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Abstract

Purpose Even though there isn't enough clinical evidence to demonstrate that robot-assisted radical cystectomy
(RARC) is preferable to open radical cystectomy (ORC), RARC has become a widely used alternative. We performed
the present study of RARC vs ORC with a focus on oncologic, pathological, perioperative, and complication-related
outcomes and health-related quality of life (QOL).

Methods We conducted a literature review up to August 2022. The search included PubMed, EMBASE and Cochrane
controlled trials register databases. We classified the studies according to version 2 of the Cochrane risk-of-bias tool
for randomized trials (RoB 2). The data was assessed by Review Manager 5.4.0.

Results 8 RCTs comparing 1024 patients were analyzed in our study. RARC was related to lower estimated blood loss
(weighted mean difference (WMD): -328.2; 95% Cl -463.49—-192.92; p < 0.00001), lower blood transfusion rates (OR:
0.45;95% C10.32 - 0.65; p<0.0001) but longer operation time (WMD: 84.21; 95% Cl 46.20-121.72; p<0.0001). And we
found no significant difference in terms of positive surgical margins (P=0.97), lymph node yield (P=0.30) and length
of stay (P=0.99). Moreover, no significant difference was found between the two groups in terms of survival out-
comes, pathological outcomes, postoperative complication outcomes and health-related QOL.

Conclusion Based on the present evidence, we demonstrated that RARC and ORC have similar cancer control results.
RARC is related to less blood loss and lower transfusion rate. We found no difference in postoperative complications
and health-related QOL between robotic and open approaches. RARC procedures could be used as an alternate treat-
ment for bladder cancer patients. Additional RCTs with long-term follow-up are needed to validate this observation.

Keywords Bladder cancer, Robot-assisted radical cystectomy, Open radical cystectomy, Randomized controlled trial,
Meta-analysis
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Introduction

With more than half a million new cases annually, blad-
der cancer has become one of the ten most prevalent
kinds of cancer in the world [1, 2]. Open radical cystec-
tomy (ORC) is still the advised surgical procedure for
patients with muscle-invasive bladder cancer and those
with very high-risk non-muscle-invasive bladder can-
cer [3]. The value of ORC, however, has been limited
because of the drawbacks of a high morbidity and mor-
tality, such as urinary tract infection, urinary leak, renal
failure, ileus and thromboembolic complications. More
than 60% of patients receiving ORC undoubtedly have
at least one perioperative problem, and 20% have a high-
grade complication after their procedure [4, 5]. Radical
cystectomy has been performed using minimally invasive
surgical techniques over the past two decades [6]. Menon
et al. reported the first robot-assisted radical cystectomy
(RARC) twenty years ago [7], which has become common
technology around the world, especially in many high-
volume locations. Initially, a tiny incision was made in
the abdominal wall to execute urinary diversion by extra-
corporeal procedure. The development of intracorporeal
urinary diversion (ICUD) has, however, been made pos-
sible by technological adjustments made to RARC. [8].
From 2005 to 2016, the use of ICUD grew from 9 to 97%
of urinary diversion surgeries [9].

Several studies have indicated that compared with
ORC, RARC has fewer perioperative complications,
shorter length of stay and lower estimated blood loss
[10-12]. Nevertheless, very few studies have revealed the
long-term oncological results, and the majority of inves-
tigations are retrospective. Randomized controlled trials
(RCTs) remain crucial for establishing how RARC and
ORC compare to one another. Recently, a sizable quan-
tity of fresh data from RCTs emerged that included long-
term oncological outcomes, adding new evidence to the
theme [13-16].

To assess the oncologic, pathological, perioperative,
postoperative complications outcomes as well as health-
related quality of life (QOL), for RCTs comparing RARC
with ORC, we carried out this meta-analysis to update
the current evidence base.

Materials and methods

The PRISMA (Preferred Reporting Items for System-
atic Reviews and Meta-Analyses) Statement [17] was
followed when conducting this study. As no primary
personal information will be gathered, no extra ethical
approval is necessary.

Literature search
The research was
(CRD42023396105).

