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Purpose: We have reported the efficacy and safety of 2-micrometer continuous-
wave laser cystectomy of non-muscle invasive bladder tumor (NMIBC) (J Urol.
2009;182:66-9). In this study, we evaluated the long-term outcomes of patients
with  NMIBC who underwent transurethral partial cystectomy with a 2-
micrometer continuous-wave laser, and explored the risk factors for tumor
recurrence.

Methods: This was a retrospective study of patients with NMIBC planned to
undergo transurethral partial cystectomy with a 2-micrometer continuous-wave
laser at the Fourth Medical Center of the PLA General Hospital between January
2012 and December 2014. The primary outcome was bladder cancer recurrence.
Results: A total of 75 patients were enrolled. Sixty-two (82.7%) were male. The
patients were 59.8 +12.9 years of age. The mean operation time was 38.7 +
20.4 min. No Clavien grade >2 complications occurred. The duration of catheter
indwelling was 3.6 + 1.8 days. The hospital stay was 6.0 + 2.3 days. The median
follow-up was 80 months. A total of 17 patients had a recurrence during follow-
up, and the recurrence-free survival (RFS) rate was 77.3%. In the multivariable
analysis, the tumor risk group were independently associated with the
recurrence of NMIBC (p = 0.026).

Conclusions: After TURBT with a 2-micrometer continuous-wave laser, RFS was
77.3% at the median follow-up of 80 months. All complications were mild. Only
tumor risk group was independently associated with the recurrence of NMIBC.
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1. Introduction

Bladder cancer (BC) incidence, diagnosed in both sexes combined, ranks 10th place with
573,278 estimated number of incident cases worldwide in 2020, which has been on the rise
annually with the onset of aging (1). BC can be classified into non-muscle-invasive BC
(NMIBC) and muscle-invasive BC (MIBC) based on the depth of invasion, and
approximately 75% of newly detected cases are non-muscle-invasive disease (2-5).
Advanced age, male sex, and cigarette smoking contribute to the development of bladder
cancer. BC mainly occurs in persons >55 years of age, with a median of 73 years, and it
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is 3-5 times more frequent in men than in women (2, 4-7). The
age-standardized incidence of BC is 9.5 per 100,000 men and 2.4
per 100,000 women (1). The exact causes are unknown, but the
development of BC is likely multifactorial and may include a
combination of environmental factors, chronic bladder irritation,
and genetic factors. The most important risk factor is tobacco
smoke (active and passive) (3-5, 8).

NMIBC is defined as stage Ta, T1, or carcinoma in situ (CIS)
disease (4). Transurethral resection of bladder tumor (TURBT) is
recommended for the primary evaluation and initial treatment of
NMIBC (2-4). The goal of TURBT is to resect all visible tumors
completely (i.e., RO resection) and to determine the clinical stage
and grade of the disease (2). The use of classical TURBT may
eradicate stage Ta-T1 tumors, but they commonly recur and
progress to MIBC. In addition, a persistent disease after initial
resection is found in 33%-55% of patients with T1 tumors and
in 41% of patients with Ta grade 3 tumors (4). Those patients
may undergo a second TURBT or surgery, but the survival
benefit of a salvage procedure is controversial (9, 10). In
addition, each session of TURBT is associated with a risk of
complications such as bleeding, obturator nerve reflex, and
perforation (11). Therefore, the removal of all lesions during the
first TURBT might improve survival.

Laser ablation was developed to improve the efficacy and safety
of TURBT (12). Lasers without deep penetration cause less pain
and bleeding, and the power of the laser can be adjusted
according to the extent of the lesions. Available lasers include the
neodymium laser, yttrium aluminum garnet laser, potassium
titanyl phosphate laser (green-light laser), holmium laser, and
2-micrometer continuous-wave laser (thulium laser) (12). The
holmium laser has been suggested to be a better option than
conventional TURBT in patients with NIMBC (12-14). The
2-micrometer continuous-wave laser, first used for NMIBC in
2009 by our team (15), is also safe and effective for smooth
incision, tissue vaporization, and en bloc resection of NMIBC.
Nevertheless, prospective trials of laser TURBT and with a long
follow-up are still lacking regarding the 2-micrometer
continuous-wave laser (12, 16).

