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Background: Radical cystectomy (RC) is the standard treatment for muscle-invasive bladder cancer (MIBC). However, its
high perioperative mortality and significant impact on quality of life have led many patients to opt for bladder-preserving
approaches, which currently lack a standardized treatment protocol. Objective: This study evaluated the efficacy and feasibility
of bladder-preserving therapy using thulium laser maximal transurethral resection of bladder tumors (TURBT) combined
with neoadjuvant therapy and immunotherapy in MIBC patients. Methods: A retrospective analysis was conducted on 46
MIBC patients treated with neoadjuvant therapy followed by thulium laser maximal TURBT at a single center between
January 2021 and October 2024. Patients had received neoadjuvant immunotherapy in combination with chemotherapy or
antibody-drug conjugate before maximal thulium laser TURBT. Those who achieved a complete clinical response were allowed
to pursue either bladder preservation or RC. Patients choosing bladder-preserving therapy were either given maintenance
immunotherapy or put on observation. Bladder-intact disease-free survival (BIDFS) was assessed through Kaplan—Meier
analysis, and Cox regression identified factors influencing BIDFS. Results: Among the 46 patients, 95.7% remained alive,
and 82.6% demonstrated no evidence of cancer with bladder function preserved. The estimated 2-year BIDFS rate was
84.2%, and T stage and maintenance immunotherapy were identified as two independent predictors of BIDFS. Patients
receiving immunotherapy were at a significantly reduced risk of recurrence compared to their counterparts under observation.
Conclusion: Thulium laser maximal TURBT, combined with neoadjuvant therapy and maintenance immunotherapy, is a
promising bladder-preserving approach that helps MIBC patients attain favorable BIDFS and quality of life.

Keywords: Thulium, Muscle-invasive bladder cancer, Bladder preservation therapy, Transurethral resection of bladder
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1. Introduction

Bladder cancer represents the 10" most common malignancy
across the globe, with 573,278 new cases diagnosed in 2020,
and a conspicuous male predominance.! The condition is
classified into non-muscle-invasive (NMIBC) and muscle-
invasive bladder cancer (MIBC), with MIBC having a poorer
prognosis. Over 90% of bladder cancer cases are urothelial
carcinoma, which was the primary focus of this research.
At present, the standard treatment includes cisplatin-based
neoadjuvant chemotherapy, followed by radical cystectomy
(RC) and pelvic lymph node dissection.”> However, RC
carries significant perioperative risks, has long-term impacts
on quality-of-life, and is unsuitable for some patients,
highlighting the need for bladder-preserving alternatives.”*

Transurethral resection of bladder tumors (TURBTS)
is the primary surgical procedure for NMIBC.’ For MIBC
patients opting for bladder preservation, maximal TURBT also
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plays a pivotal role in the treatment strategy. Comprehensive
management includes neoadjuvant therapy before maximal
TURBT and adjuvant therapy post-maximal TURBT. Various
approaches are available for bladder preservation in MIBC.
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The most common option is trimodality therapy (TMT)
for bladder preservation (maximal TURBT combined with
chemotherapy and radiotherapy).® While no large prospective
randomized controlled trials compared the efficacy of RC and
TMT, many high-quality retrospective analyses suggest that,
in selected MIBC populations, TMT is not inferior to RC in
terms of therapeutic efficacy.”® For example, a multicenter
study published in 2023 showed that the 5-year disease-free
survival for RC versus TMT was 73% (95% confidence
interval [CI]: 69 — 77) versus 74% (95% CI: 69 — 79) with
Inverse Probability of Treatment Weighting.” In addition,
with the development of neoadjuvant therapy for bladder
cancer, many MIBC patients accomplished a complete
response after the neoadjuvant therapy and subsequently
chose bladder-preserving treatment.'” Cisplatin-based
neoadjuvant chemotherapy has been shown to improve
survival rates in MIBC.""'* Approximately 30% of patients
achieved pathological complete response following TURBT
and neoadjuvant chemotherapy, highlighting its efficacy in
eradicating micrometastatic disease.'"'* Immunotherapy and
antibody-drug-conjugate drugs are expected to improve the
effectiveness of neoadjuvant therapy in MIBC, enabling more
patients to achieve a complete response and subsequently
opt for bladder-preserving treatment rather than RC.!*
Patients who achieve clinical complete response (cCR)
after neoadjuvant therapy may also attain good disease-free
survival by opting for bladder-preserving therapy instead
of RC.!” However, there is no established standard adjuvant
regimen for post-surgery bladder preservation for these
patients, to whom available options included observation,
immunotherapy, and chemoradiotherapy.'>'¢

