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Abstract

Background: The pathological grading system for non-muscle-invasive bladder cancer is based on the WHO
2004/2016 classification system (low-grade: LG/high-grade: HG) and the WHO 1973 classification system (Grade 1: G1/
Grade 2: G2/Grade 3: G3). Recently, the usefulness of combining both systems and classifying the tumors as LG/GT1,
LG/G2, HG/G2, and HG/G3 has been demonstrated. In this study, we compared the prognosis of intravesical recur-
rence in relation to different treatment intensities between HG/G2 and HG/G3 bladder cancers.

Methods: We retrospectively evaluated the clinical and therapeutic outcomes of 145 patients diagnosed with T1 HG
bladder cancer between 2000 and 2020. We classified 145 patients into three groups: (1) patients with T1 HG/G2 and
HG/G3 who received intravesical instillation therapy (n=76), (2) patients with T1 HG/G2 who did not receive intravesi-
cal instillation therapy (n=32), and (3) patients with T1 HG/G3 who did not receive intravesical instillation therapy
(n=37).

Results: The median intravesical recurrence-free survival for all patients was 34.2 months. The number of tumors, the
presence of intravesical instillation therapy, and tumor grade were significant prognostic factors for intravesical recur-
rence in all cases. Groups 2 and 3 showed significantly worse prognosis than group 1 in the multivariate analysis.

Conclusions: Regarding intravesical recurrence, intravesical instillation therapy is necessary for both T1 HG/G3 and
T1 HG/G2 bladder cancers.

Keywords: Non-muscle-invasive bladder cancer, Grade, WHO 1973 classification system, WHO 2004/2016
classification system, Intravesical instillation therapy, Intravesical recurrence

Background

According to GLOBOCAN, bladder cancer is among
the most prevalent cancers worldwide, ranking sixth
among men with 440,864 cases and 14th among
women with 132,414 cases in 2020 [1]. Bladder cancer
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is categorized as non-muscle-invasive bladder cancer
(NMIBC) and muscle-invasive bladder cancer (MIBC)
based on the results of clinical T staging [2], and both
groups have different clinical outcomes and therapeutic
options. NMIBC is generally associated with a 5-year
survival rate of >88% [3]. However, it is characterized
by a high recurrence rate. The probability of intravesi-
cal recurrence in cases of NMIBC ranges from 15 to
61% after 1 year and 31-78% after 5 years, and 1-45%
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of NMIBCs will progress to MIBC after 5 years [4]. As
MIBCs require radical treatment (cystectomy, radio-
therapy), prediction of recurrence and progression
from NMIBC to MIBC remains an important topic of
research [5].

The European Organization for Research and Treat-
ment of Cancer (EORTC) developed a risk-stratifica-
tion tool to predict the likelihood of recurrence and
progression at 1 and 5 years after transurethral resec-
tion of bladder tumors (TURBT) for NMIBC in 2006
[3]. These risk groups are based on sex, age, tumor size
and extent (defined as T in TNM staging), concomi-
tant carcinoma in situ (CIS), tumor grade based on the
WHO 1973 classification system (G1/G2/G3), number
of tumors, and recurrence status [3]. In the most recent
European Association of Urology (EAU) guidelines for
NMIBC, the pathological grading of NMIBC was based
on the WHO 2004/2016 classification system (LG/
HG) and the WHO 1973 classification system (G1/G2/
G3), which was reconstructed in 2021 based on reports
suggesting that a combination of both classification
systems (LG/G1, LG/G2, HG/G2, HG/G3) were more
effective in predicting prognosis [6—8]. However, to the
best of our knowledge, no study on bladder cancer has
examined the validity of the HG/G2 and HG/G3 grades
in terms of the risk of intravesical recurrence associated
with different treatment intensities. Therefore, in this
study, we aimed to evaluate the prognosis of intravesi-
cal recurrence of T1 HG/G2 and HG/G3 bladder can-
cers and to examine the biological differences in terms
of intravesical recurrence between the two groups of
HG bladder cancer.