PROSPERO
independently

registered on
Two reviewers
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searched MEDLINE (2009 to August 2022), EMBASE
(1995 to August 2022), and the Cochrane Controlled Tri-
als Register databases for appropriate RCTs comparing
RARC with ORC. Moreover, references from retrieved
studies were searched. The following keywords were
applied, such as “bladder cancer’, “cystectomy’, “robot’,
“robotic’, “da Vinci’, “ORC’, “RARC’, and “randomized

controlled trials”.

Inclusion criteria and selection of studies

Studies were included if they conformed to the following
criteria: (1) comparison of ORC with RARC; (2) the study
provided analyzable data of interest: overall survival
(OS), recurrence-free survival (RFS), oncologic efficacy
(positive margin status [PSM], lymph node yield, sites
of recurrence) and perioperative outcomes (estimated
blood loss [EBL], blood transfusion rates, operating room
time [ORT], length of stay [LOS]), postoperative com-
plications and health-related QOL assessment; (3) The
article’s whole text was accessible. We included either
the more current or higher-quality patient-cohort arti-
cle when there were equivalent papers. If the same group
performed numerous experiments on a similar set of
participants, we included each study. A flowchart of the
study selection process is presented in Fig. 1.

Risk of bias assessment

Using version 2 of the Cochrane risk-of-bias tool for ran-
domized trials (RoB 2) [18], we classified the included
studies. These studies were classified into three degrees:
low risk of bias, some concerns, or high risk of bias. The
writers came to an agreement on certain points where

they disagreed.

Data extraction

We extracted the required data: (1) the first author’s
name and the published time of the article; (2) the region
of each RCT; (3) study design; (4) treatment and sample
size; (5) age, sex, body mass index (BMI) and Ameri-
can Society of Anesthesiologists (ASA) score; (6) tumor
stage and urinary diversion type; (7) overall survival
(OS) rate, recurrence-free survival (RFS) rate and sites
of recurrence; (8) PSM and lymph node yield; (9) blood
transfusion rates, ORT, EBL and LOS; (10) the date of
postoperative complications and health-related QOL
assessment.

Statistical analysis

This study used Review Manager Version 5.4 (Cochrane
Collaboration, London, UK) to evaluate comparable
data. Continuous results were estimated using weighted
mean difference (WMD) with 95% confidence intervals
(CIs). Besides, the odds ratio (OR) was used to estimate
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Fig. 1 A flow diagram of the study selection. RCT: randomized controlled trial

dichotomous variables. We used 95% Cls to express all
outcomes, and statistical significance was set as p <0.05.
The degree of heterogeneity was calculated by Cochrane’s
Q test and I? test. If there was significant inconsistency
(I>>50% or p<0.10), we chose a random effect model for
meta-analysis; if not, a fixed effect model was applied.

Results

Study characteristics

Overall, 300 potentially relevant articles were found
by our initial literature search; 136 duplicates were
removed. Furthermore, 117 and 34 publications were

excluded after evaluating the title/abstract and reading
the full-text, respectively. And 13 studies (8 RCTs) [4,
14-16, 19-27] involving 1024 participants were studied
in the meta-analysis. The basic features of the included
RCTs are listed in Table 1.

Risk of bias

Each study included in the meta-analysis was RCT.
According to RoB 2 [18], the majority of the listed RCTs
were categorized as “low risk of bias” or “some con-
cerns’”. The bias of quality assessment is shown in Fig. 2.
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Oncologic outcomes
The oncologic outcomes evaluated in this meta-analysis
included overall survival, recurrence-free survival and
recurrence patterns.

Overall survival

Four RCTs assessed OS between RARC and ORC. As
seen in Fig. 3, the OS analysis in bladder cancer suggested
no significant difference in survival rates between the
two approaches at 3-mon (OR: 0.57; 95% CI 0.20 — 1.64;
P=0.30), 6-mon (OR: 0.57; 95% CI 0.29 — 1.11; P=0.10),
1-year (OR: 0.72; 95% CI 0.45 — 1.16; P=0.18), 3-year (OR:
0.89, 95% CI 0.63—1.25; P=0.51) and 5-year (OR: 1.15, 95%
CI 0.59—2.26; P=0.68) follow-up. This result indicated
that when compared with the ORC, the RARC group had
equivalent effectiveness when it came to overall survival.