With regard to bladder-preserving treatment for MIBC,
TURBT is a vital component regardless of the integration
of other non-surgical treatments. Nonetheless, conventional
TURBT has limitations, including shallow resection depth,
leading to incomplete tumor removal and necessitating re-
TURBT. In addition, electrocautery can damage underlying
tissues, compromising pathological staging accuracy
and increasing risks such as obturator reflex and bladder
perforation.!” Therefore, it is crucial to explore novel bladder-
preserving TURBT surgical techniques to address these
limitations. In clinical practice, thulium laser TURBT shows
promise as an alternative to traditional TURBT.

In recent years, the thulium laser has become a widely
used technology for en bloc resection of NMIBC. Compared
to conventional TURBT, it has a higher absorption rate in
water, stronger cutting ability, and reduced thermal damage
to bladder tissues. Its continuous wave output allows for
smooth incisions, effective tissue vaporization, and excellent
hemostasis. Therefore, thulium laser surgery causes less
intraoperative bleeding, has a lower incidence of obturator
reflex and bladder perforation, and provides more accurate
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pathological staging of tumors.'”!* With precise control over
the depth of resection, the thulium laser enables en bloc
resection of diseased tissues, thereby enhancing surgeon’s
ability to effectively excise suspicious lesions.

Given these advantages, our institution has employed
maximal TURBT using a thulium laser for patients undergoing
bladder preservation. Our research specifically focused on the
thulium laser TURBT and exploited its potential to improve
bladder preservation for MIBC. Our approach differed from
the traditional TMT strategy in two key aspects. First, we
employed the thulium laser TURBT as the surgical technique
mstead of conventional TURBT. Second, unlike the immediate
implementation of bladder preservation therapy in the TMT
regimen, our protocol administered neoadjuvant therapy first.
Bladder preservation was then considered only for those
patients who achieved cCR following neoadjuvant therapy,
on the basis of a rigorous eligibility assessment. In addition,
with our approach, post-operative management involved
observation or immunotherapy, rather than concurrent
chemoradiotherapy.

In this study, we improved surgical methods for patients
undergoing bladder preservation treatment and the explored
novel perioperative therapeutic strategies. To the best of our
knowledge, this was the first investigation into the survival
benefits of thulium laser therapy in bladder preservation for
MIBC patients.

2. Materials and methods
2.1. Patient selection

We retrospectively reviewed 46 patients who had received
neoadjuvant therapy plus thulium laser resection to preserve
the bladder in our center from January 2021 to October 2024.
The inclusion criteria were as follows: (i) age between 18 and
85 years, (ii) diagnosis of stage T2 to T3 urothelial MIBC
as comfirmed by pre-operative computed tomography (CT)/
magnetic resonance imaging (MRI) and post-operative
pathology, (iii) availability of imaging data adequate for
assessing the characteristics of tumors, (iv) detailed and
complete data on perioperative treatment and outcomes,
and (v) complete post-operative follow-up information.
Patients who did not satisfy these criteria were excluded
from the study.

For patients with suspected bladder cancer based on
imaging, initial TURBT was performed using a thulium laser,
and tissue samples were sent for pathological analysis. For
confirmed MIBC cases, neoadjuvant therapy was given. The
neoadjuvant regimen included immunotherapy (tislelizumab)
combined with gemcitabine-plus-cisplatin chemotherapy
lasting for three to four cycles and immunotherapy
(toripalimab) in combination with disitamab vedotin treatment
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for four to six cycles. In patients with no significant residual
tumor on post-neoadjuvant imaging, transurethral resection
was again performed using a thulium laser to remove any
visible tumor and/or tissue at the prior tumor site, with
specimens submitted for pathological evaluation. The thulium
laser was utilized to perform en bloc resection of the tumor bed
tissue, including the mucosa and muscularis layers, aiming to
reach the bladder serosal level. Patients achieving complete
response either received maintenance immunotherapy with
programmed cell death 1 (PD-1) inhibitors (tislelizumab or
toripalimab) or were placed under observation (Figure 1).
For patients who failed to achieve cCR, RC surgery was
performed, and those who refused to receive RC were given
chemoradiotherapy.

