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Purpose Reduced quality of life after cystectomy has made bladder preservation a popular research topic for muscle-invasive blad-
der cancer (MIBC). Previous research has indicated significant tumor downstaging after neoadjuvant chemotherapy (NAC). However,
maximal transurethral resection of bladder tumor (TURBT) was performed before NAC to define the pathology, impacting the real
evaluation of NAC. This research aimed to assess real NAC efficacy without interference from TURBT and apply combined modality
therapies guided by NAC efficacy.

Materials and Methods Patients with cT2-4aNOMO MIBC were confirmed by cystoscopic biopsy and imaging. NAC efficacy was
assessed by imaging, urine cytology, and cystoscopy with multidisciplinary team discussion. Definite responders (< T1) underwent
TURBT plus concurrent chemoradiotherapy. Incomplete responders underwent radical cystectomy or partial cystectomy if feasible.
The primary endpoint was the bladder preservation rate.

Results Fifty-nine patients were enrolled, and the median age was 63 years. Patients with cT3-4 accounted for 75%. The median
number of NAC cycles was three. Definite responders were 52.5%. The complete response (CR) was 10.2%, and 59.3% of patients
received bladder-sparing treatments. With a median follow-up of 44.6 months, the 3-year overall survival (OS) was 72.8%. Three-year
0S and relapse-free survival were 88.4% and 60.0% in the bladder-sparing group but only 74.3% and 37.5% in the cystectomy group.
The evaluations of preserved bladder function were satisfactory.

Conclusion After stratifying MIBC patients by NAC efficacy, definite responders achieved a satisfactory bladder-sparing rate, prog-
nosis, and bladder function. The CR rate reflected the real NAC efficacy for MIBC. This therapy is worth verifying through multicenter
research.

Key words Muscle-invasive bladder cancer, Neoadjuvant therapy, Chemoradiotherapy, Combined modality therapy, Organ sparing

treatments

Introduction

Bladder cancer is one of the most common types of urinary
cancer, and muscle-invasive bladder cancer (MIBC) is an
aggressive type with a high mortality rate [1]. The current
standard treatment for MIBC is neoadjuvant chemotherapy
(NAQ), followed by radical cystectomy (RC) [2]. Compared

with RC, NAC plus RC can increase the 10-year survival rate
by 6% [3]. However, the incidence of adverse events from
RC and urinary diversion is high, at approximately 49.1% to
69.0% [4,5], and urinary diversion significantly affects quality
of life and social function [6]. Therefore, combined modality
therapy to preserve the bladder without affecting survival
has been the focus of MIBC research [7].
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A series of studies from Massachusetts General Hospital
(MGH) investigated a bladder-sparing therapy known as
tri-modality therapy (TMT), evaluating the efficacy of mono-
polar maximal transurethral resection of bladder tumor
(mTURBT) with or without NAC, along with concurrent
cisplatin-based chemoradiotherapy (CRT). Bladder-spar-
ing therapy was performed if concurrent CRT achieved a
complete response (CR), and the bladder preservation rate
reached approximately 70% [8,9]. However, all patients in the
MGH study received CRT without being screened for CRT
sensitivity. Therefore, MIBC patients who were not sensitive
to CRT initially went undetected. Consequently, these insen-
sitive patients had an increased risk of tumor recurrence or
metastasis, rendering them a less-than-ideal population for
bladder preservation protocols. NAC alone was reported
to have promising efficacy in terms of tumor downstaging,
with 64% to 73% of MIBC patients achieving downstaging
from T2-T4a to pTa or pT1 and 15% to 31% achieving patho-
logic complete response (pCR) [4,10-14]. Furthermore, MIBC
prognosis was closely related to the downstaging effects of
NAC [10,12,13]. However, with current therapy, mTURBT is
always performed before NAC [4,10,13,14], and 15% of MIBC
patients already achieved pCR through mTURBT confirmed
by the pathology of subsequent cystectomy [10]. Therefore,
the real efficacy of NAC is affected by mTURBT. Although
most urologists consider mTURBT conducive to T staging,
the stages of other cancers, such as gastric cancer and breast
cancer, mostly depend on imaging.

