications
document poor interobserver reproducibility, somewhat similar
to what was described in the 1973 classiﬁcation.14,58–61 Interpathologist variance in grading and the power of the 2 systems to
predict clinical outcome (progression, response to therapy, and
recurrence) have been compared. A summary of 20 articles that
included 3593 patients compared the prognostic power and
reproducibility62 and found that both grading systems accurately
stratiﬁed the patients by progression (to higher stage or higher
grade) and recurrence. However, the reproducibility and the
intraobserver repeatability of both the 1973 and the ISUP/WHO
(2004/2016) systems were poor to moderate (κ = 0.003 to 0.68 vs.
0.17 to 0.70 and 0.68 to 0.88 vs. 0.56 to 0.83, respectively).
Some pathologists are also reluctant to classify a tumor
as PUNLMP, partially due to the issue of interobserver
variability, but also do to reservations in making a “benign”
diagnosis. Therefore, some have proposed to lump
PUNLMP and low-grade carcinomas into a “low-grade
papillary urothelial neoplasm” category. While this seems
superﬁcially logical, it assumes that the morphologic criteria
separating low-grade from high-grade carcinoma are more
reproducible. It also ignores the fact that some tumors
classiﬁed as low-grade carcinomas using the current criteria
may be associated with invasion and have a higher,
although still low probability of progression.55 In contrast,
one never sees a PUNLMP with concurrent invasion. Of
some concern is the fact that “grade migration” has also
been reported by some investigators, suggesting that a
greater percentage of cases are classiﬁed as high grade,
affecting its clinical utility.63 Others have suggested the
possibility of adding additional morphologic information
for grade stratiﬁcation, such as mitotic activity.64,65 For
example, a recent study demonstrated that mitotic activity
was superior to grade alone in predicting recurrence on
multivariate analysis. Though other authors have also
investigated the clinical utility of incorporating additional
immunohistochemical and molecular markers to better
predict clinical outcome,64,66 to date none of these markers
have been independently validated or uniformly adopted.
As with all classiﬁcation systems, the classiﬁcation of papillary urothelial neoplasms needs to be revisited based on ongoing
scholarship and new data. Any changes will need to be evidencebased, preferably validated by external sources using large independent patient cohorts, with adequate clinical follow-up and
controlling for the confounding features that contribute to risk
stratiﬁcation, including recurrence, size, prior clinical history, and
response to intravesical therapy. Thus, attempts to come up with
a “new classiﬁcation” or any reﬁnement based on personal
preferences and limited, insufﬁciently validated data, would be
misguided and will suffer from many of the ills of classiﬁcations
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past and present. Finally, we must also remain mindful that any
classiﬁcation needs to be readily applicable worldwide. Incorporating costly markers may theoretically make the prognostic
ability of the classiﬁcation more precise, a worthy academic and
clinical exercise. However, this approach may potentially limit its
utility to developed countries with healthcare systems that can
absorb the costs, while disenfranchising those that cannot.

Low-grade Papillary Carcinoma With a Focal
High-grade Component
The WHO system of 1973 categorized urothelial carcinomas into 3 grades—low (G1), intermediate (G2), and
high (G3).14 Although this system became widely used, there
were problems, primarily with its intermediate grade (G2).
Furthermore, some pathologists subclassiﬁed these intermediate-grade tumors based on the degree of differences
considering multiple features, such as cellular disorder,
variation in nuclear size, nuclear pleomorphism and mitotic
numbers, resulting in several consequences that led to confusion for the clinicians.1 For some pathologists, the 3-grade
system became a 5-tier system—G1, G1/G2, G2, G2/G3,
and G3. There was also “regression to the mean,” that is,
many papillary carcinomas were graded as G2. Therefore,
in 2004 the WHO adopted a 2-grade system (3 if you include
PUNLMP), which was based on a consensus meeting of
ISUP12 and this system was also used in the WHO 2016
grading of noninvasive papillary carcinomas.1,13
The use of the binary WHO 2016 system for noninvasive
carcinomas is challenging in grading papillary tumors with
mixed grades because the heterogeneity of grade occurs in up
to 32% of tumors.67 Studies have particularly focused on
tumors in which a minority of the neoplastic cells are high
grade (Fig. 4). However, investigators correlating outcomes of
tumors with heterogenous grades have used different thresholds for the fraction of cells that are high grade. Using a
threshold of 5% of cells that are high grade (deﬁned as mixed
grade), stage progression and death of disease of mixed-grade
tumors were similar to the uniformly low-grade tumors, while
signiﬁcantly better than in uniformly high-grade tumors.68 In
a study of 642 cases, a threshold of < 10% of high-grade cells
was used to deﬁne mixed-grade carcinomas. Clinical outcome
of those mixed tumors was similar to the low-grade tumors

