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In addition to simultaneously occurring in multiple locations, 
urothelial tumor-like lesions and/or neoplastic lesions, 
particularly the latter, are characterized by another significant 
feature, that is, the diversity of growth patterns. These lesions 
can manifest as papillary (exophytic) as well as flat and inverted 
(endophytic) growth patterns. Most clinical cases of urothelial 
neoplasm present with a papillary growth one, which accounts 
for about 85% of urothelial neoplasms (1), while fewer cases 
present with flat or inverted growth patterns. 

At present, there is much research on papillary urothelial 
neoplasm, especially noninvasive urothelial papillary 
neoplasm, owing to their frequent occurrence in clinical 
settings. In 2004, the World Health Organization and 
International Society of Urological Pathology (WHO/ISUP) 

conducted a detailed histological classification of these 
papillary urothelial neoplasms as follows: benign papilloma, 
papillary urothelial neoplasm of low malignant potential 
(PUNLMP), noninvasive papillary urothelial carcinoma (low 
grade or high grade), and invasive urothelial carcinoma (2). 
This grading system has the advantages of being intuitive, 
as well as having strong reproducibility and operability, 
which contributes to the standardization in the pathological 
diagnosis of noninvasive urothelial papillary neoplasms. It 
not only provides the foundation of treatment for clinicians, 
but also offers the patients the chance for a proper cure. 

In contrast to papillary urothelial ones, urothelial 
neoplasms with flat and inverted growth patterns are 
relatively rare. Thus, few studies regarding these two types 
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of urothelial neoplasms have been conducted worldwide, 
especially on neoplasms with an inverted growth pattern. 
Most pathologists believe that there is a strong similarity 
in the cellular morphology between flat and exophytic 
neoplasms (3-10). In 1998, the ISUP consensus first 
described and proposed a classification of flat neoplasms 
(11,12). In 2004, the WHO/ISUP proposed a rough grading 
system for flat neoplasms and indicated their morphological 
similarities to exophytic ones (2). As for lesions with an 
inverted growth pattern, although the ISUP consensus 
defined the inverted papilloma in 1998, its histological 
grading remained unaddressed (11,12). Despite awareness 
of this issue, the grading system proposed by the WHO/
ISUP in 2004 failed to give any histological classification of 
urothelial neoplasms with an inverted growth pattern (2). 
This grading system only mentioned inverted papilloma 
and indicated that its inverted growth pattern might be 
confused with invasive carcinoma when found in an unusual 
location (2) (Table 1). In addition, certain sub-types of 
invasive urothelial carcinoma, such as the nested variant 

and large nested variant of urothelial carcinoma, cause 
great challenges and difficulties for pathologists to diagnose 
neoplasms with an inverted structure (13-18).

Apart from specific neoplastic lesions, some reactive 
or tumor-like lesions occurring on the urothelium also 
feature an inverted growth pattern, such as von Brunn nests 
(17,19-21), cystitis cystic/cystitis glandularis (20-25), and 
pseudocarcinomatous hyperplasia of the bladder (26-30).  
In some cases, these reactive lesions can be extremely easily 
confused with invasive carcinoma with an endophytic 
growth pattern, which increases the difficulty of diagnosing 
urothelial lesions with an inverted structure. Correct clinical 
guidance is based on correct pathological diagnosis, which 
generates proper treatment for the patient. Therefore, 
it is necessary for pathologists to be familiar with the 
diagnostic standards of these lesions. This paper presents 
a detailed and comprehensive introduction to neoplastic 
and tumor-like lesions with an inverted growth pattern 
from the perspective of their clinical, pathological, and few 
immunohistochemical features (Table 2). 

Table 1 2004 WHO/ISUP classification of urothelial neoplasms (2)

Types/growth pattern Exophytic Flat Endophytic

Benign Papilloma Normal epithelium Inverted papilloma

Low malignant potential PUNLMP Urothelial hyperplasia –

Malignant, noninvasive Non-invasive papillary urothelial carcinoma, low grade Urothelial dysplasia –

Non-invasive papillary urothelial carcinoma, high-grade Urothelial carcinoma  
in situ

–

Malignant, invasive Invasive carcinoma Invasive carcinoma Nested variants of 
urothelial carcinoma

WHO/ISUP, World Health Organization and International Society of Urological Pathology; PUNLMP, papillary urothelial neoplasm 
of low malignant potential.

Table 2 Neoplastic/tumor-like lesions and urothelial neoplasms of the bladder with an inverted growth pattern

Lesion nature Lesion type

Reactive lesion Von Brunn nests

Cystitis cystica/glandularis

Pseudoneoplastic hyperplasia (following radiotherapy or chemotherapy)

Benign neoplasm Inverted papilloma

Malignant neoplasms

Non-invasive Non-invasive urothelial neoplasms with an inverted growth pattern 

Invasive Invasive urothelial carcinoma with an inverted growth pattern

Nested variant of invasive urothelial carcinoma

Large nested variant of invasive urothelial carcinoma 
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Von Brunn nests

Von Brunn nests are usually observed in the normal 
urothelial mucosa, and they are believed to be caused by the 
invagination of normal urothelium in the lamina propria. 
It is reported that von Brunn nests can be seen in 89% of 
normal bladder mucosa (17,19). Careful examination of 
pathologic slides microscopically may show that these nest-
like structures can be connected with the surface of the 
urothelium. This connection might sometimes be lost, and 
the nests will be distributed in an isolated fashion around 
the lamina propria, which may result in false images in 
different sections. 

