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Abstract
Background  To investigate the survival outcome of “radical” GreenLight photoselective vaporization of bladder 
tumor (RPVBT) in conjunction with postoperative chemotherapy for patients with single, < 3 cm in diameter, T2 stage 
muscle invasive bladder cancer (MIBC).

Methods  Thirty-eight patients with single, < 3 cm, T2 stage bladder cancer were treated with RPVBT combined with 
chemotherapy and were included in the RPVBT group. To compare the differences in survival outcome, 80 patients 
with Ta/T1 bladder cancer and 30 patients with T2 bladder cancer were included as controls. The 80 patients with Ta/
T1 bladder cancer underwent GreenLight photoselective vaporization of bladder tumors(PVBT), while 30 patients 
with T2 bladder cancer underwent radical cystectomy (RC) combined with pelvic lymph node dissection (PLND). 
Tumor recurrence and death were recorded, and recurrence-free survival (RFS) and overall survival (OS) curves were 
plotted to compare the survival difference between the RPVBT and control groups.

Results  No significant differences were observed in comorbidities or living habits between the RPVBT and control 
groups. Blood loss [RPVBT: 20 (IQR10, 20) vs. RC: 100 (IQR90, 150) mL] and postoperative hospital stay [RPVBT: 5.5 
(IQR5, 6), vs. RC: 10 (IQR8, 12) days] in the RPVBT group were significantly lower than that in the RC group. Urinary 
tract infection [RPVBT: 6 (15.8%) vs. PVBT: 14 (17.5%)] and bladder irritation sign [RPVBT: 11 (28.9%) vs. PVBT: 23 (28.8%) 
] were the most common short-term complications in the RPVBT group, with no statistical difference between the 
RPVBT and PVBT group. The median follow-up time for survival endpoints was 22 (16, 27) months for the included 
patients after surgery. The outcomes of tumor recurrence at 12, 24, and 36 months were 2 (5.3%), 3 (7.9%), and 5 
(13.2%) patients in the RPVBT groups, 13 (16.3%) and 3 (10%) patients experienced recurrence in the PVBT and RC 
groups at 36 months. No significant differences were noted among the three groups (P = 0.778). Additionally, Kaplan–
Meier survival analysis revealed no statistically significant differences in RFS (P = 0.791) and OS (P = 0.689) among the 
three groups.

Conclusions  Our findings indicate that RPVBT combined with chemotherapy is a simple and feasible treatment 
option with fewer complications and satisfactory survival outcomes in patients with single, < 3 cm, T2 stage bladder 
cancer.
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Background
The standard treatment for muscle invasive bladder can-
cer (MIBC) is widely acknowledged to be radical cystec-
tomy (RC) combined with pelvic lymph node dissection 
(PLND). Several studies have proposed various organ-
sparing strategies for patients with MIBC who cannot, or 
are unwilling to, undergo RC to preserve their quality of 
life without compromising tumor control.

Trimodal therapy (TMT) is recommended as the 
most beneficial organ-preserving strategy for MIBC [1, 
2]. TMT typically involves a combination of surgery, 
radiation, and chemotherapy to retain bladder function 
and maintain tumor control without significantly com-
promising the quality of life. Complete transurethral 
resection of bladder tumor (TURBT) combined with 
chemotherapy and radiation is the most common combi-
nation. However, radiotherapy may lead to complications 
such as radiation enteritis and cystitis, which affect the 
quality of life [3, 4]. Moreover, salvageable RC becomes 
more challenging, and an organ-sparing strategy without 
radiotherapy lacks a definitive conclusion. Additionally, 
compared to TURBT, the GreenLight technique offers 
better hemostasis, a lower incidence of TUR syndrome, 
the absence of obturator nerve reflex, and a shorter learn-
ing curve. [5, 6]

Based on this research, we aimed to investigate the 
effect of “radical” Greenlight photoselective vaporization 
of bladder tumor (RPVBT) in conjunction with postop-
erative chemotherapy for patients with single, < 3  cm, 
T2 stage bladder cancer, providing reliable evidence for 
decision-making.