GUPS Update on Bladder Cancer, Part 1

and signiﬁcantly better than in high-grade tumors, considering
both the 5-year progression-free survival (low grade 99%,
mixed grade 97%, high grade 74%) and the 5-year diseasespeciﬁc survival (low grade 100%, mixed grade 99.5%, high
grade 88%).69 A study of 153 patients with non–muscleinvasive bladder carcinomas evaluated the predictive power of
grade in response to intravesical BCG. Mixed-grade tumors
were deﬁned as tumors with < 50% high-grade cells and were
found to have a signiﬁcantly more favorable response than
pure high-grade tumors (hazard ratio = 4.4, 95% conﬁdence
interval: 1.1-18.4), but no other parameter including stage was
signiﬁcant.70
A small number of studies indicate that a limited small
proportion of high-grade cells, that is, < 10% of tumor
cells, does not signiﬁcantly change the clinical outcome of
low-grade carcinomas. Distinction between low-risk and
intermediate-to-high-risk urothelial carcinoma is of clinical
importance. For management, patients are categorized by
risk—low (only 1 Ta tumor, low grade, < 3 cm in size,
without concomitant CIS), versus intermediate (not deﬁned
in either low-risk or high-risk categories) and high risk
(high grade/G3, T1, large > 3 cm, multiple recurrent Ta
tumors, CIS).71 The risk category provides the basis for
adjuvant intravesical instillation and the regimen of surveillance most often intravesical BCG, which can have
signiﬁcant side effects.72 Therefore, based on the available
data, mixed tumors with <10% high grade may be diagnosed as: “noninvasive low-grade papillary urothelial carcinoma with a focal (< 10%), noninvasive higher grade
component.” With a comment such as: “There is limited
data on the prognostic signiﬁcance of a minor component
of high-grade tumor in an otherwise lower grade carcinoma, and the studies suggest that they generally behave
more like low-grade tumors.”
Future studies can hopefully validate the observation
that a small component (< 10%, of tumor cells) in a lowgrade papillary urothelial carcinoma is associated with a
better outcome than high-grade tumors, thus minimizing
the exposure to adjuvant therapy for these patients. To
accomplish this objective, studies should be large enough
and should control for other factors that may inﬂuence
outcome, such as tumor number, size, focality (single vs.
multiple tumors), grade and stage of coexisting neoplasms,
concurrent CIS, prior treatment, interpathologist variance
in grade, and length of follow-up. Establishing clear and
detailed histologic criteria regarding the grade would also
be helpful, for example, an atlas (or similar compendium)
illustrating the range of papillary carcinomas (low, mixed,
and high grade). Also, to be judiciously considered, based
on medical utility and cost efﬁcacy, in the future is using
immunohistochemical and/or molecular biomarkers as
surrogates for grade73,74; although we expect that these
molecular ﬁndings may be more useful in ﬁne tuning
microscopic grading than as complementary tests. Threedimensional characterization of tumor structures75–77 and
use of artiﬁcial intelligence (AI),78 using clinical outcome as
a gold standard, rather than grade, may further increase
prognostic stratiﬁcation.

Low-grade Papillary Urothelial Carcinoma, in
Which Both Papillary and Invasive Components
Are Low Grade
FIGURE 4. Papillary urothelial carcinoma, Ta, which is predominantly low grade, with a focus of high-grade carcinoma (inset).
Please see this image in color online.

Another important issue is the grading of a low-grade
papillary urothelial carcinoma, demonstrating a low-grade
component that invades the lamina propria (T1 carcinoma)
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morphologically low grade are uncommon and have a similar
prognosis stage for stage compared with invasive urothelial
carcinoma which are morphologically high grade; there are
no data to suggest there should difference in therapy based
on the histologic grade of the invasive component.80 Since
there is increasing awareness of this feature, larger studies
are needed to determine whether invasion of lamina
propria by low-grade urothelial papillary carcinoma is a
signiﬁcant risk factor for recurrence and/or progression of
disease in a multivariate analysis that includes other risk
factors including grade, tumor size, multiplicity and
concomitant CIS.

Deep Learning and Artificial Intelligence in
Urothelial Carcinoma Grading

FIGURE 5. Papillary urothelial carcinoma, low grade, with a focus
of low-grade urothelial carcinoma invading subepithelial lamina
propria. Please see this image in color online.