Therefore, the aim of the present study was to examine the
long-term outcomes of patients with NMIBC who underwent
TURBT with the 2-micrometer continuous wave laser and to
explore the risk factors for tumor recurrence.

2. Materials and methods
2.1. Study design and subjects

This was a prospective study of consecutive patients with
NMIBC planned to undergo TURBT with a 2-micrometer
continuous-wave laser at the Fourth Medical Center of the PLA
General Hospital between January 2012 and December 2014.
This study was approved by the Ethics Committee of the Fourth
Medical Center of the Chinese PLA General Hospital. Written
informed consent was obtained from all subjects.
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The inclusion criteria were: (1) patients planned to undergo
TURBT with a 2-micrometer continuous-wave laser; (2) patients
with postoperative pathological diagnosis of NMIBC (Tis, Ta, or
T1); (3) first onset of disease; and (4) expected life expectancy
after surgery of >5 years. The exclusion criteria were: (1) any
other incurable malignant tumors; (2) history of pelvic
radiotherapy; (3) history of bladder surgery; (4) extensive tumor
lesions of the bladder, which could not be completely removed

by a single surgery; or (5) follow-up was impossible.

2.2. Surgical methods and postoperative
management

For the TURBT, the RevoLix 2-pum continuous-wave medical
laser surgery system produced by the LISA Company (Germany)
was used, with a laser wavelength of 2.01 pm. The energy was
transmitted through a 600-um optical fiber, and the power was
set to 50-60 W. A
Company, Beijing, China) was used with a 26.5 Fr catheter. The

laser resectoscope (China Hawkmed

surgical procedures were performed under a television

monitoring system. Epidural or general anesthesia was
conducted, and the patient was placed in the lithotomy position.
Intraoperatively, 0.9% saline was used as the rinse solution. After
the laser resectoscope was inserted, the bladder tumor was
examined in terms of size, number, morphology, and location.
The optical fiber-probe was sent to the bladder through the
operation channel of the laser resectoscope, and the position of
the laser spot was adjusted after starting up. First, the normal
mucosa and submucosa about 0.5-cm-1.0-cm away from the
tumor were vaporized and incised (Figure 1A). If the tumor was
large, the superficial tumors were segmentally removed
(Figure 1B). Then, the whole muscle layers at the tumor base
were peeled in a layered and segmented manner. If the tumor
was small, the tumor, basal part, and part of the muscle layer
1C,D). After the

postoperative indwelling of the catheter for 3-5d, the bladder

underwent en bloc resection (Figures
washout was determined by the color of the drainage urine.
According to tumor size, resection extent, and pathologic
conditions, intravesical infusion chemotherapy was performed on
the day of surgery or within 1 week. A second TURB was
performed within two-six weeks after initial resection in the
following situations: after incomplete initial TURB, or in case of
doubt about completeness of a TURB; if there is no muscle in
the specimen after initial resection, with the exception of TaLG/
G1 tumors and primary CIS; in T1 tumors.

2.3. Data collection and definitions

Demographic data (age and sex), tumor site, pathological

grading, and staging were collected. Intraoperative and
postoperative data included operation time, intraoperative and
postoperative complications, special intraoperative treatment,
duration of catheter indwelling, and hospital stay. The risk

groups were divided into a low-risk group, intermediate group,
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FIGURE 1

TURBT with a 2-micrometer continuous-wave laser for NIMBC (A) First, the normal mucosa and submucosa about 0.5-cm-1.0-cm away from the tumor
were vaporized and incised. (B) If the tumor was large, the superficial tumors were segmentally removed, and then the whole muscle layers at the tumor
base were peeled in a layered and segmented manner. (C,D) If the tumor was small, the muscular and serosal layers at the tumor base were directly
removed, and the tumor, basal part, and part of the muscle layer underwent en bloc resection

and high-risk group using the standard of the European
Association of Urology (EAU).