With the rapid development of multiparameter MRI
(mpMRI), the accuracy of the radiological staging of the blad-
der has risen sufficiently (73% to 96%), positioning clinical
staging in close correspondence with pathological staging
[15-17]. Moreover, mpMRI was able to distinguish residual
tumors from treatment effects in MIBC patients with NAC
(sensitivity, 75%; specificity, 100%) [18]. The mpMRI has been
a powerful tool in clinical diagnosis. Furthermore, identi-
fication of MIBC patients by clinical staging can reveal the
actual efficacy of NAC and screen out patients with signifi-
cant downstaging. On this basis, we applied an innovative
combined modality protocol that was implemented in a mul-
tidisciplinary team (MDT) discussion mode, with imaging
and cystoscopic biopsy confirming the clinical staging and
pathology, followed by NAC. Bladder-sparing therapy or RC
was performed guided by NAC efficacy. Herein, our research
report is as follows.

Materials and Methods

1. Patients
This prospective, single-center, phase Il trial aimed to assess

the real efficacy of NAC for MIBC before TURBT, followed
by the bladder-sparing rate and prognosis with com-
bined modality therapies. This institutional review board-
approved study planned to enroll MIBC (cT2-4aNOMO)
patients between September 2015 and September 2018. All
patients underwent cystoscopic biopsy (not TURBT) in the
outpatient department. The key inclusion criteria were as fol-
lows: (1) urothelial carcinoma with the absence of carcinoma
in situ confirmed by tumor plus random biopsies; (2) no ure-
teral orifice invasion; and (3) no other history of malignant
tumors.

2. Treatment protocol

The combined modality treatments in this study were
based on the efficacy of NAC. Two to four courses of NAC
were performed with a gemcitabine/ cisplatin (GC) regimen.
The GC regimen consisted of 1,000 mg/m? gemcitabine on
days 1 and 8 and 75 mg/m? cisplatin on day 2 administered
every 21 days. The evaluation was performed after 2 cycles
and consisted mainly of imaging examinations, along with
cystoscopy if necessary. Dose reduction of chemothera-
py was carried out only in patients who suffered grade 3
adverse events. Imaging examinations, urine cytology, and
cystoscopy were performed to assess the efficacy of NAC.

The efficacy of NAC was determined by imagological
assessments including (1) mpMRI of the bladder; and (2)
enhanced computed tomography; computed tomogra-
phy urography of the thoracic and abdominopelvic cavi-
ties. Then, clinical T downstaging was confirmed by mp-
MRI and discussion within the MDT. Patients with obvious
tumor shrinkage or downstaging after 2 cycles of NAC were
defined as responders. Patients whose primary tumors were
not significantly downstaged were defined as incomplete
responders (IR). If imaging examinations suggested that the
maximum diameter of the primary tumor increased by at
least 20% or a new lesion appeared, patients were classified
as having progressive disease (PD). Patients with definite tu-
mor downstaging (< cT1) after total cycles were categorized
as definite responders (DR). Responders, IR, and patients
with PD were stratified at the first-time evaluation after 2
cycles.

After the first-time evaluation, responders continued
NAC. IR continued NAC or received surgery according
to MDT discussion. Patients with PD accepted second-
line chemotherapy. After the second-time evaluation, DR
received TURBT plus concurrent CRT. Clinical complete
response (cCR) was defined as no visible tumor on imaging
examinations and cystoscopy, in addition to negative patho-
logy of TURBT. IR could receive partial cystectomy plus
pelvic lymphadenectomy (PLND) if the patient’s desire for
organ preservation was strong and partial cystectomy plus
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Fig. 1. Regimen schema of 59 MIBC patients. Different therapies were performed according to the evaluation of NAC efficacy. CRT,
chemoradiotherapy; GC, gemcitabine/ cisplatin; MDT, multidisciplinary team; MIBC, muscle-invasive bladder cancer; NAC, neoadjuvant

chemotherapy; TURBT, transurethral resection of bladder tumor.