2.2. Surgical procedure

A thulium laser (SRMT1MAB, Raykeen, China) was used
for the surgical procedure. The patients were placed in the
lithotomy position under general anesthesia, with continuous
irrigation using 0.9% sodium chloride. TURBT was performed
according to standard protocol. Laser ablation was applied
0.5 — 1 cm from the tumor margin to delineate the resection
boundary, ensuring complete tumor removal. Exposed
blood vessels along this border were pre-coagulated. After
undermining the mucosa, the submucosal layer of the tumor
base was reached using the thulium laser, guided by a gentle
push with a resectoscope beak. The fibrous connective tissue
between the mucosal layer and the detrusor was identified.

Neoadjuvant therapy and thulium laser TURBT in MIBC

Resection depth was extended to the full thickness of the tumor
bed once the serosa layer, indicated by visible fat particles and
capillaries, was reached to prevent bladder rupture. The tumor
and tumor bed were removed en bloc along anatomical planes.
Surgical specimens were sent to the pathology department for
diagnosis. Post-operative pathological staging after maximal
TURBT confirmed negative margins and complete tumor
excision. After surgery, a 22F Foley catheter was inserted,
and bladder irrigation was discontinued once post-operative
hematuria had resolved (Figure 2).

2.3. Post-operative and follow-up

Patients were checked every 3 months for the first 2 years
in view of the high risk of recurrence and every 6 months
thereafter with CT/MRI, cystoscopy, urine cytology, and
routine blood and biochemical tests.

2.4. Endpoint

The primary endpoint was tumor recurrence, assessed using
bladder-intact disease-free survival (BIDFS). BIDFS is
the absence of bladder tumor recurrence, progression, or
metastasis with preserved bladder function. Cox regression
analysis was used to identify factors influencing BIDFS. In
our study, cCR refers to pathologically diagnosed tumor T
stage <1 (TO and Ta) after neoadjuvant therapy, no malignant
cells on urine cytology, and no definitive evidence of local or
metastatic disease on cross-sectional imaging.

Thulium laser TURBT

MIBC
Bladder-intact disease-free survival G ¥
Anti-PD-1 }\s \‘7\7 y ‘ \'
: . ¢ Thulium laser TURBT
e ad Patients with CR o
Immunotherapy Neoadjuvant therapy

Figure 1. Treatment process

Abbreviations: Anti-PD-1: Anti-programmed cell death 1; CR: Complete response; MIBC: Muscle-invasive bladder cancer; TURBT: Transurethral

resection of bladder tumor.
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2.5. Statistical analysis

We used the Statistical Package for the Social Sciences
version 27 for statistical analysis. Our primary outcome
was BIDFS, and we performed a Kaplan—Meier analysis
to analyze BIDFS in all patients. The 2-year BIDFS was
obtained from the cumulative survival rate estimated in the
survival analysis table. Clinical and pathological parameters
were analyzed using Cox proportional hazards regression
models, and univariate analysis was performed individually.
For p<0.1, multivariate analysis was conducted using the
stepwise forward selection method. For the interval estimation
of the rate, we used bootstrapping to repeat the sampling
1,000 times and calculated the 95% CI. p<0.05 was considered
statistically significant.

3. Results

After sufficient follow-up of these 46 patients, we obtained
detailed data on patients who had undergone thulium
laser treatment in our center from 2021 to 2024. The
clinicopathological characteristics and post-operative
conditions of the patients are shown in Table 1. A total of 46

Figure 2. Intraoperative images. (A) Marking range before resection, and
depth of tumor removal by thulium laser. The thulium laser can go deep
into the tumor bed, reaching the bladder serosal layer. (B) The fat layer
can be seen in the picture.

Table 1. Baseline patient characteristics

Characteristics Category Data
Age (median [range], years) Median 67.85 (49 — 84)
Sex Male 39
Female 7
Clinical stage T2NOMO 39
T2N1MO 3
T3NOMO 4
Multiple tumors Yes 26
No 20
Immunotherapy Yes 36
No 10
Tumor recurrence Yes 7
No 39
Death Yes 2
No 44

Note: Data are presented as n, unless stated otherwise.