Methods
Patients and Population
Between January 2016 and December 2019, this retro-
spective observational study included 38 patients with 
single, < 3 cm, T2 stage bladder cancer who could not, or 
were unwilling to, undergo RC. These patients received 
RPVBT combined with chemotherapy. To compare dif-
ferences in survival outcome, patients treated with PVBT 
and RC were included as controls. The PVBT group 
included 80 patients with Ta and T1 tumors, and the RC 
group included 30 patients with T2 tumors. All enrolled 
patients were confirmed to have urothelial carcinoma by 
cystoscopic biopsy, or no carcinoma in situ was observed. 
Additionally, no patient showed any signs of lymph node 
or distant metastases on imaging. Basic patient informa-
tion (age, sex, body mass index [BMI], comorbidities,  
history of smoking and drinking) and tumor information 
(size, single/multiple, T stage and grade) were collected. 
This study was performed at the Tianjin Union Medical 

Center and was approved by the Institutional Ethics and 
Research Committee of Tianjin Union Medical Center. 
Four main investigators actively participated in the study, 
and informed consent was obtained from all participants.

Surgical Procedure
Patients in the PVBT and RPVBT groups were treated 
using a 180  W XPS GreenLight laser system (Bos-
ton Scientific, USA). The vaporization power was set 
to 60–120  W and the coagulation power was set to 
20–30 W. PVBT was performed as previously described 
[7]. First, a cystoscopy was conducted to investigate 
tumor size, location, and number. Second, the blad-
der tumor was completely vaporized from the bottom 
if pedunculated. In contrast, wide-base tumors were 
vaporized and cut into small pieces to obtain pathologi-
cal specimens. Vaporization reaches the bladder muscle 
layer. Furthermore, the surrounding 1–2 cm of the blad-
der mucosa was vaporized, and the disrupted vasculature 
was closed. Finally, cystoscopy was repeated to ensure 
complete tumor removal without damaging the ureteral 
orifice. An F-16 catheter was placed postoperatively. The 
catheters of patients in the PVBT group were removed 
2–5 days after surgery, and immediate and regular blad-
der intravesical chemotherapy was administered. Regard-
ing the RPVBT procedure, for tumors with a diameter of 
< 2  cm and a pedicle, the tumor pedicle should be fully 
exposed first; then, the tumor body should be vaporized 
and cut off along the root. For tumors with a diameter of 
2–3  cm and a pedicle, the tumor surface can be vapor-
ized to expose the tumor pedicle. For tumors with a wide 
base, the tumor body can be vaporized directly from the 
tumor surface, and intraoperative vaporization cutting 
can be used to obtain specimens. The depth of vaporiza-
tion should be the fat layer outside the bladder muscle, 
and the tissue layers should be carefully identified intra-
operatively to avoid bleeding caused by excessive local 
vaporization (Fig.  1). The bladder was filled moderately 
during the operation to avoid extravasation of the irri-
gation fluid. The duration of catheterization is 10–14 
days, and postponing the first perfusion chemotherapy 
to approximately 2 weeks postoperatively is crucial for 
preventing fluid extravasation. Patients in the RC group 
underwent RC with standard PLND and urinary diver-
sion of either the ileal conduit or the ureteral skin stoma. 
The chemotherapy regimen adopted is the GC scheme, 
which involves administering gemcitabine (1,000mg/m2) 
on the 1st and 8th days, and cisplatin (70mg/m2) on the 
2nd day, and the chemotherapy cycle is repeated for 4 to 
6 cycles.According to the EAU Guidelines and Chinese 
Urological Association (CUA) guidelines, the standards 
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for adjuvant chemotherapy in the GC plan were as fol-
lows: multiple tumors, > 3 cm in diameter or high-grade 
tumors in the PVBT group, and high-grade tumors in the 
RC group. Patients in the RC group with a positive lymph 
node status received postoperative concurrent chemora-
diation therapy.

Survival Outcome
Follow-up was regularly performed for the patients for 
up to 36 months after surgery. Tumor recurrence and 
death were considered the endpoints of observation, 
and the times of recurrence and death were recorded. 
Recurrence-free survival (RFS) and overall survival (OS) 
curves were plotted to compare survival among the three 
groups.