Recurrence-free survival

In order to determine recurrence-free survival, four
RCTs were examined. There was little significant differ-
ence between the two approaches for the 3-month (OR:

(See figure on next page.)
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0.43, 95% CI 0.17—1.10; P=0.08), 6-mon (OR: 0.58,
95% CI 0.32—1.03; P=0.06), 1-year (OR: 0.89, 95% CI
0.60—1.33; P=0.58), 3-year (OR: 0.97, 95% CI 0.70—
1.34; P=0.86) and 5-year (OR: 0.82, 95% CI 0.43—1.56;
P=0.54) recurrence-free survival as shown in Fig. 4,
which indicated that individuals who experienced
RARC or ORC had similar recurrence-free survival.

Recurrence patterns

Three RCTs were analyzed in terms of reported local
(pelvic) and abdominal/distant recurrence data. Among
the studies, no high risk of heterogeneity was found, so
a fixed effects model was selected. As shown in Fig. 5a,
we found neither RARC nor ORC was related to a sub-
stantially greater chance of a local or abdominal/dis-
tant recurrence. Nevertheless, regarding recurrence
patterns, a significant difference was found between
the two approaches (test for subgroup differences,
P=0.03).

Fig. 3 Forest plots showing (a) 3-month overall survival, (b) 6-month overall survival, (c) 1-year overall survival, (d) 3-year overall survival, and (e)
5-year overall survival in RARC group and ORC group. MH mantel-haenszel, Cl confidence interval, df degrees of freedom
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a 3-mon overall survival

Test for overall effect: Z= 0.41 (P = 0.68)

Fig. 3 (Seelegend on previous page.)
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Pathological outcomes

Six investigations including 867 participants reported PSM
rates. The heterogeneity test suggested I*=0%, so we used
a fixed effect model. No difference in PSM was found (OR:
0.99; 95% CI 0.57—1.72; P=0.97 Fig. 5b). Likewise, no sig-
nificant difference was found in terms of lymph node yield
(WMD: -1.77; 95% CI -5.10 -1.57; P=0.30 Fig. 5¢).

Perioperative outcomes
Intraoperative outcomes: operative time, EBL and blood
transfusion rate

Operative time High heterogeneity was identified
between studies (I>=94%), so we conducted the analysis
using a random effect model. As shown in Fig. 6a, the for-
est plots indicated that RARC was related to longer oper-
ative time (WMD: 84.21; 95% CI 46.70 -121.72; p <0.0001
Fig. 6a).

Estimated blood loss Eight investigations showed the
EBL [4, 14-16, 19, 24, 25, 27]. A random effect model
was applied according to the findings of the heterogene-
ity test (I?=99%). Data from 1024 patients revealed that
the EBL of RARC group was much lower than that of the
ORC group. (WMD: -328.2; 95% CI -463.49—-192.92;
p<0.00001 Fig. 6b).

Blood transfusion rate No high risk of heterogeneity
was found, so we used a fixed effects model. Blood trans-
fusion rates were found to be lower in RARC (OR: 0.45;
95% CI 0.32 — 0.65; p<0.0001 Fig. 6¢).

Analysis of postoperative complications

We evaluated postoperative complications within
30 days and 90 days following surgery. As for the post-
operative complication grades of RARC and ORC
within 30 days after surgery, the analysis did not iden-
tify any significant difference: any Clavien—Dindo grade
(OR: 0.71; 95% CI 0.39 — 1.29; P=0.26 Fig. 7a), Cla-
vien-Dindo grade I-1I (OR: 1.17; 95% CI 0.54 — 2.55;
P=0.69 Fig. 7b), Clavien—Dindo grade III-IV (OR:
1.09; 95% CI 0.48 — 2.46; P=0.84 Fig. 7c). Likewise,
we observed no significant difference regarding post-
operative complication within 90 days between both
groups: any Clavien—Dindo grade (OR: 0.84; 95% CI

(See figure on next page.)
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0.63 — 1.12; P=0.24 Fig. 7d), Clavien—-Dindo grade I-
II (OR: 0.91; 95% CI 0.68 — 1.21; P=0.50 Fig. 7e), Cla-
vien-Dindo grade III-IV (OR: 0.92; 95% CI 0.66 —1.29;
P=0.64 Fig. 7f).