2.4. Follow-up

Follow-up was performed using outpatient clinic visits and
telephone. The primary outcome was the recurrence of the BC.
The recurrence-free survival (RFS) was defined as the length of
time from operation to tumor recurrence. All patients underwent
the first cystoscopy 3 months after surgery. If the patients in the
low-risk group had negative results for the first cystoscopy, a
second cystoscopy was performed in the first year after surgery,
and once every year until the 5th year thereafter. The patients in
the intermediate- and high-risk groups underwent cystoscopy
every 3 months for the first 2 years. From the 3rd year, the
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cystoscopy was performed every 6 months; from the 5th year, it
was performed once every year for life. The follow-up ended in
December 2020 or tumor recurrence.

2.5. Statistical analysis

All data were analyzed using SPSS 22.0 (IBM, Armonk, NY,
United States). All continuous variables were tested for normal
distribution using the Kolmogorov-Smirnov test. Data that
conformed to the normal distribution were presented as
means + standard deviations. Data not conforming to the
normal distribution were presented as medians (ranges).
A Kaplan-Meier curve was drawn for the RFS of the patients,
and the log-rank test was used for comparison of the
curves. A Cox multivariable analysis was performed with
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disease recurrence as the dependent variable; the results were
presented as hazard ratio (HR) and 95% confidence interval
(CI). Two-sided p-values <0.05 were considered statistically
significant.

2.6. Patient and public involvement

There was no patient or public involvement in any aspect of
this study or its write-up.

3. Results
3.1. Characteristics of the patients

A total of 75 patients were enrolled (Table 1). Sixty-two
(82.7%) patients were male. The patients were 59.8 +12.9 years
of age. The maximum tumor size was 2.1 cm + 0.8 cm, with 64
(85.3%) patients with stage Ta BC and 11 (14.7%) with stage
T1 BC. Ten (13.3%) cases were papillary urothelial neoplasm
of low malignant potential (PUNLMP), 56 (74.7%) cases were
low-grade BC, and nine (12.0%) were high-grade BC.
According to the EAU risk stratification, 43 (57.3%) patients
were at low risk, 18 (24.0%) were at intermediate risk, and 14
(18.7%) were at high risk.

TABLE 1 Characteristics of the patients.

‘ Variables Patients (n=75)

Sex (Male), n (%) 62 (82.7)
Age (years) 59.8+12.9
Smoking history, n (%) 28 (37.3)
Tumor site, n (%)

Lateral wall 65 (86.7)

Posterior wall 5(6.7)

Anterior wall 7 (9.3)

Triangle area 7 (9.3)

Bladder neck 7 (9.3)

Maximum diameter of the tumor (cm) 2.1+0.8
Number of tumors, n (%)

Solitary tumors 61 (81.3)

Multiple tumors 14 (18.7)
T-stage, n (%)

Ta 64 (85.3)

T1 11 (14.7)
Grade, n (%)

PUNLMP 10 (13.3)

Low 56 (74.7)

High 9 (12.0)
Risk group (EAU), n (%)

Low 43 (57.3)

Intermediate 18 (24.0)

High 14 (18.7)

PUNLMP, papillary urothelial neoplasm of low malignant potential; EAU, european
association of urology.
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3.2. Intraoperative and postoperative
characteristics of the patients

Table 2 presents the intraoperative and postoperative data of
the patients. The mean operation time was 38.7 +20.4 min. No
Clavien grade 2 or above complications occurred. The duration
of catheter indwelling was 3.6 + 1.8 days. The hospital stay was
6.0 £2.3 days.

3.3. Recurrences

A total of 17 patients had a recurrence, and the RFS rate was
78.7% at median follow-up of 80 months (range, 3-107 months).
Figure 2 presents the Kaplan-Meier curve of RFS. The 1- and
3-year recurrence rates were 8% (6/75) and 20% (15/75),
respectively. The specific recurrence rates were 15.6% (10/64) and
63.6% (7/11) for stage Ta and T1 BC, respectively; 10.0% (1/10),
21.4% (12/56), and 44.4% (4/9) for PUNLMP, low-grade, and
high-grade BC, respectively; and 14.0% (6/43), 22.2% (4/18), and
50% (7/14) for
respectively (Table 3).

low, intermediate and high-risk group,

In the multivariable analysis (Table 4), the tumor risk groups
were independently associated with the recurrence-free survival
of NMIBC (intermediate risk group, HR=0.271, 95% CI: 0.087-
0.843, p=0.024; high risk group, HR=0.199, 95% CI: 0.052-

0.766, p =0.019).

