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Abstract
To compare the safety and efficacy of en bloc resection of non-muscle-invasive bladder cancer (NMIBC) using a 1470-/980-
nm dual-wavelength laser (DwLRBT) compared to the gold standard, transurethral resection (TURBT). The study group 
included 251 patients with a confirmed diagnosis of NMIBC, 97 in the DwLRBT group and 154 in the TURBT group. 
Clinical characteristics, complications, and recurrence-free survival were compared between the two groups. There were 
no differences between the two groups with regard to age, sex, mean tumor size, mean tumor number, tumor location, risk, 
fever, and reoperation. Compared to TURBT, DwLRBT was associated with a shorter hospitalization time (mean±standard 
deviation: 5.81±1.48 days vs. 4.96±1.32, respectively, p=0.001), shorter catheterization time (4.98±1.47 vs. 4.20±1.48 days, 
respectively; p=0.035), and smaller volume of intraoperative bleeding (8.43±6.21 ml vs. 6.15±5.08, respectively; p=0.003). 
Recurrence-free survival (RFS) was better for DwLRBT than TURBT in the overall cohort (hazard ratio [HR], 0.4323; 95% 
confidence interval [CI], 0.2852–0.6554; p=0.0004) and for the following subgroups and tumor types: intermediate-risk 
(HR, 0.2654; 95%CI, 0.1020–0.6904; p=0.0245) and high-risk (HR, 0.4461; 95% CI, 0.2778–0.7162; p=0.0027) groups; 
and for pedunculate bladder tumors (HR, 0.4158; 95%CI, 0.2401–0.7202; p=0.0063), single bladder tumors (HR, 0.4136; 
95%CI, 0.2376–0.7293; p=0.0072), and multiple bladder tumors (HR, 0.2727; 95%CI, 0.1408–0.5282; p=0.0014). DwLRBT 
is associated with better operative and postoperative outcomes, including, importantly, a longer RFS, compared to TURBT.

Keywords  Non-muscle-invasive bladder · 1470-/980-nm dual-wavelength laser · Transurethral resection of bladder tumor · 
Recurrence-free survival

Introduction

Bladder cancer (BLCA) is the 10th most common cancer 
worldwide, with a global age-standardized incidence rate 
of 9.0 per 100,000 men and 2.2 per 100,000 women [1]. 
Non-muscle-invasive bladder cancer (NMIBC) accounts for 
70–75% of all bladder cancers [2]. Transurethral resection of 
bladder tumors (TURBT) is the gold standard for the treat-
ment of NMIBC [2]. However, conventional TURBT has 
some significant drawbacks, including intraoperative bleed-
ing, stimulation of the obturator nerve reflex, and bladder 
perforation [3]. More importantly, as a piecemeal resec-
tion process, TURBT is associated with an increased risk 
of tumor recurrence and difficulty in accurately assessing 
the pathological stage of tumors due to incomplete resec-
tion [4–6]. Therefore, en bloc resection of NMIBC, using a 
laser system, has been recently developed, which provides 
high-quality specimens, no fragmentation of the tumor, and 
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reduced probability of cauterization and deterioration of the 
tissue [7]. More importantly, several authors reported better 
pathological outcomes with en bloc resection of NMIBC 
than with TURBT [8–10]. Various lasers have been devel-
oped and used as energy sources to eradicate tumor tissues, 
including holmium, potassium-titanyl-phosphate, green-
light, 1.9 mm Vela, and thulium:yttrium–aluminum–garnet 
lasers [11]. The first transurethral NMIBC laser surgery was 
performed in the 1970s and has been widely used in recent 
years owing to its effectiveness to vaporize tissue, its hemo-
static effect, and high safety [12]. The 1470-/980-nm dual-
wavelength laser is a newly developed technique which pro-
vides the following unique advantages. The 1470 nm laser 
component provides rapid resection and tissue vaporization, 
while the 980 nm component provides high hemostasis effi-
ciency and non-contact hemostasis [13]. These character-
istics make the 1470-/980-nm dual-wavelength laser very 
attractive for clinical applications. However, few studies 
have been reported on the application of this technique for 
NMIBC. Accordingly, our aim in this study was to evaluate 
the efficacy and safety of the 1470-/980-nm dual-wavelength 
laser for en bloc resection of NMIBC (DwLRBT), compared 
to conventional TURBT.