Statistical Analysis
The required sample size was calculated using the PASS 
15 software (NCSS, Kaysville, Utah, USA), based on 
the pre-experimental data. The PVBT, RPVBT, and RC 
groups had values of 4.5, 5.5, and 12.5, respectively, with 
a standard deviation of 3.5, a two-sided α of 0.05, and 
a power of 0.90. Using One-Way Analysis of Variance 
F-Tests, it was determined that each group required at 
least six patients for enrollment. In this study, the final 
number of patients was 80, 38, and 30 in the PVBT, 
RPVBT, and RC groups, respectively, all meeting the 
minimum sample size requirement.

Continuous variables were first assessed for normality 
using the Shapiro–Wilk test. Continuous variables that 
followed a normal distribution were represented by the 
mean ± standard deviation and were compared using a 
one-way ANOVA. In contrast, continuous variables that 
did not follow a normal distribution were represented 
by the median (IQR) and were compared using non-
parametric tests. Categorical variables were expressed as 
the number of patients (percentage), and a comparative 
analysis was performed using the chi-square test, con-
tinuous correction test, or Fisher’s exact test. RFS and OS 
were analyzed using Kaplan–Meier and log-rank tests. 
Post-hoc pairwise comparisons were conducted using 
the Bonferroni correction to adjust for multiple tests. 

Statistical significance was set at P < 0.05 and all statistical 
analyses were performed using SPSS 22.0.

Results
Thirty-eight patients with single, < 3  cm, T2 stage blad-
der cancer were included in the RPVBT group, com-
prising 28 male (73.7%) and 10 female patients (26.3%). 
The median age and mean BMI of patients were 61.5 
(56.25, 75.75) and 24.51 ± 2.59, respectively. As controls, 
80 patients with Ta/T1 bladder cancer and 30 patients 
with T2 bladder cancer were included in the PVBT and 
RC groups. Patient characteristics of the three groups are 
listed in Table 1.

Regarding comorbidities in the RPVBT group, eleven 
(28.9%) and 4 (10.5%) patients had PTN and T2DM, 
respectively. Additionally, three (7.9%) suffered from 
myocardial infarction and cerebral infarction, respec-
tively. Furthermore, seven patients (18.4%) were cur-
rently undergoing oral anticoagulant therapy, and 10 
(26.3%) had a history of smoking. No obvious differences 
were observed in comorbidities or living habits among 
the three groups (P > 0.05), as shown in Table 2; Figs. 2 .

Blood loss and postoperative hospital stay in the 
RPVBT group were significantly lower than that in the 
RC group, and no significant differences were observed 
between the RPVBT and PVBT groups (Table 3). Urinary 
tract infection (UTI) and bladder irritation sign were the 
most common short-term complications in the RPVBT 
group, with no significantly difference between RPVBT 
and PVBT groups. Patients treated with RC experienced 
several postoperative adverse events, including intesti-
nal obstruction, intestinal fistula, hydronephrosis, inci-
sion infection, and lymphatic leakage, which were not 
observed in the RPVBT group (Table 3). Moreover, there 
were 23 (28.8%), 38 (100%), and 7 (23.3%) patients treated 
with chemotherapy in PVBT, RPVBT, and RC, respec-
tively. The toxicities related to chemotherapy included 
nausea, vomiting, leukopenia, thrombocytopenia, and 
anemia. No significant differences were observed among 
the three groups (Table 3).

The median follow-up time for survival endpoints was 
22 (16, 27) months for the included patients after surgery. 

Fig. 1  Vaporization depth of RPVBT. A: Bladder tumor. B: Fat layer outside the bladder muscle (red arrow). C: Specimens
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The outcomes of tumor recurrence at 12, 24, and 36 
months were 2 (5.3%), 3 (7.9%), and 5 (13.2%) patients 
in the RPVBT group (Fig. 3; Table 4). Four patients with 
bladder recurrence underwent secondary PVBT, and one 
patient with lymph node recurrence underwent salvage 
RC + PLND. There were 13 (16.3%) patients with tumor 
recurrence in the PVBT group; among them, 11 patients 
with bladder recurrence received secondary PVBT,  two 
patients with bladder and lymph node recurrence under-
went salvage RC + PLND. In RC group,  Two patients 
experienced lymph node recurrence, and one patient had 
lung metastasis, while immunotherapy was administered 
to the three patients. No significant differences were 
noted among the three groups (P = 0.778). Kaplan–Meier 
survival analysis revealed no statistically significant 

differences in RFS (P = 0.791) or OS (P = 0.689) among the 
three groups (Figs. 4 and 5).