Neoadjuvant therapy and thulium laser TURBT in MIBC

MIBC patients were included in this study, with an average
age of 67.85 years. Among them 39 were male (84.8%),
accounting for the majority of the study population, and seven
were female, constituting 15.2%, which is consistent with the
notion that bladder cancer is more common in men.

Among the 46 patients, 41 were staged as T2, and five
as T3, with three having local lymph node metastases. All
patients underwent at least two well-tolerated neoadjuvant
therapy cycles, with no reports of adverse reactions above
grade three, and without delays for the second TURBT due
to neoadjuvant therapy. Following neoadjuvant therapy, the
46 patients achieved cCR, including 34 who reached TO and
12 who reached Ta. After maximal TURBT with thulium
laser, these patients declined radiotherapy. Ten patients chose
observational management, while 36 opted for maintenance
immunotherapy with PD-1 inhibitors (tislelizumab or
toripalimab), involving between four and 18 treatment cycles.

The median follow-up duration in this study was
24 months (range: 6 — 42 months). As of October 2024,
44 patients were alive, with two recorded deaths. Among the
cohort, seven patients suffered from recurrence, 38 remained
disease-free, and one patient died of unrelated causes. The
details of the seven recurrent patients are as follows: (i) one
patient had MIBC and received RC, (ii) one patient developed
brain metastasis and received intracranial tumor resection,
(ii1) one patient had lung metastasis and was given systemic
treatment, and (iv) the rest had NMIBC in bladder and were
subjected to transurethral laser resection plus subsequent
bladder instillation of Bacillus Calmette—Guérin (Table 2).
The overall 2-year BIDFS rate was 84.2%. The 2-year BIDFS
rates for the observation and immunotherapy groups were
64.0% and 90.4%, respectively. The Kaplan—Meier curve
for BIDFS is depicted in Figure 3, while Figure 4 presents a
swim plot illustrating the clinical outcomes of each patient
over time.

Univariate and multivariate COX regression analyses
showed that tumor T stage and the use of immunotherapy for
maintenance treatment were independent influencing factors
related to BIDFS (p<0.05), while other clinicopathological
features, such as age, gender, and multiple tumors, exerted no
significant effects on BIDFS. Multivariate COX regression
analysis exhibited that the hazard ratio (HR) of T3 to T2 was
12.531 (95% CI: 2.038 — 77.050; p=0.006), indicating that
the risk of bladder tumor recurrence or progression in patients
with T3 was 12.531 times that of patients with T2. The HR
of maintenance immunotherapy after thulium laser resection
versus observation was 0.074 (95% CI: 0.009 — 0.624;
p=0.017). This indicates that the risk of recurrence or
progression in patients receiving maintenance immunotherapy
is 0.074 times that of patients without receiving the treatment.
The COX regression of univariate and multivariate analyses
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Table 2. Treatment patterns and recurrent patterns in recurrent patients

Recurrent patients pTNM at diagnosis Post-operative maintenance therapy Recurrent cancer Treatment after recurrence
1 T3NOMO Observance NMIBC (T1INOMO) TURBT

2 T2NOMO Observance NMIBC (TINOMO) TURBT

3 T2NOMO Observance NMIBC (TINOMO) TURBT

4 T2NOMO Immunotherapy MIBC RC

5 T3NOMO Immunotherapy BC brain metastasis Intracranial tumor resection
6 T3NOMO Immunotherapy NMIBC (TINOMO) TURBT

7 T2NOMO Immunotherapy BC lung metastasis Systemic treatment

Abbreviations: BC: Bladder cancer; MIBC: Muscle-invasive bladder cancer; NMIBC: Non-muscle-invasive bladder cancer; RC: Renal carcinoma; pTNM: Pathological

tumor-node-metastasis staging; TURBT: Transurethral resection of bladder tumors.
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Figure 3. Kaplan—Meier curve of bladder-intact disease-free survival of
patients
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Figure 4. The swim plot of the clinical outcomes for each patient over time

is shown in Table 3. The effects of tumor stage and post-
operative maintenance immunotherapy on BIDFS were
consistent with expectations. In contrast, other variables did
not significantly impact BIDFS, which might be attributed
to the limited sample size, insufficient statistical power, or
the possibility that these variables had minimal influence on
BIDFS.
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4, Discussion

This single-center study reported the preliminary findings
of neoadjuvant therapy combined with transurethral thulium
laser resection of bladder tumors as a bladder-preserving
treatment for patients with MIBC.