Methods

Study design and ethics statement

This was a retrospective study of patients with a diagnosis 
of primary NMIBC who were treated using conventional 
TURBT or DwLRBT at our institution, between January 
2016 and December 2020. Both procedures were performed 
by the same surgeon. Clinical and surgical outcomes used 
for analysis were retrieved from our institutional database. 
Patients provided informed consent for their treatment and 
for the use of their clinical information for research. Ethics 
clearance from our institution was waived owing to the ret-
rospective design and use of anonymized data.

Study group

The inclusion criteria were as follows: clinical diagnosis of 
primary NMIBC based on enhanced magnetic resonance 
(MR) of the urinary system or cystoscopy and pathologi-
cal confirmation after surgery; resection using either con-
ventional TURBT or DwLRBT; stratification into low-, 
intermediate-, or high-risk groups according to the EAU 
risk stratification criteria [14]; use of standard intravesi-
cal epirubicin therapy after surgery; and complete clinical 
and follow-up data. The exclusion criteria were as follows: 
locally advanced or metastatic bladder cancer; loss of con-
tact or inadequate clinical information for further analysis; 

inability to complete intravesical therapy due to patient intol-
erance or other reasons; and comorbidities of other neoplas-
tic diseases.

After selection, the study group included 251 patients, 97 
in the DwLRBT group and 154 in the TURBT group.

Surgical techniques

Under general anesthesia, patients were placed in the lithot-
omy position and a complete cystoscopic examination of 
the bladder, including the bladder neck, bladder triangle, 
posterior wall, lateral wall, anterior wall, and opening of 
the ureter. TURBT was performed according to standard 
procedures [15], using a WOLF 26 Fr continuous flow resec-
toscope (Richard Wolf, Knittlingen, Germany). The electro-
resecting and electro-coagulating powers were set to 100 
W and 40 W, respectively. A piece-by-piece resection of 
the muscular layer was performed to remove the body of 
the tumor, gradually and steadily. For the DwLRBT treat-
ment, a 1470-/980-nm Leonardo® Dual 45 Laser System 
(Biolitec, Wien, Germany) was used for en bloc resection. 
A 550 μm fiber with a 26 F continuous laser resectoscope 
(LISA Laser Products, Lindau-Katlenburg, Germany) was 
used to enter the bladder through the urethra, with the power 
of this laser set at 30 W (1470nm 22W and 980nm 8W) dur-
ing the surgery. First, a circular incision was performed at 
a relatively safe distance, about 1.0–1.5 cm from the base 
of the tumor (Figure S1A). The exposed sub-mucosal blood 
vessels were then precoagulated. Along the circular incision, 
a fan-shaped incision was created at the base of the tumor to 
reach the deeper muscle layers along the marked line until 
the fibrous connective tissue of the outer layer of the bladder 
was exposed (Figure S1B). Blunt dissection was then per-
formed on the space between the muscle layers. The tumor 
base was then pushed until the submucosa was exposed by 
the tip of the resectoscope sheath of the vaporizing laser 
and pushed the connective tissue layers (Figure S1C). At 
the visible anatomical level, the muscle fiber was cut from 
the base of the tumor in different directions until the entire 
tumor was removed en bloc (Figure S1D).