(Fig. 5). The prognosis of low-grade T1 papillary carcinomas in
which a component of the tumor invades the lamina propria
has not been extensively studied. Pan and colleagues reported
the outcome of 76 non–muscle-invasive papillary urothelial
carcinomas in a large retrospective study that included 891 Ta
and 475 T1 bladder tumors. The authors reported a 5-year
recurrence-free survival of 56% for T1 low-grade tumors and
55% for T1 high-grade tumors (P > 0.05), a 5-year progressionfree survival of 94% for T1 low-grade tumors and 68% for T1
high-grade tumors (P < 0.05) and a 5-year cancer-speciﬁc survival of 97% for low-grade T1 tumors and 76% for high-grade
T1 tumors.79 In a smaller study, Toll and Epstein80 reported
the prognosis of 41 low-grade T1 papillary carcinomas. Three
tumors showed grade progression and 3 tumors had both stage
and grade progression. Finally, if invasion of lamina propria in
papillary carcinoma is only focal and limited to the stalk, the
outcome is excellent, regardless of the grade.81
Given the prognostic uncertainty for the rare low-grade
tumors that invade lamina propria, many pathologists
simply report these tumors as high grade, based on the
presumed clinical outcome, rather than on histology.56
Clinical decisions are based in large part on the risk category
of the carcinoma. The Guidelines of the European Association of Urology for managing non–muscle-invasive bladder cancer (Ta, T1, and CIS) categorize a subset of lowgrade T1 carcinomas as high-risk tumors.82 The behavior of
low-grade papillary carcinomas that invade only the lamina
propria, which represent up to 13% of low-grade papillary
carcinomas in some series, has not been extensively
studied.79 This number is higher than in the experience of
most authors of this publication.
Since grade is based on an assessment of histologic
features, should we not call these tumors invasive lowgrade carcinomas, if the histology is indeed of low-grade
carcinoma? A similar issue arises for histologic variants of
T1 urothelial carcinoma that are morphologically low
grade (ie, nested and microcystic). They are not diagnosed
as high-grade carcinoma although they demonstrate
aggressive, or at least clinical outcomes similar to conventional high-grade urothelial carcinoma of comparable
stage.83 To avoid misleading clinicians, GUPS suggests
making a comment in surgical pathology reports of such
cases, for example, invasive urothelial carcinomas which are

The use of deep learning and AI in assessing pathology images has proven successful recently in the detection
and grading of various cancer types, especially of prostate
cancer. However, only a few such studies have been
reported for grading of urothelial carcinomas.78,84,85 In the
most recent study, 328 transurethral resection of bladder
specimens with consensus reading by 3 experienced genitourinary pathologists were used to develop, by deep
learning, algorithms for urothelium recognition and
grading.78 The AI grading algorithm shows moderate
agreement with the consensus reading (κ = 0.48), similar to
the agreement among pathologists (κ = 0.35, 0.38, and
0.52, respectively). The AI algorithm correctly graded 76%
of the low-grade cancers and 71% of the high-grade cancers
according to the consensus reading. These results show
promise and call for the development of better algorithms
as well as more studies to demonstrate that deep learning
can be used for the fully automated detection and grading
of urothelial cell carcinoma. Rather than correlating with
the “consensus” grading by pathologists, future studies
should at least additionally correlate the grading by AI
algorithms with clinical outcomes. In addition, deep
learning may also uncover morphologic features or
molecular correlates of prognostic signiﬁcance that may be
unrecognized by the human eye.

Update on Application of Immunohistochemistry
in Grading Urothelial Carcinoma
Tissue immunomarkers are not recommended for grading urothelial carcinomas in routine clinical cases. Although
studies have been shown that they may help improve and
reﬁne the prognostic signiﬁcance of grading, and potentially
helpful in borderline tumors or tumors with grade heterogeneity, GUPS does not advocate their current use in clinical
practice. Loss of CD44 immunoreactivity and increasing
CK20 positivity were signiﬁcantly associated with increasing
tumor grade.86 Aurora-A expression and elevated proliferation index (MIB-1) identiﬁed a subset of PUNLMP,
noninvasive low grade and noninvasive high-grade urothelial
carcinomas that are likely to recur.87 Similarly strong immunohistochemical expression of FGFR3, a superﬁcial staining
pattern of CK20, and a low proliferative activity (MIB-1)
identiﬁed PUNLMPs that do not recur.88 Recent studies of
tissue immunomarkers have shifted to biomarker-based
molecular grading depending on the immunostaining patterns
of luminal markers (CK20, GATA3, FOXA1, uroplakin II,
etc.) and basal markers (CD44, CK5/6, CK14, CDH3) in
muscle-invasive urothelial carcinoma.89 A simple 2-cytokeratin panel (CK20, CK5/6) was found to have the potential to
delineate luminal/basal phenotypes in non–muscle-invasive
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TABLE 3. Summary of Key Updates and Recommendations on Papillary Lesions
We propose classiﬁcation of noninvasive papillary urothelial lesions as: “atypical urothelial proliferation, tented; papillary urothelial neoplasm
of low malignant potential (PUNLMP), low-grade papillary urothelial carcinoma and high-grade papillary urothelial carcinoma”
While the rationale of the classiﬁcation remains sound and the clinical utility is iterated in many publications, problems exist with
interobserver reproducibility, hesitation to call tumors PUNLMP, and to include more tumors in the higher grade category affecting
clinical utility
The classiﬁcation of papillary urothelial neoplasms needs to be revisited in the future based on sound data, preferably validated by external
sources using large patient cohorts with adequate clinical follow-up and controlling for confounding features that contribute to risk
stratiﬁcation, including recurrence, size, prior clinical history and response to intravesical therapy. Integration with molecular markers that
can be performed worldwide may increase clinical utility
We should consider diagnosing mixed tumors with <10% high grade as: “noninvasive low-grade papillary urothelial carcinoma with a focal
(< 10%), noninvasive higher grade component.” With a comment such as: “There is limited data on the prognostic signiﬁcance of a minor
component of high-grade tumor in an otherwise lower grade carcinoma, and the studies suggest that they generally behave more like lowgrade tumors”
T1 low-grade carcinoma that focally invade into the lamina propria, are uncommon. In diagnosing such tumors, a comment should be added.
“Invasive urothelial carcinomas which are morphologically low grade are uncommon and have a similar prognosis stage for stage
compared with invasive urothelial carcinoma which are morphologically high grade; there are no data to suggest there should difference in
therapy based on the histologic grade of the invasive component”
Immunohistochemical markers are not routinely advocated for grading. Recently molecular grading (luminal vs. basal) using
immunomarkers is on the increase, though its performance currently should be based on institutional and referring clinician preference

