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standard laparoscopic

radical cystectomy in bladder
cancer: A systematic review
and meta-analysis
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Shujun Sun™, Huageng Liang® and Yun Lin™

‘Department of Anesthesiology, Union Hospital, Tongji Medical College, Huazhong University of
Science and Technology, Wuhan, China, 2Department of Urology, Union Hospital, Tongji Medical
College, Huazhong University of Science and Technology, Wuhan, China, *Department of
Anesthesiology, Eye Hospital of Hebei Province, Xingtai, China

Background: This study aimed to evaluate the efficacy and safety of robotic-
assisted radical cystectomy (RARC) versus laparoscopic radical cystectomy
(LRC) in the treatment of bladder cancer.

Methods: Two researchers independently searched PubMed, Embase,
Cochrane, and CBM using the index words to identify the qualified studies
which included randomized controlled trials (RCTs) and non-randomized
controlled trials (prospective and retrospective studies), and the investigators
scanned references of these articles to prevent missing articles. Differences in
clinical outcomes between the two procedures were analyzed by calculating
odds risk (OR) and mean difference (MD) with an associated 95% confidence
interval (ClI).

Results: Sixteen comparative studies were included in the meta-analysis with
1467 patients in the RARC group and 897 patients in the LRC group. The results
indicated that RARC could significantly decrease blood loss (P = 0.01; MD:
-82.56, 95% CI: -145.04 to -20.08), and complications 90 days or more after
surgery, regardless of whether patients were Grade < Il (P = 0.0008; OR: 0.63,
95% Cl: 0.48 to 0.82) or Grade > Il (P = 0.006; OR: 0.59, 95% CI: 0.40 to 0.86),
as well as overall complications (P: 0.01; OR = 0.52; 95% CI: 0.32 to 0.85).
However, there was no statistical difference between the two groups at total
operative time, intraoperative complications, transfusion rate, short-term
recovery, hospital stay, complications within 30 days of surgery, and bladder
cancer-related mortality.
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Conclusions: The meta-analysis demonstrates that RARC is a safe and effective
treatment for bladder cancer, like LRC, and patients with RARC benefit from
less blood loss and fewer long-term complications related to surgery, and
should be considered a viable alternative to LRC. There still need high-quality,
larger sample, multi-centric, long-term follow-up RCTs to confirm our

conclusion.
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Introduction

Bladder cancer is the 12th most common malignancy in the
world, accounting for approximately 3.0% of all new cancer
diagnoses and 2.1% of all cancer deaths in 2020, according to
new reports (1). Alarmingly, the prevalence of bladder cancer
has risen in many countries, especially in Europe (2). Open
radical cystectomy (ORC) is the gold standard for the treatment
of non-metastatic muscle-invasive and uncontrolled or high-risk
superficial bladder cancer, which can effectively achieve local
control of the tumor and long-term disease-free survival (3, 4).
However, traditional ORC often has high surgical risks, many
perioperative complications and high mortality, and previous
research data show that the incidence of postoperative
complications after ORC is as high as 30% to 60%, even if the
surgeon knows enough about pelvic anatomy and the surgical
technique is continuously improved (5). Therefore, minimally
invasive surgery for bladder cancer is still necessary.

In the early 1990s, Parra et al. (6) and Sanchez de Badajoz
et al. (7) reported the use of LRC for muscle-invasive bladder
cancer, which had less intraoperative blood loss, less
postoperative pain, faster postoperative bowel function
recovery, and shorter hospital stay compared with ORC (8).
After a decade, Menon et al. (9) reported the use of robotic-
assisted radical cystectomy (RARC) in the treatment of bladder
cancer, which was later adopted by many large medical units and
proved to be feasibility. Later, a large number of studies
compared RARC with ORC, the gold standard for the
treatment of invasive bladder cancer, and also found that
RARC can achieve the same radical effects as ORC in terms of
lymph node count, positive surgical margins, and survival rate;
but the RARC group had less intraoperative blood loss, lower
blood transfusion rate, shorter postoperative exhaust time, and
lower incidence of surgery-related complications, especially for
elderly patients (10-13). More recently, the Catto et al. (14)

Frontiers in Oncology

02

study also demonstrated that, compared with ORC, RARC
offered more days alive and out of the hospital within 90 days
of surgery, less thrombo-embolic complications and wound
complications, and a better quality of life at 5 weeks.