Platinum-based neoadjuvant therapy has been widely
used in clinical practice and recommended by guidelines.?
With the development of drug treatment for bladder cancer,
including the widespread application of immunotherapy
and antibody-drug conjugate drugs, more MIBC patients
are receiving neoadjuvant therapy, and the rate of patients
achieving a complete response after treatment has been
on the rise.'®?® While most guidelines recommend RC
surgery after neoadjuvant therapy for MIBC patients, many
patients who achieve a complete response choose bladder-
preserving treatment due to the higher risk of RC surgery
and the greater impact on the patient’s quality of life after
surgery.>!% At present, no unified bladder-preserving treatment
plan is available for such patients, including observation,
immunotherapy, and chemoradiotherapy. There is still a lack
of high-level clinical data that help determine which plan
is more effective. In the TMT bladder-preserving treatment
model, radiotherapy plays a key role, and this model has
also been reported in many clinical reports.'>?!'** However,
for patients who have achieved a complete response with
neoadjuvant therapy, the necessity for a radiotherapy in the
subsequent bladder-preserving treatment is still inconclusive.

Included in our study were MIBC patients who achieved
cCR after neoadjuvant therapy and refused cystectomy and
radiotherapy. Most of these patients chose maintenance
immunotherapy in the subsequent bladder preservation
process, and a few opted for close observation. At a median
follow-up of 24 months, 95.7% of patients were alive,
and 82.6% were alive with good bladder function and
without evidence of cancer recurrence. The 2-year BIDFS
rate was 84.2%. The 2-year BIFDS in the observation and
immunotherapy groups were 64.0% and 90.4%, respectively.
The difference in the 2-year BIDFS between immunotherapy
and observation therapy could be ascribed to the presence of
minimal residual disease. Although imaging and pathological
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Table 3. Cox proportional hazard regression analyses for bladder-intact disease-free survival

Parameter Univariable analysis Multivariable analysis
Hazard ratio (95% confidence interval) p-value Hazard ratio (95% confidence interval) p-value

Age 0.948 (0.845 — 1.064) 0.363
Gender

Male Reference

Female 0.535 (0.064 — 4.494) 0.565
Tumor stage

T2 Reference

T3 5.786 (1.289 —25.980) 0.022 12.531 (2.038 — 77.050) 0.006
Node stage

NO Reference

N1 0.044 (0 —93005) 0.674
Multiple tumors

No Reference

Yes 0.685 (0.151—3.111) 0.624
Immunotherapy

No Reference

Yes 0.176 (0.029 — 1.057) 0.058 0.074 (0.009 — 0.624) 0.017

examinations indicated that there was no visible tumor residue
after TURBT, there might still be microscopic residual
lesions. Immunotherapy can activate the body’s immune
system to identify and eliminate these residual cancer cells,
thereby precluding recurrence or metastasis.” In addition,
immunotherapy (such as PD-1/programmed death-ligand 1
inhibitors) activates immune effector cells, such as T cells,
enabling the body to generate immune memory against tumor
antigens. Even if the primary tumor is completely removed,
the “memory effect” of the immune system remains, and it can
respond quickly to monitor and eliminate tumor cells when
they reappear.>* These data are similar to those observed in
other bladder-preserving combined therapies.>>" In 2014,
a study on maximal TURBT in combination with internal
iliac artery chemotherapy and intravesical instillation for the
treatment of MIBC patients showed that the 2-year disease-
free survival rate of 62 patients could arrive at 77.8%.% A 2024
study comparing bladder-preserving therapy with RC therapy
involving 1,432 patients revealed that the 2-year disease-
free survival rate of patients treated with bladder-preserving
therapy was 61.5%.% A retrospective multicenter study of
concurrent chemoradiotherapy for non-metastatic MIBC in
2022 demonstrated that the 2-year bladder-intact event-free
survival rate of 240 MIBC patients was 75%.2® The latest TMT
therapy evidence showed that the 5-year disease-free survival
rate of the TMT strategy for bladder preservation treatment
was 74%.° These findings are comparable to the 2-year BIDFS
rate of 84.2% observed in our study. Notably, our 2-year
BIDFS appears more favorable, potentially reflecting the
survival benefits associated with thulium laser treatment. In
addition, the patients included were mainly in the T2 stage,
and these patients had a better bladder preservation effect. As
the follow-up of our study is extended and the sample size

