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Abstract

Object: To elucidate the impact of adjuvant chemotherapy (ACH) on survival in patients with
urothelial carcinoma of the bladder (UCB) diagnosed with pT3 disease (perivesical tissue invasion).

Methods: We reviewed the clinical data of 424 patients who underwent radical cystectomy (RC)
with bilateral pelvic lymphadenectomy for UCB in our institution between 1991 and 2012. None of
the patients received neoadjuvant chemotherapy. Of all patients, 101 (23.8%) were diagnosed with
pT3 disease: pT3a in 43 patients and pT3b in 58 patients. The Kaplan-Meier method with the
log-rank test was used to estimate and compare overall survival (OS) and cancer-specific survival
(CSS) between groups. Multivariate Cox proportional hazard models were used to identify pre-
dictors of OS and CSS.

Results: Five-year OS (48.5% vs. 45.6%) and CSS (56.1% vs. 56.2%) were similar in the pT3a and
pT3b groups (p = 0.658 and 0.840, respectively). In all pT3 patients, ACH administration was an
independent predictor for OS (p = 0.018), but not CSS (p = 0.623) on multivariate analyses. On
multivariate analysis according to the pT3 sub-stage, ACH was significantly associated with im-
proved OS (hazard ratio [HR] 0.35; 95% confidence interval [CI] 0.17-0.72, p = 0.004) and CSS
(HR 0.33; 95% CI 0.10-0.85, p = 0.022) in only the pT3b group.

Conclusion: Our data suggest that in pT3b disease, characterized by macroscopic perivesical
tissue invasion, patients may obtain an OS benefit from the administration of ACH. Thus, our
findings provide evidence for establishing appropriate indications for ACH in muscle invasive UCB.

Key words: urothelial carcinoma; radical cystectomy; perivesical tissue invasion; adjuvant chem-
otherapy; survival

Introduction

Bladder cancer is the second most common uro-
logic malignancy, with significant associated morbid-
ity and mortality.1? The prognosis of patients with
bladder cancer can be affected by a variety of fac-

tors.>5 Among these factors, local extension of the
tumor is crucial in predicting the prognosis of
non-metastatic muscle invasive bladder cancer.3¢
Depending on the depth of primary tumor invasion,
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the American Joint Committee on Cancer (AJCC)
staging system classifies advanced bladder tumors as
pT2, pT3, and pT4. Based on the 2002 AJCC TNM
classification, tumors extending outside the bladder,
but not into the adjacent organs, are categorized as
having microscopic (pT3a) or macroscopic (pT3b)
perivesical tissue invasion. The prognostic influence
of this distinction of pT3 sub-stages on clinical out-
comes, including recurrence and survival, has been
evaluated in several studies, but conflicting results
have been reported.”11

Radical cystectomy (RC) with bilateral pelvic
lymphadenectomy is a gold standard treatment for
the local control of non-metastatic muscle invasive
bladder cancer (pT2-T4aNOMO0).2 However, a large
number of bladder cancer patients develop recurrence
and cancer-related death due to unrecognized occult
nodal or distant metastasis at the time of RC.612 In
light of this, to improve the survival of patients with
locally advanced bladder cancer, the application of
perioperative systemic chemotherapy combined with
RC has been assessed by many investigators.1317
There is adequate evidence of cisplatin-based neoad-
juvant chemotherapy as a recommended therapeutic
modality for advanced bladder cancer.131517 Howev-
er, the evidence supporting the utility of adjuvant
chemotherapy (ACH) in the management of ad-
vanced bladder cancer remains insufficient.#18 Fur-
thermore, as mentioned earlier, detailed classification
of pT3 bladder cancers can make it more difficult to
establish definite indications with regard to the use of
ACH.

In the current study, we sought to identify the
clinical significance of sub-staging of pT3 urothelial
carcinoma of the bladder (UCB) and assess the prog-
nostic value of the administration of ACH in patients
with pT3 urothelial carcinoma of the bladder (UCB).