Length of stay

We adopted a random effects model because of high
heterogeneity (I>=98%). Evaluation of combined data
from seven trials found no significant difference in LOS
between the two groups (WMD: -0.01; 95% CI -1.25—
1.24; P=0.99 Fig. 8).

Postoperative health-related QOL outcomes

Although six RCTs reported postoperative health-
related QOL (Table 2), different quality-of-life assess-
ment tools were used. As a result, it might not be
possible to conduct a pooled analysis of data. The
FACT-VCI was adopted by Messer et al. [26] to assess
changes in health-related QOL scores between the two
approaches at baseline, 3, 6, 9 and 12 months follow-
ing surgery in 40 patients. In order to compare health-
related QOL at baseline, 3 and 6 months after surgery,
Bochner et al. [25]and Parekh et al. [4] adopted the
QLQ-C30 and FACT-VCI, respectively, while after a
mean of 8 months after surgery, Khan et al. [24] com-
pleted the FACT-BI. Vejlgaard et al. [20] evaluated
health-related QOL at baseline and 3 months after
surgery using QLQ-C30. According to all research,
health-related QOL of the two groups did not signifi-
cantly differ from one another. Nevertheless, in a new
trial, Catto et al. [14] used several measures in 317 par-
ticipants to evaluate health-related QOL and concluded
those who underwent robotic surgery showed better
QOL vs open surgery at 5 weeks (difference in EQ-
5D-5L scores, —0.07 [95% CI, —0.11 to —0.03]; P=0.003)
and less disability at 5 weeks (WHODAS 2.0 scores,
0.48 [95% CI, 0.15-0.73]; P=0.003) and at 12 weeks
(difference in WHODAS 2.0 scores, 0.38 [95% CI, 0.09—
0.68]; P=0.01). By 26 weeks, there was little difference
in terms of QOL and disability scores.

Discussion

Bladder cancer poses significant cumulative morbidity
because of the advanced age and substantial smoking
prevalence. Due to the intricacy of the procedure and

Fig. 4 Forest plots showing (a) 3-month recurrence-free survival, (b) 6-month recurrence-free survival, (c) 1-year recurrence-free survival, (d) 3-year
recurrence-free survival, and (e) 5-year recurrence-free survival in RARC group and ORC group. MH mantel-haenszel, Cl confidence interval, df

degrees of freedom
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o=
Total events 20 33
Heterogeneity: Chi*= 1.85, df= 2 (P = 0.40); F= 0% t t t t
Testfor overall effect Z= 1.87 (P = 0.06) a2 U RARC: 'ORC L -
c 1-year recurrence-free survival

RARC ORC 0Odds Ratio 0dds Ratio
Study or Subgrouy Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bochner 2018 8 60 10 58 169%  0.74(0.27,2.03
Catto 2022 21 161 18 156 305%  1.15(0.59,2.25)
Khan 2020 120 220 36% 047(0.04,569
Venkatramani 2020 26 150 31 152 489%  0.82(0.46,1.46)
Total (95% CI) 391 386 100.0%  0.89[0.60, 1.33]
Total events 56 61