increases, the BIDFS may further drop, and the 5-year BIDFS
of the immunotherapy group in our study may be close to the
results of TMT.

Maximal TURBT is a critical step in the bladder
preservation strategy for MIBC. Complete removal of tumor
tissues and suspicious lesions is essential to maximizing
therapeutic efficacy and reducing the risk of recurrence.>!>%
TURBT can be performed using traditional electrosurgical
resection or laser resection techniques. The thulium laser
is a popular laser used in recent years. Compared with
traditional electrosurgical resection, thulium lasers have
many advantages in urological surgery, especially in tumor
resection. First, thulium lasers have higher cutting accuracy
and better tissue selectivity, which minimizes damage to
surrounding healthy tissues during surgery, thereby protecting
organ function. Second, thanks to its lower penetration depth,
thulium lasers can achieve more thorough full-thickness
resection on the tumor bed, theoretically significantly reducing
the probability of tumor recurrence. In addition, thulium lasers
can attain better hemostatic effects, which can lower the risk
of intraoperative bleeding and improve surgical safety. Our
study showed that the use of thulium laser technology can
remove the tumor bed to a greater extent, thus potentially
improving patient prognosis.'”'®

In recent years, immune checkpoint inhibitors have
been developed and approved for clinical use and have
demonstrated strong anti-tumor effects on various tumors,
including urothelial carcinoma.’® Although the three-stage
bladder-preserving treatment is a classic bladder-preserving
alternative,>” we used neoadjuvant therapy in combination
with thulium laser transurethral bladder tumor resection,
followed by post-operative immunotherapy as a maintenance
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bladder-preserving treatment for MIBC. Multiple clinical
studies have shown that PD-1 immune agents improve
the prognosis of bladder cancer patients at various disease
states. For example, it is used for bladder-preserving
treatment of high-risk patients unresponsive to Bacillus
Calmette—Guérin,’' an adjuvant treatment for high-risk
muscle-invasive urothelial carcinoma after radical surgery,*
and for maintenance treatment of advanced or metastatic
urothelial carcinoma.®® In our center, we utilized the PD-1
inhibitors, tislelizamab or toripalimab, which are widely used
in China. Clinical trials have shown that tislelizumab has a
significant clinical benefit with a manageable safety profile in
Asian patients with locally advanced or metastatic urothelial
carcinoma. Tislelizumab combined with gemcitabine plus
cisplatin chemotherapy as neoadjuvant therapy can improve
the efficacy of neoadjuvant treatment of MIBC. Compared
to neoadjuvant immunotherapy or neoadjuvant chemotherapy
alone, this combination therapy can achieve the highest
complete response rate and pathological downstaging
rate.”’ Toripalimab is also used in the treatment of urothelial
carcinoma. A multicenter phase II clinical trial investigated the
efficacy of toripalimab in patients with metastatic urothelial
carcinoma who had failed standard therapy, and concluded
that toripalimab has good clinical activity and controllable
safety in the treatment of metastatic urothelial carcinoma.** On
the basis of our retrospective clinical observation, we are led to
conclude that the use of tislelizumab/toripalimab exerts a good
maintenance treatment effect on patients undergoing bladder
preservation treatment. There has been controversy over the
use of platinum-based chemotherapy after surgery for high-
risk MIBC patients. A systematic review and meta-analysis
have shown that adjuvant cisplatin chemotherapy can benefit
MIBC patients in terms of overall survival.? Many studies use
chemotherapy drugs as radiotherapy sensitizers for bladder
preservation. However, the chemotherapeutics have numerous
adverse effects.® Immunotherapy is emerging as a promising
approach in the bladder preservation treatment of MIBC.
Although its role is still under investigation, its growing
application highlights its increasing significance in this field.
Ongoing clinical trials are integrating immunotherapy with
chemoradiotherapy to evaluate its impact on patient survival.®
Early findings from these studies indicated immunotherapy
which had the therapeutic potential and suggested that it may
enhance treatment outcomes, further supporting bladder-
preserving strategies for MIBC patients.'® Compared to
patients receiving platinum-based chemotherapy, those
who use immunotherapy for maintenance have lower renal
function requirements, a lower incidence of serious adverse
reactions, and better tolerance. Hence, more patients prefer
immunotherapy.