PLND was feasible. Other IR and those who refused bladder-
sparing treatment received RC. Patients with PD received
second-line chemotherapy.

Concurrent CRT consisted of image-guided intensity-
modulated conformal radiotherapy to the true pelvis with 45
Gy in 25 fractions plus the local lesion with 20 Gy in 10 frac-
tions and concurrent cisplatin (40 mg/m? once per week).
The regimen schema is shown in Fig. 1.

3. Trial assessments

Oncology outcomes included the bladder preservation
rate, overall survival (OS), and relapse-free survival (RFS).
Physical examination, blood sampling, and imaging exami-
nations were performed every 3 months for 2 years after
combined modality treatments, every 6 months in the third
year, and annually afterward. A questionnaire assessment
with the 36-item Short Form Health Survey (SF-36) was used
for all of the patients. The Overactive Bladder Symptom
Score (OABSS) was used for patients who underwent blad-
der-sparing treatment at the 6th month after enrollment. The
actual scores of the SF-36 were first obtained and then trans-
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formed to a percentage scale of score from 0 to 100, with a
higher number representing better quality of life. The OABSS
was scored from 0 to 15, with a lower number representing
better bladder function. Adverse events were graded using
Common Terminology Criteria for Adverse Events (CTCAE,
ver. 4.0). The primary endpoint was the bladder preservation
rate. All of the follow-ups and data were concluded on Janu-
ary 15, 2021.

4. Statistical analysis

To be considered feasible, we assumed a 70% bladder
preservation rate, referring to the data from MGH research
[8]. Fifty-six patients were required (90% power, one-sided
0=0.05). Considering the 5% loss to follow-up rate, the final
sample size was set at 59 patients.

OS was defined as the period from the beginning of NAC
to the date of death or the last follow-up, while RFS was
defined as the date of tumor relapse or the last follow-up.
Kaplan-Meier analysis was used to analyze OS and RFS.
The log-rank test was used to estimate differences between
curves and subgroups. Continuous variables are reported as
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the meantstandard deviation. The differences in the mean
values between groups were analyzed with the Mann-Whit-
ney U test. Statistical analysis was performed using SPSS
software ver. 21.0 (IBM Corp., Armonk, NY). All applicable
tests were two-tailed. p < 0.05 were considered to indicate
statistical significance.

Results

1. Patient characteristics and NAC efficacy

The trial was closed to recruitment on August 31, 2018,
with 59 patients enrolled. The clinical characteristics and
allocated treatments of patients are summarized in Table
1. The median age was 63 years old (range, 39 to 70 years),
and 53 patients were male (89.8%). All of the cases were
diagnosed as urothelial carcinoma. The maximum diameter
of the tumors was 6.0 cm (median, 3.8 cm; range, 2.0 to 6.0
cm). High T staging of ¢T3 and ¢T4 accounted for 75% of
cases. High-grade tumors confirmed by biopsy accounted
for 81.4%.

All of the enrolled patients met cisplatin eligibility.
After 2 cycles of NAC, there were 31 responders, 27 IR, and
one patient with PD. All responders and 10 IR continued
NAGC, resulting in 31 DR, nine IR, and one patient with PD.
The median number of NAC cycles was three. DR, IR, and
patients with PD accounted for 52.5% (31/59), 44.1% (26/59),
and 3.4% (2/59) of patients, respectively. The median time
interval between the last clinical T staging assessment with
MR and pathologic staging assessment with surgery was 12
days (range, 8 to 37 days). All DR received bladder-sparing
treatments, and most received TURBT plus concurrent CRT
(25/31, 80.6%). However, others who refused CRT of their
own volition received TURBT plus bacillus Calmette-Guer-
in (BCQG) instillation (4/31, 12.9%) or TURBT alone (2/31,
6.5%). The reasons for refusal of concurrent CRT included
the long period of radiotherapy, resistance to radiotherapy-
related adverse reactions, and a high level of patient satisfac-
tion with the current efficacy. The postoperative pathological
stages of all DR were < 1T. Six patients achieved cCR (6/59,
10.2%), and five of them accepted concurrent CRT.