Methods

Patients

In this study, 145 patients who underwent TURBT and
were histopathologically diagnosed with T1 HG blad-
der cancer at Osaka University Hospital between Janu-
ary 2000 and July 2020 were included. First, we included
154 T1 HG cases to determine the intensity of treat-
ment. For the evaluation of intravesical recurrence, nine
patients who underwent immediate radical cystectomy
were excluded from the assessment of intravesical instil-
lation therapy (Fig. 1a). Bladder tissues were fixed in 10%
buffered formalin immediately and 24 h later, embedded
in paraffin, stained with hematoxylin and eosin, and diag-
nosed and evaluated using the WHO 2004/2016 grad-
ing system (LG/HG) and the WHO 1973 grading system
(G1/G2/G3) by skilled pathologists. This single-insti-
tution, retrospective study was approved by the Insti-
tutional Review Board of Osaka University Hospital (#
3397-12).
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Study design

Risk factors for intravesical recurrence were examined,
namely, sex (male vs. female), age (<70 vs. >70 years),
number of tumors (single vs. multiple), size of tumors
(<3 vs. >3 cm), history of recurrence (primary vs.
recurrent), presence of CIS (yes or no), the WHO 1973
classification system (G2 vs. G3), a history of a sec-
ond TURBT (yes or no), and a history of intravesical
instillation therapy (yes or no). Regarding the history
of recurrence, “primary” is defined as the first case of
naive bladder tumor, and “recurrent” is defined as the
case of intravesical recurrence, which does not include
recurrent cases of upper tract urothelial carcinoma.
In our institution, the treatment strategy was to avoid
performing either the second TURBT or intravesical
instillation therapy for T1 HG/G2 bladder tumors but
to perform both the second TURBT and intravesical
instillation therapy for T1 HG/G3 bladder tumors. As
only six patients in the G2 group received intravesical
instillation therapy, we planned to investigate whether
the risk of intravesical recurrence was exacerbated by
the lack of intravesical instillation therapy instead of
investigating whether intravesical instillation therapy
prolonged the time to intravesical recurrence. To evalu-
ate whether the relationship between treatment inten-
sity and WHO 1973 grade contributed to the risk of
intravesical recurrence, we divided the cohort into
three groups: a reference group of patients with T1
HG/G2 and HG/G3 who underwent intravesical instil-
lation therapy (group 1; n=76), patients with T1 HG/
G2 who did not undergo intravesical instillation ther-
apy (group 2; n=132), and patients with T1 HG/G3 who
did not undergo intravesical instillation therapy (group
3; n=37) (Fig. 1la). We evaluated these three groups
using other variables in multivariate analysis.

Statistical analysis

Intravesical recurrence-free survival was calculated
using the Kaplan—Meier method with the log-rank test
using the date of TURBT at the time of initial T1 diag-
nosis as the starting date, and prognostic factors for
intravesical recurrence were investigated using univari-
ate and multivariate Cox proportional hazards models.
The differences in parameters between the groups were
assessed using Fisher’s exact test. The tests were two-
sided, and differences were considered statistically sig-
nificant at p <0.05. Statistical analyses were performed
using JMP Pro 16 (SAS Institute Inc., Cary, NC, USA)
and GraphPad Prism 5 (GraphPad Software, USA).
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Fig. 1 The study design and the results of transurethral resection of bladder tumors (TURBT) at our institution. a The protocol for the patients in this
study; b Results of the second TURBT for all patients showed that approximately 80% of T1 patients underwent sufficiently deep resection in the
initial TURBT; ¢ Among patients with primary disease, more than 86% underwent sufficiently deep resection in the initial TURBT; d Among patients
with recurrent disease, approximately 62% underwent sufficiently deep resection in the initial TURBT; HG high grade, TURBT transurethral resection
of bladder tumor, Ins intravesical instillation therapy, G2 grade 2, G3 grade 3

Results

Patient characteristics

Patient and tumor characteristics are summarized in
Table 1. The study population included 117 men (81%)
and 28 women (19%). The median patient age was
74 years (32-89 years); 52 patients (36%) had a sin-
gle tumor, and 93 patients (64%) had multiple tumors;
116 patients (80%) had tumors smaller than 3 c¢m, and
29 (20%) had tumors larger than 3 cm; 103 patients
(71%) had primary tumors, and 42 (29%) had recur-
rent tumors; and 111 patients (77%) did not show con-
comitant CIS, while 34 patients (23%) had concomitant
CIS. Based on the WHO 1973 classification system, 38
patients (26%) were categorized as G2, and 107 (74%)
were categorized as G3. A second TURBT was per-
formed in 99 patients (68%). The results of the second
TURBT at our institution showed that the residual rate