For MIBC bladder preservation treatment, it is crucial
to select the right population. The preferred patients for
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traditional TMT model are those with small tumors (<5 cm),
with a unifocal lesion, without microscopic remnants after
TURBT, with no ureteral obstruction or hydronephrosis,
without association with carcinoma in situ (accurately
diagnosed by biopsy of suspicious areas and histological
analysis of previous TURBT), and with no evidence of pelvic
lymph node disease.*>** About 15% of MIBC patients are
estimated to be suitable for bladder preservation treatment.*’
Bladder preservation treatment has good application
prospects and is worthy of further research. MIBC patients
receiving neoadjuvant therapy may not be suitable for
bladder preservation therapy before the treatment, but after
neoadjuvant therapy, if the patient responds completely,
bladder preservation can be considered. After neoadjuvant
therapy, more patients who achieve cCR choose bladder
preservation treatment. Our study aimed to explore the
efficacy of bladder preservation in this population. Our
preliminary findings showed that it is feasible for MIBC
patients who achieve cCR after neoadjuvant therapy to receive
laser resection and immunotherapy for bladder preservation.

While study used thulium laser TURBT and
immunotherapy to preserve the bladder in patients with
MIBC who achieve ¢cCR and yielded promising results,
it is subject to several limitations. First, this was a single-
center retrospective study without a control group. Without
a randomized controlled trial, it is difficult to compare the
differences between other bladder-preserving treatments
(such as traditional wire-loop electrode maximal bladder
tumor resection) and bladder-preserving treatment after
thulium laser maximal tumor resection. It is also hard to
compare the differences between RC and bladder-preserving
treatment after thulium laser maximal tumor resection.
Second, our results could not be extrapolated to all MIBC
patients, but only to a small number of patients who meet
strict selection criteria. The extent of TURBT is difficult
to define and may depend on the physician. Therefore,
this treatment may only be feasible in centers experienced
with urological tumors. In addition, the number of patients
included in this study was small, and a certain degree of
heterogeneity among the patients was inevitable. This
resulted in the inability to accurately estimate the HR
of covariates when conducting statistical analysis, and
the statistical power was insufficient, which would lead
to certain biases. Under the same treatment conditions,
individual differences in patients’ responsiveness to drugs
and different molecular features of tumors may affect
disease-free survival. Furthermore, our follow-up time was
not long enough, and a longer follow-up is needed to observe
the bladder-preserving effect on long-term basis. Therefore,
multicenter retrospective cohort studies, prospective cohort
studies, or clinical trials are warranted in future for further
validation of our findings.
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Genetic biomarkers are being studied to determine
which patients can benefit from bladder preservation.
DNA damage and repair genes have been gaining attention
in recent years. A series of changes in genes related to
DNA damage and repair, such as ATM, RBI, FANCC,
and ERCC2, have been shown to be associated with the
prognosis of MIBC after chemotherapy.®*-° Although
research is still lacking on these related genes and prognosis
in immunotherapeutic regimens, this suggests that, in the
future, for MIBC patients who wish to undergo bladder-
preserving treatment, the genetic changes in the tumor
can be detected to select appropriate treatment options,
thereby achieving personalized treatment and precision
medicine. In addition, more methods, such as immune
microenvironment typing and imaging genomics, must
be developed to accurately screen the MIBC population
suitable for bladder preservation.

5. Conclusion

To the best of our knowledge, our study was the first to
investigate the effect of neoadjuvant therapy combined with
thulium laser resection and post-operative maintenance
immunotherapy on patients with MIBC. Our research showed
that this approach is safe and feasible. This single-center study
provided preliminary evidence that can inform subsequent
research, and future controlled studies are needed for further
validation.
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