Heterogeneity: Chi*=1.02, df= 3 (P = 0.80); F= 0% T T T

o+

Test for overall effect: Z= 0.56 (P = 0.58) 0.05 02 RARC1 ORC 20
d 3-year recurrence-free survival
RARC ORC 0Odds Ratio Odds Ratio
ight M.H, Fixed, 95% C1 M-H, Fixed. 95% CI
Bochner 2018 15 60 19 58 195%  0.68[0.31,1.52)
Catto 2022 37 161 31 156 327%  1.20(0.70,2.06]
Khan 2020 6 20 8 20 75% 0.64(0.17,238)
Venkatramani 2020 40 150 41 152 40.2%  0.98(0.59,1.64]
Total (95% CI) 391 386 100.0%  0.97[0.70, 1.34]
Total events 98 99
Heterogeneity: Chi*=1.73, df= 3 (P = 0.63); F= 0% t t f t +
Test for averall effect Z= 0.17 (P = 0.86) oos 02 RARC1ORC : o
e 5 -year recurrence-free survival

RARC ORC Odds Ratio Odds Ratio

M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bochner 2018 21 60 23 58 745% 082(0.39,1.73]
Khan 2020 7020 8 20 255% 081[022291)
Total (95% CI) 80 78 100.0%  0.82[0.43, 1.56]
Total events 28 kil

Heterogeneity: Chi*= 0.00, df=1 (P=0.98); F= 0% ' y '

Test for overall effect. Z= 0.62 (P = 0.54) 005 02 RARC1 ORC

o
~
o

Fig. 4 (Seelegend on previous page.)
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Fig. 5 Forest plots showing (a) recurrence patterns, (b) positive margin status, and (c) lymph node yield
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a Recurrence patterns
RARC ORC Odds Ratio Odds Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% Cl
1.1.1 Pure Local/Pehic
Bochner 2018 10 60 4 58 5.9% 2.70[0.80, 9.16)
Khan 2020 3 20 3 20 44% 1.00[0.18, 5.67)
Parekh 2018 6 150 3 152 50% 2.07[0.51,8.43)
Subtotal (95% CI) 230 230 15.3%  2.00[0.90, 4.47] e
Total events 19 10
Heterogeneity: Chi*= 0.85, df= 2 (P = 0.65), F= 0%
Test for overall effect: Z=1.70 (P = 0.09)
1.1.2 Abdominal Distant
Bochner 2018 10 60 21 58 30.8% 0.35[0.15, 0.84] . E—
Khan 2020 4 20 4 20 55% 1.00[0.21, 4.71)
Parekh 2018 33 150 36 152 48.4% 0.91 [0.53, 1.56) —i—
Subtotal (95% CI) 230 230 84.7%  0.71[0.46, 1.10] i
Total events 47 61
Heterogeneity: Chi*= 352, df=2(P=017), F= 43%
Testfor overall effect. Z=1.54 (P=012)
Total (95% CI) 460 460 100.0%  0.91]0.63, 1.32] <
Total events 66 7
Heterogeneity: Chi*= 9.01, df= 5 (P = 0.11); F= 44% t t t t t t
Test for overall effect Z=0.50 (P=0.62) 01 a2 UigARC1 ORC 4 5 L
Test for subaroup differences: Chi*= 4.94 df=1 (P=0.03). F=79.8%
b Positive margin status
RARC ORC Odds Ratio Odds Ratio
Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bochner 2015 2 60 3 58 11.6% 0.63[0.10,3.93)
Catto 2022 10 161 10 156 37.6% 0.97 [0.39, 2.39)
Khan 2016 3 20 2 20 B6.7% 1.59[0.24,10.70] I B
Maihom 2022 2 25 2 25 7.3% 1.00[0.13,7.72)
Parekh 2013 1 20 1 200 37% 1.00[0.06,17.18]
Parekh 2018 9 150 9 152 331% 1.01[0.39, 2.63]
Total (95% CI) 436 431 100.0% 0.99[0.57,1.72]
Total events 27 27
Heterogeneity: Chi*= 0.47, df=5 (P = 0.99); F= 0% t t f t t
i - 0.02 0.1 1 10 50
Test for overall effect: Z=0.04 (P =0.97) RARC ORC
c Lymph node yield
RARC ORC Mean Difference Mean Difference
Study or Subgrou Mean SD _Total Mean SD _Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Bochner 2015 30.3 1063 B0 2967 1216 58 11.1% 0.63[-3.50, 4.76]
Catto 2022 16.1 8 161 151 93 156 129% 1.00 [-0.91,2.91) =pe=—
Khan 2016 145 25 20 185 275 20 13.0% -4.00 [-5.63,-2.37] -
Maibom 2022 21 25 25 19 325 25 13.0% 2.00[0.39,3.61] g
Mastroianni 2022 N 4 58 N 4 58 131% 0.00 [-1.46, 1.46] =c
Nix 2010 19 45 21 18 55 20 12.0% 1.00 [-2.08, 4.08] N
Parekh 2013 11 3175 20 23 325 20 128% -1200[13.99,-1001] —
Parekh 2018 233 125 150 257 145 152 121% -2.40[-5.45,0.65] I i
Total (95% CI) 515 509 100.0% -1.77 [-5.10, 1.57] q
Heterogeneity: Tau®= 21.61; Chi*= 148.03, df= 7 (P < 0.00001); F= 95% 5 5 i H