Although von Brunn nests are common and well known 
to pathologists, they haven’t given enough attention during 
routine pathology practice. In general, von Brunn nests 
are regular in shape, have smooth edges, are located on 
the superficial layer of the lamina propria, have relatively 
identical lesion depth, and lack nuclear atypia (17,19-21).  
But sometimes these lesions are vulnerable to being 
confused in morphology with nested variants of invasive 
urothelial carcinoma in the following two situations: first, if 

the von Brunn nests are so hyperplastic remarkably or florid 
that they can form significant solid cell nodules (Figure 1A);  
and second, if the von Brunn nests are located in the deep 
layer of the lamina propria and have an irregular basal layer 
of cells. In addition, remarkable hyperplasia may have a 
tumor-like appearance under cystoscopy, which will cause 
some difficulties in pathological diagnosis. Therefore, it is 
instrumental to be familiar with the histological features of 
von Brunn nests for its identification and the differential 
diagnosis between von Brunn nests and the nested variant of 
invasive urothelial carcinoma. The nested variant of invasive 
urothelial carcinoma can be disguised by a deceptively 
bland morphological appearance. But in reality, it is a 
highly invasive carcinoma with a high-grade of malignant 
potential. Thus, it is of great clinical importance to correctly 
distinguish these entities. Hyperplastic von Brunn nests 
tend to have a consistent depth during growth and are 
parallel to the surface of the epithelium. These lesions are 
evenly distributed in the lamina propria with regular shape, 
smooth-edged, and different sizes (17,19-21). Sometimes 
relatively large cell nests can be visible. The cells in von 

Figure 1 Von Brunn nests and cystitis cystica. (A) Von Brunn nests proliferating and forming significant solid cell nodules, with cystic or 
adenoid lacunae in the center of some nests (HE, ×40); (B) cystitis cystica connecting with the surface of the urothelium (HE, ×40); (C, D) 
cystitis cystica having smooth edges, locating on the superficial layer of the lamina propria, having relatively identical lesion depth, occurring 
with concurrently with von Brunn nests and being lined with the true urothelium (C: HE, ×40; D: HE, ×100).
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C D



Guo et al. The inverted lesions of urinary bladder

© Chinese Journal of Cancer Research. All rights reserved. Chin J Cancer Res 2016;28(1):107-121cjcr.amegroups.com

110

Brunn nests often lack nuclear atypia (17,19-21). The 
urothelium in the center of some cell nests may be lined with 
cystic or adenoid lacunae, which mimics the structure of 
cystitis cystica and cystitis glandularis (Figure 1A) (17,19-21).  
Usually von Brunn nests consist of loose connective tissue 
with regular gaps. Most cases of von Brunn nests show 
a symmetric growth pattern without lamina propria and 
muscular invasion. However, in the case of small biopsy 
specimens in which no lamina propria structure can be 
seen, there can be failure in the differential diagnosis based 
on the presence of invasion, even lamina propria invasion 
(17,19). In contrast, the capillary network surrounding the 
cell nests and the adjacent stroma resembling the normal 
mucosa can provide some clues for the differentiation 
between von Brunn nests and nested variant of invasive 
urothelial carcinoma. Generally, the diagnosis of malignancy 
is supported by the following evidence: the presence of 
crowded and irregular arrangements of nests with reticular 
network; the appearance of cellular atypia in the deep part of 
the lesions; and an accompanying invasive growth pattern. 
Results from current studies have shown that the application 
of immunohistochemical staining (including MIB-I, CK20, 
p27, and p53 protein staining) does not have a significant 
value in the differentiation between von Brunn nests and 
nested variant of invasive urothelial carcinoma (22).

It should be emphasized that all the lesions occurring 
on the normal urothelium, including reactive proliferation, 
atypical hyperplasia, and carcinoma in situ, can involve von 
Brunn nests. Occasionally, nuclear atypia may be visible 
in von Brunn nests. This atypia is generally regarded as 
reactive atypical hyperplasia unless it is accompanied by 
atypical hyperplasia and carcinoma in situ at the same time. 

Cystitis cystica and cystitis glandularis

Cystitis cystica is a group of urothelial disorders featuring 
cystic cavities in the center of the von Brunn nests and 
dilated cystic cavities lining the true urothelium (31). 
Cystitis glandularis is a term describing the glandular 
epithelium with mucosal cells lining the cystic cavity, with 
cuboidal or columnar epithelium in most cases (20-25). 
As with von Brunn nests, cystitis cystica and glandularis 
generally occur on the normal urothelial mucosa. Cystitis 
cystica and glandularis are observed in 60% of the normal 
bladder mucosa in autopsy cases (32). Cystitis cystica and 
glandularis usually occur concurrently with von Brunn 
nests, and all of them are regarded as a type of reactive 
lesion. Research has indicated that these lesions do not 

contribute to the risk factors of bladder cancer, and there is 
no relationship between the appearance of this lesion in the 
bladder and the occurrence of bladder cancer (31). Cystitis 
cystica and glandularis show no significant epidemiologic 
difference considering patient sex (20-25). They are 
mainly seen in adults but also can occur in children. 
Occasionally cystitis glandularis may be accompanied by 
intestinal metaplasia, which is seen by mucus columnar 
epithelium and goblet cells (32). Furthermore, when the 
immunophenotype is similar to the mucous epithelium of 
the intestinal type (CK20+, CDX2+), it can be diagnosed as 
intestinal-type cystitis glandularis. But Paneth cells can be 
seen rarely (32). In cases of cystitis glandularis in which the 
intestinal metaplasia is the entire or primary manifestation, 
the term “intestinal metaplasia” is commonly used as a 
replacement for the diagnosis of “intestinal-type cystitis 
glandularis” (32). 