bladder cancers and in upper tract urothelial cancers of stage
Ta through T4.90,91 Tumors of the same histologic grade but
with different biomarker grades exhibited signiﬁcant differences in recurrence-free survival, progression-free survival,
and cancer-speciﬁc survival.90 A limitation of these studies is
that none distinguish the molecular proﬁles and clinical outcomes of noninvasive papillary carcinoma from tumors that
extend only into the lamina propria. Although currently not
widely used, these markers may gain increased use in clinical
practice as many studies have shown that invasive bladder
cancer subclassiﬁed as luminal and basal types have distinct
clinical behaviors and sensitivity to current chemotherapy and
immunotherapy.92
Table 3 summarizes the key updates and recommendations offered on “ﬂat” urothelial lesions.

ATYPICAL PROLIFERATIVE UROTHELIAL LESIONS,
MIXED PATTERNS (PAPILLARY AND FLAT
UROTHELIAL NEOPLASIA), INVERTED LESIONS,
AND POSTTREATMENT CHANGES
Atypical Proliferative Urothelial Lesions Lacking
Cytologic Atypia
Discrete proliferative urothelial lesions composed of
thickened urothelium that are not fully developed neoplasms may demonstrate either a ﬂat or a tented/undulating appearance. We partially touched upon this topic
initially in the section of ﬂat lesions without atypia (urothelial hyperplasia). Here we discuss such ﬂat, early papillary, and mixed lesions. These lesions may also have
either: (1) no cytologic atypia; or (2) atypia analogous to
dysplasia/noninvasive low-grade papillary urothelial carcinoma; or (3) atypia analogous to CIS/high-grade papillary urothelial carcinoma.
In studies from the Johns Hopkins Hospital, the term
“papillary urothelial hyperplasia” was introduced for lesions
composed of thickened undulating urothelium without
cytologic atypia, arranged in narrow mucosal folds with
tented morphology.93–95 Some cases also show increased
vascularity in the stroma at the base of the folds. In 2015, at
the WHO Urologic tumors expert author meeting held in
Zurich Switzerland, “papillary urothelial hyperplasia” was

criticized for several reasons. First, some opposed the term
“papillary” for a lesion without well-developed papillary
fronds. Others were against the term “hyperplasia” for what
appears to be at least in some cases a preneoplastic or early
neoplastic condition. To overcome these issues, the WHO
2016 publication recommended the term “Urothelial Proliferation of Uncertain Malignant Potential (UPUMP).”
However, this name is also problematic because it does not
convey what the lesion looks like microscopically, as it
includes lesions with both ﬂat and tented morphology.
Consequently, UPUMP has not been widely accepted in the
pathology community and has not gained traction as a
diagnostic term.
To replace UPUMP, GUPS recommends a new term
“atypical urothelial proliferation (AUP),” to include both
tented and ﬂat types of such hyperplastic lesions that uniformly lack cytologic atypia. The ﬂat and tented variants
(AUP-ﬂat and AUP-tented) however have vastly different
morphologies, clinical manifestations, and associations to
bladder neoplasia (Figs. 6A, B). A note should be added to
the report to clarify that: “AUP may be a precursor lesion to
papillary urothelial neoplasms, which are typically low
grade.”
AUP-tented is discovered on routine follow-up cystoscopy for papillary urothelial neoplasms and less frequently in the workup for microhematuria or urinary
obstructive symptoms. In most cases at cystoscopy, a focal
lesion is identiﬁed that is variably described endoscopically as “bleb-like,” “papillary,” “raised,” “sessile,”
“frondular,” or “velvety.” In contrast to polypoid cystitis,
the folds in AUP-tented are typically narrow-based,
without stromal edema and inﬂammation. AUP-tented is
distinguished from papillary urothelial neoplasms by the
lack of true ﬁbrovascular cores within the thickened
mucosa, lack of complex arborization, and the absence of
“detached” papillary fronds.96
AUP-tented is a likely precursor lesion to low-grade
papillary urothelial neoplasms based on an increased risk of
these patients to harbor low-grade papillary urothelial neoplasms either in the past, concurrently, or subsequently.93,95,96
Furthermore, ∼50% of AUP-tented lesions are clonal, demonstrating loss of heterozygosity of at least 1 microsatellite
marker, with chromosomal arm 9q being most frequently
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FIGURE 6. A, Atypical urothelial proliferation (tented) consisting of thickened narrow mucosal folds with congested capillaries at the
base. B, Atypical urothelial proliferation (flat) with overtly thickened flat urothelium. C, Early low-grade papillary urothelial carcinoma with
thickened dysplastic urothelium, and subtle early papillary formation. D, Carcinoma in situ with early papillary formation with tented, but
not discretely papillary architecture, yet with high-grade cytology. Please see this image in color online.