Currently, LRC and RARC appear to be safe and viable
alternatives to ORC as they mature. Tang K et al. and Li K et al.
performed meta-analysis of LRC and ORC, RARC and ORC
respectively, the results of which show that the minimally
invasive endoscopic technique (LRC and RARC) has reliable
perioperative safety, and can achieve the same tumor resection
effects and function of reconstruction bladder as ORC,
meanwhile, has lower surgery-related complications than ORC
(15, 16). However, there is a lack of evidence for the multicenter,
large sample of controlled studies on which RARC and LRC are
more advantageous in radical surgery for bladder cancer. Thus,
the meta-analysis aimed to obtain a more powerful evaluation of
the use of LRC versus RARC in the treatment of bladder cancer
by incorporating more recent studies.

Materials and methods
Search strategy

The databases of PubMed, Embase, Cochrane, and CBM
were searched to determine these qualified studies comparing
the efficacy of RARC versus LRC in the treatment of bladder
cancer. The mesh (cystectomy, laparoscopy, and robotic surgical
procedures) and their corresponding keywords used for the
searches, and the search strategy are detailed in the appendix.
In addition, the investigators scanned other related articles and
reference materials for these articles to prevent missing articles.
The literature search was done independently by two
investigators and was resolved by discussing with the third
investigator when the search results were inconsistent.
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Inclusion and exclusion criteria

The study was included in our meta-analysis if it was: (1)
English and Chinese articles; (2) the research subjects were
patients with bladder cancer and no other serious
cardiopulmonary vascular diseases; (3) the study included at
least two groups (RARC group and LRC group); (4) report at
least one result of interest to us; (5) no time limit for publication
of included articles.

The study was excluded in our meta-analysis if it was: (1) a
duplicate article; (2) the data had obvious mistakes; (3) the case
report, theoretical research, conference report, systematic
review, meta-analysis, expert comment, or economic analysis;
(4) we went through various means but still could not get the full
text of this study.

The screening process of the eligible studies was completed
by two reviewers independently and was resolved by discussing
with the third reviewer when there was a disagreement.

Data extraction and quality assessment

The data, extracted from all included studies, consists of two
parts: basic information and main results. The basic information
includes the first author’s name and publication time, country,
study design, the sample size of interventions and control
groups, matching/comparable variables, conversion (N), and
follow-up time. The clinical outcomes excerpted were used for
statistical analysis, including total operative time, blood loss,
blood transfusion rate, length of hospital stay, days to oral intake
and regular diet, complications, and oncologic outcomes. Two
investigators independently assessed the methodological quality
of randomized controlled trials (RCTs) using the Jadad scale,
while the Methodological Index for Non-Randomized Studies
(MINORS) tool was used to assess the methodological quality of
the non-randomized controlled study (NRS) (17, 18). The Jadad
scale focuses on randomization, blinded, and reported dropout,
where the literature mentions the application of randomized
methods and double-blind (+1) and correct methods (+2). The
number of cases of withdrawal and loss of follow-up and the
reasons for withdrawal were described in detail (+1) or not, and
the total score > 2 were high-quality clinical trials. The MINORS
tool contains a total of 12 items for the comparative studies, and
each item is scored 0 to 2 points (0 = not reported; 1 = reported
but insufficient information; 2 = reported and provided sufficient
information), and the article was divided into low (> 17),
moderate (= 10 and < 17) and high bias risk (< 10) according
to the methodological quality score (18). All of the above data
extraction and quality evaluation processes were completed
independently by two reviewers and disagreements between
reviewers were resolved through discussion until a consensus
was reached.
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This meta-analysis does not require Institutional Review
Board (IRB) approval.