In most cases, it is relatively easy to diagnose cystitis 
cystica and cystitis glandularis pathologically. However, in 
those cases with significant hyperplasia, it is necessary to 
differentiate them from invasive carcinoma accompanied 
by adenoid structures, which include invasive urothelial 
carcinoma associated with glandular differentiation, 
microcystic variant of invasive carcinoma, and invasive 
adenocarcinoma (10,31,32). The above-mentioned features 
for differentiation between von Brunn nests and invasive 
carcinoma are still applicable in thess cases (Figure 1) (31). In 
addition, the interstitial morphology sometimes contributes 
to the differentiation between reactive lesions and invasive 
carcinoma, for example, the occurrence of desmoplastic 
reactions supports the presence of invasive carcinoma (31). 
Furthermore, great attention should be paid to cases in 
which there is mucus overflow from the glandular structure 
of intestinal-type cystitis glandularis which should be 
differentiate from mucinous adenocarcinoma. Although the 
differential diagnosis is difficult in these cases, it is helpful to 
have a clear understanding of the variants of cell morphology, 
the deficiency of free-floating epithelial nests in the mucus 
lake, and the lack of muscularis propria involvement. 

Research has shown that significant telomere shortening 
exists in urothelial lesions associated with intestinal 
metaplasia with/without cystitis glandularis (24), which 
increases the possibility that intestinal metaplasia is the 
precancerous lesion of adenocarcinoma. However, most 
long-term fellow-up, clinical, and pathological research have 
found that urothelial lesions with intestinal metaplasia failed 
to conclusively increase the occurrence of carcinoma (22).  
Therefore, further studies are needed to discover the 
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association between urothelial lesions and intestinal 
metaplasia and carcinoma.

Pseudocarcinomatous hyperplasia

Pseudocarcinomatous hyperplasia is a rare reactive 
hyperplasia on the epithelium of the bladder mucosa that 
is commonly seen after radiotherapy and chemotherapy, 
or can be the result of hemorrhage/irritation (10,26-32). 
Patients who have received radiotherapy or chemotherapy 
in or around their bladder usually suffer from hematuria 
within the next 0–7 years (average time: 2 years) (27). 
Pseudocarcinomatous hyperplasia may also mimic 
invasive carcinoma through the presence of abnormal 
changes in histological structure and cellular morphology. 
Pseudocarcinomatous lesions always consist of irregular 
cell nests with an invasive appearance. Occasionally, they 
are synchronous with squamous metaplasia. Their nuclei 
are mildly to moderately multi-morphological and usually 
show no mitotic figures, although some active mitotic 
figures might be visible (>8–10 high power field) (27). 
When clearly observed, Pseudocarcinomatous lesions are 
usually limited to the mucosa. Additionally, some diagnostic 
clues can be obtained on the basis of the other symptoms, 
including ulcers, inflammation, hemorrhage, congestion of 
blood vessels, fibrin deposition, and edema. The following 
indications can also help pathologists to exclude invasive 
carcinoma: a definite history of clinical treatment (27), the 
invasive cell nests surrounding dilated small blood vessel 
with fibrinous thrombus formation (26), and the absence 
of carcinoma in situ transformation on the urothelium 
far from the lesion (32). It is important to remember 
that radiotherapy and chemotherapy are risk factors for 
carcinoma, especially with cyclophosphamide treatment 
(32-37). Thus, if the diagnosis is questionable, careful 
histological examination should be conducted to exclude 
the occurrence of carcinoma after treatment. Furthermore, 
the evaluation of patients with a history of bladder cancer 
should be performed with caution.

Pseudocarcinomatous hyperplasia may occasionally 
be observed in patients without a history of radiotherapy 
or chemotherapy (29,30). Predisposing factors include 
causes of hemorrhage or irritation, such as chronic 
catheterization (29,30). In these cases, the pathologic 
morphology can demonstrate proliferation resembling 
that after radiotherapy or chemotherapy, and the definitive 
diagnosis can be obtained from the presence of peripheral 
inflammation, edema, hemorrhage, dilated vessels, fibrin 

exudation, and hemosiderin deposition. Interestingly, 
the proliferated cells in this case usually tend to have an 
eosinophilic cytoplasm (29,30), which can be misdiagnosed 
as abnormal or squamous metaplasia of invasive urothelial 
carcinoma. However, careful observation reveals that the 
lesions do not involve the muscularis propria and lack 
significant nuclei atypia despite an invasive appearance. It 
remains unclear whether the above-mentioned features are 
precancerous lesions, and thus, further investigations are 
needed. However, a definite answer may never be obtained 
owing to the rarity of this disease.

