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( REVIEW )

A Systematic Review and Meta- Analysis of Green-Light Laser Vaporization for Superficial Bladder

Cancer

Zhi Xu'?,*, Guifen Gan',*, Guojun Chen?, Guanlin Wu**

Purpose: The related research of green-light laser vaporization in the treatment of non-muscle invasive bladder
cancer (NMIBC) is limited. This study focused on analyzing the effectiveness and safety of it from the perspective
of an extensive literature review.

Methods: A comprehensive search of CNKI, WanFang, VIP, PubMed, Embase, and CENTRAL databases for
photoselective vaporization of bladder tumor and transurethral resection of bladder tumor treatment of non-mus-
cle invasive bladder cancer (NMIBC). The search included studies from January 1996 to December 2019. Two
reviewers independently screened literature, extracted data, assessed the risk of bias of included studies. RevMan
5.3 software was used for Meta-analysis.

Results: A total of 18 RCTs involving 1648 patients met the predefined criteria. Meta-analysis data demonstrated
that the PVBT group exhibited a significant advantage over the TURBT group in intraoperative obturator nerve
reflex (RR = 0.09, 95% CI [0.04, 0.18], P < 0.001) and bladder perforation (RR = 0.14, 95% CI [0.07, 0.28], P <
0.001) and postoperative 1-year recurrence (RR = 0.52, 95% CI [0.40, 0.67], P<0.001). The PVBT procedure has
advantages over TURBT in the amount of surgical bleeding (MD = —17.27, 95% CI [-24.73, —9.81], P < 0.001)
and the length of hospital stay (MD = —2.80, 95% CI [-3.82, —1.87], P < 0.001), bladder irrigation time (MD =
—0.95, 95% CI [-1.49, —0.42], P< 0.001), and catheter indwelling time (MD = —2.60, 95% CI [-3.30, —1.90], P <
0.001). There was no difference between the two types of surgery in the incidence of postoperative urethral stric-
ture (RR = 0.53, 95% CI [0.15, 1.83], P = 0.32) and the length of surgery (MD = —2.46, 95% CI [-5.37, 0.46], P
=0.10).

Conclusion: Our systematic review and meta-analysis suggests that PVBT is better than TURBT as an alternative
treatment for patients with NMIBC in safe aspect. However, whether it is equally effective in terms of oncological
control remains to be elucidated, and additional high quality RCTs are needed to confirm our findings.
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INTRODUCTION

y incidence, bladder cancer ranks seventh among

systemic malignancies and first among urinary tu-
mors . With an emphasis on painless gross hematuria
and the extensive use of ultrasound, CT (computerized
tomography), cystoscopy, and urine, the early diagno-
sis of bladder cancer has been significantly improved".
Under the new lymph node, tumor, metastasis (NTM)
staging method, bladder cancer can be divided into
non-muscle-invasive bladder cancer (stages Tis, Ta,
T1) and muscle-invasive invasive bladder cancer (stag-
es T2 or higher). Approximately 70-80% of patients
with bladder cancer present with non-muscle-invasive
bladder cancer NMIBC (formerly known as superfi-
cial bladder cancer)®. NMIBC has a high recurrence
rate, and the recurrence rate after the first operation can
exceed 50%. The treatment and prognosis of bladder
cancer are closely related to the stage classification and
postoperative treatment. The treatment of NMIBC is

mainly based on partial surgery and complete resection
of the tumor plus postoperative intravesical instillation
of chemotherapy drugs to prevent recurrence. At pres-
ent, the surgical treatment recommended by the guide-
lines domestically and abroad is transurethral resection
of the bladder tumor (TURBT)® ¥ and is the preferred
treatment of NMIBC. TURBT is a high-frequency elec-
tric transurethral resection of tumor tissue which re-
quires no incision on the surface. It can be repeated, and
it involves less trauma and is subject to a quicker recov-
ery than other surgical methods. However, TURBT is
prone to intraoperative obturator nerve reflex, bladder
perforation, and other problems such as dilutive hypon-
atremia and transurethral resection syndrome, and the
recurrence rate is high®. TURBT can also cause mi-
crovascular and lymphatic vessels to rupture, and the
cut tumor tissue can become disseminated within the
bladder, increasing the probability of tumor lymphatic
metastasis and distant implantation in vivo®.Since the
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Table 1. List of basic characteristics of the incorporated literature

Inclusive Number of cases P Average age (years) Male patient Female patient Base-line Follow-up
study VBT/TURBT PVBT/TURBT PVBT/TURBT PVBT/TURBT comparability outcome

Xu et al. 2015 [29] 99/94 63.06/62.82 80/76 19/18 Yes OROE@O®G®
Lietal. 2017 [12] 34/30 49.6/50.7 20/16 14/14 Yes R
Zhang et al. 2016 [13] 43/43 56.41/52.29 28/26 15/17 Yes @@@@@
Wang et al. 2016 [14] 60/60 57.23/57.65 33/32 27/28 Yes DEOEEDE

Liu 2015 [15] 43/43 62.3/60.5 31/29 12//14 Yes @A) EIENS,
Han et al. 2015 [16] 59/59 65.29/65.76 32/31 27/28 Yes DEE@@DE
Liu et al. 2015 [17] 31/30 53.20/51.93 23/21 8//9 Yes DEOEEE
Shen et al. 2015 [18] 120/120 54.2% 108* 132% Yes 006060000,
Wen et al. 2014 [19] 30/30 56/57 23/22 /8 Yes 00000000
Ge et al. 2011 [20] 24/24 46.5% 27% 21% Yes Q@@C
Luo et al. 2011 [21] 28/28 60.5% 43%* 13* Yes D2OEEDEO
Cao and Cao 2011 [22] 46/47 56/58 25/26 2121 Yes ME@EE
Lictal. 2010 [23] 35/35 65/62 26/25 9//10 Yes TROEETEE
Wang et al. 2009 [24] 44/51 59.71/58.6 29/42 15//9 Yes EDIEDICD
Huo et al. 2008 [25] 35/32 56/52 26/26 9//6 Yes VROBLOE
Deng et al. 2008 [26] 42/42 62/58 23/24 19/18 Yes (LEHD(BE)(E,
Liu and Li 2007 [27] 20/20 65.5/62.5 1515 5/5 Yes DZDEE®
Jiang et al. 2006 [28] 42/25 65% 57* 10% Yes DRE@®EE