4. Result

Prospective trials of transurethral partial cystectomy for
NMIBC are still lacking, especially regarding the long-term
outcomes of the 2-micrometer continuous wave laser. Therefore,
the aim of this study was to examine the long-term outcomes
and to explore the risk factors for tumor recurrence. The results
from the 75 patients suggest that RFS at a median follow-up
time of 80 month after transurethral partial cystectomy is 77.3%
and that the complications are mild. The tumor risk group and
multiple tumors were the
recurrence of NMIBC.

independently associated with

TABLE 2 Intraoperative and postoperative data.

Variables Patients (n=75)

Time of operation (min) 38.7+204
Intraoperative complications 0
Intraoperative special treatments

Implantation of ureteral stents 4
Dilation of urethra 1

Postoperative complications No complications of Clavien grade

2 or above
Duration of catheter indwelling (days) 36+1.8
Hospital stay (days) 6.0+23
Follow-up (months) 80 (3-107)
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FIGURE 2
Kaplan-Meier curve of recurrence-free survival in all patients (A) and in different risk group (B).

The 2-micrometer continuous wave laser was invented and first
used for NMIBC in 2009 by Yang et al. (15), who showed that it
could be used for the treatment of NMIBC in nine patients.
More recent studies showed that the operation time is around
25-48 min, depending upon tumor size and number of lesions
(17-20). In the present study, the operation time was 38.7 £
204 min, falling within the reported Regarding
complications, a meta-analysis of five studies by Bai et al. (12)
showed that the overall complication rate of the TURBT with a
2-micrometer continuous wave laser was 1.4% and that none

range.

were life-threatening, supporting the present study. Huang et al.
(21) reported that no complication occurred among 70 patients
treated with the 2-micrometer continuous wave laser. Similar
results were observed by Li et al. (22) in 136 patients.

Our first study of the 2-micrometer continuous-wave laser for
NMIBC did not assess recurrence (15). Liu et al. (23) compared
TURBT with the 2-micrometer continuous wave laser and
conventional TURBT in 60 patients, and reported no difference
in recurrences between the two groups, with 10.9%, 19.5%, and
31.3% at 1, 2, and 3 years for the 2-micrometer continuous-wave
and 10.7%, 22.9%, and 33.9%
approach. Another study by the same authors, with 120 patients

laser, for the conventional

this time, showed that the 1-year recurrence rate after treatment

with the 2-micrometer continuous-wave laser (12.0%) was lower
than with conventional TURBT (17.2%) and the holmium laser

TABLE 3 The recurrence rate of different subgroups of patients.

Variables Patients (n=17)
T-stage, n (%)
Ta (n=064) 10 (15.6)
T1 (n=11) 7 (63.6)
Grade, n (%)
PUNLMP (n =10) 1 (10.0)
Low (1 =56) 12 (21.4)
High (n=9) 4 (44.4)
Risk group (EAU), n (%)
Low (n=43) 6 (14.0)
Intermediate (n=18) 4 (22.2)
High (n=14) 7 (50.0)
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(25.0%) (17). Zhong et al. (24) (n=97) observed similar 2-year
recurrence rates between the 2-um laser and the holmium laser
(26.7% and 24.0%), both lower than with TURBT (31.0%).
Zhang et al. (18) reported a 3-year recurrence rate of 45.6%
among 149 patients who received 2-micrometer continuous-wave
laser TURBT. After a mean follow-up of 41 months, Li et al.
(22) reported an overall recurrence rate of 68%. In the present
study, the recurrence rate with median follow-up of 80 months is
22.7% among 75 patients, which is much lower than in the
previous studies presented above. The exact reason for this result
is unknown but could be due to the transurethral partial
cystectomy regarding the 2-micrometer continuous wave laser, or
to the sample size, the learning curve, the patient population/
selection criteria. In 2016, Huang et al. (21) reported a 2-year
recurrence rate of 10.9% among 70 patients treated with the
2-micrometer continuous-wave laser, which could support the
low rate observed in the present study.