Inverted papilloma 

Inverted papilloma of the bladder (IPB) is a rare benign 
tumor in the bladder. Its morbidity accounts for 1.4% to 
2.2% of all urothelial neoplasms (9,38). The term “inverted 
papilloma” was first introduced in the study by Potts et al. 
in 1963 (39). IPB is most commonly diagnosed in elderly 
people, aged 60–70 years, especially in men (the ratio of 
morbidity in men to women is 7.3:1) (10). At present, 
the cause of IPB remains unknown, although it has been 
proposed that IPB is related to smoking, chronic infection 
of the urinary bladder, hyperplasia of von Brunn nests, and 
urinary tract obstruction (9,38,40-42). IPB may occur at 
any site of the urinary tract, but is primarily present in the 
bladder. Clinically, patients with IPB present with symptoms 
similar to those of transitional cell carcinoma of the bladder, 
exhibiting intermittent and painless macroscopic hematuria 
accompanied by symptoms of urothelial irritation in some 
cases. Patients with IPB with a large neoplasm may suffer 
from dysuria (9,38,41,42). Occasionally, asymptomatic IPB 
may be detected during physical examination. Although 
IPB can occur on any site of the bladder, it mainly occurs 
in the neck, trigone, and sidewall of the bladder. But it is 
rarely seen in the top of the bladder. Under cystoscopy, 
IPB presents primarily as a pedunculated (such as papillary, 
polypoid and seaweed-like) or sessile mass with a relatively 
obvious smooth surface. The diameter of the mass is less 
than 3 cm in most cases but can sometimes be much larger, 
with diameter of up to 8 cm (9,38,41,42). Generally, the 
neoplasms are single lesions, though some cases may be 
multiple lesions (1.3–4.4%) (38,43,44).

Microscopically, the surface of the IPB is lined with a 
normal or thin layer of urothelium. The neoplasm grows 
endophytically from the epithelial mucosa to the lamina 
propria, which forms different-sized epithelial nests. Some 
cell nests are interconnected to form the trabecular type 
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(Figure 2A), with peripheral basal cells in a columnar and 
palisade arrangement, vertical to the basal lamina (Figure 2B).  
An increased thickness of the basal lamina connected closely 
with the basal cell is usually observed. Cells in the center 
of the nest, generally characterized by their thin-spindled 
appearance and serpiginous configuration, are arranged in 
parallel with the basal lamina (Figure 2B). Mitotic figures 
are rarely seen (9,38,41,42,45). In the center of the nest, 
micro cystic or adenoid structure formed. The morphology 
of the cells in the innermost layer resembles typical surface 
“umbrella” cells of the urothelium (Figure 2C). Pathologically, 
IPB can be classified into three subtypes: the trabecular 
subtype, the adenoid subtype, and the mixed one (46).  
The trabecular type, which is the classic type of IPB, is thought 
to originate from the basal cells. The trabecular structure 
is relatively thin with consistent thickness, has a regular 
arrangement in the basal part, and originates from the same 
depth (10,46). Additionally, the stroma within the trabecular 
structure is mainly loose connective tissue (Figure 2D),  

though fibrosis may occur in some cases. In some cases, the 
epithelium on the surface of the lesions is accompanied by 
exophytic growth (47,48). The presence of focal squamous 
metaplasia or neuroendocrine differentiation is rarely 
observed. Significant cytological atypia of the neoplastic cell 
nuclei is almost absent under close observation (48). 

The glandular subtype of  IPB has overlapping 
morphological features with cystitis glandularis/cystic. 
And it is believed the glandular subtype of IPB originate 
from the extension of cystitis glandularis/cystica (10,49). 
Microscopic observation shows that the glandular subtype 
of IPB consists of nests with either pseudo-glandular spaces 
lined by urothelium or true glandular spaces containing 
goblet cells. The cytoplasm of the tumor cells in some 
cases has a vacuolated or foamy appearance, which can be 
misdiagnosed as urothelial carcinoma. 

As for the pathological diagnosis of IPB, Amin et al. 
proposed nine strict diagnostic criteria (6): (I) inverted 
growth pattern; (II) smooth surface lined with mature 

Figure 2 Inverted papilloma. (A) Non-hyperplastic and non-atypical tumor cells growing endophytically to the lamina propria and forming 
different-sized epithelial nests and trabecular with a surface of thin normal layer of urothelium (HE, ×40); (B) inverted papilloma with 
peripheral palisading and central paralleling with the basal lamina (HE, ×200); (C) in the center of the nest, micro cystic structure formed 
lining with typical surface “umbrella” cells of the urothelium (HE, ×100); (D) the stroma within the trabecular structure is mainly loose 
connective tissue (HE, ×100).
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urothelium; (III) uniform epithelial morphology; (IV) tumor 
cells with consistent arrangement; (V) no or few mitotic 
figures; (VI) possible presence of microcyst formation; (VII) 
possible presence of non-keratinizing squamous metaplasia; 
(VIII) no exophytic component; and (IX) noninvasive. In 
fact, IPB, if it was diagnosed according to the above criterias 
strictly in a clinical setting, has a benign process with a 
recurrence rate of 1%, and can be cured with secondary 
complete excision, just like von Brunn nests (47,50). For 
the treatment of IPB, transurethral resection of the bladder 
tumor (TURBT) is recommended, which requires the 
excision of the lamina propria or superficial muscularis 
propria invasion, and partial excision of the bladder may be 
necessary for relatively large neoplasms (47,50-53). 