Note: (1) *data is recorded in the index document but not grouped; (2) Outcome indicators: (1)
obturator nerve reflex; (2) bladder perforation; (3) urethral stricture; (4) recurrence; (5) time
required for surgery; (6) surgical bleeding volume; (7) hospitalization time; catheter indwelling
time; (9) bladder irrigation time. Abbreviations: PVBT, photoselective vaporization of bladder

tumor; TURBT, transurethral resection of bladder tumor.

end of the last century, laser technology has been used
throughout urology. This technology has been widely
used in clinical practice due to its safety, minimal in-
vasiveness, and a positive therapeutic effect”. In 2002,
Laserscope pioneered the 80W green laser surgery sys-
tem and applied it to benign prostatic hyperplasia. Since
then, green laser has emerged as a new technology for
the treatment of urinary diseases®. The green laser
(KTP laser) is easily absorbed by oxidized hemoglobin,
but it is not easily absorbed by water, so it is called "se

lective light." As a result, it can better utilize its energy
in human tissues to generate thermal energy, thus caus-
ing a vaporization effect. The green laser surgery sys-
tem is mainly limited to the shallow surface of the tissue
surface with a depth of approximately 0.8 mm. At the
same time the tissue is vaporized, a solidification zone
of 1-2 mm is formed on the surface of the tissue, which
facilitates a strong hemostasis. Another advantage of
the green laser is that it does not produce an electric
field effect. In theory, it can avoid the stimulation of
the obturator nerve by the current as well as induce
nerve reflex, which reduces the incidence of bladder
perforation®'”. We performed a systematic review of
RCTs using meta-analysis to determine whether there
are any differences between the intraoperative and post-
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operative outcomes, in addition to oncologic outcomes,
between these two approaches, in order to determine
whether transurethral laser treatment techniques can be
appropriate alternatives to TURBT.

METHODS

The search terms and search strategies were developed
according to the Cochrane Handbook for Systematic
Reviews of Interventions'". The search languages were
Chinese and English, and the CNKI, VIP, WangFang,
CBM, PubMed, EMBase, and the Cochrane Library da-
tabases were utilized for this study. The databases were
searched from January 1996 until December 2019. The
corresponding search terms were “laser,” “KTP la-
ser,” “electric resection,” “bladder tumor,” and “green
laser” and “urinary bladder neoplasms.” Some of the
search terms had no subject word correspondence, such
as “NMIBC,” so the search was supplemented by free
words and synonyms, such as "green laser", "greenlight
laser", "PVBT", "KTP", "urinary bladder neoplasms",
"bladder neoplasm", "bladder tumor", "urinary blad-
der cancer" and "bladder cancer". Additionally, search
terms were linked together via using the appropriate
logical operators, synonyms were connected with “or

“and” was applied to search terms with different mean-
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Table 2 List of quality evaluation of the incorporated literature

Inclusion study Generation of Randomized Blind Withdrawal and Score
random sequences hiding method loss of follow-up
Yansheng Xu, 2015 Computer generated Sealed envelope Single Described and 7
randomly blind pro-cessed
Yijian Li, 2017 Random test with-out No clear Not Not 2
describing method described described
Jianchao Zhang, 2016 Computer generated randomly  computer control Not Not 4
described described
Zhancheng Wang, 2016 Random test with-out No clear Not Not 2
describing method described described
Kun Liu, 2015 Random number table method  No clear Not Not 3
described described
Qianhe Han, 2015 Random number table method  No clear Not Not 2
described described
Zhifeng Liu, 2015 Random test with-out No clear Not Not 2
describing method described described
Yizhen Shen, 2015 Random number table method  No clear Not Not 3
described described
Yongan Wen, 2014 Random test with-out No clear Not Not 2
describing method described described
Guangcheng Ge, 2011 Random test with-out No clear Single Not 3
describing method blind described
Bin Luo, 2011 Random test with-out No clear Not Not 2
describing method described described
Shiyi Cao, 2011 Random test with-out No clear Single Not 3
describing method blind described
Jian Li, 2010 Random test with-out No clear Not Not 2
describing method described described
Li Wang, 2009 Random test with-out No clear Not Describe the 3
describing method described loss of follow-up
Lizhi Huo, 2008 Random test with-out No clear Not Not 2
describing method described described
Gang Deng, 2008 Random test with-out No clear Single Not 3
describing method blind described
Weijun Liu, 2007 Random test with-out No clear Not Not 2
describing method described described
Shaobo Jiang, 2006 Random test with-out No clear Not Not 2

describing method

described described

Note: 1-3 points are considered general quality and 4-7 points are considered high quality.

ings.

For a study to be considered eligible, it had to meet the
following criteria: (1) It was a randomized controlled
clinical trial; (2) The study subjects were patients di-
agnosed with NMIBC; (3) The experimental group
was treated with transurethral bladder tumor green la-
ser selective vaporization (PVBT group) and the con-
trol group was treated with transurethral resection of
bladder tumor (TURBT group).(4) Research indicators
must include at least four or more of the following in-
dicators, such as the amount of surgical bleeding and
the length of hospital stay, bladder irrigation time, and
catheter indwelling time, urethral stricture, obturator
nerve reflex and bladder perforation and postoperative
recurrence rate. Studies were excluded if they met the

following criteria: (1) Non-randomized controlled tri-
als; (2) Too small of a total sample size (<40 cases ren-
dered the complication index difficult to observe); (3)
The original research data could not be obtained even if
you contact the original author by email or other means.
The study was a repeat publication, or the original data
record was incomplete; (4) Presence of upper urinary
tract tumors and other operations at the same time; (5)
Non-green lasers such as helium neon, holmium laser,
red laser, 2 um laser, and semiconductor laser, among
others; (6) There were too few outcome indicators.