of T1 or higher disease after initial TURBT was approx-
imately 20% in all patients (Fig. 1b), with the rates being
14% for primary tumors (Fig. 1c) and 38% for patients
showing recurrence (Fig. 1d). Intravesical instillation
therapy in a series of treatments was performed in 76
cases (52%) (pirarubicin in two cases and BCG in 74
cases). Intravesical instillation therapy over the entire
lifetime was performed in 85 cases (59%) (pirarubicin
in two cases and BCG in 83 cases). Groups 1, 2, and 3
showed statistically significant differences in the history
of recurrence (p=0.0492), presence of concomitant
CIS (»p=0.0001), the WHO 1973 classification system
categorization (p <0.0001), history of a second TURBT
(»<0.0001), and history of intravesical instillation ther-
apy (in a series of treatments, p <0.0001; over the whole
lifetime, p <0.0001). As far as data were available, there
was one case of prostatic urethral tumor. The patient
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Table 1 Characteristics of patients with histopathologically diagnosed T1 HG bladder cancers
Groups parameter Total (n=145) With Ins Without Ins p value
(1) (2) (3)
G2 (n=6) G3 (n=70) G2 (n=32) G3 (n=37)

Sex, n (%)

Male 117 (81) 6 (100) 57 (81) 27 (84) 27 (73)

Female 28 (19) 0(0) 13(19) 5(16) 10 (27) 04105
Age

Median (min-max) (yr) 74 (32-89) 75 (56-86) 73 (47-89) 74 (57-87) 76 (32-88) 05777

<70,n (%) 54 (37) 2(33) 27 (39) (28) 16 (43)

270, n (%) 91 (63) (67) 43 (61) 23(72) 21(57) 04230
Number of tumors, n (%)

Single 52 (36) 2(33) 22 (31) 14 (44) 14 (38)

Multiple 93 (64) 4(67) 48 (69) 18 (56) 23 (62) 04639
Maximum diameter, n (%)

<3cm 116 (80) 5(83) 54 (77) 27 (84) 30 (81)

23cm 29 (20) 1(017) 16 (23) 5(16) (19) 0.7623
History of recurrence, n (%)

Primary 103 (71) 3(50) 54(77) 17 (53) 29 (78)

Recurrent 42 (29) 3(50) 16 (23) 15 (47) 8(22) 0.0492
Concomitant CIS, n (%)

No 111 (77) 5(83) 43 (61) 31(97) 32 (86)

Yes 34 (23) 1(17) 27 (39) 1(3) 5(14) 0.0001
WHO grade 1973, n (%)

G2 38 (26) 6 (100) 0(0) 32(100) 0)

G3 107 (74) 0(0) 70 (100) 0(0) 37(100) <0.0001
Second TURBT, n (%)

No 46 (32) 2(33) 10 (14) 24 (75) 10 (27)

Yes 99 (68) 4(67) 60 (86) 8(25) 27 (73) <0.0001
Ins in a series, n (%)

No 69 (48) 0(0) 0(0) 32 (100) 37(100)

Yes 76 (52) 6 (100) 70 (100) 0 ( (0) <0.0001
Ins in whole lifetime, n (%)

No 60 (41) 0(0) 0(0) 29 (91) 31(84)

Yes 85 (59) 6 (100) 70 (100) 3(9) 6 (16) <0.0001

HG high grade, Ins intravesical instillation therapy, G2 grade 2, G3 grade 3, CIS carcinoma in situ, TURBT transurethral resection of bladder tumor

with prostatic urethral tumor underwent immediate
total cystectomy and was excluded from this study.

Both grade 2 and 3 bladder tumors showed poor prognosis
of intravesical recurrence in the absence of intravesical
instillation therapy

The median recurrence-free period was 34.2 months,
and the 5-year recurrence-free survival rate was 43.1%
for all patients (Fig. 2). Among the groups categorized by
treatment intensities, in both G2 and G3 cases, the sec-
ond TURBT did not contribute to intravesical recurrence
(G2; p=0.6326, G3; p=0.7352; Fig. 3a, b), but intravesi-
cal instillation therapy significantly prolonged the time to

intravesical recurrence (G2; p=0.0118, G3; p=0.0028;
Fig. 3c, d). Univariate and multivariate analyses of the
time to intravesical recurrence are presented in Table 2.
The univariate analysis showed no significant differ-
ences related to sex (p=0.4675) and age (p =0.6423). The
multivariate analysis showed no significant differences
related to tumor size (p=0.5982), history of recurrence
(p=0.3541), concomitant CIS (p=0.1301), and second
TURBT (p=0.0771). In contrast, significant differences
were observed in relation to the number of tumors (sin-
gle vs. multiple: HR, 2.77; 95% CI 1.57-4.90; p =0.0005)
and the WHO 1973 classification system combined with
intravesical instillation therapy groups (group 1 vs. 2:
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Fig. 2 Intravesical recurrence-free survival in all patients. 5-year recurrence-free rate was 43.1%

HR, 9.60; 95% CI 4.39-21.0; p <0.0001; group 1 vs. 3: HR,
3.26; 95% CI 1.72-6.19; p=0.0003) in multivariate analy-
sis. The 5-year recurrence-free rate was 58.3% in group
1, 16.8% in group 2, and 35.8% in group 3, which indi-
cated that both groups 2 and 3 had a significantly worse
prognosis than group 1 (group 1 vs. 2: p<0.0001; group
1 vs. 3: p=0.0042; log-rank test corrected by Bonferroni
method; Fig. 4).

