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Abstract: Squamous differentiation is the most common histological variation in urothelial carcinoma (UC). However,
the clinical significance of squamous differentiation in upper urinary tract UC is unclear. To investigate the signifi-
cance of squamous differentiation, hematoxylin and eosin stained slides from 140 patients with upper urinary tract
UC who underwent nephroureterectomy were reviewed by a single pathologist and the presence of squamous differ-
entiation was recorded. Squamous differentiation was observed in 23 out of 140 studied cases (16%). Squamous
differentiation significantly correlated with several adverse prognostic factors including histological grade 3 tumors,
presence of lymphovascular invasion, concomitant carcinoma in situ, advanced tumor stage, and occurrence of
lymph node metastasis. The Kaplan-Meier and univariate Cox regression analyses revealed that the presence of
squamous differentiation was significantly associated with shorter metastasis-free survival [log-rank P = 0.030;
univariate hazard ratio (HR), 2.30; 95% confidence interval (Cl), 1.06-4.99], cancer-specific survival (log-rank P
= 0.0024; univariate HR 3.34; 95% Cl, 1.47-7.85), and overall survival (log-rank P = 0.018; univariate HR 2.39;
95% Cl, 1.13-5.06) after nephroureterectomy. However, in multivariate analyses, squamous differentiation was not
significantly associated with patient outcomes. These findings suggest that squamous differentiation is associated
with disease progression, but is not an independent predictor of a worse prognosis in patients with upper urinary
tract UC.
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Introduction Materials and methods

Carcinoma of the upper urinary tract is a rela- Patient population
tively uncommon urothelial malignancy [1]. The
majority of upper urinary tract carcinomas are
pure urothelial carcinomas (UCs). However, UC
has a pronounced ability to appear in different
histological variants which are reported in up to
40% of upper urinary tract UC cases [2].
Squamous differentiation is the most common
histological variant of UC [2, 3]. Whereas the
prognostic significance of squamous differenti-

A total of 140 patients with primary upper uri-
nary tract UC who underwent nephroureterec-
tomy at The University of Tokyo Hospital from
1996 to 2012 were included in this study.
Patients with a history of bladder cancer were
excluded because treatment for bladder cancer
may affect the histology. No patient received
neoadjuvant chemotherapy. All research proto-
cols in the present study were approved by our

ation in UC of the urinary bladder has been well
established [4-14], the clinical impact of squa-
mous differentiation in upper urinary tract UC is
conflicting. We therefore examined the clinico-
pathological and prognostic significance of
squamous differentiation in upper urinary tract
ucC.

institutional review board.

Histopathological evaluation

Hematoxylin and eosin-stained slides of all
cases were systematically reviewed by a single
pathologist (T. M.) without prior knowledge of
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Figure 1. Representative photomicrographs of upper urinary tract urothelial carcinoma with (A) or without (B) squa-
mous differentiation. (A) Invasive urothelial carcinoma with squamous differentiation. Arrows indicate keratinization
sites. (B) Invasive urothelial carcinoma without squamous differentiation. Bars, 100 ym.

clinical outcomes [15]. Tumor grade was
defined according to the 1973 World Health
Organization (WHO) grading system [16].
Tumors were staged according to the TNM clas-
sification system [1]. Presence of squamous
differentiation, which is characterized by kerati-
nization or intercellular bridges, was also
recorded (Figure 1).

Statistical analysis

All statistical analyses were performed using
SAS software (Version 9.3, SAS Institute, Cary,
NC). All P values were two-sided. Differences
were considered significant if P < 0.05.
Categorical data were analyzed using x? test.
The Kaplan-Meier method and log-rank test
were used to analyze survival. Multivariate Cox
proportional hazards regression models were
used to control for confounding variables.

Results

Correlation between squamous differentiation
and clinicopathological factors in upper uri-
nary tract UC

Squamous differentiation was observed in 23
out of 140 patients studied (16%). The occur-
rence of squamous differentiation significantly
correlated with the presence of histological
grade 3 tumors, lymphovascular invasion, con-
comitant carcinoma in situ, advanced tumor
stages, and lymph node metastasis (Table 1).

Squamous differentiation and clinical outcome
of upper urinary tract UC

Among the 140 patients treated with nephro-
ureterectomy, there were 23 patients with
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metastases, while 50 patients had bladder
recurrences. There were 14 cancer-related
deaths and 23 deaths of any cause during a
median follow-up of 53 months (interquartile
range, 25-87 months).