The search process was completed by two independ-
ent researchers (Xu, and Wu). If there was any disa-
greement in the search process, Professor Chen would
provide professional advice and a re-search may have

Vol 17 No 06 |November-December 2020 |580
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Obtain relevant literature through database search (r=560)

CNKI=319) WanFang(n=17) VIP(r=2) PubMed(n=203)
Embase(n=16) CENTRAL(n=3)

Y

Literature obtained by remaving duplicate
documents(n=503)

L

Literature abtained by reading the titles
and abstracts (n=27E)

Literature obtained by inclusion and
exclusian criteria (n=28)

v

Literature obtained by reading the
full text (n=18)

Y

Literature included in the analysis (n=18)

Figure 1. Studies identified, included and excluded.

been completed. In the end, Professor Chen will check
whether the retrieval process and the retrieval results
are correct. The quality of the included research litera-
ture was evaluated based on the improved Jadad scale.
The evaluation of literature quality is mainly based on
the following aspects: random sequence generation,
random hiding, blind method implementation, exit and
loss of follow-up.

Study parameters included duration of surgery, intraop-
erative blood loss, length of hospital stay, duration of
catheterization, bladder irrigation, obturator nerve re-
flex, bladder perforation, tumor recurrence, and urethral
stricture. Meta-analysis was performed using RevMan
5.3 statistical software (London, United Kingdom). The
count data took Relative Risk (RR) as the effect index,
and the measurement data used Mean Difference (MD)
as the effect index. Each effect amount provided a point
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A: Obturator nerve reflex

TURBT Risk Ratio Risk Ratio

Study or Subarouy Events Total Fvents Total Weight M.H,Fixed, 95% Cl Year ML, Fixed, 95% CI
Jiang shaoho 2006 0 42 9 25 126% 003(0.00,052) 2006
Liuweijun 2007 0 2 2 20 27% 0200.01,392) 2007 —
Huo lzhi 2008 0 3 5 32 61% 008(0.00,145 2008 T
Wangli 2009 0 44 8 51 84% 007(0.00,115 2009
Lijian 2010 0 3 5 35 §8% 009(001,158 2010 —————
Luo bing2011 0 2 6 28 69% 008(000,130) 2011 ————
Ge guangeheng 2011 0 24 8 24 a0% 006(0.00,097) 2011
Liu zhiteng 2015 0 3 4 30 48%  011[001,192 2015 ————
Yansheng Xu 2015 0 9 13 94 147% 004(000,058 2005 —
Han gianhe 2015 0 5 6 59 69% 008(0.00,134 2015
Shen gezheng 2015 0 120 6 120 69% 008(0.00,135 2015
Liukun 2015 0 43 5 43 58% 009[0.01,159 2015
‘Wang zhancheng 2016 2 80 1 60 11% 200(0.19,2147) 2016 =
Liyiian 2017 0 3 7 30 84% 0060000009 2007 ———
Total (95% CI) 674 651 100.0%  0.09(0.04,0.18] >
Total everts 2 85
Heterogenelty: Ch*= 8.00, df= 13 (P = 0.84); F= 0% —_—
Test for overall effect Z= 6.91 (P < 0.00001) Bt 88 T U ==
B: Bladder perforation
PVBT TURBT Risk Ratio Risk Ratio
Study or Subgroup __Events Total Events Total Weight M.H,Fixed, 95%CI_Year MK, Fixed, 95% CI
Jiang shaoko 2006 142 6 25 133%  010(001,078) 200 ——
Liuweijun 2007 020 2 20 44%  020(0.01,392) 2007 —
Deng gang 2008 0 42 3 42 62% 014{001,268 2008 —
Huo lizhi 2008 035 2 32 4%  018(0.01,368) 2008 —
Wangli 2009 0 4 1 51 25% 039002927 2008 —
Lijian 2010 035 2 35 44%  020(001,402 2010 —
Ca0 shiyi 2011 0 46 3 47 B1%  015(001,275 2011 — T
Luo bing2011 0 28 2 28 44% 020(001,399 2011 —1
Ge guangeheng 2011 10247 24 123%  014(002,1.07) 2011 =
Shen gezheng 2015 0 120 5 120 97% 009(001,163 2015 N
Liuzhifeng 2015 0 3t 330 63% 014[001,257) 2015 —
Liu kun 2015 0 43 4 43 79%  011(001,200 2015 S —
Yansheng Xu 2015 099 5 94 100% 009(0.00,154 2015 T
Han gianhe 2015 0 59 4 59 79% 041(0.01,202 2015 —
Total (95% CI) 668 650 100.0%  0.14[0.07,0.28] L 4
Total events 2 49
Heterogeneity: Chi*= 0.94, df= 13 (P = 1.00); P= 0% T T
0,001 01 10 1000
Testfor overall effect: 2= 5.35 (P < 0.00001) PVBT TURST

C: Time required for procedure (minutes)

PVBT TURBT Mean Diference Mean Difference
StudyorSubgroup  Mean  SD Total Mean SO Total Weight IV,Random,95%Cl Year IV, Random, 95% CI
Liuweijun 2007 7 53 20 3 35 20 82%  -400(678-1.22 2007 -
Huo lizhi 2008 45 98 3% N3 87 N T4% 320(1.23,763) 2008 =

Lijian 2010 709 668
Luo bing2011 %4 62
Wen yongan 2014 24

35 2989 1005 35 76%
8 273 98 28 74%
0 15 68 30 81%
Liuzhifeng 2015 2579 914 31 2139 897 30 73%
Liukun 2015 286 95 43 302 104 43 75%
Shen gezheng 2015 82 B3 120 25 57 120 87%
Han gianhe 2015 2716 358 59 3628 732 50 85%
Yangheng Xu 2015 3217 251 99 3362 1851 94 63%
Wangzhancheng 2016 2345 512 60 2155 681 60 85%

280(680,1.20] 2010 |
190£620,240) 2011 =
090(212,392) 2014 T
440£014,894) 2015 ~—
160¢581,261) 2015 =T
1801332026) 2015 #