Noninvasive inverted urothelial neoplasm

According to the 2004 WHO/ISUP definition, inverted 
papilloma has benign biological behavior and process, 
almost without recurrence, extension, or metastasis 
after complete surgical excision. In addition, no further 
treatment is needed after excision, even intravesical 
instillation (47,50-53). However, numerous doubts on the 
benign biological behavior of IPB have been raised in recent 
years (44,48,54,55). An increasing number of pathologists 
have been faced with confusion during the pathological 
diagnosis of this condition. For example, some cases have an 
extremely similar structure to IPB at low magnification but 
have relatively large cords and nests of neoplastic cells with 
different sizes and irregular morphology. Furthermore, the 
nuclei of these neoplastic cells display a certain degree of 
atypia, and the upward movement of nucleic mitotic figures 
may be present. There may even be formation of solid 
structures in these cases, and fibrovascular cores may be 
observed in the center of some cellular nests. On the other 
hand, urologists have also found that 3–5% of IPB cases 
that are diagnosed pathologically have characteristics of 
malignant neoplasms, which are susceptible to recurrence, 
extension, and metastasis (51,52). It is difficult to explain 
this phenomenon thoroughly with benign neoplasms. 
Therefore, there have been continuous reports indicating 
that IPB may have malignant potential and is associated 
with urothelial carcinoma to a certain degree. IPB has 
drawn attention owing to its increased malignancy, multi-
occurrence, and recurrence. As mentioned above, if a 
pathological diagnosis is obtained according to strict 
definitions and criteria, IPBs, mimicking a von Brunn nests, 
have a benign process with a recurrence rate of 1% and can 

be cured with a complete secondary excision. The main 
reason for regarding IPB as having a low-grade malignant 
potential or malignant biological behavior with a recurrence 
rate as high as 5% is inaccurate diagnostic criteria and 
insufficient knowledge on urothelial neoplasms with an 
inverted growth structure (6,47,50). 

Since the WHO/ISUP consensus in 1998, experts 
have recognized that inverted neoplasms are a continual 
challenge in the pathological diagnosis of urologic diseases 
(11-12). Unfortunately, the 2004 WHO/ISUP grading 
system did not provide explanations of noninvasive, 
inverted, and dysplastic urothelial neoplasms (2). Because 
of the lack of guidance, the diagnosis of such neoplasms is 
not clear. For example, noninvasive inverted non-benign 
neoplasms has been named as “atypical inverted papilloma”, 
“borderline inverted urothelial neoplasm of low-grade 
malignant potential”, “dysplastic noninvasive inverted 
urothelial carcinoma”, and “noninvasive inverted urothelial 
carcinoma”, or other names (7-10,44,47,48,50-61). Owing to 
the lack of standardized terminologies for the pathological 
diagnosis, clinicians are often at a loss, which subsequently 
leads to relatively inconsistent treatments. This is evident in 
how some patients receive intravesical instillation, whereas 
some do not. As a result, it becomes a difficult problem for 
the clinicians and pathologists to diagnose and treat these 
kind of noninvasive urothelial neoplasms with a certain 
degree of atypia in its histological structure and cellular 
morphology. 

In 2012, experts from the International Consultation 
on Urological Diseases (ICUD) concluded that it is urgent 
and necessary to establish a histological grading system 
for inverted urothelial neoplasms (5,57). In particular, the 
current grading system was not suitable for cases with 
an inverted structure. Furthermore, the ICUD pointed 
out that a lack of awareness and guidance for inverted 
urothelial neoplasms has led to some neoplasms, especially 
those with inverted PUNLMP being assigned different 
names in literature and reports. Consequently, the ICUD 
recommended that the WHO/ISUP system should establish 
a grading standard and apply this standard for the grading 
of inverted lesions, including inverted papilloma, inverted 
PUNLMP, low-grade inverted urothelial carcinoma, and 
high-grade inverted urothelial carcinoma (Table 3) (5,57). 
This made the current histological classification of flat and 
exophytic papilloma applicable to inverted lesions. Although 
part of the data indicates that it is feasible and effective 
to apply the histological grading systems proposed by the 
WHO/ISUP to endophytic lesions, especially PUNLMP, 
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the ICUD suggests that it is still important to conduct 
comprehensive communication with clinicians, because the 
data collections of these kind of neoplasms have just begun. 
Clinicians should be aware of the limited prospective 
implications of this diagnosis. However, the application 
of standardized diagnostic criteria and terminologies will 
contribute to a better understanding and allow further 
in-depth studies on neoplasms. In daily clinical practice, 
neoplastic cases with mixed growth of both exophytic and 
entophytic neoplasms are commonly observed. Therefore, 
the ICUD recommended that this diagnostic term should 
only be used in those cases in which the inverted lesions are 
the prominent lesions. 

