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sensitivity, specificity, and accuracy were 89.3, 98.5, and 
97.8%, respectively. In the NAC group, FSA was performed 
on 138 out of 284 (48.6%) ureters and 68 out of 139 (48.9%) 
patients. FSA was positive in 8 out of 138 ureters (5.8%), 
and its sensitivity, specificity, and accuracy were 77.8, 99.2, 
and 97.8%, respectively. In the non-NAC group, FSA was 
performed on 218 out of 653 (33.4%) ureters and 111 out 
of 319 (34.8%) patients. FSA was positive in 22 out of 218 
(10.1%) ureters, and its sensitivity, specificity, and accuracy 
were 94.7, 98.0, and 97.7%, respectively. No correlation was 
observed between preoperative clinical factors and FSA pos-
itivity in the NAC group; however, in the non-NAC group, 

Abstract  Although the clinical utility of a frozen sec-
tion analysis (FSA) at the time of radical cystectomy (RC) 
has already been established, its significance and utility in 
bladder cancer patients receiving neoadjuvant chemotherapy 
(NAC) have not yet been fully evaluated. We identified 458 
patients (937 ureters) who underwent open RC for bladder 
cancer at our 7 Japanese institutions between 2004 and 2015. 
Among these patients, 139 (284 ureters) received NAC 
before RC (NAC group), while 319 (653 ureters) underwent 
RC alone (non-NAC group). FSA was performed on 356 out 
of 937 (38.0%) ureters and 179 out of 458 (39.1%) patients. 
FSA was positive in 30 out of 356 (8.4%) ureters and its 
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the incidence of FSA positivity in the ureters of patients with 
concomitant CIS in TUR-BT specimens was 8/41 (19.5%), 
which was significantly higher than that in their counterpart 
(14/177, 7.9%, p = 0.033). Even in the era of NAC in the 
management of bladder cancer patients, the performance of 
FSA does not change and FSA at the time of RC may provide 
useful diagnostic information.

Keywords  Frozen section analysis · Ureters · Radical 
cystectomy · Bladder cancer · Neoadjuvant chemotherapy

Introduction

A frozen section analysis (FSA) of ureters at the time of radi-
cal cystectomy (RC) has been performed in order to detect 
malignant tissue and facilitates further resection in order to 
reduce the risk of recurrence [1]. The clinical utility of FSA at 
the time of RC has already been established [1–6]. Satkunasi-
vam et al. [7] reviewed the utility and significance of FSA and 
showed that it was associated with upper tract urothelial carci-
noma (UTUC) recurrence, anastomotic recurrence, and local 
recurrence. However, a number of studies have indicated that 
abnormal FSA is not independently associated with overall 
survival (OS) [2, 7, 8]. Therefore, although FSA is considered 
to be useful, the clinical utility of routine FSA at RC remains 
controversial.

RC is currently the standard treatment for muscle inva-
sive bladder cancer (MIBC); however, patients who undergo 
RC have been reported to have unfavorable prognoses; the 
5-year cancer-specific survival (CSS) rate was found to be 
almost 50% [9]. Cisplatin-based combination neoadjuvant 
chemotherapy (NAC) has been widely demonstrated to 
improve survival outcomes in patients with MIBC [10–12]. 
NAC shrinks the primary region of bladder cancer (BCa) 
and eradicates micrometastases prior to RC. Therefore, NAC 
itself may also affect the surgical margin at the time of RC. 
Indeed, a meta-analysis revealed down staging to pT0 after 
RC with NAC in 28.6% of BCa patients [13].

Although the clinical utility of FSA has already been 
demonstrated, its significance and utility in patients receiv-
ing NAC have not yet been fully evaluated. In the present 
study, we evaluated (1) the incidence of FSA positivity, (2) 
preoperative clinical factors associated with FSA positivity, 
and (3) the prognostic impact of FSA, with a focus on BCa 
patients treated with RC and NAC.