01201120704 2015 =
A451765,478] 2015 =

190(0.26, 406] 2016 r

Thangjianchao 2016 2871 1326 43 §1.26 194 43 68% 257020901724 2006 ——
Liyiian 2017 B TN M M2 85 W TM%  160F227,547) 2017 T

Total (95% ) 624 1000%  -2.461537,046] *
Heterogeneity. Tau*= 24,89, Ch= 136,97, df= 12 (P < 0.00001); F= 1% o T
Testforoveralefect 2= 1.65 (= 0.10) AT TR

D: Intraoperative blood loss (cc)

PVBT TURBT Mean Difference
Mean SD Total Mean SD Total Weight IV.Random, 95% Cl Year

Mean Difference

Study or Subgroup IV, Random, 95% C1

Liuweijun 2007 45 11 20 57 13 20 127%  -1.2011.95-045) 2007

Huo lizhi 2008 382125 35 601 94 32 120% -2690(3217,-2163) 2008 "

Lijian 2010 566 173 36 2503 1051 35 124% -1937(2290,-1584) 2010 £

Luo bing2011 116 166 28 457 1051 28 123% -3410(38.04,-30.16] 2011 -

Wenyongan 2014 67 12 30 165 87 30 125% -980(1294,-656] 2014 =

Han gianhe 2015 583 064 50 2365 277 59 127% -178211855,-17.09 2015

Shen gezheng 2015 262 51 120 463 81 120 127% -20.1042181,-1839] 2015 b
Wangzhancheng 2016~ 676 124 60 1657 876 60 126% -981[1205-757) 2016 ;.2

Total (95¢% CI) 37 384 100.0% -17.27[-24.73,-981] <&
Heterogeneity. Tau?= 113.48; Chi*= 129,95, df= 7 (P < 0.00001); F= 99% 5 @
Testfor overall effect Z= 4.54 (P <0.00001) PVET TURBT

Figure 2. Meta-analysis comparing PVBT and TURBT in NMIBC
with respect to the issues following the procedure.(A) Obturator
nerve reflex. (B) Bladder perforation. (C) Time required for sur-
gery (minutes). (D) Intraoperative blood loss (cc). PVBT: pho-
toselective vaporization of bladder tumor; TURBT: transurethral
resection of bladder tumor; NMBIC: non-muscle invasive bladder
cancer.

estimate and a 95% Confidence Interval (CI). First, het-
erogeneity analysis was carried out for each study. The
X2 test was also carried out (the test level was set to O
= 0.1), and the heterogeneity was judged by I2. If the
studies were homogenous (I2< 50%), a meta-analysis
was performed using a fixed effect model. If the studies
were heterogeneous (12> 50%), a random effects model
was used for meta-analysis. For obvious heterogenei-
ty, sensitivity analysis and other methods were used for
processing. The test level for the meta-analysis was O
=0.05.

Sensitivity analysis was not performed on the research
indicators with good homogeneity in the included stud-
ies. For the indicators with greater heterogeneity, two
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A: Urethral stricture

VBT TURBT Risk Ratio Risk Ratio
Study or Subgrou Events Total Events Total Weight M.H,Fixed, 95% Cl_Year M.H, Fixed, 95% CI
Jiang shaobo 2006 0 42 3 25 686% 009000161 2006 — M1
Ge guangeheng 2011 0 24 1 24 236% 033001,760) 2011 —T
Shen gezheng 2015 2 120 0 120 7.9% 500[0.24,103.06] 2015 R B —
Total (95% €1 186 169 100.0%  053[0.15, 1.83] -
Total events 2 4
Heterogeneity. Chi*= 3.68, df= 2 (P = 0.16); F= 46% k|
0.001 01 10 1000
Testfor overall effect: Z= 1.00 (P= 0.3 PVBT TURBT
B: Tumor recurrence
PVBT URBT Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M.H,Fixed, 95%Cl Year M-H, Fixed, 95% CI
Jiang shaobo 2006 2 8 25 68% 0520021126 2006 t
Liu weijun 2007 1 20 1 20 07% 1.00(0.07,14.90] 2007 -1
Huo lizhi 2008 2 35 7 32 49% 026[0.06,1.17] 2008
Deng gang 2008 2 42 3 & 20% 067(012,379 2008 —_— Tt
Wangli 2009 M 44 14 51 88%  091[0451.80 2009 —
Lijian 2010 3 35 8 35 54% 038[0.11,1.30) 2010 T
Luo bing2011 3 28 728 47% 043012149 2011 I
Cao shiyi 2011 4 46 4 47 27% 1020027384 2011 —T
Ge guangcheng 2011 124 10 24 68% 010001072 2011
‘Wen yongan 2014 0 30 1 30 10% 033[0.01,787] 2014 —
Liu kun 2015 3 43 7 43 47% 043012155 2015 —
Vansheng Xu 2015 21 8 26 04 180% 077(045,127) 2015 —r
Liu zhifeng 2015 3 A 4 30 27% 073[0.18,297) 2015 T
Shen gezheng 2015 9 120 22 120 149%  041(0.20,085) 2015 =E
Zhang jianchao 2016 3 43 10 43 68% 030009102 2016 —
Wang znancheng 2016 160 7 60 47% 014002113 2016 T
Liviian 2017 4 3 B 30 43% 0590018189 2017 —
Total (95% CI) 776 754 100.0%  0.52[0.40,067] *
Tatal events 7 145
Heterogeneity: Chi*= 13.23, df= 16 (P = 0.66); I*= 0% O T
Testfor overall effect Z= 5.11 (P < 0.00001) PVBT TURBT
C: Length of hospital stay (days)
PVBT TURBT Mean Difference Mean Difference
Study or Subarowp ___ Mean _SD Total Mean D Total Weight_IV, Random, 95% CI_Year IV, Random, 95% C1
Huo lzhi 2008 35 06 35 38 07 32 103% -030(061,001) 2008 -
Lijian 2010 334 064 35 543 122 35 101% -208[255,-163) 2010 =
Luobing2011 47 06 28 77 03 28 103% -300(325-275 2011 -
‘Wenyongan 2014 35 12 30 56 2 30 97% -210[-293-1.27) 2014 ol
Shen gezheng 2015 71 34 120 135 46 120 94% -6.40[7.42,-538) 2015 .
Han gianhe 2015 358 055 50 637 087 59 103% -279(-305,-253) 2015 b
Yansheng xu 2015 253 078 99 385 250 94 101% 132187077 2015 -
Zhang jianchao 2016 628 049 43 1211 135 43 102% -583[6.26,-540] 2016 ks
‘Wang zhancheng 2016 36 121 60 57 209 60 100% -210(271,-149) 2016 -
Liyijian 2017 41 18 34 64 13 30 98% -230[306,-154 2017 -
Total (95% CI) 531 100.0% -280(-3.82,-1.78] >
Heterogeneity: Tau*= 2.63; ChP*= 519.22, df= 9 (P < 0.00001); P = 98% — T
Testfor overall efect 2= 5.37 (P < 0.00001) PVBT TURBT
D: Duration of catheterization (days)
PVBT TURBT Mean Difference Mean Difference
Study or Subgrouy Mean SD Total Mean SD Total Wei IV, Random, 95% CI _Year IV, Random, 95% C1
Huo lizhi 2008 23 05 35 32 04 32 90% -0.901.12,-0.68] 2008 9
Lijian 2010 169 072 3 417 127 35 B7% 248296200 2010 5
Luo bing2011 38 05 28 52 06 28 89% -1.4041.69,-1.11] 2011 N
Wen yongan 2014 101 052 30 203 069 30 89% -1.0211.33,-0.71] 2014 8
Liu kun 2015 17 04 43 42 2 43 85% -250(3.11,-1.89] 2015 -
Yansheng Xu 2015 141 086 99 262 213 94 88% -1.2111.66,-0.76] 2015 g
Liuzhifeng 2015 515 202 31 588 188 30 77% -073(1.71,025] 2015 N
Shen gezheng 2015 19 56 120 361 69 120 62% -17.10[1869,-1551] 2015 o
Han gianhe 2015 231 045 59 356 072 59 9.0% -1.25[1.47,-1.03 2015
‘Wang zhancheng 2016 101 052 60 204 069 60 90% -1.0311.25,-0.81] 2016
Zhangfanchao2016 513 244 43 925 267 43 75%  -4121520.304 2016 =
Liyijian 2017 47 22 34 65 15 30 79% -180(2.71,-0.89] 2017 )
Total (95% CI) 617 604 100.0% -2.60[-3.30,-1.90] +
Helerogeneily: Tau?= 1.40; ChF = 466.67, 0= 11 (P < 0.00001); F= 96% Y. T " T