In the present study, only tumor risk group was independently
associated with recurrence, with 14.0%, 22.2%, and 50% for the
low, intermediate, and high-risk groups, respectively. This is
supported by results by Zhang et al. (18), who showed
of 14.7%, 42.1%, and 62.5%
intermediate, and high-risk groups, respectively, but the rates in

recurrence rates for low,

TABLE 4 Multivariable analysis of recurrence-free survival.

Variables Multivariable 95% Cl

analysis

HR

Sex 0.960
Age 0.231
Smoking history 0.345
Risk 0.026
Low Reference
Intermediate 0.271 0.087-0.843 | 0.024
High 0.199 0.052-0.766 | 0.019
Maximum diameter of the 0.111
tumor
Multiple tumors 3.326 1.000-11.064 | 0.050

HR, hazard ratio; Cl, confidence interval.
Bold values indicate significant difference at p < 0.05.
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the study by Zhang et al. (18) were higher than in the present
study. On the other hand, Li et al. (22) reported no significant
differences among the three risk groups (62%, 65%, and 71%).
Again, this could be due to the sample size, the learning curve,
or to the patient population.

Of course, the present study has limitations. The sample size
was from a single institution and was relatively small. In
addition, there was no comparator group. Differences in the
recurrence rate could hint toward a bias from the learning curve
or the incision of tumors with full-thickness detrusor muscle
layers at the base and around the tumors, which could be further
explored in future studies.

5. Conclusion

In conclusion, the present study suggests that the recurrence
rate with median follow-up of 80 months after transurethral
partial cystectomy with a 2-micrometer continuous-wave laser
was 22.7%, representing a good curative effect. The tumor risk
group was independently associated with the recurrence of
NMIBC. All complications were mild. However, retrospective
analysis and prospective cohort study would be conducted to
verify the curative effect. In view of the above, this surgical
treatment may be expected to play an important role in bladder-
preserving tri-modality therapy for patients with MIBC.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by Ethics Committee of the Fourth Medical Center of
the Chinese PLA General Hospital. The patients/participants

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global
cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries. CA Cancer ] Clin. (2021) 71(3):209-49. doi: 10.3322/caac.21660

2. Flaig TW, Spiess PE, Agarwal N, Bangs R, Boorjian SA, Buyyounouski MK, et al.
Bladder cancer, version 3.2020, NCCN clinical practice guidelines in oncology. J Natl
Compr Canc Netw. (2020) 18(3):329-54. doi: 10.6004/jnccn.2020.0011

3. Sanli O, Dobruch ], Knowles MA, Burger M, Alemozaffar M, Nielsen ME, et al.
Bladder cancer. Nat Rev Dis Primers. (2017) 3:17022. doi: 10.1038/nrdp.2017.22

4. Babjuk M, Burger M, Compérat EM, Gontero P, Mostafid AH, Palou J, et al.
European association of urology guidelines on non-muscle-invasive bladder cancer
(TaT1 and carcinoma in situ) - 2019 update. Eur Urol. (2019) 76(5):639-57.
doi: 10.1016/j.eururo.2019.08.016

5. Witjes JA, Bruins HM, Cathomas R, Compérat EM, Cowan NC, Gakis G, et al.
European association of urology guidelines on muscle-invasive and metastatic
bladder cancer: summary of the 2020 guidelines. Eur Urol. (2021) 79(1):82-104.
doi: 10.1016/j.eururo.2020.03.055

Frontiers in Surgery

10.3389/fsurg.2023.1117997

provided their written informed consent to participate in this
study.