RARC ORC
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a Operative time
RARC ORC Mean Difference Mean Difference
Study or Subgrou| Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bochner 2015 456 82 60 329 77 58 14.5% 127.00[98.31,155.69) =
Catto 2022 295 7422 161 270 8756 156 15.3% 25.00([7.11,42.89) -
Khan 2016 389 93 20 293 66 20 12.2% 96.00 [44.22,147.78] -
Maihom 2022 263 34.81 25 136 22.22 25 154% 127.00[110.81,143.19] .=
Mastroianni 2022 313 5185 58 190 26.67 58 15.5% 123.00[107.99,138.01) ===
Parekh 2013 300 93.33 20 2855 60.22 19 12.5% 14.50 [-34.55, 63.55] R
Parekh 2018 428 1385 150 361 1252 152 145% 67.00([37.21, 96.79] —
Total (95% Cl) 494 488 100.0%  84.21[46.70, 121.72] i
Heterogeneity: Tau?= 2303.68; Chi*= 105.68, df= 6 (P = 0.00001); F= 94% ; f t t
o -100  -50 0 50 100
Test for overall effect: Z= 4.40 (P < 0.0001) RARC ORC
b Estimated blood loss
RARC ORC Mean Difference Mean Difference
Study or Subgroup Mean  SD Total Mean  SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bochner 2015 516 427 60 676 338 58 125% -160.00[-298.71,-21.29]
Catto 2022 200 625 161 550 1148 156 14.3% -350.00[-370.44,-329.56) b
Khan 2016 585 618 20 808 329 20 83% -223.00[-529.83,83.83) —
Maibom 2022 200 56.25 25 850 130 25 14.0% -650.00[70552 -594.48 —
Mastroianni 2022 401 67 58 467 7375 58 143% -66.00 [-91.64, -40.36] -
Nix 2010 258 200 21 575 600 20 9.0% -317.00[593.52 -40.48) _—
Parekh 2013 400 1156 20 800 1813 20 13.4% -400.00[-494.23 -305.77) -
Parekh 2018 300 75 150 700 125 152 14.3% -400.00 [423.22,-376.78) e
Total (95% Cl) 515 500 100.0% -328.20 [-463.49, -192.92] -
Heterogeneity: Tau?= 33195.94; Chi*= 572.60, df= 7 (P < 0.00001); F= 99% ; f t f
Pty -500 <250 0 250 500
Test for overall effect: Z= 4.76 (P < 0.00001) RARC ORC
C Blood transfusion rate
RARC ORC Odds Ratio Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Fixed, 95% CI M-H. Fixed. 95% CI
Catto 2022 1 161 18 156 187%  0.56[0.26,1.23] —
Mastroianni 2022 13 58 24 A8 204%  0.41[0.18,092) —
Parekh 2013 8 20 10 20 66% 067[019, 233 N (R
Parekh 2018 35 180 65 152 543%  0.41[0.25 0.67) —
Total (95% ClI) 389 386 100.0% 0.45[0.32, 0.65] 3
Total events 67 17
Heterogeneity: Chi*= 0.89, df= 3 (P = 0.83); F= 0% = = = =
Test fo?overgjll effect Z= 4 34 (P i 0 0001))I LLC L 18 2
A ' RARC ORC