Statistical analysis

All statistical analyses in the meta-analysis were performed
using the RevMan version 5.3 (The Cochrane Collaboration,
Oxford, UK). The results of Chi-squared and I tests were used
to assess the heterogeneity and determine which analytical
model (fixed-effect or random effect model) to use for data
integration (19).

Assuming the chi-square test with a P value of < 0.05 and the
F test value > 50% were defined as the presence of greater
heterogeneity and a random effects model was used for data
analysis, meanwhile, we performed subgroup analysis or
sensitivity analysis to find possible sources of heterogeneity
and eliminate heterogeneity as much as possible. Conversely, if
the Chi-squared P value of > 0.05 and the I test value < 50%, the
heterogeneity between the data was considered to be small, and
the data analysis used a fixed-effect model. Continuous variables
are expressed as the mean + standard deviation (SD) and
analyzed by mean difference (MD). In addition, clinical
outcome measures were reported in the median and range or
interquartile range in some studies. For ease of integration, mean
and SD were generated by network calculators (http://www.
comp.hkbu.edu.hk/~xwan/median2mean.html) based on the
sample size, median, and range or interquartile range.
Categorical data are presented as percentages and analyzed by
odds risk (OR). Data associated with blood transfusion rate and
complications and oncologic outcomes were analyzed by OR
with 95%CI. MD along with 95% CI were used to analyze the
data associated with total operative time, blood loss, length of
hospital stay, days to oral intake, and regular diet.

Results
Characteristics of the included studies

A total of 851 articles were identified by searching, of which
97 articles are duplicates. 716 articles were excluded by reading
the title or abstract of the studies, and 38 articles were left for
further evaluation. After obtaining and reading the full text, 22
articles were further excluded, at last, 16 articles (four Chinese
and twelve English) (20-35) were involved in the meta-analysis,
which was performed with 1467 patients in the RARC group and
897 patients in the LRC group. The flow chart is presented in
Figure 1. The basic information of the included studies is
presented in Table 1. The risk assessment of the included
studies is shown in Table 2. The only RCT of included studies
had a Jadad scale score of 3, and the mean MINORS score is
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FIGURE 1

Flow diagram of the literature search and selection process.

16.69 * 1.72, indicating that the quality of evidence from the
included studies was moderate.

Total operative time

Fifteen studies with 2353 patients (RARC group = 1461, LRC
group = 892) reported the total operative time. Based on the Chi-
squared (P < 0.001) and I test (I = 99%), we used the random
effect model to analyze the total operative time. The pooled
results show there was no significant difference in the total
operative time between the two groups (P = 0.13; MD: 17.43,
95% CI: -5.06 to 39.91, Figure 2A).

Amount of blood loss

Fourteen studies with 2156 patients (RARC group = 1328,
LRC group = 828) reported the amount of blood loss. Based on
the Chi-squared (P < 0.001) and I tests (I = 97%), we used the
random effect model to analyze the amount of blood loss.
Compared with LRC, the amount of blood loss during RARC
was reduced at a statistically significant level (P = 0.01; MD:
-82.56, 95% CI: -145.04 to -20.08, Figure 2B).
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Transfusion rate

Fourteen studies with 2262 patients (RARC group = 1441,
LRC group = 821) reported the transfusion rate. Based on the
Chi-squared (P = 0.01) and P tests (I = 51%), we used the
random effect model to analyze the transfusion rate. There was
no significant difference in the transfusion rate between the two
groups (P = 0.18; OR: 0.77, 95% CI: 0.53 to 1.13, Figure 2C).

Hospital stay

Fourteen studies with 1939 patients (RARC group = 1093,
LRC group = 846) reported the hospital stay. Based on the Chi-
squared (P < 0.001) and I tests (I’ = 99%), we used the random
effect model to analyze the hospital stay. Compared with LRC,
the hospital stay of RARC no significant difference (P = 0.36;
MD: -0.66, 95% CI: -2.07 to 0.76, Figure 3A).

Short-term recovery
For short-term recovery, we analyzed “day to oral intake”

and “day to regular diet”, where day to oral intake included five
studies with 470 patients (RARC group = 255, LRC group =
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TABLE 1 The basic characteristics description of included studies.