Materials and methods

Study population

After receiving approval from the institutional
review board of Seoul National University Hospital,
we retrospectively reviewed the bladder cancer da-
tabase of a single institution consisting of 424 patients
who underwent RC with pelvic lymph node dissec-
tion (PLND) between January 1991 and December
2012. Patients with metastatic disease at the time of
RC, a pT2 or lower disease classification based on the
final RC specimen, a history of neoadjuvant chemo-
therapy, and histology other than urothelial carcino-
ma were excluded from the study. Finally, a total of
101 patients who showed pT3 UCB at the final RC
specimen were available for our final analysis. A por-
tion of the patients included in this study was also

included in previous our study.

Acquisition of data and definition of variables

The pathologic stage and grade of all RC speci-
mens were evaluated by a proficient genitourinary
pathologist and were assigned according to the 2010
Tumor-Node-Metastasis classification of the 7th
AJCC, and the 2004 World Health Organization sys-
tem, respectively. Thus, the pathologic stage and
grade of specimens from patients who had received
surgery before the application of the updated guide-
lines were re-assessed. The pT3 stage was divided
into pT3a or pT3b sub-stages according to the current
guidelines.? pT3a disease was assigned to cases of
only microscopic histological infiltration of the
perivesical tissue without gross perivesical invasion.
If perivesical invasion was visible and palpable on
gross assessment of the RC specimen and could be
confirmed on histological examination, pT3b disease
was assigned. Other assessed covariates included
clinical parameters such as age, gender, body mass
index (BMI), American Society of Anesthesiologists
score, clinical hydronephrosis, and adjuvant chemo-
therapy (ACH) and pathologic parameters such as
carcinoma in situ (CIS), lymphovascular invasion
(LVI), perineural invasion (PNI), variant histology of
urothelial carcinoma (UC), perivesical margin, lymph
node (LN) status, and total number of removed LN.
To facilitate the statistical analysis, age (< 60 or > 60
years) and BMI (< 25 or > 25 kg/m?) were dichoto-
mized. The LN status and clinical hydronephrosis
were also analyzed as a binary variable according to
their presence or absence. LVI was defined as the
presence of tumor cells within an endothelium-lined
space without underlying muscular walls.?0 PNI was
defined as tumor invasion into the perineural sheath
or endoneurium.?! The perivesical margin was only
defined as the presence of tumor at inked soft tissue
areas on the final pathologic slide of the RC specimen;
therefore, the urethral or ureteral resection margin
was not considered as a margin in this analysis. ACH
was defined as that administered within 3 months
postoperatively and consisted of -cisplatin-based
regimens including gemcitabine and cisplatin (GC) or
methotrexate, vinblastine, adriamycin, and cisplatin
(MVACQ). In patients with significantly diminished
renal function, carboplatin was administered with
gemcitabine, replacing cisplatin.

Follow-up

Postoperative follow-up was conducted in ac-
cordance with institutional protocol. Patients were
usually followed-up at least every 3-4 months for the
first year, semiannually for the second year, and an-
nually thereafter. Follow-up examinations consisted
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of a physical examination, blood test, chest radiog-
raphy, kidney ultrasonography, and/or computed
tomography urography. A bone scan was performed
only in cases with bone-related symptoms. Can-
cer-specific survival (CSS) was defined as the interval
from the time of RC to bladder cancer-related death.
The duration of overall survival (OS) was estimated
from the date of RC to the date of last follow-up or
death from any cause. Data on living patients were
censored from relevant analyses. Death was identified
by reviewing medical charts and/or from the annual
census of the Korea National Statistical Office. Cause
of death was determined by the responsible physi-
cians and from death certificates.

Statistical analyses

The pT3a and pI3b sub-stage groups were
compared using the chi-square or Fisher’s exact tests
for categorical variables and the Mann-Whitney U test
for continuous variables. Continuous variables are
expressed as the median and interquartile range
(IQR); categorical variables are expressed as absolute
numbers with relative percentages. Survival out-
comes including OS and CSS were estimated using
the Kaplan-Meier method and compared using a
log-rank test in the entire patient cohort and sub-stage
groups. Multivariate Cox proportional hazard models
were used to assess the factors associated with sur-

vival outcomes. All statistical analyses were con-
ducted using SPSS software version 21.0 (SPSS Inc.,
Chicago, IL, USA); two-sided p-values of < 0.05 were
considered to be statistically significant.