Fig. 6 Forest plots showing (a) operative time, (b) estimated blood loss, and (c) blood transfusion rate

(See figure on next page.)
Fig. 7 Forest plots showing (a) complications of any Clavien-Dindo grade within 30 days, (b) complications of Clavien-Dindo grade I-II

within 30 days, (c) complications of Clavien-Dindo grade IlI-IV within 30 days, (d) complications of any Clavien-Dindo grade within 90 days, (e)
complications of Clavien-Dindo grade I-Il within 90 days, and (f) complications of Clavien-Dindo grade Ill-IV within 90 days




Liu et al. World Journal of Surgical Oncology ~ (2023) 21:240

a Complications of any Clavien-Dindo grade within 30 days

RARC ORC 0Odds Ratio 0dds Ratio
Study or Subgroup _ Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Khan 2016 1M1 20 14 20 246% 052[0.14,1.92) —
Maibom 2022 20 25 21 25 164%  0.76(0.18,3.29) s
Mastroianni 2022 10 58 10 58 323%  1.00(0.38,2.62] —
Nix 2010 70 10 20 267% 050[0.14,1.77] =
Total (95% CI) 124 123 100.0%  0.71[0.39, 1.29] -
Total events 48 55
Heterogeneity: Chi*= 1.00, df= 3 (P = 0.80); F= 0% t y + t
s ! 0.01 01 10 100
Test for overall effect: Z=1.12 (P = 0.26) RARC ORC
b Complications of Clavien-Dindo grade I-Il within 30 days
RARC ORC Odds Ratio Odds Ratio
or Subgrou Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Maibom 2022 19 25 17 25 349% 1.49[0.43,517)
Mastroianni 2022 9 58 9 58 651% 1.00[0.37,273
Total (95% Cl) 83 83 100.0%  1.17[0.54, 2.55]
Total events 28 26

Heterogeneity: Chi*= 0.24, df= 1 (P = 0.63); F= 0%
Test for overall effect: Z= 0.40 (P = 0.69)

RARC ORC

c Complications of Clavien-Dindo grade Il - IV within 30 days

0Odds Ratio
M-H. Fixed, 95% Cl

RARC ORC 0dds Ratio

Study or Subgroup _Events Total Events Total Weight M.H, Fixed, 95% CI
Khan 2016 6 20 420 252% 1.71(040,7.34)
Maibom 2022 9 25 10 25 575%  0.84[0.27,265)
Mastroianni 2022 2 58 2 58 17.3%  1.00(0.14,7.35)
Total (95% CI) 103 103 100.0%  1.09[0.48, 2.46]
Total events 17 16

Heterogeneity. Chi*= 0.57, df= 2 (P = 0.75); F= 0%
Testfor overall effect Z= 0.21 (P= 0.84)

4 4 4 4

0.01 0.1 1 10 100
RARC ORC

d Complications of any Clavien-Dindo grade within 90 days

RARC ORC 0Odds Ratio 0Odds Ratio
Study or Subgroup  Events Total Events Total Weight M-H. Fixed, 95% CI M-H, Fixed, 95% CI
Catto 2022 102 161 106 156 39.9%  0.82(0.51,1.30] —.-
Khan 2016 1" 20 14 20 64% 052(0.14,1.92) —
Maibom 2022 20 25 22 25 44%  055[012 258 Y
Mastroianni 2022 24 58 25 58 148%  093[0.451.95) =i
Parekh 2018 101 150 105 152 345%  0.92[0.57,1.50] —a—
Total (95% Cl) 414 411 100.0%  0.84[0.63, 1.12]
Total events 258 272 ) ) ) )

Heterogeneity: Chi*=1.04, df= 4 (P = 0.90); F= 0%
Testfor overall effect Z=1.18 (P = 0.24)