In the IR (26 patients), it was difficult to define muscular
invasion after MDT discussion for six patients with obvious
downstaging, and we fully discussed the NAC results with
them. Four patients chose partial cystectomy plus PLND,
resulting in two of pT1NO and two of pT2aNO0. The other two
patients chose RC plus an ileal conduit, resulting in pTINO
and pT2aN0. Eighteen patients without obvious down-
staging underwent RC plus ileal conduit, and two refused
surgeries. The median interval from NAC finish to RC was
36 days (range from 18 to 64 days). Among the IR without

Table 1. Baseline characteristics and allocated treatments
Variable No. (%) (n=59)
63.0 (39.0-70.0)

Age, median (range, yr)

Sex
Male 53 (89.8)
Female 6(10.2)

Body mass index, median (range, kg/m?  24.3 (18.0-33.0)

ECOG performance score

0 8 (13.6)
1 51 (86.4)
Clinical stage
T2 15 (25.4)
T3 39 (66.1)
cT4a 5 (8.5)
Biopsy differentiation
High grade 48 (81.4)
Low grade 11 (18.6)
Tumor number
Single 41 (69.5)
Multiple 18 (30.5)
NAC courses
) 18 (30.5)
3 23 (39.0)
4 18 (30.5)
NAC efficacy
Definite responder (< T1) 31 (52.5)
Incomplete responder 26 (44.1)
Progressive disease 2(3.4)
Type of treatments
NAC+TURBT+concurrent CRT 25 (42.4)
NAC+TURBT 2(3.4)
NAC+TURBT+BCG instillation 4(6.8)
NAC+partial cystectomy+PLND 4(6.8)
NAC+RC+PLND 20 (33.9)
NAC+second-line chemotherapy 2(3.4)
NAC+Chinese medicine 2(3.4)
Pathological stages of 20 RC patients
pT1 1(5.0)
pT2 5(25.0)
pT3 12 (60.0)
pT4 2 (10.0)
pNO 14 (70.0)
pN1 6 (30.0)

BCG, bacillus Calmette-Guerin; CRT, chemoradiotherapy;
ECOG, Eastern Cooperative Oncology Group; NAC, neoad-
juvant chemotherapy; PLND, pelvic lymphadenectomy; RC,
radical cystectomy; TURBT, transurethral resection of bladder
tumor.
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Fig. 2. Specific treatments after NAC. Presented by allocated therapy for different groups stratified by NAC efficacy. Definite responders
mainly received TURBT plus concurrent TURBT. Incomplete responders received radical cystectomy or partial cystectomy plus pelvic
lymphadenectomy. BCG, Bacillus Calmette-Guerin; CRT, chemoradiotherapy; NAC, neoadjuvant chemotherapy; PLND, pelvic lymphad-

enectomy; TURBT, transurethral resection of bladder tumor.
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Fig. 3. Kaplan-Meier plot of the 59 muscle-invasive bladder can-

cer patients. Error bars are defined as 95% confidence intervals

and denoted with a dashed line. The 3-year overall survival rate

was 72.8%.

obvious downstaging, 88.9% (16/18) of them had consist-
ency between clinical T staging and pathological T stag-
ing, while the other two cases were both ¢T3 but pT2. The
clinical diagnostic accuracy of muscle invasion reached 100%
(18/18). Pelvic lymph node metastasis was diagnosed in six
patients after RC with no imaging signs.

One patient exhibited bladder tumor enlargement fol-
lowed by aggravating hematuria after 2 cycles and was con-
sidered to have PD. Internal iliac artery embolization and
second-line chemotherapy were performed because cystec-
tomy was refused. Another patient was considered to have
PD after 4 cycles because pelvic and retroperitoneal lymph
nodes were newly found; the patient subsequently received
second-line chemotherapy. Fig. 2 shows specific treatments
after NAC.