Postoperative treatment and follow‑up

All patients were catheterized using a 20 F three-way 
catheter and received bladder instillation of epirubicin 
(50 mg/50 ml, maintained for 60 min) immediately after 
surgery. Approximately 1-week after the procedure, weekly 
bladder instillation with epirubicin (50 mg/50 ml, main-
tained for 60 min) treatment was initiated for all patients for 
a duration of 8 weeks. This was followed by monthly blad-
der instillation with epirubicin (50 mg/50 ml, maintained for 
60 min) for 11 months or as tolerated by each patient.
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The follow-up plan was formulated based on the EAU2 
guidelines. Briefly, all patients underwent ultrasound and 
cystoscopy examination at 1 month post-surgery. These pro-
cedures were performed every 3 months, at our hospital, for 
the first year. Subsequently, all patients underwent ultrasound 
examination, at approximately every 6 months, at their com-
munity hospital. As necessary, a cystoscopy was performed 
at our hospital. Some routine examinations were simultane-
ously included in the follow-up plan, such as urine analysis, 
urine cytology, routine blood tests, and blood biochemistry. 
The median follow-up period for the TURBT group was 19.5 
months and 20 months for the DwLRBT group.

The primary endpoint of our study was the tumor recur-
rence rate. During the follow-up period, patient information 
tumor recurrence was obtained by phone or during outpa-
tient consultation.

Statistical analysis

Continous data were reported as the mean±standard devia-
tion and categorical data as a count (percentage). Between-
group differences were evaluated using Student’s t-test for 
continuous data and the chi-squared test or Fisher’s exact 
test for categorical data. GraphPad Prism 8.4.3 (GraphPad 
Software, Inc., San Diego, CA, USA) was used to plot the 
Kaplan-Meier (K-M) curve of RFS and to perform the log-
rank test. All other analyses were performed using SPSS 

(version 20.0; IBM, Armonk, NY, USA) software was used 
for the statistical analyses.

Results

Baseline characteristics, including age, sex, tumor size, 
tumor multiplicity, tumor location, and risk groups, were 
similar between the two groups (Table 1). The intraopera-
tive and postoperative data for both groups are reported in 
Table 2. While operative time was similar between the two 
groups (p=0.077), compared to the TURBT group, hospi-
talization time (p=0.001) and catherization time (p=0.035) 
were shorter for the DwLRBT group, and the volume of 
intraoperative bleeding smaller (p=0.003). There were no 
intraoperative complications with DwLRBT. With TURBT, 
there were 8 cases of obturator nerve reflex stimulation and 
3 cases of bladder perforation. Postoperative complication 
rates, assessed using the classification of surgical com-
plications [16], included 7 cases of acute rebleeding after 
TURBT, with reoperation required in 2 of these cases. 
There were 3 cases of fever, within 48 h post-surgery, in 
each group. Overall, the rate of surgical complications was 
not different between the two groups (p=0.787).

The RFS data are shown in Fig. 1 for the group overall and 
by risk classification (low, intermediate, and high). On K-M 
analysis, compared to TURBT, DwLRBT was associated 

Table 1   Patients and tumor 
characteristics

Variable DwLRBT group(n=97) TURBT group(n=154) P value

Age (year) 0.631
  < 65 49 (50.5%) 73 (47.4%)
  ≥ 65 48 (49.5%) 81 (52.5%)
Gender 0.385
  male 75 (77.3%) 126 (81.8%)
  female 22 (22.7%) 28 (18.2%)
Tumor size (cm) 1.59 ± 1.05 1.61 ± 1.14 0.987
Tumor multiplicity 0.773
  Single 71 (73.2%) 109 (70.8%)
  Multiple 26 (26.8%) 45 (29.2%)
Tumor location 0.178
  Front wall 10 (7.0%) 18 (7.9%)
  Right lateral wall 50 (35.2%) 69 (30.1%)
  Left lateral wall 38 (26.8%) 72 (31.4%)
  Posterior wall 17 (12.0%) 19 (8.3%)
  Outlet 4(2.8%) 1 (0.4%)
  Dome 9 (6.3%) 13 (5.7%)
  Trigone 14 (9.9%) 37 (16.2%)
Risk groups 0.275
  Low 9 (9.3%) 18 (11.7%)
  Intermediate 35 (36.0%) 41 (26.7%)
  High 53 (54.6%) 95 (61.7%)
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with a longer RFS for the overall cohort (hazard ratio [HR], 
0.4323; 95% confidence interval [CI], 0.2852–0.6554; 
p=0.0004), as well as for the intermediate-risk (HR, 0.2654; 
95%CI, 0.1020–0.6904; p=0.0245) and high-risk (HR, 
0.4461; 95%CI, 0.2778–0.7162; p=0.0027) groups, but not 
for the low-risk group (p=0.4652). DwLRBT was also associ-
ated with a longer RFS, compared to TURBT, for the follow-
ing tumor groups (Fig. 2): pedunculate bladder tumors (HR, 
0.4158; 95%CI, 0.2401–0.7202; p=0.0063); single bladder 
tumors (HR, 0.4136; 95%CI, 0.2376–0.7293; p=0.0072), and 