Kaplan-Meier analysis revealed that the pres-
ence of squamous differentiation was signifi-
cantly associated with shorter metastasis-free,
cancer-specific and overall survivals after
nephroureterectomy (Figure 2A-C). On the
other hand, squamous differentiation was not
significantly associated with the bladder recur-
rence-free survival (Figure 2D).

The results of Cox proportional hazard regres-
sion analyses are shown in Table 2 (metasta-
sis-free survival), Table 3 (cancer-specific sur-
vival), and Table 4 (overall survival). The pres-
ence of squamous differentiation was signifi-
cantly associated with poorer patient outcomes
in univariate analyses. However, in multivariate
analyses adjusted for the disease stage and
other clinicopathological factors, there were no
significant links between squamous differentia-
tion and patient outcomes (Tables 2-4).

Discussion

Here, we report our findings regarding squa-
mous differentiation in upper urinary tract UC
in relation to clinicopathological features and
clinical outcome. We found that the occurrence
of squamous differentiation was significantly
associated with several adverse prognostic fac-
tors and poorer prognosis in univariate analy-
ses. However, squamous differentiation was
not significantly associated with worse patient
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Table 1. Correlation between the presence of squamous differ-

entiation and clinicopathological features in patients with upper

urinary tract urothelial carcinoma who underwent nephroureter-

ectomy
Squamous
differentiation
Clinical or pathological features Tol;tlal Absent Present P value
All cases 140 117 (84%) 23 (16%)
Sex 0.083
Male 101 81 (80%) 20 (20%)
Female 39 36(92%) 3 (8%)
Age 0.26
<70 76 66 (87%) 10 (13%)
>70 64 51(80%) 13 (20%)
Side 0.36
Left 73 63 (86%) 10 (14%)
Right 67 54 (81%) 13 (19%)
Tumor location 0.77
Renal pelvis 89 75(84%) 14 (16%)
Ureter 51 42 (82%) 9 (18%)
Tumor architecture 0.63
Papillary 103 87 (84%) 16 (16%)
Sessile 37 30(81%) 7 (19%)
Grade 0.014
Grade 1 or 2 63 58(92%) 5 (8%)
Grade 3 77 59 (77%) 18 (23%)
Lymphovascular invasion 0.022
Absent 79  71(90%) 8 (10%)
Present 61 46 (75%) 15 (25%)
Concomitant carcinoma in situ 0.04
Absent 76 68 (89%) 8(11%)
Present 64 49 (77%) 15 (23%)
Tumor stage 0.021*
pTa or pTis 36 34 (94%) 2 (6%)
pT1 25 22(88%) 3(12%)
pT2 11 9(82%) 2 (18%)
pT3 60 46 (77%) 14 (23%)
pT4 8 6 (75%) 2 (25%)
Lymph node metastasis 0.0006
Absent 122 107 (88%) 15 (12%)
Present 18 10 (56%) 8 (44%)
Adjuvant chemotherapy 0.041
No 98 86 (88%) 12 (12%)
Yes 42 31 (74%) 11 (26%)

pTa-pTl vs. pT2-pT4.

outcomes in multivariate analyses. These find-
ings suggest that squamous differentiation is
associated with disease progression, but is not
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an independent predictor of
worse prognosis in patients with
upper urinary tract UC.

Although there have been sever-
al previous studies that exam-
ined a prognostic significance of
squamous differentiation in
upper urinary tract UC [3, 17-20],
conclusions about the impact of
squamous differentiation on
patient prognosis were inconsis-
tent between these reports.
Squamous differentiation was
found to correlate generally with
advanced stage, higher grade
tumors, and poor prognosis in
univariate analyses [3, 17-20]. In
some of these studies [17, 18,
20], these findings also achieved
statistical significance in multi-
variate analyses, whereas other
reports [3, 19] failed to confirm
that. Inconsistent results may be
attributable to several factors
such as different patient popula-

tion, method of histological
examination, and covariates
included in the multivariate

model. For example, Lee et al.
recently reported that squamous
and/or glandular differentiation
of upper urinary tract UC inde-
pendently predicted poor patient
outcome [18]. However, this
study classified squamous and
glandular differentiation into the
same group, therefore, the exact
prognostic effect of solely squa-
mous differentiation remained
unknown.