2. Cancer control and oncologic outcomes
All patients were followed up regularly. The median fol-
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Fig. 4. Kaplan-Meier curves of overall survival with log-rank

statistics for the two groups of bladder-sparing treatment and

cystectomy. Patients in the bladder-sparing group had sig-

nificantly better prognosis than those of the cystectomy group

(p=0.007).

low-up was 44.6 months (range from 9.2 to 63.7 months). By
the last follow-up, 16 patients died because of bladder can-
cer, and the 3-year OS rate was 72.8% (Fig. 3). The maximum
tumor diameter shrinkage is shown in S1 Fig.

Ultimately, 59.3% (35/59) of patients successfully under-
went bladder-sparing treatments, and the 3-year OS was
88.4% (Fig. 4). Furthermore, 74.3% (26/35) of them main-
tained tumor-free survival with a 3-year RFS of 74.3% (Fig.
5). Conversely, 14.3% (5/35) of these patients experienced re-
currence in the bladder and then received TURBT plus BCG
instillation (4/5) or salvage cystectomy (1/5) depending on
whether the bladder muscle was invaded. In addition, 11.4%
(4/35) of patients had distant metastasis with no sign of local
recurrence and received second-line chemotherapy, targeted
therapy plus immunotherapy, or best supportive treatment
(Table 2). By the last follow-up, 97.1% (34/35) of patients
who underwent bladder-sparing treatment still maintained
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their bladders, and 85.7% (30/35) of them were tumor-free.

The 3-year OS rate of the RC group was 60.0% (Fig. 4),
which was statistically significantly poorer than that of the
bladder-sparing treatment group (p=0.007). The distant
metastasis rate after RC was 55.0% (11/20), and the second-
line chemotherapy rate was 50.0% (10/20), while 5.0% (1/20)
of patients accepted best supportive treatment (Table 2). The
3-year RFS rate was only 37.5% which was also poorer than
bladder-sparing group (p=0.002) (Fig. 5).

Two IR patients and two patients with PD did not accept
combined modality therapies after NAC. The median sur-
vival time was 9.7 months (95% confidence interval, 6.37 to
13.03). The OS times of the two IR patients were 12.6 months
and 13.9 months, and those of the two patients with PD were
9.2 months and 9.7 months.

3. Functional outcomes

On the SF-36 questionnaire, all of the patients had favora-
ble total physical health (actual score, 59.4+6.1; percent-
age scale, 70.4+11.3) and total mental health (actual score,
54.8+5.4; percentage scale, 69.6+10.9) when evaluated at 6
months. Patients in the bladder-sparing group had better
total physical health (p < 0.001), total mental health (p <
0.001), and overall health (p < 0.001) than those in the cys-
tectomy group. The comparisons of data from the SF-36
were shown in Table 3 by item. Of the patients who received
bladder-sparing treatment, compared with the pretreat-
ment mean score of 3.29+1.0, the mean score of OABSS was
2.14+0.7 at 6 months (p < 0.001) and 1.91+1.4 at 1 year (p <
0.001). However, there was no significant difference between
the scores at 6 months and 1 year (p=0.078).

4. Toxicity

Most adverse events of NAC were grade 1 (13/59, 22.0%)
or 2 (34/59, 57.6%) as estimated by CTCAE ver. 4.0 criteria,
and included bone marrow hypocellularity, gastrointestinal

100 4
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-
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o ——— Bladder-radical group
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0 12 24 36 48 60 72
Duration of follow-up (mo)

Fig. 5. Kaplan-Meier curves of relapse-free survival with log-
rank statistics for the two groups of bladder-sparing treatment
and cystectomy. Patients in the bladder-sparing group had sig-
nificantly better relapse-free survival than those of the cystec-
tomy group (p=0.002).