lost.97 Larger studies of AUP-tented are needed to evaluate the
clinical signiﬁcance of de novo lesions, that is, without a concurrent or prior history of urothelial neoplasia. However, it is
reasonable to suggest that patients require clinical follow-up.
AUP-ﬂat (previously called ﬂat urothelial hyperplasia),
consists of overtly thickened ﬂat urothelium without cytologic atypia. It is less common as a de novo ﬁnding and
typically represents a shoulder lesion of a concurrent papillary urothelial neoplasm. As a de novo lesion (ie, without
concurrent or a history of papillary urothelial neoplasia),
AUP-ﬂat is not as strongly associated with subsequent urothelial neoplasia compared with AUP-tented, based on limited data.95,96 The possibility that some lesions are reactive in
nature exists. Alterations in chromosome bands 9q22, 9p21,
and FGFR3 mutations have been noted in a minority of
AUP-ﬂat associated with papillary urothelial tumors.16,17
AUP-ﬂat adjacent to papillary tumors have additional
alterations in in chromosome bands 2q, 4, 8p, 11p, and 17
and ampliﬁcation of 11q12-q13.17 These molecular studies
support that in many/most cases studied, AUP-ﬂat represents
the shoulder of a papillary urothelial neoplasm.

Urothelial Proliferations With Cytologic Atypia
and Mixed Early Papillary and Flat Architecture
Advances in molecular pathology of bladder cancer
have provided excellent correlations with the morphologic

spectrum of bladder neoplasia, essentially corroborating 2
distinct, yet occasionally coexisting pathways of bladder
cancer: papillary (associated with gain of function mutations
in growth factor signaling pathways) and nonpapillary
(urothelial CIS and invasive carcinoma associated with
inactivation of certain tumor suppresser genes) pathways.
Although the WHO classiﬁcation schema includes a
nomenclature for ﬂat, papillary, and invasive neoplasms, the
subjects of lesions with mixed patterns, that is, demonstrating features of both early papillary and ﬂat disease, and
those with inverted growth (beyond inverted papilloma)
have not received much formal attention. Further, these
topics, particularly the former, have not been subject to
much rigorous scholarship with well-deﬁned cohorts with
adequate follow-up to understand their true biological or
management implications.
There are 2 scenarios during pathologic evaluation of
bladder specimens in which one may see morphology that is
not either completely ﬂat or papillary. In patients with
noninvasive bladder cancer current guidelines suggest frequent cystoscopies and mapping. Thus, during these surveillance measures, papillary lesions may not be fully
established with well-deﬁned ﬁbrovascular cores likely due
to frequent endoscopic intervention. In addition, one of the
basis of intravesical therapy is abrasive surface action such
that the papillae may be stunted or ill formed; referred to as
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“truncated papillae of treated papillary carcinoma.”98 The
lesions have also been regarded as forme frustes of early
papillary neoplasia. Thus, the morphology in such settings
may be of undulating folds, micropapillary or ill formed
papillae with neovascularity at the base (early or poorly
formed papillae; early referring formation of papillary
architecture and not to natural history of the disease) in
which the overlying epithelium is more frequently thickened,
or rarely attenuated. The lining urothelium may vary from
low-grade cytologic atypia (equivalent to low-grade papillary urothelial carcinoma or urothelial dysplasia) to highgrade atypia (equivalent to high-grade papillary urothelial
carcinoma or CIS). When established ﬁbrovascular cores are
lacking and the lesion is not clearly described as being
papillary, based on clinicopathologic correlation the diagnosis of “early low-grade papillary urothelial carcinoma” or
“CIS with early papillary formations” may be rendered,
depending on the level of cytologic abnormalities (Figs. 6C,
D). Although the term “dysplasia with early papillary formations” has been suggested by some for proliferations with
ﬂat and ill formed papillary architecture and low-grade
cytologic atypia,99 GUPS recommends using “early lowgrade papillary urothelial carcinoma” for such morphologic
patterns as the clinical, biological, and prognostic signiﬁcance of urothelial dysplasia is not clearly established. It
is our opinion that using the term dysplasia (a term that
needs further study) with early papillary features as a
descriptive nomenclature for early/mixed papillary and ﬂat
lesions with low-grade atypia would likely provide clinically
misleading or ambiguous information.
It is important to recognize that the terms “early lowgrade papillary urothelial carcinoma” and “CIS with early
papillary formations” are merely descriptive terms to
acknowledge the absence of well-formed papillary architecture while providing information on the cytologic
severity of the urothelial mucosa.100,101 While approaching such cases in routine practice, correlation with the
clinical history of prior therapy and cystoscopic impression is essential. When these descriptive terms are used,
the ﬁndings need to be communicated/discussed with the
treating urologist. If an endoscopically evident papillary
proliferation was biopsied in a patient with a history of
papillary urothelial neoplasm, and microscopically it
shows thickened urothelium with undulations, without
formation of papillae with ﬁbrova`scular cores, and
cytologic atypia is present, the deﬁnitive diagnosis of
papillary urothelial carcinoma is likely more appropriate and should be graded accordingly. While some
authors believe that these ill formed papillary lesions
may represent incipient papillary carcinoma,102 molecular evidence supporting this hypothesis is currently
missing.17,98,100