Author contributions

YX, HY and YL: contributed to conception and design of the
study. GZ, SJ, YY and XY: organized the database. YL, JG and
XZ: performed the statistical analysis. YL: wrote the first draft of
the manuscript. YX, HY and HM: finished the work of writing -
review and editing the manuscript. All authors contributed to the
article and approved the submitted version.

Funding

This study was funded by the Applied Research and
Achievement  Promotion  Project of Capital  Clinical
Characteristics (grant no. Z151100004015001). The funders had
no role in study design, data collection, and analysis, decision to
publish, or preparation of the manuscript.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed
or endorsed by the publisher.

6. DeGeorge KC, Holt HR, Hodges SC. Bladder cancer: diagnosis and treatment. Am
Fam Physician. (2017) 96(8):507-14.

7. Lenis AT, Lec PM, Chamie K, Mshs MD. Bladder cancer: a review. JAMA. (2020)
324(19):1980-91. doi: 10.1001/jama.2020.17598

8. Freedman ND, Silverman DT, Hollenbeck AR, Schatzkin A, Abnet CC.
Association between smoking and risk of bladder cancer among men and women.
JAMA. (2011) 306(7):737-45. doi: 10.1001/jama.2011.1142

9. Gontero P, Sylvester R, Pisano F, Joniau S, Oderda M, Serretta V, et al. The impact
of re-transurethral resection on clinical outcomes in a large multicentre cohort of
patients with T1 high-grade/grade 3 bladder cancer treated with bacille Calmette-
Guérin. BJU Int. (2016) 118(1):44-52. doi: 10.1111/bju.13354

10. Baltact S, Bozlu M, Yildirim A, Gékge M, Tinay I, Aslan G, et al. Significance of
the interval between first and second transurethral resection on recurrence and
progression rates in patients with high-risk non-muscle-invasive bladder cancer
treated with maintenance intravesical Bacillus Calmette-Guérin. BJU Int. (2015) 116
(5):721-6. doi: 10.1111/bju.13102

frontiersin.org


https://doi.org/10.3322/caac.21660
https://doi.org/10.6004/jnccn.2020.0011
https://doi.org/10.1038/nrdp.2017.22
https://doi.org/10.1016/j.eururo.2019.08.016
https://doi.org/10.1016/j.eururo.2020.03.055
https://doi.org/10.1001/jama.2020.17598
https://doi.org/10.1001/jama.2011.1142
https://doi.org/10.1111/bju.13354
https://doi.org/10.1111/bju.13102
https://doi.org/10.3389/fsurg.2023.1117997
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

Lu et al.

11. Nieder AM, Meinbach DS, Kim SS, Soloway MS. Transurethral bladder tumor
resection: intraoperative and postoperative complications in a residency setting.
J Urol. (2005) 174(6):2307-9. doi: 10.1097/01.ju.0000181797.19395.03

12.Bai Y, Liu L, Yuan H, Li ], Tang Y, Pu C, et al. Safety and efficacy of transurethral
laser therapy for bladder cancer: a systematic review and meta-analysis. World ] Surg
Oncol. (2014) 12:301. doi: 10.1186/1477-7819-12-301

13. D’Souza N, Verma A. Holmium laser transurethral resection of bladder tumor:
our experience. Urol Ann. (2016) 8(4):439-43. doi: 10.4103/0974-7796.190815

14. Teng JF, Wang K, Yin L, Qu FJ, Zhang DX, Cui XG, et al. Holmium laser versus
conventional transurethral resection of the bladder tumor. Chin Med J. (2013) 126
(9):1761-5. doi: 10.3760/cma.j.issn.0366-6999.20122705

15. Yang Y, Wei ZT, Zhang X, Hong BF, Guo G. Transurethral partial cystectomy
with continuous wave laser for bladder carcinoma. J Urol. (2009) 182(1):66-9. doi: 10.
1016/j.juro.2009.02.154

16. Wang W, Liu H, Xia S. Thulium laser treatment for bladder cancer. Asian J Urol.
(2016) 3(3):130-3. doi: 10.1016/j.ajur.2016.05.002