Discussion
Our results are consistent with those of previous studies 
[8, 9], indicating an increase of old patients with high-risk 
bladder cancer. In this study, 47 (31.8%) and 20 (13.5%) 
patients had PTN and T2DM, and 9 (6.1%) and 6 (4.1%) 
patients suffered from myocardial infarction and cerebral 
infarction, respectively. Furthermore, 25 patients (16.9%) 
were currently undergoing oral anticoagulant therapy, 
and 30 (20.3%) had a history of smoking. For MIBC 
patients with multiple comorbidities, several studies have 
shown that RC had a high cure rate and a low recurrence 
rate in T2–T4a patients with MIBC [10, 11]. However, 

Table 1  The characteristics of patients between all groups 
Level Total(n = 148) PVBT(n = 80) R-PVBT(n = 38) RC(n = 30) P

Age(median, IQR)(year) 63 53, 73 63.5 58, 72 61.5 56.25, 75.75 59 57, 65.5 0.339
BMI(mean, SD)(kg/m²) 24.62 3.09 24.8 3.25 24.51 2.59 24.28 3.3 0.714
gender(n/%) 0.815

Male 105 70.9% 55 68.8% 28 73.7% 22 73.3%
Female 43 29.1% 25 31.3% 10 26.3% 8 26.7%

Tumor size(n/%) < 0.001*#

>3 cm 38 25.7% 21 26.3% 0 0.0% 17 56.7%
≤ 3 cm 110 74.3% 59 73.8% 38 100.0% 13 43.3%

multiplicity(n/%) 0.001*#

Solitary 125 84.5% 67 83.8% 38 100.0% 20 66.7%
Multiple 23 15.5% 13 16.3% 0 0.0% 10 33.3%

T stage(n/%) < 0.001*^

Ta 49 33.1% 49 61.3% 0 0.0% 0 0.0%
T1 31 20.9% 31 38.8% 0 0.0% 0 0.0%
T2 68 45.9% 0 0.0% 38 100.0% 30 100.0%

Grade(n/%) 0.759
PUNLMP 42 28.4% 24 30.0% 11 28.9% 7 23.3%
Low 73 49.3% 38 47.5% 19 50.0% 16 53.3%
High 33 22.3% 18 22.5% 8 21.1% 7 23.3%

RPVBT: “radical” GreenLight photoselective vaporization of bladder tumor; PVBT: GreenLight photoselective vaporization of bladder tumor; RC: radical cystectomy; 
PUNLMP: Papillary Urothelial Neoplasm of Low Malignant Potential

PUNLMP, RPVBT, PVBT, RC

Subgroup P<0.05 *RPVBT vs. PVBT, #RPVBT vs. RC, ^ PVBT vs. RC

one-way ANOVA: BMI; non-parametric tests: Age; chi-square test: gender, Tumor size, multiplicity, T stage, Grade

Table 2  The comorbidities or living habits among the 3 groups
Total(n = 148) PVBT(n = 80) R-PVBT(n = 38) RC(n = 30) P