Materials and methods

Patients and ureters

A total of 529 patients underwent open RC for refractory 
non-muscle invasive or MIBC at our 7 Japanese institutions, 

comprising Keio University Hospital and 6 affiliated hospi-
tals between 2004 and 2015. Among the 529 patients exam-
ined, we excluded patients who underwent ileal conduit 
diversion only (N = 5), those with urachal tumors (N = 5), 
and those with distant metastasis at the time of the initial 
presentation (N = 5). Among the remaining 514 patients 
(1028 ureters), FSA and/or permanent section analysis 
(PSA) data were not available in 44 patients (78 ureters), and 
as a consequence, they were excluded from the present study. 
Furthermore, patients who underwent nephroureterectomy at 
the same time as RC (7 patients and 8 ureters) and those who 
had undergone nephroureterectomy before RC (5 patients 
and 5 ureters) were also excluded. Therefore, 458 patients 
(937 ureters) were included in the present study (Fig. 1). Of 
these patients, FSA was performed on 179 patients (39.1%); 
12 underwent FSA on the right ureter only, 4 on the left ure-
ter only, and the remaining 163 on the bilateral ureters. This 
study was approved by the institutional review board, with 
all participating sites providing the necessary institutional 
data sharing agreements before its initiation.

Of 458 patients, 139 (284 ureters) received NAC before 
RC (NAC group) and 319 (653 ureters) underwent RC alone 
(non-NAC group). In the NAC group, 126 patients received 
a gemcitabine and cisplatin regimen, 8 received a methotrex-
ate, vinblastine, adriamycin, and cisplatin regimen, and the 
remainder received other regimens such as an etoposide and 
cisplatin regimen and gemcitabine and carboplatin regimen.

Surgical technique and pathological evaluation

Curative RC was performed using a standard technique and 
regular form of pelvic lymph node dissection including the 
bilateral internal iliac, external iliac and obturator lymph 
nodes. The ureteral margin was excised approximately 2 cm 
proximal to the ureterovesical junction at the time of RC. 
The ureteric margins were sent for FSA prior to reconstruc-
tion of the ureterointestinal anastomosis for ileal conduit/
neobladder or ureterocutaneostomy. Subsequent ureteric 
resection was performed based on the results of FSA. Sub-
sequent excisions were generally performed until a negative 
margin was obtained. However, the confirmation of negative 
FSA was abandoned in 3 cases because the surgeon deemed 
that an inadequate length for urinary diversion remained for 
additional resection. Furthermore, at the time of ureteric 
anastomosis, the margin of the ureter was trimmed, embed-
ded in paraffin, and step-sectioned for PSA. This represented 
the final proximal ureteric margin. A pathological examina-
tion followed the TNM classification of 2009.

Statistical analysis

We analyzed the relationships between preoperative clini-
cal parameters including age, sex, concomitant carcinoma 
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in situ (CIS) in TUR-BT specimens, clinical T stage, clini-
cal N stage, tumor laterality, and the presence or absence 
of hydronephrosis and FSA results. Variables were com-
pared between different groups using the Chi-squared test. 
Recurrence-free survival (RFS) rates, and CSS rates were 
estimated by the Kaplan–Meier method and were compared 
with the log-rank test. We defined disease recurrence as any 
evidence of disease after RC. RFS and CSS times were cal-
culated as the interval between the start of the treatment with 
either RC or NAC and the date of disease recurrence and 
that of death from bladder cancer, respectively. Differences 
between groups were regarded as significant at p < 0.05. All 
analyses were performed with the SPSS version 22.0 statisti-
cal software package (IBM Corp., Somers, NY).

Results

Clinical characteristics in all patients and in NAC 
and non‑NAC groups

The median follow-up period was 25.1 months (interquar-
tile range 11.2–50.6 months). Among all patients examined, 
FSA was performed on 356 out of 937 (38.0%) ureters and 
179 out of 458 (39.1%) patients. FSA was more frequently 
performed on patients with lower than clinical T3 stage 
(41.6% in < cT3 vs 33.6% in ≥ cT3, p = 0.011) and in those 
receiving NAC (48.6% in the NAC group vs 33.4% in the 
non-NAC group, p < 0.001). Other clinical features were not 
associated with whether FSA was performed.

Table 1 shows preoperative clinical parameters in 937 
ureters in the NAC group and non-NAC group according 
to whether FSA was performed. In the NAC group, FSA 

was performed on 138 out of 284 (48.6%) ureters and 68 
out of 139 (48.9%) patients. In the NAC group, FSA was 
more frequently performed on the ureters of females (45.1% 
in males vs 62.1% in females, p = 0.021) and on those of 
patients with lower than clinical T3 stage (65.8% in < cT3 
vs 36.0% in ≥ cT3, p < 0.001). In the non-NAC group, FSA 
was performed on 218 out of 653 (33.4%) ureters and 111 
out of 319 (34.8%) patients. In the non-NAC group, FSA 
was more frequently performed on the ureters of patients 
with clinical N positivity (47.8% in clinical N positivity vs 
32.3% in clinical N negativity, p = 0.031) and on those of 
patients with hydronephrosis (40.9% in those with hydrone-
phrosis vs 30.7% in those without, p = 0.015).