multiple bladder tumors (HR, 0.2727; 95%CI, 0.1408–0.5282; 
p=0.0014). There was no benefit of DwLRBT for wide-basal 
bladder tumors (p=0.0716).

Discussion

Currently, TURBT is the gold standard for the treatment of 
NMIBC despite its many drawbacks which include bleed-
ing, stimulation of the obturator nerve reflex, and bladder 

Table 2   Intraoperative and 
postoperative characteristics of 
DwLRBT and TURBT patients

Variable DwLRBT group(n=97) TURBT group(n=154) P value

Operation duration (min) 40.14 ± 21.22 35.57± 18.84 0.077
Hospitalization time (day) 4.96 ± 1.32 5.81 ± 1.48 0.001
Catheterization time (day) 4.20 ± 1.48 4.98 ± 1.47 0.035
Bleeding(ml) 6.15 ±5.08 8.43±6.21 0.003
Intraoperative complications
  Obturator nerve reflex 0 8 0.023
  Bladder perforation 0 3 0.167
Postoperative complications
  Acute rebleeding 0 7 0.033
  Fever (> 38.5 °C) 3 3 0.572
  Reoperation 0 2 0.26
Classification of surgical complications
  Grade I 2 4 0.787
  ≥ Grade II 0 0 N/A

Fig. 1   The K-M curve of 
recurrence-free survival in 
the overall cohort (A) and the 
low-risk (B), intermediate-risk 
(C), and high-risk (D) groups 
who underwent DwLRBT or 
TURBT. K-M, Kaplan-Meier 
curve analysis
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perforation [17]. In addition, TURBT is not suitable for 
patients treated with anticoagulants, which increase the risk 
of bleeding, and those with artificial pacemakers, as the flow 
of electricity in tissues during TURBT has the potential to 
interfere with pacemakers [18, 19]. In addition, the absence 
of a muscle layer in the resected specimen and, thus, the risk 
for a positive margin are important shortcomings of TURBT 
[20]. The advantages of laser-based resection of NMIBC 
have been reported more recently [21, 22]. In particular, 
laser surgery for en bloc resection can provide an intact tis-
sue specimen for accurate pathological evaluation, as well 
as reduce the risk of malignant cell scattering [23]. A meta-
analysis of 17 studies, including 2439 participants, showed 
that, compared to TURBT, laser surgery resulted in a lower 
incidence of intraoperative complications, lower postoperative 
tumor recurrence rate, and faster postoperative recovery [24]. 
The 1470-/980-nm dual-wavelength laser system is a newly 
employed technology in clinical practice. This system uses a 
special optical fiber to emit and transmit the laser, which is in 
turn absorbed by tissues producing vaporization, cutting, and 
coagulation effects. Fu et al. [25] reported that DwLRBT was 
as safe and effective as TURBT for the treatment of NMIBC. 
However, there were no significant differences in terms of 
RFS or progression-free survival between the two groups. 
This absence of a survival difference may be due to the small 
sample size and short follow-up time of that study.