Urothelial Neoplasms With Exclusive to
Predominant Inverted (Endophytic) Growth
Inverted urothelial neoplasms are relatively uncommon, and typically occur in the urinary bladder; less frequently they may be found in the upper tract or
urethra.103,104 Much of the focus in textbooks and previous
classiﬁcations have focused primarily or exclusively on
inverted papilloma, as it is more frequently encountered and
commonly exhibits an exclusive inverted growth. Discussion
on bladder tumors with inverted growth patterns, beyond
inverted papilloma, has only relatively recently received
attention, due to proposals for diagnostic nomenclature

FIGURE 7. Inverted lesions: Spectrum of urothelial tumors with
prominent inverted growth features. A, Papillary urothelial tumor
of low malignant potential. Noninvasive low grade (B) and noninvasive high-grade carcinoma with inverted growth pattern (C).
D, Invasive high-grade urothelial carcinoma with background
inverted features focally invading the lamina propria. Please see
this image in color online.

when such tumors are encountered in clinical practice, and
due to the problems, inverted neoplasms may pose with
respect to the assessment of invasion.99,104,105
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TABLE 4. Correlation of Findings and Nomenclature for Flat, Exophytic, and Inverted/Endophytic Urothelial Neoplasia

Degree of Atypia

Exophytic

None
None-minimal

Papilloma
PUNLMP

Mild-moderate

Noninvasive papillary urothelial
carcinoma, low grade
Noninvasive papillary urothelial
carcinoma, high grade
Invasive papillary urothelial
carcinoma, high grade

Moderate-severe
Moderate-severe

Flat

Endophytic

Normal epithelium
Inverted papilloma
Atypical urothelial proliferation, Inverted papillary urothelial
ﬂat
low malignant potential
Urothelial dysplasia
Inverted papillary urothelial
noninvasive, low grade
Carcinoma in situ
Inverted papillary urothelial
noninvasive, high grade
Invasive urothelial carcinoma,
Inverted papillary urothelial
high grade
invasive, high grade

neoplasm of
carcinoma,
carcinoma,
carcinoma,

PUNLMP indicates papillary urothelial neoplasm of low malignant potential.
Modiﬁed from Amin et al.106

Urothelial neoplasms with an inverted growth pattern
portray a wide spectrum of morphologic and cytologic
features, ranging from inverted urothelial papilloma,
PUNLMP to noninvasive low-grade and high-grade papillary urothelial carcinoma with an inverted growth pattern
(Fig. 7). The vast majority of urothelial neoplasms of the
bladder with an inverted growth pattern are noninvasive
and most commonly have a variable component of papillary
exophytic component. In fact, when one is familiar with the
histology of inverted papillary proliferations, and closely
examines tumors, particularly larger ones, there is often a
component of inverted histology.106
Anecdotal correlation of histology with cystoscopy
suggests that inverted lesions may appear dome-shaped or
with elevated, ill-deﬁned, or partial papillary in architecture.
Microscopically, the tumors are characterized by branching,
anastomosing cords of urothelium which may be associated
with smooth, pushing, or expansile borders. The architectural and cytologic features depend on the grade of the
tumor. Overall, the criteria are similar to those used for ﬂat
and exophytic papillary neoplasms (Table 4). When inverted
proliferations have increased thickness and cell density, they
represent inverted PUNLMPs and when cytologically
atypical—inverted carcinomas, further graded as low grade
and high grade. Destructive invasion must be carefully
assessed in high-grade tumors with inverted growth.
To use the nomenclature proposed in Table 4, we
recommend that the tumor should have pure to > 80% of
inverted histology; although we recognize that this cutoff is
arbitrary and needs further study. Examples in reports could
be: “papillary urothelial carcinoma, low grade, with predominant ( > 80%) inverted growth pattern; no evidence of