Concordance between FSA and PSA

A malignant ureteral margin was confirmed in 28 out of 356 
specimens by PSA (7.9%, Table 2). FSA was positive in 25 
out of the 28 specimens. FSA was negative in 323 out of the 
328 PSA-negative specimens. In all patients, the sensitivity, 
specificity, and accuracy of FSA were 89.3, 98.5, and 97.8%, 
respectively. In the NAC group, a malignant ureteral margin 
was confirmed in 9 out of the 138 specimens tested by PSA 
(6.5%). FSA was positive in 7 out of the 9 specimens. FSA 
was negative in 128 out of the 129 PSA-negative specimens. 
In the NAC group, the sensitivity, specificity, and accuracy 
of FSA were 77.8, 99.2, and 97.8%, respectively. In the non-
NAC group, a malignant ureteral margin was confirmed in 
19 out of 218 specimens by PSA (8.7%). FSA was positive 
in 18 out of the 19 specimens. FSA was negative in 195 out 
of the 199 PSA-negative specimens. In the non-NAC group, 
the sensitivity, specificity, and accuracy of FSA were 94.7, 
98.0, and 97.7%, respectively. In the non-NAC group, FSA 

Fig. 1   Flow diagram of the 
study population. RC radical 
cystectomy, FSA frozen section 
analysis, PSA permanent section 
analysis
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detected a malignant ureteral margin in 22 out of 218 ureters 
(10.1%), which was slightly higher than that in the NAC 
group (8 out of 138 ureters, 5.8%) (p = 0.155).

Preoperative clinical factors associated with FSA 
positivity

Among all patients, the incidence of FSA positivity in 
the ureters of patients with concomitant CIS in TUR-BT 

specimens was 9/53 (17.0%), which was significantly 
higher than that in their counterpart (21/303, 6.9%, 
p = 0.021). In the NAC group, no correlation was observed 
between preoperative clinical factors and FSA positivity 
(Table 3). In the non-NAC group, the incidence of FSA 
positivity in the ureters of patients with concomitant CIS 
in TUR-BT specimens was 8/41 (19.5%), which was sig-
nificantly higher than that in their counterpart (14/177, 
7.9%, p = 0.033, Table 3).

Table 1   Preoperative clinical 
parameters according to 
FSA in patients treated with 
neoadjuvant chemotherapy (the 
NAC group, ureter, N = 284), 
and in patients treated without 
neoadjuvant chemotherapy 
(the non-NAC group, ureter, 
N = 653)

FSA frozen section analysis, NAC neoadjuvant chemotherapy, CIS carcinoma in situ

Characteristics NAC group p value Non-NAC group p value

FSA FSA

Performed Not performed Performed Not performed

No. of ureters 138 (48.6%) 146 (51.4%) 218 (33.4%) 435 (66.6%)
Age 0.677 0.385
 < 70 years 79 (49.7%) 80 (50.3%) 100 (35.2%) 184 (64.8%)
 ≥ 70 years 59 (47.2%) 66 (52.8%) 118 (32%) 251 (68%)

Sex 0.021 0.148
 Male 102 (45.1%) 124 (54.9%) 185 (34.6%) 349 (65.4%)
 Female 36 (62.1%) 22 (37.9%) 33 (27.7%) 86 (72.3%)

Concomitant CIS 0.65 0.179
 Positive 12 (44.4%) 15 (55.6%) 41 (39%) 64 (61%)
 Negative 126 (49%) 131 (51%) 177 (32.3%) 371 (67.7%)

Clinical T stage <0.001 0.557
 < cT3 79 (65.8%) 41 (34.2%) 135 (34.3%) 259 (65.7%)
 ≥ cT3 59 (36%) 105 (64%) 83 (32%) 176 (68%)

Clinical N stage 0.327 0.031
 Positive 23 (42.6%) 31 (57.4%) 22 (47.8%) 24 (52.2%)
 Negative 115 (50%) 115 (50%) 196 (32.3%) 411 (67.7%)

Laterality 0.719 0.489
 Left 67 (47.5%) 74 (52.5%) 105 (32.1%) 222 (67.9%)
 Right 71 (49.7%) 72 (50.3%) 113 (34.7%) 213 (65.3%)

Hydronephrosis 0.311 0.015
 Positive 28 (43.1%) 37 (56.9%) 70 (40.9%) 101 (59.1%)
 Negative 110 (50.2%) 109 (49.8%) 148 (30.7%) 334 (69.3%)