Results

Characteristics of the study cohort

Table 1 summarizes the characteristics of the en-
tire study cohort and the comparative results of var-
ious parameters between the pT3a and pT3b sub-
groups. The median age of the patients was 69.0 years
(IQR: 63.0-75.5) and they were predominantly men
(85.1%). A majority of the patients (98.0%) showed
high-grade tumors on the pathologic examination of
RC specimens. A total of 34 patients (33.7%) were
finally confirmed as having LN positive disease. All
patients were divided into pT3 sub-stage groups: 43
(42.6%) were diagnosed with pT3a (microscopic
perivesical tissue invasion) and 58 (57.4%) with pT3b
(macroscopic perivesical tissue invasion) disease. Ex-
cept for the total number of removed LN (p = 0.048),
there were no significant differences in the distribu-
tion of the other parameters evaluated, including
pathologic tumor grade (p = 0.179), CIS (p = 0.093),
LVI (p = 0.564), PNI (p = 0.549), LN status (p = 0.139)
and the frequency of ACH (p = 0.228) between the
pT3 sub-stage groups.

Table 1. Clinicopathologic parameters of the entire study cohort and comparative analysis results between pT3a and pT3b sub-stage

groups.
pT3 pT3a (microscopic) pT3b(macroscopic)  p-value
(n=101) (n=43) (n=58)
Age, year, median (IQR) 69 (63-75.5) 69(63-76) 69(60.5-74.25) 0.479
< 60yrs 20(19.8%) 6(14.0%) 14(24.1%) 0.204
> 60yrs 81(80.2%) 37(86.0%) 44(75.9%)
Gender
Male 86(85.1%) 36(83.7%) 50(86.2%) 0.728
Female 15(14.9%) 7(16.3%) 8(13.8%)
BMI(kg/m2), median (IQR) 23.5 (21.6-25.5) 23.8(22.0-26.4) 23.2(21.0-24.8) 0.061
<25 73(72.3%) 28(65.1%) 45(77.6%) 0.166
25 28(27.7%) 15(34.9%) 13(22.4%)
ASA score
1 46(45.5%) 18(41.9%) 28(48.8%) 0.741
2 52(51.5%) 24(55.8%) 28(48.3%)
3 3(3%) 1(2.3%) 2(3.4%)
Clinical hydronephrosis, n (%)
No 72(71.3%) 33(76.7%) 39(67.2%) 0.297
Yes 29(28.7%) 10(23.3%) 19(32.8%)
Pathologic grade, n (%)
Low grade 2(2.0%) 2(4.7%) 0(0%) 0.179
High grade 99(98.0%) 41(95.3%) 58(100%)
CIS within bladder, n (%)
Absent 91(90.1%) 36(83.7%) 55(94.8%) 0.093
Present 10(9.9%) 7(16.3%) 3(5.2%)
LVI within bladder, n (%)
Absent 39(38.6%) 18(41.9%) 21(36.2%) 0.564
Present 62(61.4%) 25(58.1%) 37(63.8%)
Perivesical margin, n (%)
Absent 95(94.1%) 41(95.3%) 54(93.1%) 1.000
Present 6(5.9%) 2(4.7%) 4(6.9%)
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Perineural invasion, n (%)

Absent 72(71.3%) 32(74.4%) 40(69.0%) 0.549
Present 29(28.7%) 11(25.6%) 18(31.0%)
Variant of UC, n (%)
Absent 85(84.2%) 38(88.4%) 47(81.0%) 0.318
Present 16(15.8%) 5(11.6%) 11(19.0%)
LN status, n(%)
pNO 67(66.3%) 32(74.4%) 35(60.3%) 0.139
pN 21 34(33.7%) 11(25.6%) 23(39.7%)
Total number of removed LNs (median, IQR) 14 (10-20) 13(9-18) 15.5(10.7-24.5) 0.048
Adjuvant CTx, n (%)
Not done 47(46.5%) 23(53.5%) 24(41.4%) 0.228
Done 54(53.5%) 20(46.5%) 34(58.6%)
OS f/u duration (median, IQR) 32.5(17.1-74.5) 32.5(18.1-85.5) 32.7(15.6-73.8) 0.716
Alive 49(48.5%) 22(51.2%) 27(46.6%) 0.647
Death 52(51.5%) 21(48.8%) 31(53.4%)
CSS f/u duration (median, IQR) 32.5(17.1-74.5) 32.5(18.1-85.5) 32.7(15.6-73.8) 0.731
Alive 63(62.4%) 27(62.8%) 36(62.1%) 0.941
Death 38(37.6%) 16(37.2%) 22(37.9%)
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Figure 1. Kaplan-Meier plots for survival outcomes according to the pT3 sub-stage in all patients. (A) overall survival (B) cancer-specific survival