Study Country  Study Patients (n):
design RARC/LRC
Abraham JB 2007 (6) USA prospective 14/20
Gastecka, A 2018 (15) Poland retrospective 52/37
Jia GZ 2017 (16) China retrospective 38/61
Khan, M. S 2012 (17) UK prospective 48/58
Khan, M. S 2016 (18) UK RCT 20/19
Kim, T. H 2016 (19) Korea retrospective 58/22
Matsumoto K 2019 (20) Japan prospective 10/10
Teishima, J 2014 (21) Japan prospective 6/5
Wei XS 2016 (22) China retrospective 6/57
Bai, YC China retrospective 136/82
2021 (23)
Arora, A France retrospective 188/112
2020 (24)
Su SQ China retrospective 189/126
2019 (25)
Zhang SW China retrospective 172/126
2019 (26)
Porreca A Italy prospective 368/46
2022 (27)
Jiang S China retrospective 87/32
2022 (28)
Huang XM China retrospective 75/84
2019 (29)

10.3389/fonc.2022.1024739

Matching/comparable Conversion (N): Follow-up
variables RARC/LRC (months)
1,234,567 03 NA

1,2,3,6,7 NA 1/1
1,234,567 0/0 NA
1,2,4,5,6,7 0/1 38.4/38.4
123,467 0/1 12/12
1,2,3,4,6,7 NA 32.0/28.8
1,2,3,4,6,7 NA NA
1,357 0/0 1/1
1,234,567 0/0 NA
1,2,3,4,5 NA 33.0/33.0
1,23,4,57 5/5 NA
1,2,3,4,5,6,7 NA 34.2/34.2
1,23,4,5,6 0/0 NA
1,2,3,4,5,6,7 25/2 24/24
1,2,3,5,7 0/0 NA
1,2,3,5,6,7 NA NA

NA, data not available; Matching/comparable variables: 1 = age, 2 = gender, 3 = BMI, 4 = ASA, 5 = Previous surgery history, 6 = Urinary diversion type, 7 = pathological stage.

215), and day to regular diet included five studies with 167
patients (RARC group = 56, LRC group = 111). The summary
results showed no significant difference in the short-term
recovery between the two groups, whether the day to oral
intake (P = 0.35; MD: -0.43, 95% CI: -1.33 to 0.48) or the day
to regular diet (P = 0.40; MD: 0.17, 95% CI: -0.22 to 0.55), as
shown in Figures 3B, C.

Oncologic outcomes

Mean lymph node yield and positive lymph node. Pooling
data from six studies that counted lymph node yield in 832
patients (RARC group = 507, LRC group = 325) and seven
studies including 819 patients (RARC group = 453, LRC group =
366) who reported positive lymph nodes, there was no
significant difference between the two groups in terms of mean
lymph nodes yield (P = 0.19; MD: 1.40, 95% CI: -0.70 to 3.50) or
positive lymph node (P = 0.61; OR: 0.89, 95% CI: 0.57 to 1.39), as
shown in Figures 4A, B.

Positive surgical margins. Pooling data of eight studies that
reported positive surgical margins in 1103 patients (RARC
group = 659, LRC group = 444) also showed that there was no
significant difference between the two groups (P = 0.49; OR: 1.23,
95% CI: 0.69 to 2.19, Figure 4C).
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Cancer-related mortality. At the same time, we analyzed
bladder cancer-related mortality, which was reported in a total of
442 patients (RARC group = 262, LRC group = 180), and the
integration showed no significant difference between the two
groups (P = 0.71; OR: 0.75, 95% CI: 0.17 to 3.38, Figure 4D).

Complications

The surgical-related complications were graded according to
Clavien-Dindo (36) and were combined into two categories
according to whether the complications required surgical
intervention (Grade < II and Grade > III). According to the
time of occurrence of surgery-related complications, we divided
them into intraoperative complications, early complications 30
days after surgery, and long-term complications 90 days or more
after surgery, and analyzed the total complication rates of the
two groups.