In 2014, the ICUD experts proposed the above-
mentioned classification. However these suggestions, 
which can be seen in Table 3, only consider atypical cellular 
morphology. However, routine clinical work has shown 
that some other features have the same significance as 
cellular atypia in the grading of exophytic or flat urothelial 
neoplasms, such as the regularity and uniformity of the 
entophytic trabecular structure, thickness of cellular layers, 
existence of central “umbrella” cells, presence of mitotic 
figures, layers with appearance of mitotic figures, and 
presence of pathological mitotic figures. So we suggest 
we should take into account these features in the grading 
of inverted neoplasms (Table 4). The following situations 

Table 3 2014 ICUD classification of urothelial neoplasms with an inverted growth pattern

Degree of atypia Exophytic Flat Endophytic

None Papilloma Normal epithelium Inverted papilloma

Mild PUNLMP* Urothelial hyperplasia Inverted PUNLMP*

Significant, 

Mild-moderate

Non-invasive papillary urothelial 

carcinoma, low grade

Urothelial dysplasia Inverted papillary urothelial carcinoma, 

non-invasive, low grade 

Moderate-severe Non-invasive papillary urothelial 

carcinoma, high grade

Carcinoma in situ Inverted papillary urothelial carcinoma, 

non-invasive, high grade

Severe Invasive papillary urothelial  

carcinoma, high grade

Invasive urothelial carcinoma, 

high grade

Inverted papillary urothelial carcinoma, 

invasive, high grade 

*, PUNLMP, Papillary urothelial neoplasm of low malignant potential.

Table 4 Histological grading of noninvasive and inverted papillary urothelial neoplasms

Morphological features Inverted papilloma
Inverted PUNLMP  

(Figure 3)

Inverted papillary urothelial 

carcinoma, non-invasive, low 

grade (Figure 4)

Inverted papillary urothelial 

carcinoma, non-invasive, 

high grade (Figure 5)

Exogenous papillary 

structure

Absent Usually present Usually present Usually present

Endogenous nests and 

trabeculaes

Uniform size, small 

and regular 

Different size, large and 

mild irregular 

Inconsistent size, large and 

moderate irregular

Inconsistent size, large and 

severe irregular

Cellular layers Identical to normal, 

3-5 layers

Increased, >5 layers Increased, >5 layers Increased, >5 layers

Central “umbrella” cells Present Usually present Sometimes present Usually absent 

Polarity Normal Fine Mild-moderate disorder Severe disorder

Cellular atypia Absent Normal-mild variation Moderate-marked variation Severe variation

Mitotic figures Rare, occasionally 

present at the basal 

layer

Usually inconspicuous, 

present at the basal layer

Usually inconspicuous, may 

be present at any layer

Usually frequent, present 

at any layer

Pathologic mitotic 

figures

Absent Absent Absent Present
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within the trabecular structure indicate the occurrence 
of noninvasive urothelial carcinoma: the presence of 
an irregular and/or inconsistent trabecular structure; a 
significant increase in cellular layers; the absence of central 

“umbrella” cells; and the presence of mitotic figures or 
mitotic figures moving from the outer layers toward the 
center, especially the presence of pathological mitotic 
figures. Furthermore, the appearance of exophytic papillary 

A B C

Figure 3 Similar to exophytic one, Inverted PUNLMP is composed of large and mild irregular trabeculae, an increased thickness, presence 
of central “umbrella” cells, mild atypia and rare mitoses within an urothelium with preserved polarity. PUNLMP, papillary urothelial 
neoplasm of low malignant potential (HE, ×40).

Figure 4 Inverted papillary urothelial carcinoma, non-invasive, low grade. (A) The neoplasm shows large and moderate irregular trabeculae 
with inconsistent size, a degree of cellularity and loss of polarity (HE, ×40); (B) mild to moderate cytologic atypia is apparent (HE, ×100). 

Figure 5 Inverted papillary urothelial carcinoma, high grade. The neoplasm shows large and severe irregular trabeculae with inconsistent 
size, a degree of cellularity, even greater loss of polarity, severe cytologic atypia (HE, ×40). 

A B

A B
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structure in neoplasms is of great value for the evaluating 
and classifying inverted neoplasms. In general, it is rare 
to observe exophytic papillary urothelium in inverted 
papilloma, whereas it is common to observe some exophytic 
papillary urothelium in noninvasive inverted low-grade 
malignant potential or malignant neoplasms. In addition, 
cystoscopy might also reveal the following indicators: 
inverted papilloma is typically characterized as a single 
peduncle mass with smooth surface; but noninvasive inverted 
urothelial carcinoma is typically characterized as multiple 
masses with a wide base, cauliflower-like appearance, and a 
relatively jagged surface.

Inverted papilloma and noninvasive urothelial carcinoma 
with an inverted growth pattern of the bladder may be 
difficult to distinguish histologically, especially in cystoscopy-
obtained biopsies. The neoplastic tissues are small, obscure 
and unclear in structure and cellular morphology because of 
deformation. Thus, pathologists hope some assistance in the 
grading and confirmation process by using other features, 
such as immunohistochemical stains and molecular genetics 
examination. CK20 and Ki67 are the indicators for the 
differentiation and proliferation of urothelial cells that reflect 
the changes in differentiation and proliferation of neoplasms 
with an inverted growth pattern. The expression of CK20 
in normal urothelial cells is limited to the superficial cap 
cells, but it is not observed in abnormal proliferation, when 
its expression can be seen in the entire cellular layer. Some 
studies suggested that CK20 stain is of great significance 
in distinguishing between IPB and noninvasive urothelial 
carcinoma with an inverted growth pattern (51). The fact 
that urothelial carcinoma with an inverted growth pattern 
stains positively for CK20 in the entire layer contributes to 
its pathological diagnosis. However, an increasing number 
of reports have indicated that further studies are needed for 
the value of CK20 in distinguishing IPB and noninvasive 
urothelial carcinoma with an inverted growth pattern (52).  
In addition, Ki-67 antigen are a reliable indicator in 
reflecting the activity of cellular proliferation. Generally, 
in cases of true inverted papilloma, cellular activity is very 
low, the Ki67 index is usually less than 1%, and positive cells 
are observed only in the basal layer of the epithelium. As 
the grade of histological lesions increases, the Ki67 index 
increases gradually, and the positive cells gradually extend 
to the center. This feature is of great importance for the 
correct evaluation of the histological grading of neoplasms 
(7,51,52,62). In addition, some authors believed that p53 
essentially plays no role in the differentiation between 
inverted papilloma and inverted urothelial carcinoma of 

