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Introduction

Stage is the most important prognostic parameter in uri-
nary bladder urothelial carcinoma, and depends on the
degree of invasion into the bladder wall.1,2 Infiltrating
urothelial carcinoma is a tumor that invades beyond the
basement membrane.2 Determination of the degree of inva-
sion into the bladder wall may be difficult especially when
the cancer is massive and destroying adjacent benign tis-
sues,3 as well as in the presence of secondary artifactual
changes and poor orientation of the specimen.1,2,4

The criteria for urothelial carcinoma invasion are: iso-
lated cells or small nests, irregular contours of cell nests,
larger cells and cell nuclei, and marked cytoplasmic
eosinophilia relative to surface epithelium.2,5-7 Stromal
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The aim of this study was to investigate tumor inva-
sion pattern, its heterogeneity and association with
histopathological features and stage in invasive
urothelial carcinoma of the bladder. We studied 62
cases of invasive urothelial carcinoma of the blad-
der. World Health Organization (WHO) 1973,
WHO/ISUP 1998 and WHO 1999 systems were used
for tumor grading. Pathologic staging of each case
was done according to 1997 TNM system. During
evaluation of the slides three main tumor invasion
patterns were detected: “nodular”, “trabecular” and
“infiltrative”. In addition, homogeneity or hetero-
geneity of invasion patterns was also recorded for
each case. Of sixty-two invasive cases, 17 (27%) had
nodular, 36 (58%) trabecular, and 9 (15%) infiltrative
invasion pattern. There was a statistically signifi-
cant difference between invasion patterns in rela-

tion to pathologic stage (pT) (p=0.001), but not to
grade. Of the 17 cases with nodular invasion pat-
tern and 36 tumors with trabecular invasion pat-
tern, 13 (77%) and 26 (72%) were pT1, respectively,
whereas 8 of 9 infiltrative cases (89%) were
advanced stage (pT2-3). According to heterogeneity,
forty-two cases (68%) had homogeneous, while the
remaining 20 (32%) had heterogeneous invasion
pattern. Of the 42 homogeneous cases 34 (81%) were
pT1, whereas 14 of 20 heterogeneous cases (70%)
were advanced stage (p=0.000). The different inva-
sion patterns seem to have a large impact on patho-
logic stage, especially the infiltrative pattern. In
addition, invasion heterogeneity appears to be of
value in determination of biologic aggressiveness
in urothelial carcinoma. (Pathology Oncology
Research Vol 11, No 2, 87–91)
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desmoplasia and inflammatory stromal response may
help to recognize invasion.2,6 However, awareness of the
histologic spectrum of lamina propria invasion enhances
the pathologist’s ability to recognize early invasion.2,5

Tumors invading the lamina propria may be classified
morphologically according to five patterns: carcinoma in
situ with microinvasion, papillary urothelial carcinoma
with microinvasion, invasion into the stalk, well-estab-
lished invasion into underlying lamina propria, and
endophytic or broad front growth pattern. An awareness
of these patterns of lamina propria invasion permits the
identification of invasion, even if it is focal.2,5 Although
no correlation has been reported between the invasion
pattern and survival,7 in some reports it has been noted
that the invasion pattern is clinically important.4,8 In gen-
eral, a broad front invasion has a more favorable prog-
nosis than tentacular invasion,4,8,9 whereas an infiltrating
growth pattern is associated with poorer prognosis,10 and
has a higher frequency of recurrence in contrast to other
growth patterns.11 According to the study of Jimenez 



et al.,11 “infiltrative” pattern was associated with lower
survival rate compared with tumors without an infiltra-
tive pattern, but the difference was not statistically 
significant.  

On the other hand, tumor heterogeneity is an important
point, which may affect the outcome of the disease.
Urothelial carcinoma of the bladder often contains differ-
ent histologic grades within the same tumor, although the
present grading systems does not take this into considera-
tion, and the worst pathological grade is reported. Howev-
er, according to Cheng12 and Billis et al.,13 grading that
takes cancer heterogeneity into consideration allows strat-
ification of patients into different prognostic groups, and
seems to be of value in prediction of prognosis. On the
other hand, pathologic staging also does not take tumor
heterogeneity into consideration, and final stage is based
on the deepest invasion. The influence of invasion pattern
heterogeneity on stage is uncertain. In this study, we aimed
to investigate the effect of different invasion patterns and
the influence of invasion heterogeneity on histopathologi-
cal features and pathologic stage in invasive urothelial car-
cinoma of the bladder. To our knowledge, there has not
been such study in the literature. 