Discussion

The risk of invasion and intravesical recurrence of
NMIBC, which is widely recognized by the EORTC and
EAU guidelines, is related to the number and size of the
tumors, prior recurrence history, tumor extent (defined
as T in TNM staging), the presence of concomitant
CIS, and categorizations based on the WHO 1973 and
2004/2016 classification systems [3, 8—10]. In addition,
the latest EAU guidelines and literature have shown that
the notation method of docking the WHO 1997 classi-
fication system with the WHO 2004/2016 classification
system, which yields the LG/G1, LG/G2, HG/G2, and
HG/G3 classifications, is more sensitive to the prognosis
of NMIBC [6-8]. In this context, LG tumors are almost
always Ta [9], and the risk of recurrence was low because
of the lower pathologic grade [5, 9, 11]. Thus, intravesical
instillation therapy for LG bladder tumors is usually not
performed, given the risks and benefits. In other words,

the risk of clinically problematic invasion and intravesi-
cal recurrence should be considered mainly for HG blad-
der cancers, and the best we can do to reduce the risk
of invasion and intravesical recurrence in incidentally
encountered HG bladder tumors is to maintain appropri-
ate treatment intensity. In our institution, we do not per-
form a second TURBT or intravesical instillation therapy
for T1 HG/G2 bladder cancer, but we performed both
treatments for T1 HG/G3 bladder cancer. We believe that
predicting the prognosis associated with different treat-
ment intensities for T1 HG bladder cancer would help
determine the appropriate treatment intensity. Therefore,
in this study, we limited our investigation to T1 HG blad-
der cancers to examine the intensity of treatment.
Among the commonly known risk factors for intra-
vesical recurrence, the presence of only multiple tumors
was a significant risk factor for intravesical recurrence
in this study. This may have been due to the presence
of additional treatment interventions after the initial
TURBT that led to the diagnosis of T1 bladder cancer;
in other words, tumors larger than 3 cm were more likely
to receive a second TURBT, and intravesical instillation
therapy was significantly more common in patients with
concomitant CIS (Additional file 1: Fig. S1). No signifi-
cant differences were observed in the history of recur-
rence in this study. This may be because the cohort itself
was restricted to those with a high risk of recurrence and
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Fig. 3 Intravesical recurrence-free survival in the G2/G3 groups with or without second transurethral resection of bladder tumors (TURBT) or

Ins. a G2 groups showed similar intravesical recurrence-free survival with or without second TURBT; b G3 groups showed similar intravesical
recurrence-free survival with or without second TURBT; € G2 groups showed significant difference with or without Ins; d G3 groups showed
significant difference with or without Ins; G2 grade 2, G3 grade 3, TURBT transurethral resection of bladder tumor, Ins intravesical instillation therapy

excluded Ta low-grade bladder cancers, as the compari-
son with recurrent cases was made with T1 HG cases
only, even though they were the first cases.

In terms of treatment intensity, the second TURBT
was not effective in prolonging the time to intravesical
recurrence. Intravesical instillation therapy was the most
important factor in prolonging the time to intravesical
recurrence in this study. Several recent studies have ques-
tioned the prognostic value of a second TURBT [12, 13].
The second TURBT was originally intended to prevent
the risk of underdiagnosis of tumors that were poten-
tially MIBC [14]. The results of the second TURBT at our
institution showed that the residual rate of T1 or higher
disease after the initial TURBT was approximately 20%
in all patients (Fig. 1b), which is consistent with most of
the findings reported in the existing literature [12, 13]. In
contrast, as the biological principle of intravesical recur-
rence is cancer seeding [15], intravesical instillation ther-
apy to the mucosal surface of the bladder, rather than the
depth of TURBT at the tumor site, can be considered to

reduce the risk of intravesical recurrence or intravesical
cancer seeding.