invasion” or “papillary urothelial neoplasm of low malignant potential, exclusive inverted growth, no evidence of
invasion.” Use of consistent terminology along these lines
will enable further study of the signiﬁcance of inverted
growth.
Currently, data regarding biological potential and
outcome are extremely limited, although there is a trend
towards inverted tumors to have lower progression rates.
In a study of 189 primary PUNLMPs, 12 had an exclusive
inverted growth; no recurrence or progression was documented on follow-up for PUNLMPs that demonstrated
exclusively inverted growth, compared with 21% recurrence for tumors with exophytic growth.57 In a study of 81
patients with noninvasive low-grade papillary urothelial
carcinoma, disease recurrence occurred in 41 patients
(50.6%). Cases with an inverted pattern showed a lower
recurrence rate in contrast to those with pure exophytic
tumors (37.5% vs. 52.1%), a longer time to ﬁrst recurrence
(mean: 34 vs. 21.5 mo), and fewer recurrence episodes
(P = 0.482, 0.564, and 0.051 respectively). All recurring
inverted cases recurred only once, and no tumor with
> 80% inverted growth pattern recurred.107 Recently, one
of the largest studies to date of invasive high-grade urothelial carcinoma arising in a background of urothelial
carcinoma with an inverted growth pattern (91 cases) also
highlighted potential pitfalls. In this study, 20% of the
patients that had invasive high-grade urothelial carcinoma
of the bladder arising in a background of urothelial carcinoma with an inverted growth pattern developed metastasis, and 26% died of disease, emphasizing the importance of the identiﬁcation of invasive foci and variant/
divergent morphology.104

TABLE 5. Summary of Key Updates and Recommendations on Atypical Proliferative Lesions Without Cytologic Atypia and Mixed Flat and
Early Papillary Lesions With Cytologic Atypia, Tumors With Inverted Patterns and Therapy Effect
Atypical proliferative lesions
Atypical proliferative lesions without cytologic atypia, previously called urothelial hyperplasia, ﬂat or papillary, and subsequently called
urothelial proliferation of uncertain malignant potential are recommended to be called “atypical urothelial proliferation” (AUP), ﬂat or
tented type
In lesions with cytologic atypia, when established ﬁbrovascular cores are lacking and the clinical lesion is not clearly described as being
papillary, based on clinico-pathologic correlation and morphology, the descriptive diagnosis of “early low-grade papillary urothelial
carcinoma” or “carcinoma in situ with early papillary formations” may be rendered
Tumors with inverted patterns
Except inverted papillomas, other inverted urothelial neoplasms (Table 4) are rarely purely inverted. An example of diagnostic terminology
that may be used is “papillary urothelial neoplasm of low malignant potential, exclusive inverted growth, no evidence of invasion”
We suggest reporting 80% or more predominant inverted histology using reporting language such as “papillary urothelial carcinoma, low
grade, with predominant ( > 80%) inverted histology; no evidence of invasion”
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TABLE 6. Summary of Treatment-related Changes in Bladder Cancer*

Type of Therapy

Pathologic Features

Intravesical immunotherapy (BCG,
interferon-α)
Intravesical mitomycin C chemotherapy
Cyclophosphamide therapy (systemic)
Neoadjuvant chemotherapy
Radiation therapy

Surgery-related pathologic features
Ketamine use
Gene therapy

Photodynamic and laser therapy

Extensive denudation and ulceration with regenerative atypia
BCG induced granulomatous inﬂammation
Interferon-α: lamina propria edema with mild perivascular inﬂammation
Denudation and ulceration with surface umbrella cells atypia (low nuclear to cytoplasmic
ratio)
Less signiﬁcant abnormalities in the deeper layers of urothelium
Necrosis of urothelium; large, bizarre nuclei with coarse chromatin and small to medium
sized nucleoli; multinucleation
Minor atypia of nonneoplastic urothelium; persistence of urothelial carcinoma in situ or
non–muscle-invasive disease
Invasive tumor necrosis (variable to complete) and xanthoma cells
Mucosal ulceration, denudation, and reactive atypia with raised nuclear to cytoplasmic
ratio; multinucleation
Atypical stromal cells and vascular thrombosis in lamina propria
Pseudocarcinomatous hyperplasia
Bladder wall ﬁbrosis (late stage)
Nonspeciﬁc granulomatous reaction; postsurgical necrobiotic granuloma; postoperative
spindle cell nodule and suture granuloma
Urothelial denudation and ulceration with prominent granulation tissue
Severe reactive atypia mimicking carcinoma in situ (nuclear enlargement, disorganization,
and loss of polarity)
Marked cytoplasmic vacuolization of tumor cells (early)
Inﬂammatory inﬁltrate mainly of B cells and macrophages
Non-neoplastic tissues unaffected and demarcated
Apoptosis mediated tumor necrosis
Spindling artifact of urothelial cells
Minimal changes with edema in lamina propria to coagulative to hemorrhagic necrosis
Dystrophic calciﬁcations