Pooling data of three studies including 567 patients (RARC
group = 339, LRC group = 228) who reported intraoperative
complications, and five studies including 657 patients (RARC
group = 402, LRC group = 255) described the occurrence of
surgery-related complications within 30 days of surgery. Forest
plot showing that there was no significant difference on
intraoperative complications (P = 0.22; OR: 0.64, 95% CI: 0.32
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TABLE 2 Risk of bias for the involved studies.

The quality of NRS was evaluated with the MINORS

Methodological
Items for non-
randomized
studies

Clearly Stated Aim
Consecutive Patients

Prospective Data
Collection

Appropriate Endpoint

Unbiased Endpoint
Assessment

Appropriate Follow-Up
Loss to Follow-Up <5%

Prospective Study Size
Calculation

An adequate control
group
Contemporary groups

Baseline equivalence of
groups

Adequate statistical
analyses

Score

The quality of remaining RCTs were assessed using the Jadad scale
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A
RARC LRC Mean Difference Mean Difference
% CI IV. Random. 95% CI
Abraham 2007 4216 60 14 4136 674 20 6.0% 8.00[-35.13, 51.13] -1
Arora, A 2020 2646 147 188 270 118 112 7.8% -5.40 [-8.43, -2.37] "
Bai, YC2021 3025 284 136 2787 38.1 82 7.7% 23.80 [14.27, 33.33] -
Gastecka, A. 2018 294 68.6 52 228 522 37 71% 66.00 [40.89, 91.11] -
Huang XM2019 3016 913 75 2386 86.7 84 6.9% 63.00 [35.24, 90.76] -
Jia GZ 2017 243.7 96.69 38 2247 825 61 6.4% 19.00 [-18.06, 56.06] T
Jiang $2020 301.6 56.45 87 338.75 55.92 32  72% -37.15[-59.87,-14.43] -
Khan, M. S 2012 3864 9.7 48 316 8.2 58 7.7% 70.40 [66.94, 73.86] -
Khan, M. S 2016 389 98 20 301 51 19  57%  88.00[39.31, 136.69]
Kim, T. H2016 4455 116.7 58 538.8 84 22 5.8% -93.30 [-139.50, -47.10]
Matsumoto K2019 490.5 81.8 10 4416 106.7 10 3.8% 48.90 [-34.43, 132.23] ]
Porreca, A2022 397 96.8 368 289.9 934 46 6.9% 107.10[78.35, 135.85] -
Su SQ2019 3263 184 189 316 174 126 7.7% 10.30 [6.29, 14.31] -
Wei XS2016 3722 585 6 4374 262 57  5.8% -65.20[-112.50, -17.90] -
Zhang SW2019 3234 713 172 3674 624 126 7.5% -44.00 [-59.24, -28.76] -
Total (95% CI) 1461 892 100.0%  17.43[-5.06, 39.91] >
Heterogeneity: Tau? = 1695.84; Chi? = 1294.14, df = 14 (P < 0.00001); I* = 99% ' + t i
Test for overall effect: Z = 1.52 (P = 0.13) 200 Fa.v1c?u0rs [RARC]OFavours [ljgg] 200
B
RARC LRC Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V. 95% Cl V. 95% ClI
Abraham 2007 2344 1318 14 7116 2944 20 6.5% -477.20 [-623.53, -330.87]
Avrora, A 2020 6926 3735 188 5703 3004 112 8.7% 122.30 [45.19, 199.41] -
Bai, YC2021 1887 672 136 2583 68 82 10.0% -69.60 [-88.15, -51.05] -
Huang XM2019 3049 332 75 2215 2537 84 82% 83.40 [-9.28, 176.08] ~
Jia GZ 2017 333.9 189.9 38 3771 249.3 61 8.4% -43.20 [-130.15, 43.75] -
Khan, M. S 2012 337 281 48 4807 448 58 10.0% -143.70 [-157.70, -129.70] -
Khan, M. S 2016 585 618 20 460 485 19 24%  125.00 [-222.73, 472.73]
Kim, T. H2016 5243 2518 58 4718 317 22 64% 52.50 [-94.96, 199.96] T
Matsumoto K2019 488.4 350.8 10 1,1455 7856 10  1.2% -657.10[-1190.35,-123.85]
Porreca, A2022 272.8 1749 368 379.6 306.1368 46  83%  -106.80 [-197.05, -16.55] -
Su SQ2019 300 149.4 189 200 150 126  9.8% 100.00 [66.24, 133.76] -
Teishima, J 2014 740.8 682.8 6 6722 161 5 1.1% 68.60 [-495.68, 632.88]
Wei XS2016 269.1 683 6 7162 1744 57  8.9% -447.10[-518.07, -376.13] -
Zhang SW2019 3384 958 172 3839 535 126 10.0% -45.50 [-62.59, -28.41] -
Total (95% Cl) 1328 828 100.0%  -82.56 [-145.04, -20.08] L 4
Heterogeneity: Tau? = 10103.89; Chi2 = 384.54, df = 13 (P < 0.00001); I = 97% k + t y
Test for overall effect: Z = 2.59 (P = 0.010) -1000 Fa‘fﬁs R ARC]OFavours [Ls'gg] 1000
C
RARC LRC Odds Ratio Odds Ratio
r I Events Total Events Total Weight M-H. Random. 95% Cl M-H. Random. 95% CI
Abraham 2007 6 14 14 20 5.0% 0.32[0.08, 1.34] B
Arora, A 2020 113 188 53 112 13.1% 1.68 [1.05, 2.69] —
Bai, YC2021 15 136 9 82 88% 1.01[0.42, 2.41] -1
Gastecka, A. 2018 22 52 15 37 9.0% 1.08 [0.46, 2.53] -
Huang XM2019 25 75 20 84  10.6% 1.60 [0.80, 3.20] N
Jia GZ 2017 4 38 8 61 5.8% 0.78[0.22, 2.79] I
Jiang $2020 13 87 8 32 77% 0.53[0.20, 1.42] -
Khan, M. S 2012 2 48 15 58  45% 0.12[0.03, 0.58] -
Kim, T. H2016 6 58 3 22 47% 0.73[0.17, 3.22] - 1
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FIGURE 2