Survival outcomes

In this study cohort, a total of 52 (51.5%) patients
died of any cause with the median OS time of 18.6
months (IQR: 10.4-35.0 months); 38 (37.6%) of these
deaths were attributed to UCB. Follow-up durations
were similar in the two pT3 sub-stage groups (Table
1). The 5-year OS and CSS rates were not significantly
different between the pT3a and pT3b patients (48.5%
vs. 45.6%, p = 0.658, Fig. 1A; 56.1% vs. 56.2%, p =
0.840, Fig. 1B). When comparing OS and CSS with
respect to the LN status (pNO or pN 2 1), significant
survival differences were not observed between the
p13 sub-stages in either the LN negative or positive
group (Supplementary Fig. S1). The patients who re-
ceived ACH had a better OS benefit than those who
did not (p = 0.025, Fig. 2A), but ACH did not have an
effect on CSS (p = 0.635, Fig. 2B).

When performing the subgroup analysis in each
pT3 sub-stage group, there was a meaningful differ-
ence in OS (p = 0.005, Fig. 3A), but not CSS (p = 0.148,
Fig. 3B), between those with and without ACH only in

the pT3b group. However, there were no significant
differences in OS and CSS according to the presence
or absence of ACH in the pT3a group (Supplementary
Fig. S2).

On multivariate analyses for the entire study
cohort, the performance of ACH was the only inde-
pendent predictor associated with improved OS
(hazard ratio [HR]: 0.51; 95% CI: 0.29-0.89; p = 0.018),
but not CSS (p = 0.542), after controlling for the impact
of other variables (Table 2). However, pT3 sub-staging
was not an independent predictive factor of OS (p =
0.421) or CSS (p = 0.964).

We also evaluated the variables associated with
survival outcomes in each sub-stage group. When
conducting the multivariate Cox regression analyses
adjusting for other variables in each group, we could
not identify any factors that showed significant cor-
relation with survival outcomes in the pT3a group.
However, in the pT3b group, the performance of ACH
was independently correlated with improved OS (HR:
0.35; 95% CI: 0.17-0.72; p = 0.004) and CSS (HR 0.33;
95% CI 0.10-0.85, p = 0.022) (Table 3).
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Table 2. Multivariable Cox regression analyses for evaluating variables predicting overall survival and cancer specific survival in the entire
study cohort (pT3)

Overall survival Cancer specific survival

Adjusted HR 95% CI p-value Adjusted HR 95% CI p-value
Age
< 60yrs Reference Reference
> 60yrs 1.22 0.52-2.87 0.642 0.90 0.34-2.38 0.835
Gender
Male Reference Reference
Female 1.44 0.64-3.20 0.375 1.60 0.61-4.22 0.338
BMI
<25 Reference Reference
225 1.14 0.58-2.25 0.699 0.90 0.39-2.06 0.812
ASA score
1 Reference Reference
2 1.38 0.72-2.66 0.336 1.04 0.49-2.17 0.925
3 2.04 0.43-9.75 0.371 111 0.13-9.49 0.924
Clinical hydronephrosis
Absent Reference Reference
Present 0.96 0.46-1.99 0.914 1.20 0.53-2.76 0.659
pT3 sub-stage
pT3a Reference Reference
pT3b 1.38 0.69-2.74 0.352 0.99 0.45-2.18 0.989
Pathologic grade
Low Reference
High 0.76 0.09-6.79 0.809
CIS
Absent Reference Reference
Present 0.98 0.30-3.13 0.969 0.24 0.03-1.99 0.187
LVI
Absent Reference Reference
Present 1.68 0.94-3.03 0.082 191 0.82-4.45 0.136
Perivesical margin
Negative Reference Reference
Positive 1.75 0.63-4.84 0.284 1.66 0.52-5.22 0.389
Perineural invasion
Absent Reference Reference
Present 1.14 0.56-2.30 0.722 0.91 0.39-2.10 0.821
Variant of UC
Absent Reference Reference
Present 1.25 0.54-2.89 0.610 111 0.39-3.18 0.842
LN status
Negative Reference Reference
Positive 1.04 0.51-2.09 0.921 1.06 0.46-2.45 0.886
Total number of removed LNs 0.98 0.95-1.01 0.229 0.97 0.94-1.01 0.126
Adjuvant CTx, n (%)
Not done Reference Reference
Done 0.51 0.29-0.89 0.018 0.79 0.37-1.69 0.542
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Figure 2. Kaplan-Meier plots for survival outcomes according to the presence or absence of adjuvant chemotherapy in all patients. (A) overall survival (B)
cancer-specific survival
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Figure 3. Kaplan-Meier plots for survival outcomes according to the presence or absence of adjuvant chemotherapy in the pT3b subgroup. (A) overall