Here, we discuss the necessity of classifying T1 HG
bladder cancer as HG/G2 and HG/G3. In this study, both
HG/G2 and HG/G3 bladder cancers showed a signifi-
cantly higher risk of intravesical recurrence if intravesical
instillation therapy was not performed. Thus, in patients
with T1 HG bladder cancer, intravesical instillation ther-
apy should be performed to reduce the risk of intravesical
recurrence irrespective of whether the tumor was HG/G2
or HG/G3. From this perspective, there is no need to bio-
logically classify T1 HG bladder cancer as HG/G2 or HG/
G3 when intravesical recurrence is the endpoint; these
tumors can be simply qualified as T1 HG bladder can-
cer. Moreover, in this study, the risk of NMIBC-to-MIBC
invasion or new distant metastasis (disease progression),
which are more closely related to overall survival, were
not significantly different between the G2 and G3 groups
with and without intravesical instillation therapy (Addi-
tional file 2: Fig. S2). As for the second TURBT, it had no
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Table 2 The risk factors of intravesical recurrence in patients with histopathologically diagnosed T1 HG bladder cancers

Variable Univariate analysis

Multivariate analysis

HR 95% Cl

p value HR 95% Cl p value

Sex
Male 1
Female 1.23 0.70-2.14
Age
<70 1
270 1.12

Number of tumors

0.69-1.82

Single 1
Multiple 1.81
Maximum diameter

1.07-3.05

<3cm 1
23cm 1.15

History of recurrence

0.62-2.15

Primary 1
Recurrent 1.16 0.71-1.90
Concomitant CIS
No 1
Yes 0.91
Second TURBT
No 1
Yes 0.72
WHO grade 1973 and Ins
(1) G2 and G3 with Ins ref
(2) G2 without Ins 422
(3) G3 without Ins 241

0.53-1.56

045-1.16

242-7.38
1.35-4.28

04675

0.6423

0.0276 2.77 1.57-4.90 0.0005

0.6506 0.84 0.44-161 0.5982

0.5576 1.29 0.75-2.21 0.3541

0.7262 1.66 0.86-3.18 0.1301

0.1728 1.72 0.94-3.15 0.0771
ref
<0.0001 9.60

0.0028 3.26

439-21.0
1.72-6.19

<0.0001
0.0003

HG high grade, HR hazard ratio, C/ confidence interval, CIS carcinoma in situ, TURBT transurethral resection of bladder tumor, WHO World Health Organization, G2

grade 2, G3 grade 3, Ins intravesical instillation therapy

inhibitory effect on disease progression in the G2 and G3
groups (Additional file 3: Fig. S3). Thus, even if the end-
point is disease progression, there is little need to clas-
sify G2 and G3. The background to these conclusions is
that the quality of our initial TURBT was high enough to
prevent intravesical recurrence and disease progression
without requiring a second TURBT (Fig. 1b). According
to the latest systematic review on a second TURBT for
Ta HG NMIBC, the second TURBT is useful in reduc-
ing the rates of residual disease and preventing the risk
of underdiagnosis of tumors [16]. In the review, the rate
of residual disease after the initial TURBT for Ta HG
was 52.8% (17-67%) [16], highlighting the low rate of
residual disease of the initial TURBT for T1 HG in our
institution (Fig. 1c). Ruvolo compared the WHO 1973
and 2004/2016 grading systems in 35,986 Ta patients for
cancer-specific mortality and concluded that the WHO
2004/2016 grading system holds a small, although meas-
urable, advantage over the WHO 1973 grading system
[17]. This indicates that the LG/HG classification is more

predictive than the G1/G2/G3 classification in some
populations in reducing intravesical recurrence, which
is consistent with our present conclusion that HG/G2,
included in HG, should be treated with intravesical instil-
lation therapy.

This study has some limitations. First, our study was a
retrospective study of patients from a single institution,
and there was a large treatment bias. Second, this cohort
included only T1 bladder cancer, not all NMIBC (Ta, T1),
as commonly reported.

Conclusions

In conclusion, as intravesical instillation therapy was
shown to suppress intravesical recurrence in both HG/
G2 and HG/G3 bladder cancer, intravesical instillation
therapy can be also considered necessary for HG/G2
bladder cancer from the viewpoint of preventing intra-
vesical recurrence.
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Fig. 4 Intravesical recurrence-free survival in group 1, group 2, and group 3. The 5-year recurrence-free rate was 58.3%, 16.8%, and 35.8% for groups
1,2, and 3, respectively, which indicated that both groups 2 and 3 had a significantly worse prognosis than group 1 (1 vs. 2, p<0.0001; 1 vs. 3,
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