Forest plot of RARC versus LRC on (A) Total operative time, (B) Amount of blood loss, and (C) Transfusion rate.

to 1.30), and 30-day postoperative complications, whether it was
Grade < II (P = 0.79; OR: 0.95, 95% CI: 0.68 to 1.34) or Grade >
III (P = 0.8 OR: 0.95, 95% CI: 0.60 to 1.47), and total early
surgery-related complication rates (P = 0.66; OR: 0.85, 95% CI:
0.41 to 1.76) compared with LRC group, as shown in Figure 5.

Eight studies including 1158 patients (RARC group = 619,
LRC group = 539) reported the long-term complications 90 days
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or more after surgery, and twelve studies including 1481 patients
(RARC group = 801, LRC group = 680) described the occurrence
of postoperative complications (short-term or long-term).
Contrary to early complications at 30 days postoperatively, the
RARC group had a significantly lower rate of long-term
postoperative complications compared with the LRC group,
regardless of Grade < II (P = 0.0008; OR: 0.63, 95% CI: 0.48 to
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FIGURE 3

Forest plot of RARC versus LRC on (A) Hospital stay, (B) Days to oral intake, and (C) Days to regular diet.

0.82), or Grade > III (P = 0.06; OR: 0.59, 95% CI: 0.40 to 0.86),
while the overall postoperative complication rate was still lower
in the RARC group than in the LRC group (P = 0.01; OR: 0.52,
95% CI: 0.32 to 0.85), as shown in Figure 6. All the data of the
research project are summarized in Table 3.

Sensitivity analysis and subgroup analysis

Sensitivity analysis and subgroup analysis were used to find
sources of heterogeneity, and minimize the impact of
heterogeneity on the stability of results. After removing one
study, the heterogeneity of some indicators (transfusion rate and
cancer-related death) were significantly reduced among other
studies. The results of sensitivity or subgroup analysis, such as
transfusion rate and total complication rate, were consistent with
previous results (Table 4). As for cancer-related death, the results
after sensitivity analysis contradicted the previous results, and
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the mortality was significantly lower in the RARC group than in
the LRC group.