Table 2   Concordance between 
FSA and PSA in all patients 
(ureter, N = 356), in patients 
treated with neoadjuvant 
chemotherapy (the NAC group, 
ureter, N = 138), and in patients 
treated without neoadjuvant 
chemotherapy (the non-NAC 
group, ureter, N = 218)

FSA frozen section analysis, NAC neoadjuvant chemotherapy, PSA permanent section analysis

Overall population NAC group Non-NAC group

FSA FSA FSA

Positive Negative Total Positive Negative Total Positive Negative Total

PSA
 Positive 25 3 28 7 2 9 18 1 19
 Negative 5 323 328 1 128 129 4 195 199
 Total 30 326 356 8 130 138 22 196 218
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Relationship between FSA positivity and clinical 
outcomes

Disease recurrence was observed in 147 patients (32.1%), 
and 93 patients (20.3%) died of the disease. Among all 
patients, the 2-year RFS rate in FSA-positive patients was 
68.2%, which was not significantly different from that in 
their counterparts (71.5%). The 2-year CSS rate in FSA-
positive patients was 91.2%, which was not significantly 
different from that in their counterparts (85.0%). In the 
NAC group, the 2-year RFS rate in FSA-positive patients 
was 42.9%, which was slightly lower than that in their 
counterparts (75.0%) (p = 0.073 in Fig. 2a). The 2-year 
CSS rate in FSA-positive patients was 85.7%, which was 
not significantly different from that in their counterparts 
(86.8%, p = 0.776 in Fig. 2b). In the non-NAC group, 
the 2-year RFS rate in FSA-positive patients was 80.5%, 
which was not significantly different from that in their 
counterparts (69.4%, p = 0.922 in Fig. 3a). The 2-year 
CSS rate in FSA-positive patients was 92.9%, which was 
not significantly different from that in their counterparts 
(83.8%, p = 0.931 in Fig. 3b).

Discussion

Cisplatin-based combination NAC has been established as 
a standard treatment option for MIBC in order to improve 
patient prognoses and is supported by a large amount of 
evidence [10–12, 14–16]. NAC is considered for the treat-
ment of not only primary lesions of localized or locally 
advanced BCa, but also for preoperative micrometastases. 
Therefore, NAC itself may affect the pathological features 
of surgical specimens such as the depth of primary tumor 
invasiveness, status of lymph node involvement, and surgical 
margin rates. The pT0 rate after NAC for MIBC was previ-
ously reported to be between approximately 10 and 40% in a 
prospective randomized clinical trial and meta-analysis [12, 
13, 17]. Thus, we speculated that NAC also affects the rate 
of positivity for distal ureteral margins as well as the clini-
cal significance of FSA at the time of RC. During our study 
period, the indication for performing FSA was dependent 
on the attending doctor’s preference; however, the rate of 
performing FSA was higher in patients treated with NAC 
(48.6%) than in those without (33.4%). Furthermore, the 
rate of a positive surgical margin in the distal ureter in PSA 

Table 3   Relationship between 
preoperative clinical parameters 
and FSA results in patients 
treated with neoadjuvant 
chemotherapy (the NAC group, 
ureter, N = 138) and in patients 
treated without neoadjuvant 
chemotherapy (the non-NAC 
group, ureter, N = 218)

FSA frozen section analysis, NAC neoadjuvant chemotherapy, CIS carcinoma in situ

Characteristics NAC group p value Non-NAC group p value

FSA-positive FSA-negative FSA-positive FSA-negative

No. of ureters 8 (5.8%) 130 (94.2%) 22 (10.1%) 196 (89.9%)
Age 0.53 0.682
 < 70 years 5 (6.3%) 74 (93.7%) 11 (11%) 89 (89%)
 ≥ 70 years 3 (5.1%) 56 (94.9%) 11 (9.3%) 107 (90.7%)

Sex 0.333 0.566
 Male 7 (6.9%) 95 (93.1%) 19 (10.3%) 166 (89.7%)
 Female 1 (2.8%) 35 (97.2%) 3 (9.1%) 30 (90.9%)

Concomitant CIS 0.527 0.033
 Positive 1 (8.3%) 11 (91.7%) 8 (19.5%) 33 (80.5%)
 Negative 7 (5.6%) 119 (94.4%) 14 (7.9%) 163 (92.1%)