PTN(n/%) 47 (31.8%) 28 (35.0%) 11 (29.0%) 8 (26.7%) 0.642
T2DM(n/%) 20 (13.5%) 13 (16.3%) 4 (10.5%) 3 (10.0%) 0.571
Oral anticoagulation(n/%) 25 (16.9%) 13 (16.3%) 7 (18.4%) 5 (16.7%) 0.877
Coronary atherosclerotic heart disease(n/%) 10 (6.8%) 5 (6.3%) 3 (7.9%) 2 (6.7%) 0.946
myocardial infarction(n/%) 9 (6.1%) 5 (6.3%) 3 (7.9%) 1 (3.3%) 0.734
cerebral infarction(n/%) 6 (4.1%) 2 (2.5%) 3 (7.9%) 1 (3.3%) 0.372
History of Pelvic Surgery(n/%) 2 (1.4%) 1 (1.3%) 1 (2.6%) 0 (0.0%) 0.643
History of radiotherapy(n/%) 1 (0.7%) 1 (1.3%) 0 (0.0%) 0 (0.0%) 0.652
Smoking(n/%) 30 (20.3%) 15 (18.8%) 10 (26.3%) 5 (16.7%) 0.545
Drinking(n/%) 6 (4.1%) 2 (2.5%) 3 (7.9%) 1 (3.3%) 0.372
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the high perioperative complication rate and impact on 
postoperative quality of life provided numerous patients 
with MIBC with the unwillingness to undergo RC [12, 
13]. Reports show that the 1-month and 3-month major 
complication rates of RC were 14.4% and 21.7%, respec-
tively [14]. Moreover, the mortality rate after RC gradu-
ally increased with age. Previous studies have shown that 
the mortality rate of patients aged 70–79 years after RC 
surgery was 5.4% at 3 months, whereas the rate increased 
to 9.2% in patients over 80 years [15–17]. Due to age, 
comorbidities, treatment toxicity, and subjective fac-
tors, increasing MIBC patients cannot undergo RC and 

remain hopeful for urgent adoption of organ-preserving 
treatment strategies.

TMT is a recognized treatment strategy for selected 
patients with MIBC [18, 19]. Fahmy et al. extracted 
data from 3402 patients treated with TMT and 26,891 
patients with RC and observed no significant difference 
in the 10-year OS (30.9% vs. 35.1%) or DSS (50.9% vs. 
57.8%) [20]. However, no large randomized controlled 
studies have been published on organ-preserving treat-
ment strategies for MIBC. The difference in oncologi-
cal outcomes between TMT and RC remains unclear, as 
reflected by the 5-year OS rates ranging from 36 to 74% 

Fig. 3  Outcomes of tumor recurrence and death among the three groups.The outcomes of tumor recurrence at 12, 24, and 36 months were 2 (5.3%), 3 
(7.9%), 5 (13.2%) patients in the RPVBT group, 2 (5.3%), 8 (10.0%), 13 (16.3%) patients in the PVBT group, and 2 (6.7%), 3 (10.0%), 3 (10.0%) patients in the 
RC group. No significant differences were noted among the three groups (P = 0.778)

 

Fig. 2  Comorbidities and living habits among the three groups. No obvious differences were observed in comorbidities or living habits among the three 
groups
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[21]. Thus screening for the optimal patient population 
for TMT is challenging.

In this study, we used RPVBT surgery combined 
with adjuvant chemotherapy to treat patients with sin-
gle, ≤ 3  cm, and T2 stage MIBC. Our data showed that 
patients with single, ≤ 3  cm T2 stage MIBC had similar 
RFS and OS with NMIBC treated with PVBT or patients 
with T2 stage MIBC who underwent RC. No reports 
exist on organ-conserving therapy with RPVBT + chemo-
therapy for patients with T2 stage, < 3 cm bladder cancer; 
however, a few research results are similar to our con-
clusions. Gofrit’s study showed that in cisplatin-eligible 
patients with a tumor diameter ≤ 3 cm, TMT provides an 
excellent disease-specific survival rate [22]. Giacalone et 
al. enrolled 475 patients with cT2-T4a MIBC and dem-
onstrated that patients who underwent TMT had high 
rates of CR and confirmed DSS rates similar to those in 

RC, and patients with T2 tumor had a better outcome [2]. 
Kaushik’s comparative analysis showed that the median 
OS in MIBC patients treated with RC was longer than 
that in those who underwent TMT (36.2 vs. 24.2 months), 
and indicated that patients with T3 and T4 stagetumor in 
the TMT group had decreased OS compared to patients 
with T2 stage, which may be the selected patients [2]. 
Polineni’s study reported that selected T2 MIBC was an 
effective option with OS and DFS comparable to those 
of patients who underwent RC [23]. Ploussard et al. 
reported that the cancers best eligible for bladder pres-
ervation were those with low-volume T2 disease without 
in situ carcinoma [24]. Based on previous research and 
our findings, we believe that T2 stage, single, and tumor 
sizes of less than 3 cm in diameter are the populations for 
TMT treatment options.