disorders (diarrhea, nausea, vomiting, or oral mucositis),
acute kidney injury, and hepatobiliary disorders (elevated
alanine aminotransferase). Five patients (8.5%) experienced
grade 3 toxicity of bone marrow hypocellularity or gastroin-
testinal disorders (vomiting or diarrhea) and accepted a dose
reduction of gemcitabine or cisplatin. One 54-year-old man
suffered acute coronary syndrome of grade 4, manifesting as
unstable angina and hemodynamic instability in the second
course, but he fully recovered and received RC. Otherwise,
the side effects of concurrent CRT were mild, and all were
grades 1-2 (28.0%, 7/25), including diarrhea, nausea or vom-
iting, rash, and rectitis (Table 4). For the 20 patients under-
going RC, one patient experienced partial intestinal obstruc-
tion, one patient experienced incision infection with delayed
healing, and one patient experienced a fungal infection of the
digestive tract. All three patients were safely discharged and
recovered well.

Table 2. Subsequent treatments after the failure of bladder preservation in the bladder-sparing group and the failure of RC in the cystec-

tomy group

Treatment No. (%)

Bladder-sparing group 35
Local recurrence TURBT+BCG instillation 4(11.4)
Salvage cystectomy 1(2.9)
Distant metastasis Second-line chemotherapy 2(5.7)
Targeted therapy plus immunotherapy (levatinib+pembrolizumab) 1(29)
Best supportive treatment 1(2.9)
Cystectomy group 20
Distant metastasis Second-line chemotherapy 10 (50.0)
Best supportive treatment 1(5.0)

BCG, bacillus Calmette-Guerin; RC, radical cystectomy; TURBT, transurethral resection of bladder tumor.
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Table 3. Comparison of data from the Short Form Health Survey (SF-36) between the bladder-sparing and cystectomy groups at 6 months

Bladder-sparing group (n=35)

Cystectomy group (n=20)

Actual score

Physical functioning 21.9£1.7
Role-physical 7.1£0.8
Bodily pain 11.0£1.0
General health 22.8+1.2
Vitality 20.4+1.1
Social functioning 9.1+0.7
Role-emotional 5.340.5
Mental health 23.6+2.3
Overall health 121.1+4.7

Total physical health 62.7+2.8

Total mental health 58.4+3.2

p-value
Percentage scale Actual score Percentage scale

59.4+8.7 19.743.8 48.5+19.0 0.01
77.1£21.0 5.9+0.8 47.5+19.2 < 0.001
90.0£10.3 6.2+0.7 41.5+7.4 <0.001
88.946.2 20.9+1.8 79.519.1 <0.001
82.0+5.4 16.140.4 60.5+2.2 <0.001
52.9+37.7 8.740.5 35.0+22.9 0.076
78.1£15.8 4.6+0.5 53.3+16.3 <0.001
74.449.3 21.5+0.7 65.8+2.7 0.005
77.144.5 103.5£5.7 60.145.5 <0.001
77.345.3 52.7+5.4 58.6+9.9 <0.001
76.816.4 50.9+0.8 61.7+1.6 < 0.001

Values are presented as meantstandard deviation.

Discussion

On the premise of not affecting survival, organ-sparing
combined modality therapies have been successfully applied
in several cancers, such as breast cancer and rectal cancer, to
improve quality of life. In the research field of bladder cancer,
the well-studied regimens of bladder preservation include
mTURBT, partial cystectomy, or concurrent CRT, accom-
panied by either adjuvant or neoadjuvant chemotherapy.
In this prospective phase II study, we explored a combined
modality therapy: in the MDT discussion mode, imaging and
biopsy pathology confirmed the clinical staging, followed by
NAGC; then, according to the real NAC efficacy, appropri-
ate bladder-sparing treatments were performed. The results
were promising, with a 10.2% cCR rate, which reflected the
real CR rate of NAC for MIBC. The 3-year OS rate of the
intention-to-treat (ITT) population was 72.8%, and 59.3%
(35/59) of them had successfully preserved bladders, with
a 3-year OS rate of 88.4%. Assessments of bladder function
and quality of life were satisfactory. In medical centers with
prolific imaging experiences or other large centers, this type
of combined modality therapy is promising.