*Modiﬁed from Lopez-Beltran and colleagues.114–116

Urovysion ﬂuorescence in situ hybridization studies
have demonstrated chromosomal abnormalities considered
positive by Urovysion ﬂuorescence in situ hybridization
criteria in 72% cases of inverted carcinomas but none in
papillomas.108 Inverted carcinomas frequently harbored
mutations in FGFR3, TERT promoter, TP53, CDKN1A,
PIK3CA, and chromatin-modifying genes, however, these
molecular alterations were rare to nonexistent in inverted
urothelial papillomas.53,109 In contrast to inverted urothelial

TABLE 7. Genitourinary Pathology Society (GUPS)
Recommendations for Diagnostic Nomenclature and
Classification of Noninvasive Urothelial Lesions
Flat lesions
Atypical urothelial proliferation–ﬂat
Dysplasia
Urothelial carcinoma in situ
Papillary lesions
Atypical urothelial proliferation–tented
Urothelial papilloma
Papillary urothelial neoplasm of low malignant potential
Noninvasive papillary urothelial carcinoma, low grade
Noninvasive papillary urothelial carcinoma, high grade
Inverted lesions
Inverted urothelial papilloma
Inverted papillary urothelial neoplasm of low malignant potential
Inverted noninvasive papillary urothelial carcinoma, low grade
Inverted noninvasive papillary urothelial carcinoma, high grade
Mixed (ﬂat and papillary) and early papillary lesions with cytologic
atypia
Early low-grade papillary urothelial carcinoma
Urothelial carcinoma in situ with early papillary formations

papilloma, signiﬁcant telomere shortening occurred in urothelial carcinoma with an inverted growth pattern.110 Other
groups have utilized next generation sequencing to identify
recurrent mutations of HRAS (Q61R) in a signiﬁcant
number of cases of inverted urothelial papilloma.53,111
Although microsatellite instability has been well described
in a subset of cases of urothelial carcinoma with an inverted
growth pattern of the upper tract, this is not typically
associated with urothelial carcinoma of the bladder with an
inverted growth pattern.112

Therapy-related Diagnostic Issues
Different therapeutic agents and treatment modalities
(applied either topically or systematically) may generate
morphologic changes in the urinary tract which may seriously mimic urothelial neoplasia.113 These have been the
subject of recent publications and excellent reviews in the
literature, and the ﬁndings are summarized in Table 5.114–116
Immunohistochemical stains commonly used for reactive
versus urothelial CIS (p53, CK20, CD44, racemase, Ki-67)
should be interpreted with much caution in these settings.
Table 6 summarizes the key updates and recommendations offered on atypical proliferative lesions without
cytologic atypia and early and mixed ﬂat and early papillary
lesions with cytologic atypia, tumors with inverted patterns,
and therapy effect.117

CONCLUSIONS
In this collective work by select members of GUPS,
with multidisciplinary input, we endeavor to outline the
“state of the art” of bladder neoplasia and to provide an
update on the evolving histologic and molecular concepts
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impacting routine diagnostic practice. We have attempted
in this review to outline approaches to lesions traditionally
not discussed in formal classiﬁcation schemes, references,
and textbooks. Table 7 is a summary of diagnostic
nomenclature and classiﬁcation for noninvasive bladder
lesions based on the GUPS recommendations offered in
this paper. We hope that this appraisal provides direction
for future studies where knowledge gaps still exist and that
it will meet the needs of practicing pathologists and
clinicians for more clarity and guidance in clinical
practice.

APPENDIX 1
Working Groups (Team lead*)
Flat lesions: Jesse McKenney*, Charles Guo, John
Cheville, Lakshmi Kunju, Ondra Hes, Cristina MagiGalluzzi, Sharokh Shariat.
Papillary lesions: Larry True*, Maria Raspollini, Victor
E. Reuter, Jonathan Epstein, Ming Zhou, Morgan Roupret.
Mixed papillary and ﬂat, early papillary and inverted lesions:
Eva Comperat*, Chin Chen Pan, Veronika Weyerer, Kristina Pivovarcikova, Adeboye Osunkoya, Mahul B. Amin.
Bladder cancer variants: Donna Hansel*, Dilek Baydar,
Rajal Shah, Jonathan Epstein, Sounak Gupta, Jennifer
Gordetsky, Gopa Iyer.
pT1 substaging and reporting: Gladell Paner*, Fadi
Brimo, Seema Kaushal, Sara Falzarano, Trinity Bivalacqua,
Guido Dalbagni.
Molecular biology and testing implications: Hikmat
Al-Ahmadie*, Henning Reis, George Netto, Andres
Matoso, Kiril Trpkov, Liang Cheng, Jonathan Rosenberg.
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