low-grade of malignant potential (51). The significance of 
the expression of p53 in some inverted papilloma needs to 
be further studied. UroVysion FISH was originally used for 
urine cytology, as an aid in the initial diagnosis of bladder 
carcinoma in patients with hematuria and in the detection 
of recurrence after surgery in patients previously diagnosed 
with bladder cancer (63). It is designed to detect the benign 
or malignant feature of cells by marking chromosomes 
3, 7, 17, and 9p21 in an individual cell and observing an 
amplification of 3, 7, 17, and deletion of 9p21. Some studies 
have found that 79% of cases with inverted urothelial 
carcinoma show abnormalities in chromosomes 3, 7, 17, 
and 9p21 (51,62). In contrast, only a few cases with inverted 
papilloma present abnormalities of single chromosomes. 
This indicates that UroVysion FISH may be valuable in the 
differentiation between inverted papilloma and noninvasive 
urothelial neoplasm with an inverted growth pattern. 
However, due to the limited number of reports, further 
studies of this are needed. 

Inverted urothelial carcinoma

Inverted urothelial carcinoma is a rare subtype that was first 
described by Amin et al. (6). Subsequently, there were also 
corresponding reports of inverted urothelial carcinoma, but 
so far the reported cases was less than 40 (7,8,51,64-66). 
Most of the reported cases were noninvasive inverted ones, 
and few of them were invasive inverted urothelial carcinoma. 
To non-invasive neoplasms, it is necessary to distinguish 
them from inverted papilloma. Just as stated previously, 
the difficulties may reduce along with recognizing and 
being familiar with the distinguishing features of each type. 
However, determining the invasive features of inverted 
urothelial carcinoma remains a challenge. Even for exophytic 
and flat urothelial neoplasms, the basal part of these 
neoplastic tissues has a pushing growth pattern towards 
the lamina propria (2), thus, it is difficult to distinguish a 
single pushing growth pattern and expansive infiltration. 
In addition, the differential diagnosis becomes more 
difficult because inverted urothelial carcinoma also exhibits 
endophytic growth in the lamina propria. Therefore, it is 
unrealistic to determine whether urothelial carcinoma is 
accompanied by invasive expansive infiltration. 

Theoretically, the smoothness and/or completeness of 
the basement membrane in the urothelium are key factors 
in determining whether the neoplasm is invasive. The 
invasion of the neoplasm should be considered when there 
are irregular cellular nests and damage or absence of the 
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basement membrane. Unfortunately, this differentiation 
method is difficult to perform and lacks repeatability, hence 
has reduced practical value. As a result, we recommend 
applying the criteria for invasive urothelial papilloma to the 
diagnosis of inverted urothelial carcinoma. Micro-nested, 
cluster-like, or individual/cords of the tumor cells indicate 
an early stage of invasion (Figure 6). Other histological 
standards also contribute to the diagnosis of invasive lamina 
propria, including a stromal reaction of pro-fibrogenic 
connective tissue, presence of tumor cells in the constriction 
gap, and the presence of abnormal differentiation of the 
tumor cells. A definitive diagnosis of invasive lesions can 
also be obtained from other evidence, such as a significant 
inflammation reaction in the lamina propria. Attention 
should also be paid to micro-invasive lesions, where the 
stromal reaction is absent. This causes greater difficulty 
in identifying invasive lesions by simple HE morphology. 
In this case, immunohistochemical cytokeratin staining 
will help in the differential diagnosis. Clinically invasive 
urothelial carcinoma with an inverted growth pattern is 
characterized by highly aggressive biological behavior, 
is susceptible to recurrence, and often progresses and 
metastasizes. Thus, treatment and care should be provided 
after surgery. 

Nested variant of invasive urothelial carcinoma

Nested variant of urothelial carcinoma is one of the variants 
of urothelial carcinoma that was first reported by Stern (67) 
and added to the WHO classification in 2004 (2). Less than 
50 cases have been reported so far (5). The epidemiology 
and age of onset are similar to the classic urothelial 
carcinoma, occur more frequently in men than in women 
(5,67). Clinically, nested variant of urothelial carcinoma 