Table 4  The outcomes of tumor recurrence and death among all groups
Total(n = 148) PVBT(n = 80) R-PVBT(n = 38) RC(n = 30) P

tumor recurrence(n/%)
12 month 6 4.1% 2 2.5% 2 5.3% 2 6.7% 0.544
24 month 14 9.5% 8 10.0% 3 7.9% 3 10.0% 1.000
36 month 21 14.2% 13 16.3% 5 13.2% 3 10.0% 0.778

death(n/%)
12 month 2 1.4% 1 1.3% 0 0.0% 1 3.3% 0.430
24 month 5 3.4% 2 2.5% 1 2.6% 2 6.7% 0.497
36 month 9 6.1% 5 6.3% 2 5.3% 2 6.7% 1.000

RPVBT: “radical” GreenLight photoselective vaporization of bladder tumor; PVBT: GreenLight photoselective vaporization of bladder tumor; RC: radical cystectomy;

Fig. 4  The RFS curve outcome of the three groups. Kaplan-Meier survival analysis revealed no statistically significant differences in RFS (P = 0.791) among 
the three groups (Figs. 4 and 5)
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The RPVBT for patients with MIBC had several tech-
nological advantages, as follows: (1) The GreenLight 
laser could vaporize tumors to the depth of the external 
fat of the bladder precisely, achieving local “radical.” (2) 
The fiber emits light laterally at 70°, which makes it easy 
to treat tumors on the anterior wall, top, and neck of the 
bladder. The GreenLight laser does not induce bladder 
perforation caused by the obturator nerve reflex, allow-
ing the surgeon to completely vaporize the tumor. (4) 
Unlike TURBT, which directly contacts the tumor tis-
sue, the GreenLight laser uses a non-contact method to 
vaporize tumors, which avoids tumor compression and 
potentially reduces the chance of tumor dissemination 
and metastasis. (5) Sealing vessels can prevent tumor 
cell implantation and transfer through the blood and 
lymphatic pathways. (6) The combination of postopera-
tive adjuvant chemotherapy and bladder perfusion can 
reduce the rate of tumor recurrence. (7) RPVBT surgery 
can be performed in the supine position, which is suit-
able for patients who cannot undergo a lithotomy.

To address the potential challenge of irrigation fluid 
extravasation during the procedure, we perform vapor-
ization resection of the tumor and close surrounding 
blood vessels prior to vaporizing to the extravesical fat, 
thereby shortening the surgical time after “bladder per-
foration”. Besides, when vaporizing the bladder muscle 
layer to the extravesical fat, we reduce the pressure of the 

irrigation fluid to prevent increased extravasation caused 
by excessive bladder pressure. To prevent tumor dissemi-
nation outside the bladder during RPVBT, we also tale 
several measures. Firstly, the risk of tumor metastasis is 
lower with “non-contact” Greenlight laser vaporization 
resection compared to TURBT. Secondly, by reducing 
irrigation fluid extravasation outside the bladder, we aim 
to minimize the risk of extravesical tumor spread. Lastly, 
after the vaporization resection is complete, we instill 
sterile water for injection into the bladder to further 
reduce the risk of tumor seeding.

Our study has certain limitations. First, retrospective 
studies on this topic are limited. Additionally, this study 
was a single-center effort, meaning that the enrolled 
patients were from a specific region. The number of 
patients enrolled in this study was relatively small, and 
the follow-up period was short. This highlights the neces-
sity of substantiating our conclusions using larger sam-
ples and longer follow-up periods.

Conclusions
Our findings demonstrate that RPVBT combined with 
chemotherapy is a simple and feasible treatment option 
with fewer complications and satisfactory survival out-
comes in patients with single, < 3  cm, T2 stage bladder 
cancer.

Fig. 5  The OS curve outcome of the three groups. Kaplan-Meier survival analysis revealed no statistically significant differences in OS (P = 0.689) among 
the three groups 
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