Test for overall effect Z=7.29 (P < 0.00001) i PveT rupsrm

E: Bladder irrigation (days)

PVBT TURBT Mean Difference Mean Difference
Studyor Subgrowp __ Mean _SD_Total Mean D Total Weight IV, Random, 95%Cl_Year W, Random, 95% CI

Huo izhi 2008 17 03 3 35 06 32 142% -180(203-157) 2008 >
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Figure 3. Meta-analysis comparing PVBT and TURBT in NMIBC
with respect to the issues post-procedure. (A) Urethral stricture.
(B) Tumor recurrence. (C) Length of hospital stay (days). (D)
Duration of catheterization (days). (E) Bladder irrigation (days).
PVBT: photoselective vaporization of bladder tumor; TURBT:
transurethral resection of bladder tumor; NMBIC: non-muscle in-
vasive bladder cancer.

methods, single-removal method and selection model
analysis method, were used for sensitivity analysis. If
there is no difference in the results of two methods, the
meta-analysis is reliable. If there are differences in the
results of the sensitivity analysis, it is suggested that
there are factors that affect the effectiveness of the in-
tervention, and caution must be exercised when inter-
preting the results and drawing conclusions.

For research indicators with more than 10 included arti-
cles, funnel charts were used to determine whether there
is publication bias. If the points are evenly distributed
on both sides of the midline in the funnel chart, it indi-
cates that there is no publication bias. On the contrary,
there is publication bias. If there is too little relevant

literature for an index, no funnel chart was made.

RESULTS

Through the preliminary search, 560 literatures were
obtained, and 18 literatures were obtained by reading
the title, abstract and full text of the articles and refer-
ring to the inclusion and exclusion criteria’>?”. The
total number of cases was 1,048, including 835 in the
PVBT group and 813 in the TURBT group. The specif-
ic search process is shown in Figure 1.

According to the original data obtained from the lit-
erature, baseline data, such as surgical grouping, age,
gender, tumor staging/grading, tumor number, and po-
sition, were plotted and compared, and all the studies
were consistent with baseline data (Table 1). Tumor
staging in different articles at different time period was
based on different AJCC staging versions which are
Sth, 6th, and 7th, respectively. Nevertheless, the stag-
ing of superficial bladder cancer was consistent in these
tumor staging criteria. Therefore, the AJCC staging
doesn’t affect our results.

The quality of 18 included articles was evaluated ac-
cording to the modified Jadad scale. Among them, there
were 2 high quality documents and 16 general quality
documents (Table 2).
There were 14 publication
met the criteria of obturator nerve reflex inclusion. The
heterogeneity analysis results (I = 0, P = 0.72) indi-
cated good homogeneity among various studies. Me-
ta-analysis of them revealed that the obturator nerve
reflex in the operation was lower in the PVBT group
than in the TURBT group and the result was statistical
significant (RR = 0.09, 95% CI [0.04, 0.18], Z = 6.91,
P <0.001, Figure 2A). Funnel plot showed no publica-
tion bias (Figure 4A).

Quantitative analysis of 14 researche uncov-
ered the probability of bladder perforation in the PVBT
group was lower than in the TURBT group (RR = 0.14,
95% CI1[0.07, 0.28], Z=5.35, P <0.001, Figure 2B) in
a statistically relevant manner. These articles were in
good homogeneity (I* = 0, P = 1.00) and no publication
bias was found (Figure 4B).