Of bladder-sparing therapies for MIBC patients, the most
studied regimen is TMT. In TMT, mTURBT is performed
to determine the pathological T stage followed by concur-
rent CRT [19-21]. Related research from MGH enrolled 475
MIBC patients, and ¢T2 accounted for 66% [9]. The overall
5-year OS rate was 57%, and the bladder preservation rate
reached approximately 70%. For the bladder-sparing group,
the 3-year OS rate was approximately 85%, and the 5-year
OS rate was 75%. Compared with TMT, our study adopted
a protocol of combined modality therapy guided by actual
NAC efficacy. A total of 59.3% of patients successfully under-
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Table 4. Adverse events of NAC and CRT

Grade of NAC adverse events 59
Grade 1 13 (22.0)
Bone marrow hypocellular 6(10.2)
Gastrointestinal disorders 6(10.2)
Acute kidney injury 1(1.7)
ALT elevation 1(1.7)
Grade 2 34 (57.6)
Bone marrow hypocellular 23 (39.0)
Gastrointestinal disorders 13 (22.0)
Grade 3 5(8.5)
Bone marrow hypocellular 3(6.8)
Gastrointestinal disorders 2(1.7)
Grade 4 1(1.7)
Acute coronary syndrome 1(1.7)
Total grade 1-2 47 (79.6)
Total grade 3-4 6(10.2)
Grade of CRT adverse events 25
Grade 1 5 (20.0)
Gastrointestinal disorders 5 (20.0)
Skin rash 2(8.0)
Rectitis 2 (8.0)
Grade 2 2(8.0)
Gastrointestinal disorders 2 (8.0)
Total grade 1-2 7 (28.0)

ALT, alanine aminotransferase; CRT, chemoradiotherapy; NAC,

neoadjuvant chemotherapy.

went bladder preservation therapies with a similar 3-year OS
rate of 88.4%. By the last follow-up, 97.1% (34/35) of patients
who underwent bladder-sparing treatment still maintained
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their bladders, and 85.7% (30/35) of them were tumor-free
and alive. Although the bladder preservation rate for the
ITT population did not reach the primary endpoint, patients
who received bladder-sparing therapies had an optimistic
bladder preservation rate and OS. Our outcomes were simi-
lar to those of the TMT regimen, but we mainly focused on
patients with higher T staging (T3-T4, 75%) since mTURBT
was difficult and a high risk in these patients. Considering
the above, a similar outcome may indicate that our proto-
col had better survival benefits with the screening of MIBC
patients by NAC efficacy. Prospective studies explored the
efficacy of NAC combined with concurrent CRT in MIBC
patients and indicated that patients with effective NAC
were often sensitive to concurrent CRT with a lower recur-
rence [22]. Furthermore, TMT required TURBT twice, while
DR patients received TURBT only once because we adopted
the cystoscopic biopsy instead of mTURBT in our protocol.
Moreover, patients who underwent bladder-sparing treat-
ment had better quality of life than patients in the cystectomy
group according to the SF-36 questionnaire and maintained
favorable bladder function. The OABSS was significantly
better than pretreatment (2.14 vs. 3.29, p < 0.001) at 6 months
and 1 year (1.91 vs. 3.29, p < 0.001).

Among IR patients screened by NAC, 20 patients recei-
ved RC, and the 3-year OS rate was worse than that of the
bladder-sparing group (60.0% vs. 88.4%, p=0.007) and worse
than that of previous RC studies (5-year OS rate, 62% to
68%) [21,23]. The 3-year RFS rate was only 37.5%, indicat-
ing a higher metastasis rate after treatments. Therefore, pati-
ents who were not suitable for bladder preservation could
be screened out by NAC efficacy, and these patients had
poor survival after RC. Therefore, more effective treatment
options must be explored to improve their prognoses. Sev-
eral clinical trials have begun to explore the efficacy of neo-
adjuvant immunotherapy or chemotherapy combined with
immunotherapy in patients with MIBC [24]. It is hoped that
these studies yield satisfactory outcomes to provide medical
evidence that avails more clinical strategies for IR.