17. Liu H, Wu J, Xue S, Zhang Q, Ruan Y, Sun X, et al. Comparison of the safety and
efficacy of conventional monopolar and 2-micron laser transurethral resection in the
management of multiple nonmuscle-invasive bladder cancer. J Int Med Res. (2013) 41
(4):984-92. doi: 10.1177/0300060513477001

18. Zhang XR, Feng C, Zhu WD, Si JM, Gu BJ, Guo H, et al. Two micrometer
continuous-wave thulium laser treating primary non-muscle-invasive bladder

Frontiers in Surgery

07

10.3389/fsurg.2023.1117997

cancer: is it feasible? a randomized prospective study. Photomed Laser Surg. (2015)
33(10):517-23. doi: 10.1089/pho.2015.3913

19. Migliari R, Buffardi A, Ghabin H. Thulium laser endoscopic en bloc enucleation
of nonmuscle-invasive bladder cancer. ] Endourol. (2015) 29(11):1258-62. doi: 10.
1089/end.2015.0336

20. Chen X, Liao J, Chen L, Qiu S, Mo C, Mao X, et al. En bloc transurethral
resection with 2-micron continuous-wave laser for primary non-muscle-invasive
bladder cancer: a randomized controlled trial. World ] Urol. (2015) 33(7):989-95.
doi: 10.1007/s00345-014-1342-1

21. Hu YY, Peng M, Yao XD. Comparative study of 2um laser versus Ho Imium
Laser for the resectionof non-muscle invasive bladder cancer. Int J Clin Exp Med.
(2015) 5(4). doi: 10.4172/2161-1076.1000246

22. Li K, Xu Y, Tan M, Xia S, Xu Z, Xu D. A retrospective comparison of thulium
laser en bloc resection of bladder tumor and plasmakinetic transurethral resection of
bladder tumor in primary non-muscle invasive bladder cancer. Lasers Med Sci. (2019)
34(1):85-92. doi: 10.1007/s10103-018-2604-8

23. Liu H, Xue S, Ruan Y, Sun X, Han B, Xia S. 2-micrometer Continuous wave laser
treatment for multiple non-muscle-invasive bladder cancer with intravesical
instillation of epirubicin. Lasers Surg Med. (2011) 43(1):15-20. doi: 10.1002/Ism.21014

24. Zhong C, Guo S, Tang Y, Xia S. Clinical observation on 2 micron laser for non-
muscle-invasive bladder tumor treatment: single-center experience. World J Urol.
(2010) 28(2):157-61. doi: 10.1007/500345-010-0532-8

frontiersin.org


https://doi.org/10.1097/01.ju.0000181797.19395.03
https://doi.org/10.1186/1477-7819-12-301
https://doi.org/10.4103/0974-7796.190815
https://doi.org/10.3760/cma.j.issn.0366-6999.20122705
https://doi.org/10.1016/j.juro.2009.02.154
https://doi.org/10.1016/j.juro.2009.02.154
https://doi.org/10.1016/j.ajur.2016.05.002
https://doi.org/10.1177/0300060513477001
https://doi.org/10.1089/pho.2015.3913
https://doi.org/10.1089/end.2015.0336
https://doi.org/10.1089/end.2015.0336
https://doi.org/10.1007/s00345-014-1342-1
https://doi.org/10.4172/2161-1076.1000246
https://doi.org/10.1007/s10103-018-2604-8
https://doi.org/10.1002/lsm.21014
https://doi.org/10.1007/s00345-010-0532-8
https://doi.org/10.3389/fsurg.2023.1117997
https://www.frontiersin.org/journals/surgery
https://www.frontiersin.org/

	Long-term effect of transurethral partial cystectomy with a 2-micrometer continuous-wave laser for non-muscle-invasive bladder cancer
	Introduction
	Materials and methods
	Study design and subjects
	Surgical methods and postoperative management
	Data collection and definitions
	Follow-up
	Statistical analysis
	Patient and public involvement

	Results
	Characteristics of the patients
	Intraoperative and postoperative characteristics of the patients
	Recurrences

	Result
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Publisher's note
	References