Quantitative analysis of the basic data of 13 arti-
cles!*12202232D (MD = —2.46, 95% CI [-5.37, 0.46], Z
= 1.65, P = 0.10) indicated that the difference was not
statistically significant, and there was no difference in
the time required for surgery between the PVBT group
and TURBT group (Figure 2C). There was a strong
heterogeneity among included articles for surgical time
(I2 =91%, P < 0.001) and publication bias was found
(Figure 4C). Sensitivity analysis revealed that the re-
sults of removal single study and change effect model
are inconsistent, which indicated that the results and
conclusions of the index is of poor reliability.
Quantitative analysis of 8 studies!*'¢!%1%-21.23:221 (MDD
=-17.27,95% CI [-24.73,-9.81], Z=4.54, P<0.001)
showed that the amount of surgical bleeding of PVBT
group was significantly less than TURBT group (Fig-
ure 2D). Since there was a strong heterogeneity (I* =
99%, P < 0.001), sensitivity analysis was performed
and no difference between results of removal single
study and change effect model was found, suggesting
that the analysis of intraoperative blood loss was reli-
able.

Of the 18 articles included in the study, only three
specifically described the urethral stricture after sur-
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Figure 4. Published bias analysis, funnel plot. (A) Obturator nerve reflection. (B) Bladder perforation. (C) The duration of operation
(days). (D) The rate of recurrence of bladder tumors. (E) The length of hospital stay (days). (F) The duration of catheter indwelling (days).

gery %2 Quantitative analysis of the data regard-
ing urethral stricture post-surgery in these three papers
was performed (18, 20, 28) (RR = 0.53, 95% CI [0.15,
1.83],Z=1.00, P=0.32, Figure 3A). Hence, there was
no difference in the incidence of postoperative urethral
stricture between the PVBT group and the TURBT
group.

Quantitative analysis of the basic data of 17 RCT stud-
ies!">!51739 that met the criteria (RR = 0.52, 95% CI
[0.40, 0.67], Z = 5.11, P < 0.001) demonstrated sta-
tistical significance. The rate of recurrence of bladder
tumors after PVBT was lower than that of the TURBT
group (Figure 3B). The included studies represented a
good homogeneity (I*= 0, P = 0.66) and no publication
bias (Figure 4D).

Quantitative analysis of the length of hospital stay of
the 10 works!!>!#16:18192L23.2330 (MD = —2.80, 95% CI
[-3.82,-1.87], Z=5.37, P <0.001) illustrated that the
length of hospital stay of PVBT group was significantly
less than TURBT group (Figure 3C). The heterogenei-
ty analysis results (I’ = 98%, P < 0.001) indicated there
was strong heterogeneity existed. However, sensitivi-
ty analysis suggested the meta-analysis was reliable as
there was no difference between results of removal sin-
gle study and change effect model. Funnel plot showed
that the distribution of each point was diffuse and un-
even, so publication bias was considered (Figure 4E).
Quantitative analysis of the underlying data of 12 stud-
ies (121921252530 (MD = 2,60, 95% CI [-3.30, —1.90],
7 ="1.29, P<0.001) indicated that the duration of cath-
eter indwelling of PVBT group was significantly less
than TURBT group (Figure 3D). There was a strong
heterogeneity depending on the heterogeneity analysis
results (I* = 98%, P < 0.001). The sensitivity analysis
suggested there was no difference between results of
removal single study and change effect model. A con-
sidered publication bias was shown in funnel plot (Fig-
ure 4F).

Postoperative bladder irrigation time data from the re-
maining 7 studies">'*'"""**'% were analyzed (MD =
—0.95, 95% CI [-1.49, —0.42], Z = 3.48, P < 0.001),
and the difference between the PVBT group and the
TURBT group in the postoperative bladder irrigation
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time was statistically significant. That is, postoperative
bladder irrigation time was significantly shorter in the
PVBT group than in the TURBT group (Figure 3E).
Heterogeneity was considered according to the heter-
ogeneity analysis results (I = 99%, P < 0.001). After
sensitivity analysis, no difference between results of re-
moval single study and change effect model was shown,
so the analysis was still reliable.

Through analysis, it was found that obturator nerve re-
flex, bladder perforation, urethral stricture, and tumor
recurrence all showed good homogeneity. However, the
amount of surgical bleeding, the duration of operation,
length of hospital stay, the duration of catheter indwell-
ing, postoperative bladder irrigation time showed great-
er heterogeneity. The inconsistency of measurement
tools, measurement units and measurement accuracy
should be regarded as the source of heterogeneity.
Sensitivity analysis of the operation time were incon-
sistent, so the reliability of its related results and con-
clusions should be doubted. The amount of surgical
bleeding, length of hospital stay, catheter indwelling
time and bladder irrigation time all showed high heter-
ogeneity. But after sensitivity analysis, the results were
still statistically significant, indicating that the results
were reliable.

DISCUSSION

Although societal and living standards have improved,
the incidence of bladder cancer has increased, trending
toward a younger age of diagnosis'”. Bladder cancer
ranks third among global male cancers, with NMIBC
accounting for 70% of cases . TURBT is the preferred
surgical method for the treatment of NMIBC. However,
with the continuous improvement of medical technol-
ogy, TURBT has come to be criticized for its various
drawbacks®”. TURBT uses a high-frequency current
to cut tumor tissue, and it is easy for thermal penetrat-
ing injuries to take place during the cutting process. It
can also dama%e surrounding tissues and form eschar
and scar tissue®”. Due to its electric field effect, it is
apt to obturator nerve reflex, especially bladder wall
tumors, thereby increasing clinical complications that
include bladder perforation and adhesion formation®”.
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The rate of recurrence following TURBT is also high'".
In addition, in TURBT, the tumor tissue is repeatedly
cut into pieces, which violates the principle of surgical
tumor-free, that is, in order to prevent the spread of the
tumor, the tumor should be removed as a whole, rather
than from many individual tissues.