Clinical T stage 0.47 0.524
 < cT3 4 (5.1%) 75 (94.9%) 15 (11.1%) 120 (88.9%)
 ≥cT3 4 (6.8%) 55 (93.2%) 7 (8.4%) 76 (91.6%)

Clinical N stage 0.129 0.319
 Positive 3 (13%) 20 (87%) 1 (4.5%) 21 (95.5%)
 Negative 5 (4.3%) 110 (95.7%) 21 (10.7%) 175 (89.3%)

Laterality 0.327 0.243
 Left 5 (7.5%) 62 (92.5%) 8 (7.6%) 97 (92.4%)
 Right 3 (4.2%) 68 (95.8%) 14 (12.4%) 99 (87.6%)

Hydronephrosis 0.49 0.058
 Positive 1 (3.6%) 27 (96.4%) 11 (15.7%) 59 (84.3%)
 Negative 7 (6.4%) 103 (93.6%) 11 (7.4%) 137 (92.6%)
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was 6.5% in the ureters of patients treated with NAC, which 
was slightly lower than that in patients treated without NAC 
(8.7%). In our study population, FSA was consistently per-
formed, even in patients treated with NAC, and although 
there were a small number of positive ureters in FSA and 
PSA, NAC itself may affect the positive surgical margin rate 
for the distal ureter.

Our results also showed that the sensitivity, specificity, 
and accuracy of FSA in the overall population were 89.3, 
98.5, and 97.8%, respectively. These percentages are con-
sistent with previous findings [3–5, 8, 18]. The accuracy of 
FSA in the ureters of patients treated with NAC was 97.8%, 
which was similar to that in the ureters of patients treated 
without NAC (97.7%). These results indicate that FSA still 
provides definitive diagnostic information on MIBC patients 
treated with NAC.

Several studies have evaluated the relationship between 
abnormal FSA results and cancer survival. Kim et al. [3] 
showed that FSA was a significant predictor of OS and 
CSS. However, these studies did not focus on a subgroup of 
patients treated with NAC. Our study is the first to evaluate 
the prognostic impact of FSA with a focus on patients treated 
with NAC for MIBC and revealed a relationship between 
FSA results and disease progression or cancer death in the 
NAC and non-NAC groups.

Previous studies evaluated the postoperative factors asso-
ciated with FSA-positive results. Gakis et al. [4] showed 
that tumor multifocality was associated with FSA-posi-
tive results. Few studies have investigated precystectomy 
parameters for predicting the positivity of FSA, which 
may contribute to the preoperative selection of appropriate 
candidates for FSA [4]. We focused on preoperative clini-
cal parameters in order to evaluate relationships with FSA 

Fig. 2   a Kaplan–Meier curve of recurrence-free survival and b can-
cer-specific survival in patients treated with neoadjuvant chemother-
apy (N = 68) according to a frozen section analysis (FSA) of positive 
(N = 8) and negative results (N = 60)

Fig. 3   a Kaplan–Meier curve of recurrence-free survival and b can-
cer-specific survival in patients treated without neoadjuvant chemo-
therapy (N  =  111) according to a frozen section analysis (FSA) of 
positive (N = 22) and negative results (N = 89)
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positivity and found that concomitant CIS in TUR-BT speci-
mens was the only associated preoperative predictive factor 
for FSA-positive results in patients treated without NAC, 
while no preoperative parameter was associated with FSA 
results in patients treated with NAC. Due to the relatively 
small number of patients treated with NAC and subjected to 
FSA, we were unable to reach concrete conclusions; how-
ever, the results obtained indicate that it is not possible to 
preoperatively select appropriate candidates for FSA among 
patients treated with NAC.

There are several limitations to the present study. The 
performance of FSA is highly dependent on physicians’ 
preferences; therefore, the rate of performing FSA among 
our patient population was 39.1%, which may affect clinical 
outcomes. Furthermore, most of the patients receiving NAC 
were treated with cisplatin-based chemotherapy (96.4%); 
however, the number of chemotherapy courses varied (aver-
age number of courses, 2.27, range 1–6 courses). In addi-
tion, the pathological examination of FSA was not consistent 
among our uropathologists because there are currently no 
guidelines for standardized reporting or the interpretation of 
FSA results. Another limitation is that our study had a short 
observation time. Therefore, further studies with a larger 
sample size and longer observation period are needed in 
order to confirm the utility of FSA for patients treated with 
RC and NAC.

Conclusions

Even in the era of NAC for MIBC, the performance of FSA 
does not change and FSA at the time of RC may provide 
useful diagnostic information.
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