are invasive neoplasms and 70% of the patients died within  
4–40 months after the diagnosis (5). But it is characterized 
by an unusual, bland morphology which mimics some 
benign urinary bladder lesions, even von Brunn nests 
(Figure 7A). So, morphologically, nested variant of 
urothelial carcinoma is usually described as a “pseudo-
benign” neoplasm (5,13-15,67). The following features are 
commonly observed in the deeper part of the neoplasm: the 
presence of tubular lumen, small or indistinct nuclei without 
nuclear atypia, and the consistent presence of focal and 
definite anaplastic cells manifesting as increasing nuclear 
size and thickening chromatin. The following features 
contribute to the diagnosis of malignant lesions: cells in the 
deeper part of the lesions are increasingly anaplastic and 
invasive, usually invading the muscularis layers (Figure 7B)  
(5,13-15,67). The differential diagnosis should be 
conducted to distinguish this from florid von Brunn nests, 
cystitis cystica and cystitis glandularis, inverted papilloma, 
nephrogenic metaplasia, carcinoid, and paraganglioma. 
Deep infiltration is the most effective diagnostic method 
to distinguish carcinoma from benign hyperplasia, and the 
diagnosis of carcinoma can be supported by the occasional 
presence of nuclei atypia and intensive and/or irregular 
distribution of small cells (5,13-15,67). Typical nephrogenic 
metaplasia includes mixed-morphology of tubular, papillary, 
and other components, whereas deep infiltration of the 
muscular layer is rare in this case. Nested variants may be 
similar to paraganglioma, although the latter has obvious 
vascular networks, and this phenomenon is rarely if ever 
observed in nested variants of invasive urothelial carcinoma.

Large nested variant of urothelial carcinoma

Similar to the small nested variant of urothelial carcinoma, 

Figure 6 Inverted urothelial carcinoma with micro-nested, cluster-like, or individual cellular invasion (HE, ×100).

A B
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the large nested variant of urothelial carcinoma is a 
variant of urothelial carcinoma with a “pseudo-benign” 
appearance (16). It is well known that some benign 
urothelial lesions, such as von Brunn nests, are easily 
misdiagnosed as urothelial carcinoma (17). Similarly, it is 
of great significance to be familiar with the large nested 
variant of urothelial carcinoma, as it usually gives clinicians 
the illusion of being a benign urothelial neoplasm but does 
in fact invade the deep tissue of the bladder wall (Figure 8A). 
The large nested variant of urothelial carcinoma features 
morphologically moderate neoplastic cells arranged in a 
large nested structure with wide and expanding invasive 
growth patterns, which resemble verrucous carcinoma 
(Figure 8B). Compared with the small nested variant 
of urothelial carcinoma, the large variant shows low-
grade morphological transformation on the surface of the 
neoplasm (5). In the serial case report conducted by Cox 

et al., clinical follow-up was available for 17 of 23 patients, 
and 6 of these 17 cases presented with continuous or 
progressive neoplasms (16). This indicates that the low-
grade appearance on the surface of the neoplasm can be 
very deceptive. 

Large-scale and in-depth cohort studies are needed in 
order to better identify this variant, which has significant 
implications to the understanding of its epidemiological 
characteristics and prognostic features. At present, certain 
characteristics can help us to differentiate the large variant 
of urothelial carcinoma from other similar lesions. First, 
compared to the “garden variety” of invasive urothelial 
carcinoma, this variant has a milder morphological 
appearance. But it doesn’t have a similar atypia to that of 
urothelial carcinoma of low-grade. Even during reactive 
hyperplasia, its atypia usually exceeds that of von Brunn 
nests. Second, in the small nested variant of urothelial 

Figure 8 Large nested variant of urothelial carcinoma. The large nested variant of urothelial carcinoma always is an aggressive neoplasm 
with deep muscularis propria invasion (A) (HE, ×40) but with a milder morphological cellular appearance (B) (HE, ×100).

A B

Figure 7 Nested variant of urothelial carcinoma is characterized by bland morphology which mimics von Brunn nests (A) and deeper 
invasion (B) (HE, ×40).

A B



Chinese Journal of Cancer Research, Vol 28, No 1 February 2016

© Chinese Journal of Cancer Research. All rights reserved. Chin J Cancer Res 2016;28(1):107-121cjcr.amegroups.com

119

carcinoma, the degree of nuclear atypia usually exceeds 
that of the larger variant. Diagnostic features supporting 
the large nested variant of urothelial carcinoma include the 
haphazard and irregular distribution of nested structures on 
the inner wall of the bladder. Third, sometimes this variant 
might be mistaken as residual urachus, mesonephric ducts, 
or paramesonephric ducts. Infiltration of the bladder wall 
by tumor tissues, especially the deeper muscle layers, has 
extremely significant implications. This is because non-
invasive endophytic urothelial carcinoma will not exhibit 
infiltration to large caliber bundles of muscularis propria. 
Last, attention should be paid to the normal infiltration of 
the lesion, as clinical presentations in one-third of previous 
reports can help us to confirm the presence of infiltration (5).

In conclusion, although rare, neoplasms with an inverted 
growth pattern or tumor-like lesions in the urinary bladder 
have a very wide histo-morphological range, including 
reactive/tumor-like lesions, benign neoplasms, neoplasms 
of low-grade malignant potential, noninvasive urothelial 
carcinoma of low-grade, noninvasive inverted urothelial 
carcinoma of high-grade, invasive urothelial carcinoma 
of high-grade, and other histological variants of invasive 
urothelial carcinoma with endophytic growth patterns. 
Different lesions have different biological behaviors, and 
thus, corresponding clinical treatment should be applied. 
Therefore, it is helpful for pathologists and clinicians to 
be familiar with and understand these lesions in order to 
provide patients with a proper diagnosis and subsequent 
treatment, and then increasing quality of life as well as 
survival rates. 
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