Discussion

In this meta-analysis, 16 studies were included to determine
the difference in efficacy between RARC and LRC in bladder
cancer. The results showed that, compared with LRC, RARC
significantly reduced surgical blood loss and reduced the
incidence of postoperative complications, especially long-term
complications of 90 days or longer. This may be related to the
robotic arm of the robotic surgical system being very stable,
avoiding the slight jitter of the human hand, and the robotic
endoscope wrist is more flexible in the space that the human
hand cannot reach, which is easier to protect the nerves and
blood vessels, to achieve less trauma, less bleeding and fewer
postoperative complications. In addition, the excellent image
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FIGURE 4

Forest plot of RARC versus LRC on the oncologic outcomes. (A) The mean lymph nodes, (B) The positive lymph nodes, (C) The positive surgical

margins, and (D) Cancer-related mortality.

processing system of robot-assisted laparoscopic surgery makes
the surgical field completely reach the real 3D stereoscopic effect,
while the function of magnifying 10 times makes the operation
more precise, and the anatomical level of blood vessels and
nerves is clearer, which is more beneficial for retaining blood
vessels and nerves (21, 37, 38).

Because invasive bladder cancer is a fatal disease, adequate
marginal resection and pelvic lymph node dissection are
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important components of surgical treatment, and the quality of
lymph node dissection is a key factor for the efficacy of radical
cystectomy (21). When the positive surgical margin and positive
lymph nodes are less during cystectomy, the survival rate is
improved. Our meta-analysis indicated that there was no
significant difference between RARC and LRC in the number of
lymph node removals, positive lymph nodes, and positive surgical
margins. Of course, whether RARC and LRC differ in the
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FIGURE 5

Favours [RARC] Favours [LRC]

Forest plot of RARC versus LRC on (A) Intraoperative complication, (B) Postoperative complication Grade < Il within 30 days, (C) Postoperative
complication Grade > Il within 30 days, and (D) Early complications within 30 days

effectiveness of tumor surgery still requires long-term follow-up to
determine. Other indicators, such as total operative time, short-
term recovery, length of hospital stay, bladder cancer-related
mortality (based on short-term follow-up results), intraoperative
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complications, and early complications within 30 days after
surgery, there is no significant difference between the two
groups. This is in agreement with the results of a network meta-
analysis of open, laparoscopic, and robotic-assisted radical
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FIGURE 6

Forest plot of RARC versus LRC on (A) Complication Grade < Il postoperative > 90 days, (B) Complication Grade > Il postoperative > 90 days,
and (C) Overall surgery-related complication rates

cystectomy for bladder cancer performed by Feng D et al, with no There is an interesting phenomenon in our meta-analysis.
significant difference in lymph node yield, positive surgical After we excluded the literature of Khan and M. S (24) in the
margins, operating time, transfusion rate, length of stay and sensitivity analysis, the disease-related mortality was
days to regular diet between the two groups (39). significantly reduced (P < 0.05), which may be related to the
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TABLE 3 Summary of research results.

10.3389/fonc.2022.1024739

The research project -OR/MD 95% CI P
Total operative time 17.43 [-5.06,39.91] 0.13
Amount of blood loss -82.56 [-145.04 ,-20.08] 0.01
Transfusion rate 0.77 [0.53,1.13] 0.18
Hospital stay -0.66 [-2.07 , 0.76] 0.36
Days to oral intake -0.43 [-1.33, 0.48] 0.35
Days to regular diet 0.17 [-0.22, 0.55] 0.40
Mean lymph-node yield 1.40 [-0.70 , 3.50] 0.19
Positive lymph nodes 0.89 [0.57, 1.39] 0.61
Positive surgical margins 1.23 [0.69 ,2.19] 0.49
Cancer-related mortality 0.75 [0.17 , 3.38] 0.71
Intraoperative complications 0.64 [0.32, 1.30] 0.22
Grade < II within 30d 0.95 [0.68 , 1.34] 0.79
Grade > IIT within 30d 0.95 [0.60 , 1.47] 0.8
Early complications within 30d 0.85 [0.41 ,1.76] 0.66
Grade < II postoperative > 90d 0.63 [0.48 , 0.82] 0.0008
Grade > III postoperative > 90d 0.59 [0.40 , 0.86] 0.006
Overall complication rate 0.52 [0.32, 0.85] 0.01

small sample size or unexpected errors. In the future, we need
larger randomized controlled studies to verify the potential
association. And the efficacy of RARC vs LRC in the treatment
of bladder cancer is shown in Table 5.