Green laser vaporization is already widely used in the
treatment of bladder tumors, mainly in NMIBC. It is
also used in muscle invasive bladder cancer”™. PVBT
has obvious advantages over TURBT with regards to
surgical complications including obturator nerve re-
flex, bladder perforation, and surgical bleeding. This
is because the green laser does not produce an electric
field effect, so it does not induce nerve reflection. At
the same time, the tissue penetration is shallow, the in-
cidence of bladder perforation is small, and its selective
absorption causes almost no bleeding during intraoper-
ative bleeding. Long-term follow-up studies have also
demonstrated it to be superior to traditional resection
in terms of postoperative recurrence rate®”. The green
laser directly vaporizes the tumor tissue, reducing the
probability that the tumor cells will be scattered in the
bladder and cause distal implantation. The green laser
vaporizes tissue at the same time to form a vaporiza-
tion zone on the surface of the tissue, which effectively
blocks the microvessels and lymphatic vessels and re-
duces the possibility of cancer cells entering the lumen
9, However, laser vaporization also has its shortcom-
ings, that is, it cannot leave enough tissue samples for
pathological diagnosis, and it is difficult to intuitively
judge the depth of tumor invasion during surgery

This article includes a total of 18 studies’>2” that have
been published thus far, with a combined sample size
of 1,648 patients. Meta-analysis showed PVBT has
obvious advantages over TURBT in the treatment of
obturator nerve reflex and bladder perforation (the het-
erogeneity test was 12< 50%, P < 0.05).This is basical-
ly consistent with the current view, and the safety of
PVBT has been verified repeatedly®-".

Regarding the amount of surgical bleeding, hospitaliza-
tion time, the duration of bladder irrigation and cathe-
ter indwelling, this meta-analysis showed that PVBT is
superior to TURBT. Because of the big heterogeneity
sensitivity analysis was carried out and the sensitivity
analysis suggests that the conclusions of the four indi-
cators are reliable, and the safety of PVBT is verified.
Heterogeneous sources are often considered inconsist-
ent with the familiarity of the green laser surgery sys-
tem and the inconsistent measurement methods.

In the incidence of postoperative urethral stricture and
duration of the operation, the meta-analysis showed that
there was no difference between the two surgical meth-
ods (P > 0.05), and the sensitivity analysis suggested
that the results are stable and the conclusion is reliable.
Opverall, the efficiency and safety of PVBT has once
again been verified®. Based upon these findings, we
surmise that PVBT is worth promoting as a standard
procedure for the treatment of NMIBC.

Limitations of this study are as follows. 1) Although
the incorporated literature is described as a randomized
controlled clinical trial, most of the research literature
does not specifically describe the methods of random
sequence generation or concealing randomization. The
implementation of blinding, withdrawal and follow-up
were not described, leading to the possibility of selec-
tion bias, implementation bias, and measurement bias.

2) In some of these studies, the ending indicators are
not comprehensive. 3) Heterogeneity was found among
some of the reports. Most of the included studies didn’t
underscore whether they applied monopolar or bipolar
TURBT. Not all the agents performing the experiments
had the same degree of familiarity with the green laser
surgery system. The measurement tools were also not
the same. 4) The bladder intravesical adjuvant treat-
ment differed in several studies, the drugs and the intra-
vesical adjuvant treatment time were different. And the
duration of postoperative follow-up time was different.
Finally, these factors may affect the outcome indicators,
which in turn affect the reliability of the conclusions®®,
especially regarding to the recurrence rate of tumor.
Hence, although the recurrence rate of tumor showed
that PVBT was better than TURBT in the analysis of
forest map, the analysis of recurrence rate was biased
and the conclusion was not reliable.

CONCLUSIONS

Based on the data included in our meta-analysis, PVBT
is safer than TURBT for patients with NMIBC, but
whether it is equally effective in terms of oncological
control remains to be elucidated. However, additional
randomized controlled trials with longer follow-up pe-
riods and larger sample sizes should be performed to
verify our findings.

ACKNOWLEDGEMENT

This study was sponsored by the science and Technolo-
gy Department of Qinghai Province(No. 2019-SF-133)
and the Deutsche Forschungsgemeinschaft (DFG).

CONFLICT OF INTEREST
The authors report no conflict of interest.

REFERENCES
Xia TL. New Progress in the Diagnosis
and Treatment of Bladder Cancer. Beijing,
People's Medical Publishing House, 2015, pp.
182-183.

2. Wu JP. Wu Jieping Urology Surgery. Jinan,
Shandong Science and Technology Press,
2004, pp. 919-981.

3.  Na YQ. Guidelines for the Diagnosis and
Treatment of Urological Diseases in China.
Beijing, People's Medica Publishing House,
2007, pp. 30-90.

4. Zhao Y, Liu C, Guan W, Guo J, Xu Y, Wu
Y, et al. Therapeutic effect of green laser
vaporization on non-invasive bladder tumor.
Chin J Laser Med Surg 2016; 25:213-216,232.

5. Chopin DK and Gattegno B. Superficial
bladder tumors. Eur Urol 2002; 42: 533-541.

6. Su YH. The Comparison of Green Laser
Vaporization and Transurethral Resection
of Non Muscle-Invasive Bladder Cancer.
Master's thesis. Tianjin, Tianjin Medical
University, 2013, pp. 1-54.

7. Kramer MW, Bach T, Wolters M, Imkamp F,
Gross AJ, Kuczyk MA, et al. Current evidence
for transurethral laser therapy of non-muscle
invasive bladder cancer. World J Urol 2011;
29: 433-442.

8. Gravas S, Bachmann A, Reich O, Roehrborn

Vol 17 No 06 | November-December 2020 |584



Green-light laser vaporization in superficial bladder cancer-Xu et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

CQG, Gilling PJ and Jean DLR. Critical review
of lasers in benign prostatic hyperplasia
(BPH). BJU Int 2011; 107: 1030-1043.

Bai Y, Liu L, Yuan H, LiJ, Tang Y, Pu C and
Han P. Safety and efficacy of transurethral
laser therapy for bladder cancer: a systematic
review and meta-analysis. World J Surg Oncol
2014; 12: 301.