Acute postoperative hemorrhage is a common complica-
tion of TURBT. Therefore, continuous postoperative bladder 
irrigation is important [26]. In our study, there was no inci-
dence of acute rebleeding after DwLRBT and, thus, the post-
operative catheterization time was shorter in the DwLRBT 
than TURBT groups. Although the energy of a laser at a 
specific wavelength is not absorbed by water during prop-
agation, it can be selectively absorbed by hemoglobin to 
achieve coagulation and by blood vessels to close leaks, 
producing a good overall hemostatic effect [27]. Compared 
to other types of lasers, the combination of the 1470 nm and 
980 nm lasers may provide better cutting, vaporization, and 
hemostasis efficiency as the 1470 nm component is highly 
absorbed by water, while the 980 nm component provides a 
high hemoglobin absorption rate and low water absorption 
rate [28, 29]. Therefore, for patients undergoing long-term 
anticoagulant therapy, this laser combination provides a 
novel approach for safe tumor resection.

Stimulation of the obturator nerve reflex is a side effect of 
TURBT, causing leg jerking during surgery, which may lead 
to iatrogenic bladder perforation [30]. A systematic review 
and meta-analysis reported that thulium laser resection of 
bladder tumors was associated with fewer intraoperative 
complications, including obturator nerve reflex stimulation 
and bladder perforation [31]. Similar results were confirmed 
in our study. With laser resection, the laser probe does not 

Fig. 2   The K-M curve of recur-
rence-free survival of patients 
with pedunculate tumors (A), 
wide-basal tumors (B), single 
tumors (C), and multiple tumors 
(D) who underwent DwLRBT 
or TURBT. K-M, Kaplan-Meier 
curve analysis
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have to be in contact with the tissue for cutting and hemo-
stasis. Furthermore, no electric current is generated during 
the procedure, thus eliminating the risk of obturator nerve 
reflex stimulation [32].

Tumor recurrence after TURBT is a very serious problem 
for patients with NMIBC, especially for patients in the inter-
mediate- and high-risk classification groups, with the possi-
bility of progression to muscle-invasive bladder cancer [33]. 
Our findings identified a distinct advantage of DwLRBT 
over conventional TURBT in terms of RFS in the overall 
cohort, consistent with previous reports on the benefits of 
laser-based systems for tumor resection [24, 31, 34]. This 
advantage likely reflects the precise tissue-cutting capabil-
ity of the laser and superior intraoperative safety, making en 
bloc resection of NMIBC possible. Complete resection of 
the tumor, lamina propria, and detrusor can reduce residual 
tumor and dissemination of tumor cells [35]. In addition, 
combined with the good tissue vaporization and coagula-
tion effects of the laser, capillaries and lymphatic vessels are 
effectively closed. Therefore, the possibility of tumor cell 
dissemination is reduced [36]. Our analysis as a function of 
tumor type revealed a distinct advantage of DwLRBT over 
TURBT, in terms of RFS, for pedunculated tumors. This 
information might assist surgeons and patients in making 
better choices with regard to procedures. Moreover, com-
pared to TURBT, DwLRBT prolonged RFS regardless of 
whether patients had single or multiple tumors. Further ran-
domized controlled clinical studies are warranted to validate 
these results.

The limitations of our study need to be acknowledged 
for the application of findings to practice. Foremost is the 
limited number of patients in the DwLRBT group and the 
absence of multicenter data. As the 1470-/980-nm dual-
wavelength laser system was first used in our hospital in 
June 2015, the median follow-up time was 20 months, which 
might have also led to bias in the current results.

In conclusion, our study demonstrates that DwLRBT is 
a safe and effective surgical procedure for NMIBC, which 
reducedd intraoperative and postoperative bleeding, obtura-
tor nerve reflex stimulation, hospitalization time, and cath-
eterization time, compared to conventional TURBT. Impor-
tantly, DwLRBT prolonged RFS.
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