In addition, in order to evaluate the cost-effectiveness, we
simply analyzed the cost of RARC and LRC, although the
surgical outcome is crucial, after all, medical cost is also one of
the main concerns of patients. Based on current evidence, RARC
has a lower complication rate compared with LRC, but it is more
costly. Based on the findings of Morii Y et al. (40), the operating
cost of robotic surgery accounted for 63.1-70.5% of the total
surgical cost. Interestingly, robotics-related costs accounted for a
lower proportion of total surgical costs in institutions with more
cases, and conversely, robotics-related costs accounted for a
larger proportion of total surgical costs. Therefore, the most
effective way to reduce the costs associated with robotic surgery
is to shorten the operation time and increase the number of
cases. But in addition to focusing on the cost of surgery, when
studying the cost-effectiveness of surgery, quality measures such

TABLE 4 The results of sensitivity or subgroup analysis.

Indicators MD/OR P r
Sensitivity analysis
Transfusion rate 0.70 [0.48,1,01] 0.06 34%
Cancer-related death 0.37 [0.21,0.93] 0.0003 0
Subgroup analysis
Overall complication rate
Mean age > 70 0.14 [0.04,0.52] 0.004 0
Mean age < 70 0.60 [0.36,0.98] 0.04 73%
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as quality of life and survival, and even costs related to the
treatment of complications need to be considered. But there are
also some European countries where RARC costs depend mainly
on patient hospital stay and surgery time, rather than robotic
instruments (41). Unfortunately, the studies we included did not
report the cost-effectiveness-related indicators of the two types
of surgery, and we were unable to draw conclusions by
integrating them. In addition, the port site metastatic rate and
intrabdominal seeding rate, which we were concerned about,
were not mentioned in our included studies. And, these are the
hotspots that need to be paid attention to in future RARC and
LRC-related research.

In this meta-analysis, we created a more precise classification of
complications to compare the differences between the two groups,
in order to more comprehensively and accurately evaluate the
prognosis of the two surgical patients and provide more
information for clinicians, which was not available in prior meta-
analyses. In addition, new evidence on the efficacy and safety of
RARC and LRC has been published in recent years, and some of the
results are controversial. Our meta-analysis combined recent
studies to clarify their pros and cons in bladder cancer treatment.

There are some limitations of this meta-analysis that should
be noted: (1) there were differences in the inclusion and
exclusion criteria for patients among the included studies; (2)
the surgeons are different among the studies; (3) only studies
that were published in English and Chinese were considered for
inclusion, thus we may have missed some studies that satisfied
the inclusion criteria; (4) there is large heterogeneity in partial
analysis results that affects the stability of the results, and we
tried to conduct sensitivity analysis and subgroup analysis but
still cannot fully identify the source of heterogeneity.
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TABLE 5 The summary of the efficacy of RARC vs LRC in the treatment of bladder cancer.
@ means RARC decreased the effect vs LRC group;

RARGC, robotic assisted radical cystectomy; LRC, laparoscopic radical cystectomy.

Intraoperative Security
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time
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In conclusion, our results suggest that RARC is a safe and
effective treatment for bladder cancer patients as LRC. Patients
with RARC might benefit from significantly less blood loss and
fewer postoperative complications, especially long-term
complications 90 days or more after surgery. However, despite
the methodological review, due to the limitations associated with
the included studies and our analysis, additional large sample-
size, prospective, multi-center, long-term follow-up studies, and
randomized control trials are needed to confirm this conclusion.
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