Materials and methods

We studied 62 patients who underwent TUR and radical
cystectomy. Histopathologically all cases were invasive
urothelial carcinomas, randomly selected from routine
archival material. All histologic slides obtained from neu-
tral formalin-fixed, paraffin-embedded blocks were
reviewed retrospectively. For tumor grading, we used three
reported grading systems separately: WHO 1973,14

WHO/ISUP 19986 and WHO 199915 systems. According to
WHO 1973 grading system, carcinoma cases are subdivid-
ed into grade 1, 2 and 3. In the WHO/ISUP 1998 system,
they are classified as papillary urothelial neoplasms of low
malignant potential (PUNLMP), and low-grade (LG) and
high-grade (HG) carcinomas. In WHO 1999 grading sys-
tem HG carcinomas are subdivided into grades 2 and 3.
Thus, LG and HG carcinomas of WHO/ISUP 1998 system
correspond to LG-1, HG-2 and HG-3 carcinoma groups in
WHO 1999 system, respectively. Staging of each case was
done according to the 1997 TNM staging system:16 T1 –
the tumor invades subepithelial connective tissue; T2 – the
tumor invades the muscularis propria; and T3 – the tumor
invades perivesical tissue. During the process of reviewing
of the slides, three main architectural patterns of tumor
invasion were determined histologically according to
Jimenez et al.11 “Nodular” invasion pattern was composed
of mostly well-formed, rounded nests of tumor cells. The
tumor nests varied in diameter, but their roundness was
maintained overall (Figure 1). “Trabecular” invasion pat-
tern consisted of infiltrating broad trabeculae, which usu-

ally anastomosed with each other. The trabeculae were at
least three cells thick (Figure 2). “Infiltrative” invasion
pattern was composed of infiltrating narrow cords or sin-
gle cells (Figure 3). A major invasion pattern was record-
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Figure 1. “Nodular” invasion pattern,  well-formed, rounded
nests of tumor cells invading the stroma of the bladder wall
(HE; x40).

Figure 2. “Trabecular” invasion pattern consisting of anasto-
mosing broad, infiltrative trabeculae of tumor cells (HE; x40). 

Figure 3. “Infiltrative” invasion pattern, pleomorphic single
cells or narrow cords invading the bladder wall (HE; x100)



ed for each case that displayed more than one pattern; in
addition, homogeneity and heterogeneity of invasion pat-
terns were also recorded. Data were analyzed with Pear-
son’s chi-square and Fisher’s exact tests; values of p<0.05
were considered significant.

Results

Sixty-two urothelial carcinomas were distributed as 32
(52%) grade 2 and 30 (48%) grade 3; 9 (15%) LG and 53
(85%) HG; and 9 (15%) LG-1, 23 (37%) HG-2 and 30
(48%) HG-3 carcinomas according to WHO 1973,
WHO/ISUP 1998 and WHO 1999 grading systems,
respectively. Forty cases (65%) invaded lamina propria
(pT1), and 22 cases (35%) were pathologic stage 2 and 3.
Of these 62 invasive cases, 17 tumors (27%) had a nodular
infiltration pattern, 36 (58%) had a trabecular pattern and
9 (15%) had an infiltrative pattern. Statistical analyses
showed that there was a significant difference between
invasion patterns in relation to pathologic stage (pT)
(p=0.001), but there was no such association between inva-
sion patterns and grades according to any of the grading
systems (p>0.05) (Table 1, 2). Of the 17 tumors with nodu-
lar invasion pattern and 36 tumors with trabecular invasion
pattern, 13 (77%) and 26 (72%) were pT1, respectively,
whereas 8 of 9 (89%) infiltrative cases were advanced

stage (pT2-3). Considering homogeneity, 42 cases (68%)
had homogenous and 20 (32%) had heterogeneous inva-
sion pattern. There was a statistically significant associa-
tion between pathologic stage and heterogeneity/homo-
geneity. Of the 42 homogeneous cases, 34 (81%) were
pT1, whereas 14 (70%) of 20 heterogeneous cases were
advanced stage (p=0.000).

Discussion

Histopathologic features of urothelial carcinoma of the
bladder have prognostic significance. Recognition of inva-
sion and of its level of penetration into the bladder wall
forms the basis of pathologic staging and patients’ thera-
py.1,2,5 Staging depends on the pathologic examination, the
presence or absence of invasion to lamina propria and
muscle wall, and extravesical extension. However, deter-
mination of the degree of invasion into the bladder wall
may be difficult when the cancer is massive and destroy-
ing adjacent benign tissue, and because of artifactual
changes or poor orientation of TUR specimens.1-4

Foci of invasion are often single and solid, but may be
mixed with other growth patterns such as endophytic or
broad front growth.2,4,5,9 Single cells or irregular nests with-
in the stroma, and sometimes tentacular or finger-like
extensions can be seen at the base of the papillary tumor.2

Commonly, there are nests and small clusters of cells that
irregularly infiltrate the bladder wall and elicit a stromal
fibrous response. Conversely, there may be solid diffuse
growth with little intervening stroma.4 The pattern of
growth has clinical importance; broad front invasion is
associated with a more favorable prognosis than tentacular
invasion,4,8,9 whereas an infiltrative pattern of growth is
associated with poorer prognosis.10 The study of Jimenez
et al.11 displayed that any degree of “infiltrative” pattern
had a higher frequency of recurrence in contrast to nodular
or trabecular patterns. The presence of any infiltrative pat-
tern in the tumor was associated with a median survival of
29 months, compared with 85 months in tumors without an
infiltrative pattern (p=0.006). However, Mazzucchelli et
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Table 1. The association between pathologic stage and
invasion patterns