Although mTURBT became the traditional method to
define T staging in bladder cancer, biopsy plus imaging
were widely used in multiple cancers, such as rectal, laryn-
geal, esophageal, and breast cancer, before organ-sparing
surgeries. Meanwhile, bladder mpMRI was becoming com-
mon and useful to evaluate the response to bladder-sparing
treatments [25,26]. In terms of the coincidence rate between
clinical staging and pathological staging, previous studies
have demonstrated that the accuracy of mpMRI for clinical
staging of bladder cancer could be as high as 96% [15]. In
our center, Zhang et al. [27] concluded the diagnostic efficacy
of mpMRI and confirmed mpMRI was reliable to predict T
staging. In this study, the pathologies of all DR were < T1,

consistent with the preoperative assessments of ¢T staging
(100%). Moreover, 88.9% of IR patients had the same clinical
T staging and pathological T staging after RC, and the accu-
racy of muscle invasion identification was 100% (18/18). The
consistency indicated that a promising accuracy of clinical T
staging could be achieved through mpMRI. Although it was
likely that overstaging existed before NAC, CRT also offered
a curative bladder-sparing treatment option for T1 bladder
cancer, with an optimistic CR rate of 90.9% [28]. Pathologies
of six patients after cystectomy showed pelvic lymph node
metastasis, so it was necessary to perform PLND for IR,
indicating that the N staging assessment was still flawed by
imaging examination alone.

The side effects in this study were related to NAC, concur-
rent CRT, and surgical complications. Meleis and colleagues
retrospectively analyzed the safety of the GC regimen as
NAC in MIBC patients, and grade 3-4 events accounted for
41% (7/17) [29]. Huddart et al. [30] evaluated CRT-related
toxicity, and grade 3-4 events accounted for 36% (8/22),
including common fatigue and nocturia. In this research, the
NAC of the GC regimen had acceptable adverse events, and
the grade 3/4 rate was relatively lower (10.2%). The most
common type was bone marrow hypocellularity (54.2%,
32/59). CRT-related adverse events were all grade 1-2 (28%).
Since only five patients received dose reduction during
NAG, it was difficult to assess the effect of dose reduction on
clinical prognosis due to the low rate of dose reduction. All
patients completed 2-4 cycles of NAC, so we believed our
NAC and CRT regimens were practicable in medical cent-
ers with prolific oncology treatment experiences. Among 20
patients with RC, only three patients experienced short-term
complications, and all recovered well before discharge, so
the safety of RC after NAC was optimistic.

Some limitations warrant discussion. As biopsies were
bitten through the cystoscope, tumor tissues obtained were
superficial resulting in 18.6% of low-grade differentiation,
and the real degree of the tumor may be underestimated.
In fact, a tumor biopsy plus a random biopsy were mainly
used to confirm urothelial cancer without carcinoma in situ.
Radiological staging was adopted to evaluate the baseline
and NAC efficacy of MIBC patients. Nevertheless, this pro-
cess might lead to inaccurate T staging. Several factors weak-
ened this bias: (1) all patients were evaluated by mpMR[;
(2) all patients underwent MDT discussion with clinical T
staging further defined; and (3) the ITT population mainly
covered T3 or T4a patients (75%), which weakened the dif-
ficulty of distinguishing muscle invasion. Another limitation
was the inadequate follow-up period, but optimistic RFS and
preservation rates of the bladder-sparing group portends the
good outcomes of further follow-ups. This result was pre-
liminary, and enrollment will enlarge the group, while multi-
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center research is also actively being conducted.

In conclusion, this study confirmed the innovative proto-
col of combined modality treatment guided by NAC efficacy
in MIBC. The outcomes demonstrated that patients with
definite downstaging screened by real NAC efficacy could
benefit from a satisfactory bladder-sparing rate, fair survival,
and functional outcomes. Since IR had disappointing surviv-
al after RC, these patients demand better clinical strategies
to improve prognosis. This protocol of combined modality
treatment deserves to be verified through multicenter stud-
ies.
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