Tao W, Yang D, Shan Y, Xue B, Sun C, Zang
Y and Zhang Y. Safety and efficacy of 120W
high performance system greenlight laser
vaporization for non-muscle-invasive bladder
cancer. J Xray Sci Technol 2013; 21: 309-316.
Higgins JPT and Green S. Cochrane Handbook
for Systematic Reviews of Interventions.
Version 5.1.0. The Cochrane Collaboration,
2011.

Li YJ, Yi L, Liu WB and Wang YH.
Randomized controlled study of photoselective
en bloc transurethral resection of non-muscle
invasive bladder tumor with green laser. J Clin
Urol 2017; 32: 751-754.

Zhang J, Sun Y, Sun X, Che Z, Wei Q, Liu
H and Li M. Evaluation of clinical efficacy
of green laser vaporization in the treatment
of non invasive bladder tumor. Chin J Cancer
Prev Treat 2016; 23: 222-223.

Wang Z, Zhang B, Ma Y and Miao F.
Comparison of different surgical methods for
the treatment of non-muscle invasive bladder
cancer. J Clin Urol 2016; 31: 1133-1135.

Liu K. The clinical effect and prognostic
analysis of transurethral resection of bladder
tumor and green laser in the treatment of non
muscle invasive bladder cancer. China Contin
Med Educ 2015; 7: 128-129.

Han Q, ShanZ, HuJ and Zhang N. Comparative
study on transurethral  photoselective
vaporization and bipolar electrocautery
resection in treating superficial bladder tumor.
China J Mod Med 2015; 25: 83-86.

Liu Z, Ruan Z, Song M, Nie W, Wang X,
Hao X and Zhao Y. Comparision between
transurethrai green laser vaporization and
bipolar plasma kinetic resection for the
treatment of superficial bladder tumors. J Urol
Clin Electron Version 2015; 7:

Shen Y, Yu N, Song H, Fu B and Zhang
A. Efficacy and safety of greenlight
photoselective laser vaporization versus
electrocautery transurethral resection for
treating bladder tumors. Chin J Clin Res 2015;
28: 426-428.

Wen Y, Zhao Y, WAng M, Song W, Sun P
and Li L. Curative effects of bladder tumors
treated by transurethral straight light beam
greenlight enucleation and plasmakinetic
transurethral resection. J Urol Clin Electron
Version 2014; 6: 7-10.

Ge G, Li Z, Feng R, Shen B, Wu D, Wang X
and Cui Y. Comparison between transurethral
green laser vaporization resection and
electrocision for the superficial bladder tumor.
Hainan Med J 2011; 22: 71-72.

Luo B, Wang B and Jiang X. Clinical
comparison of transurethral green laser

Review | 585

22,

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

vaporization and transurethral resection for
non-muscle invasive bladder tumors. Mod J
Integr Tradit Chin West Med 2011; 20: 1858-
1860.

Cao S and Cao Z. The comparisons on the
treatment of superficial bladder cancer in PVP
and TURBT. Med Philos Clin Decis Forum
Ed 2011; 32: 48-49.

Li J, Hou R, Zhang ZL, Zhaoyi, Zhang T
and Feng Q. The comparision of the effect
of transurethral green laser vaporization
and transurethral vaporization of superficial
bladder tumors. J Clin Urol 2010; 25: 586-
588.

Wang L, Zhu H and Chen S. Curative
effectiveness of greenlight photoselective
laser vaporization versus TURBt treatment for
superficial transitional cell carcinoma of the
bladder. J Urol Clin Electron Version 2009; 1:
37-39.

Huo L, Cheng Z, Zheng Z, Jing H, Wang
T and Yan H. Curative effectiveness of
greenlight photoselective laser vaporization
vs electrocautery transurethral resection for
superficial bladder tumors. J Clin Surg 2008;
16: 747-748.

Deng G, Zhang J, Hong B, Xu Y and Li Y.
Comparison of the efficacy of transurethral
selective green laser and electric resection for
superficial bladder tumors. Hebei Med J 2008;
30: 173-174.

Liu W and Li T. Photoselective vaporization
for the treatment of superficial bladder cancer.
China ] Mod Med 2007; 17: 2418-2420.

Jiang S, Jin X, Zhao J, Sun P and Xia
Q. Transurethral KTP laser vaporization
treatment of superficial bladder tumor (report
of 42 cases). Shandong Med J 2006; 46: 11-
12.

Xu 'Y, Guan W, Chen W, Xie C, Ouyang Y,
Wu Y and Liu C. Comparing the treatment
outcomes of potassium-titanyl-phosphate laser
vaporization and transurethral electroresection
for primary nonmuscle-invasive bladder
cancer: A prospective, randomized study.
Lasers Surg Med 2015; 47: 306-311.

ChenJ, Zhao Y, Wang S, Jin X, Sun P, Zhang L
and Wang M. Green-lightlaserenblocresection
for primary non-muscle-invasive bladder
tumor versus transurethral electroresection: A
prospective, nonrandomized two-center trial
with 36-month follow-up. Lasers Surg Med
2016; 48: 859-865.

Cheng B, Qiu X, Li H, Yang G. The safety
and efficacy of front-firing green-light laser
endoscopic en bloc photoselective vapo-
enucleation of non-muscle-invasive bladder
cancer. Ther Clin Risk Manag. 2017;13:983-
988. Published 2017 Aug 11. doi:10.2147/
TCRM.S141900.

Xia S and Yu S. The reasonable application of
laser treatment of urinary tumor. J Mod Urol
2007; 12: 211-213.

Liu C, Zhao Y, Guo J, Guan W, Zhang
Y, Ouyang Y, et al. Comparison of three
telescopes for treatment of non muscle-



Green-light laser vaporization in superficial bladder cancer-Xu et al.

invasive bladder cancer. Med J Chin People's
Armed Police Forces 2013; 24: 199-202.

34. Wang JL. Evidence-Based Medicine. Beijing,
People's Medical Publishing House, 2014, pp.
81-89.




	19423_cover
	A Systematic Review and Meta- Analysis of Green-Light Laser Vaporization for Superficial Bladder Cancer
	METHODS
	RESULTS
	DISCUSSION
	CONCLUSIONS
	ACKNOWLEDGEMENT
	CONFLICT OF INTEREST
	REFERENCES