In the present study, slides of
all cases were systematically
reviewed by the same patholo-
gist to eliminate the effect of
inter-observer variability. This
was in contrast to the majority of
previous studies in which the
presence of squamous differen-
tiation was just retrieved from
the pathology reports. Cases of

glandular differentiation were not merged into
the squamous differentiation group, thus the
exact prognostic effect of squamous differenti-

Int J Clin Exp Pathol 2015;8(6):7203-7209



Squamous differentiation in urothelial carcinoma

B 1.0
F= E— 3 S
8 0.6 8 0.6 o
o L a L -
04 $04 :
c e
=3 Log-rank Squamous differentiation = Log-rank Squamous differentiation
» 0.2 ® 0.2
P=0.030 —— Absent P=0.0024 — Absent
_____ Present ----- Present
0.0 0.0
0 2 4 6 8 10 0 2 4 6 8 10
Metastasis-free survival (years) Cancer-specific survival (years)
C 10 D 1.0
3 2
8 0.6 P 2 0.6
a L o
04 S 0.4
c c
a 02 Log-rank Squamous differentiation a 0.2 Log-rank Squamous differentiation
P=0.018 — Absent P=0.80 —— Absent
----- Present ----- Present
0.0 0.0
0 2 4 6 8 10 0 2 4 6 8 10

Overall survival (years)

Bladder-recurrence-free survival (years)

Figure 2. Kaplan-Meier analysis of metastasis-free survival (A), cancer-specific survival (B), overall survival (C), and
bladder-recurrence-free survival (D) after nephroureterectomy with regards to the presence of squamous differen-

tiation in upper urinary tract carcinoma.

Table 2. Squamous differentiation in upper urinary tract carcinoma and metastasis-free survival

Univariate analysis

Multivariate analysis

HR (95% Cl)

P value

HR (95% Cl)

P value

Squamous differentiation (present vs. absent)
Sex (female vs. male)

Age (= 70 vs. < 70 years)

Side (right vs. left)

Tumor location (ureter vs. renal pelvis)

Tumor architecture (sessile vs. papillary)
Tumor grade (G3 vs. G1-2)

Lymphovascular invasion (present vs. absent)

Concomitant carcinoma in situ (present vs. absent)

Tumor stage (pT2-pT4 vs. pTa-pT1)
Lymph node metastasis (present vs. absent)
Adjuvant chemotherapy (present vs. absent)

2.30 (1.06-4.99)
1.00 (0.46-2.17)
2.03 (1.00-4.12)
0.86 (0.43-1.72)
1.90 (0.95-3.80)
1.57 (0.76-3.26)
4.47 (1.84-10.9)
6.73 (2.90-15.6)
3.16 (1.49-6.68)
9.84 (2.99-32.4)
6.37 (3.13-12.9)
2.87 (1.43-5.78)

0.035
1 -
0.05 -
0.66 -
0.071 -
0.23 -
0.001 -
< 0.0001 -
0.0026 -
0.0002

0.0031 -

1.00 (0.43-2.30)

6.77 (1.96-23.3)
<0.0001 3.36(1.54-7.34)

0.99

0.0025
0.0024

The multivariate Cox regression models initially included gender, age at diagnosis, tumor side, tumor location, tumor architec-
ture, tumor grade, lymphovascular invasion, concomitant carcinoma in situ, tumor stage, lymph node metastasis, and adjuvant
chemotherapy. A backward elimination was performed with a threshold of P = 0.05 to select variables in the final model. Cl,

confidence interval; HR, hazard ratio.
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Table 3. Squamous differentiation in upper urinary tract carcinoma and cancer-specific survival

Univariate analysis
HR (95% Cl) P value
3.34 (1.47-7.85) 0.0043

Multivariate analysis
HR (95% Cl) P value
1.21(0.48-3.05) 0.69

Squamous differentiation (present vs. absent)

Sex (female vs. male) 0.98 (0.39-2.50) 0.97 - -
Age (= 70 vs. < 70 years) 2.78 (1.19-6.52) 0.019 - -
Side (right vs. left) 0.84 (0.37-1.91) 0.67 - -

Tumor location (ureter vs. renal pelvis)
Tumor architecture (sessile vs. papillary)