survival (B) cancer-specific survival

Table 3. Multivariable Cox regression analyses for evaluating variables predicting overall survival and cancer specific survival in patients

with pT3b disease

Overall survival

Cancer specific survival

Adjusted HR 95% CI p-value Adjusted HR 95% CI p-value
Age
< 60yrs Reference Reference
> 60yrs 1.00 0.31-3.19 0.998 1.74 0.37-8.24 0.485
Gender
Male Reference Reference
Female 1.62 0.47-5.53 0.442 3.22 0.59-17.51 0.175
BMI
<25 Reference Reference
225 1.33 0.52-3.40 0.556 0.74 0.21-2.57 0.635
ASA score
1 Reference Reference
2 2.34 0.86-6.34 0.096 129 0.37-4.47 0.687
3 1.94 0.19-19.74 0.574 2.03 0.17-23.97 0.573
Clinical hydronephrosis
Absent Reference Reference
Present 0.83 0.33-2.08 0.694 0.92 0.30-2.81 0.889
CIS
Absent Reference Reference
Present 448 0.66-30.25 0.124 2.38 0.16-35.26 0.530
LVI
Absent Reference Reference
Present 1.90 0.86-4.21 0.111 419 1.39-12.58 0.011
Perivesical margin
Negative Reference Reference
Positive 2.71 0.59-12.37 0.197 2.65 0.44-15.85 0.287
Perineural invasion
Absent Reference Reference
Present 0.55 0.21-1.44 0.224 0.32 0.10-1.01 0.052
Variant of UC
Absent Reference Reference
Present 1.94 0.60-6.25 0.264 1.07 0.24-4.79 0.925
LN status
Negative Reference Reference
Positive 0.99 0.38-2.57 0.984 0.37 0.10-1.33 0.128
Total number of removed LNs 0.97 0.93-1.01 0.188 0.97 0.92-1.02 0.307
Adjuvant CTx, n (%)
Not done Reference Reference
Done 0.35 0.17-0.72 0.004 0.33 0.10-0.85 0.022
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Discussion

Since 2002, the AJCC TNM classification of
bladder cancer has divided the pT3 (perivesical tissue
invasion) disease into pT3a (microscopic) and pT3b
(macroscopic) sub-stages. Even though perivesical
tissue invasion is a known adverse prognostic factor, a
definite conclusion regarding the prognostic implica-
tion of this distinction of pT3 disease has not been
reached thus far.”1

Several reports have demonstrated the prognos-
tic significance of pT3 sub-staging. In a cohort of 2,388
pT2b-pT3b bladder cancer patients obtained from the
SEER database, Scosyrev et al. reported that pT3a was
associated with poorer OS than pT2b (deep muscle
invasion) irrespective of LN status, but the OS dif-
ference between pT3b and pT3a was only observed in
node-positive disease.’ In a multicenter study con-
sisting of 808 patients with pT3 disease, Tilki et al.
reported that pT3b disease showed worse 5-year re-
currence free survival (RFS) and CSS rates than pT3a
disease in only LN negative UCB.® Furthermore, pa-
tients with pT3b disease had significantly higher fre-
quency of LN invasion and administration of ACH
than those with pT3a disease. Similarly, Neuzillet et
al. demonstrated that patients with pT2b and pT3a
disease showed comparable survival outcomes, which
were better than those of patients with pT3b disease
in only cases of pNO disease.” The frequency of LN
metastasis and administration of ACH was signifi-
cantly greater in the pT3b group than in the pT3a
group. Moreover, these investigators suggested the
benefit of ACH in patients with pT3bNO tumors,
given that the metastasis-free survival differences
between pT2b-pT3a and pT3b were not significant for
LN negative patients who had received ACH.