Pathologic stage

pT1 pT2-3

Invasion n (%) n (%)

Nodular 13 (77) 4 (23) n=17 p=0.001
Trabecular 26 (72) 10 (28) n=36
Infiltrative 1 (11) 8 (89) n=9
Homogeneous 34 (81) 8 (19) n=42 p=0.000
Heterogeneous 6 (30) 14 (70) n=20

Table 2. The association between invasion patterns and grades 

Nodular Trabecular Infiltrative

n=17 (%) n=36 (%) n=9 (%) n=62 (%)

WHO 73 Grade 2 12 (71) 18 (50) 2 (22) 32 (52) 
Grade 3 5 (29) 18 (50) 7 (78) 30 (48) p=0.061

WHO 98 LG 5 (29) 3 (8) 1 (11) 9 (15)
HG 12 (71) 33 (92) 8 (89) 53 (85) p>0.05

WHO 99 LG-1 5 (29) 3 (8) 1 (11) 9 (15)
HG-2 7 (41) 15 (42) 1 (11) 23 (37)
HG-3 5 (30) 18 (50) 7 (78) 30 (48) p=0.077 



al.7 analyzed 70 patients with invasive carcinoma, and
found that neither the grade, growth pattern (infiltrating
versus expanding) or vascular invasion had any consistent
effect on survival, and the depth of invasion was an inde-
pendent prognostic factor. The growth pattern was called
“expanding” when the invasive margin was pressing on
adjacent tissue but the tumor had a circumscribed border,
and “infiltrating” when the tumor had invaded smooth
muscle and perivesical tissue and had poorly circum-
scribed border. However, they did not found correlation
between this variable and clinical outcome. On the other
hand, in tissues removed transurethrally even in radical
cystectomy specimens, assessment of the growth pattern
was difficult because both patterns were frequently seen in
different areas of the same tumor. In our study on 62 inva-
sive urothelial carcinomas we found an association of
invasion patterns with pathologic stage, but not with grade.
Tumors with infiltrative pattern had more advanced stage
(pT2-3) than those with nodular and trabecular invasion
patterns. These findings suggest that the influence of infil-
trative invasion pattern on pathologic stage is more impor-
tant in comparison to nodular or trabecular patterns. Not
only the depth of invasion into the bladder wall but also
invasion patterns seem to have an effect on tumor stage. 

Urothelial carcinomas of the bladder are often heteroge-
neous tumors and contain different histologic grades with-
in the same tumor. Cheng et al.12 and Billis et al.13 found
different primary and secondary grades in 32% of 52
patients and 28% of 81 patients, respectively. According to
these studies, approximately one-third of patients with pTa
urothelial carcinoma had cancer containing more than one
histologic grade. They suggested that the grading of
urothelial carcinoma that takes cancer heterogeneity into
consideration allows precise stratification of patients into
different prognostic groups. On the other hand, the influ-
ence of invasion pattern heterogeneity on stage is uncer-
tain, and final stage is based on the deepest invasion.
Pathologic staging system does not take invasion hetero-
geneity of bladder carcinomas into consideration. In this
study, we found that there was a difference between homo-
geneous and heterogeneous invasion patterns. In contrast
to homogeneous cases, those with heterogeneous invasion
pattern were advanced stage diseases. According to this
finding, more than one invasion pattern in the same tumor
may show the possibility of advanced stage disease or the
biologic aggressiveness of the tumor.  

The presence or absence of invasion of the muscularis
propria is the most crucial information for making thera-
peutic decisions. In assessing invasion it is important to
recognize whether smooth muscle bundles represent mus-
cularis mucosae or muscularis propria. Therefore, all of the
material of TUR specimens received should be processed
for histological examination.1,6 Clinicians have divided
urothelial carcinomas into superficial and invasive cate-

gories for a long time. Because of misinterpreted use of
these terms, and a higher recurrence and metastatic poten-
tial of pT1 tumors, the TNM staging system is recom-
mended.1,5 Several studies have investigated the issue of
substaging pT1 urothelial carcinomas,9,17-19 most of them
using the muscularis mucosa as an anatomic landmark to
assess the depth of invasion in pT1 tumors. Cheng et al17,18

proposed a novel approach of substaging based on the
micrometric measurement of invasion. A 1.5 mm depth of
invasion in TUR specimens predicted cancer progression
and advanced stage of disease. In another study, the same
authors3 found that tumors with a depth of invasion greater
than 4 mm in the TUR specimens were likely to have
extravesical extension, and more aggressive treatment
should be considered in these cases. 

In conclusion, according to the results of the current
study there is a relationship between pathologic stage and
invasion pattern and its heterogeneity. In urothelial carci-
nomas of the bladder, the different invasion patterns seem
to have a large impact on pathologic stage, especially the
infiltrative pattern. Not only the depth of invasion but also
the invasion pattern seems to have an effect on the stage of
the tumor. In addition, invasion heterogeneity appears to
be of value in determining biologic aggressiveness in
urothelial carcinomas. The pathology reports should
include both the subtype of invasion pattern and its hetero-
geneity or homogeneity.
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