1.50 (0.66-3.44) 0.34 - -
2.15(0.94-4.91) 0.069 - -
Tumor grade (G3 vs. G1-2) 6.97 (2.07-23.5) 0.0018 - -
Lymphovascular invasion (present vs. absent) 13.4 (3.96-45.6) < 0.0001 8.86(2.45-32.0) 0.0009
Concomitant carcinoma in situ (present vs. absent) 3.30(1.36-8.03) 0.0085 - -
Tumor stage (pT2-pT4 vs. pTa-pT1) 22.7 (3.05-169) 0.0023 - -
Lymph node metastasis (present vs. absent) 745 (3.26-17.0) <0.0001 3.09(1.24-7.70) 0.016
Adjuvant chemotherapy (present vs. absent) 3.63(1.54-8.57) 0.0033 - -

The multivariate Cox regression models initially included gender, age at diagnosis, tumor side, tumor location, tumor architec-
ture, tumor grade, lymphovascular invasion, concomitant carcinoma in situ, tumor stage, lymph node metastasis, and adjuvant
chemotherapy. A backward elimination was performed with a threshold of P = 0.05 to select variables in the final model. Cl,
confidence interval; HR, hazard ratio.

Table 4. Squamous differentiation in upper urinary tract carcinoma and overall survival

Univariate analysis
HR (95% ClI) P value
2.39(1.13-5.06) 0.022 1.12 (0.52-2.54) 0.72
0.89(0.40-1.98) 0.78 - -
Age (> 70 vs. < 70 years) 2.91(1.43-5.92) 0.0033 2.42(1.16-5.05) 0.019
Side (right vs. left) 1.14 (0.57-2.25) 0.72 - -
Tumor location (ureter vs. renal pelvis) 1.25 (0.62-2.53) 0.53 - -
( )
( )
( )
(
(

Multivariate analysis
HR (95% Cl) P value

Squamous differentiation (present vs. absent)
Sex (female vs. male)

Tumor architecture (sessile vs. papillary) 1.94 (0.96-3.90 0.064 - -
Tumor grade (G3 vs. G1-2) 3.84 (1.66-8.88) 0.0017 2.62(1.07-6.40) 0.035
Lymphovascular invasion (present vs. absent) 5.23(2.41-11.4) <0.0001 3.34(1.45-7.68) 0.0046
Concomitant carcinoma in situ (present vs. absent) 2.77 (1.33-5.74) 0.0064 - -
5.74 (2.21-14.9) 0.0003 - -
Lymph node metastasis (present vs. absent) 4.93(2.40-10.1) < 0.0001 - -
Adjuvant chemotherapy (present vs. absent) 1.77 (0.89-3.51) 0.10 - -

The multivariate Cox regression models initially included gender, age at diagnosis, tumor side, tumor location, tumor architec-
ture, tumor grade, lymphovascular invasion, concomitant carcinoma in situ, tumor stage, lymph node metastasis, and adjuvant
chemotherapy. A backward elimination was performed with a threshold of P = 0.05 to select variables in the final model. Cl,
confidence interval; HR, hazard ratio.

Tumor stage (pT2-pT4 vs. pTa-pT1)

ation could be specifically evaluated. Fur-
thermore, the postoperative follow-up of each
patient was recorded in detail, and sufficient
prognostic covariates were included in the mul-
tivariate model. Although we could not show an
independent effect of squamous differentia-
tion on patient outcomes, we believe that it is
still important to report the negative findings to
avoid “publication bias”. The phenomenon of
publication bias happens because studies with
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null findings have a higher likelihood of being
unwritten and unpublished compared to those
with significant results [21]. To elucidate the
prognostic significance of squamous differenti-
ation in upper urinary tract UC further, larger
data sets, preferably in a prospective setting,
are warranted.

Prognostic significance of squamous differenti-
ation in UC of the urinary bladder has been well

Int J Clin Exp Pathol 2015;8(6):7203-7209
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studied. A number of studies reported a signifi-
cant correlation between squamous differenti-
ation and higher grade and stage of tumors
[4-6, 9, 10, 14]. In addition, squamous differen-
tiation was associated with poorer patient out-
come in univariate analyses in several studies
[7-13]. However, all studies but one [9] failed to
achieve statistical significance in multivariate
analyses [7, 8, 10-13]. Thus, squamous differ-
entiation in UC of the urinary bladder is not an
independent prognostic factor. Our present
findings obtained in patients with UC of the
upper urinary tract are in line with these previ-
ous reports on squamous differentiation in UC
of the urinary bladder.

In conclusion, squamous differentiation in
upper urinary tract UC was associated with sev-
eral adverse prognostic factors including higher
grade and stage of tumors. However, it was not
an independent predictor of patient outcomes.
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