Contrary to the studies mentioned above, in 75
patients with LN negative pT3 disease, consisting of
46 pT3a and 29 pT3b patients, Boudreaux et al. iden-
tified no significant differences in survival outcomes,
such as OS, CSS, and RFS, between the pT3 sub-
groups.” Likewise, in a similar scale retrospective
study including 74 patients with pT3NO (35 pT3a and
39 pT3b) disease, Dincel et al. found that pT3b did not
have worse survival outcomes (OS and CSS) than
pT3a disease.?

In the current study, we could identify no sig-
nificant differences in OS and CSS depending on pT3
sub-staging. When performing survival analyses ac-
cording to LN status, the survival differences between
pT3a and pT3b were also not observed in LN positive
or LN negative patients. These findings correspond to
previous study results.”°In addition, the distribution
of LN status and frequency of ACH were not signifi-
cantly different between the two pT3 sub-staging

groups, which was not the case in previous studies.??
In summary, the prognostic impact of pT3
sub-classification on survival outcomes after RC was
not confirmed in our study.

ACH is commonly administered for the man-
agement of locally advanced bladder cancer. In par-
ticular, bladder cancer showing perivesical tissue in-
vasion on final pathologic examination after RC has
been generally considered as a possible indication for
ACH.#222¢ However, unlike neoadjuvant chemo-
therapy, which is currently the established modality
for improving survival on the basis of several me-
ta-analysis and prospective studies,¥1517 evidence
supporting the utility and indication of chemotherapy
in an adjuvant setting is currently lacking. This is be-
cause a well-designed prospective study can be diffi-
cult given the side effects of chemotherapy, the poor
postoperative general condition of patients, and di-
minished renal function.1#® Furthermore, as men-
tioned earlier, the debates regarding the prognostic
significance of pT3 sub-staging may make it more
difficult to establish the definite indications for the use
of ACH.

In our study, although there were no meaningful
survival differences between the pT3 subgroups, an
OS benefit related to the administration of ACH was
observed in the entire pT3 patient group. On sub-
group analysis according to the pT3 sub-stage, an OS
benefit of ACH was confirmed only in the pT3b
sub-stage. Furthermore, on multivariate Cox regres-
sion analyses adjusting for the impact of other co-
variates in the pT3b group, the administration of ACH
was an independent predictor of better OS and CSS.
OS is widely used as the primary endpoint to assess
the clinical outcome of oncologic treatment,? and the
final goal of bladder cancer treatment is to prolong the
survival of patients. Therefore, we cautiously suggest
that pT3b UCB may be a potential indication for ACH
to improve postoperative survival. This suggestion
also corresponds to the findings of the study by
Neuzillet et al.?

There are several limitations to the current
study. First, our study is limited owing to its retro-
spective design with inherent selection bias. A poten-
tial bias may exist because patients treated with neo-
adjuvant chemotherapy were excluded from the
study. Our data were extracted from patients treated
with RC by multiple surgeons over a 20-year period
and, therefore, may not represent current clinical
practice. Several time-dependent variables, such as
surgical technique (i.e., PLND template) and patho-
logic report content (i.e., variant histology) may have
impacted our results. Furthermore, inter-surgeon
variation regarding surgery related expertise, deter-
mination of ACH implementation, type of ACH reg-
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imen assigned, and postoperative follow-up strategies
could have affected the current study results. Finally,
our study cohort was relatively small, with patients
recruited from a single institution. Therefore, the re-
sults drawn from this study should be further verified
through well-designed prospective and randomized
clinical trials.

In conclusion, in this study, the detailed classi-
fication of pT3 disease according to the current AJCC
staging system had no effect on survival outcomes
after RC. However, the administration of ACH in
pI3b disease showed a close correlation with im-
provement of postoperative survival. Therefore, we
suggest that pT3b disease should be considered as a
potential indication for chemotherapy in an adjuvant
setting. Further verification through well-designed
prospective and randomized clinical trials will be re-
quired to establish macroscopic perivesical invasion
as an indication for ACH in UCB.
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