005 02 1 5 20

e Complications of Clavien-Dindo grade I-Il within 90 days

RARC ORC 0Odds Ratio Odds Ratio
Study or Subgroup _Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% C
Catto 2022 67 161 67 156 401%  0.95(061,1.48 —
Maibom 2022 1925 18 25 44%  1.23(0.35437)
Mastroianni 2022 18 58 24 58 167%  0.64(0.30,1.37] —
Parekh 2018 68 150 71 152 389%  0.95(0.60,1.49 —a—
Total (95% CI) 394 391 100.0%  0.91[0.68,1.21]
Total events 172 180
Heterogeneity. Chi*=1.11, df= 3 (P = 0.77); F= 0% s 7 t t
Test for overall effect 7= 0.67 (P = 0.50) RARC ORC
f Complications of Clavien-Dindo grade Il - IV within 90 days
RARC ORC 0Odds Ratio 0Odds Ratio
Study or Subgroup _Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Catto 2022 25 161 33 156 408%  0.69(0.39,1.22] —
Khan 2016 720 4 20 37%  215(0.52,9.00 —
Maibom 2022 9 25 11 25 101% 072(0.23,2.23) —
Mastroianni 2022 9 58 6 58 7.3% 1.59[0.53,4.80] A B
Parekh 2018 33 150 34 152 380%  0.98(057,1.68 ——
Total (95% CI) an 411 100.0%  0.92[0.66, 1.29]
Total events 83 88
i Chit= - = Rz + + T + +
Heterogeneity. Chi*= 3.56, df = 4 (P = 0.47); F= 0% T 1 : s

Testfor overall effect: Z= 0.47 (P = 0.64)

Fig. 7 (Seelegend on previous page.)

RARC ORC
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Length of stay
RARC ORC Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight [V, Random, 95% CI IV, Random, 95% CI
Bochner 2015 8 3 60 8 5 88 132% 0.00[-1.49,1.49) s
Catto 2022 7 1 161 8 2 156 161% -1.00[1.35,-0.65) o
Khan 2016 19 62 20 144 59 20 66% -250[6.251.25 . E
Maibom 2022 6 1 25 5 1 25 158% 1.00[0.45, 1.55) e
Mastroianni 2022 7 075 48 5 075 58 16.2% 2.00[1.73,2.27) L
Parekh 2013 6 1125 20 6 0825 20 157% 0.00 [-0.61, 0.61) = o
Parekh 2018 6 125 150 7 1 152 16.2% -1.00[1.26,-0.74) -
Total (95% ClI) 494 489 100.0% -0.01[-1.25, 1.24] ?
Heterogeneity: Tau?= 2.46; Chi*= 307.00, df= 6 (P < 0.00001); = 98% 25 3 4
Test for overall effect: Z=0.01 (P=0.99) RARC ORC
Fig. 8 Forest plots showing Length of stay
Table 2 Postoperative health-related QOL change
Author QOL scale Arm QOL score QOLscoreat QOLscoreat QOLscoreat QOLscoreat QOLscoreat QOL
baseline 1 month 3 months 6 months 9 months 12 months score
overall
Catto 2022 EQ-5D-5L RARC/ORC 0.89/0.90 0.83/0.77 0.88/0.86 0.87/0.87 NR NR NR
[14] (P=0.003) (P=0.1) (P=0.2)
QLQ-C30 87.55/87.74 76.46/68.66 86.06/81.96 87.14/84.86 NR NR NR
(P<0.001) (P=0.01) (P=0.17)
QLQ-BLM30 NR NR NR NR NR NR NR
WHODAS-2 9.3/9.2 20.9/26.4 10.2/14.9 10.8/11.1 NR NR NR
(P=0.003) (P=0.01) (P=0.24)
Vejlgaard 2022  QLQ-C30 RARC/ORC 77/78 NR 84/77 NR NR NR NR
[20] (P=047)
Parekh 2018 FACT-VCI RARC/ORC 120.1/120.9 NR 122.8/125.2 126.0/127.5 NR NR NR
(4]
Khan 2016 [24] FACT-BI RARC/ORC NR NR NR NR NR NR NR
Bochner 2015 QLQ-C30  RARC/ORC 78/75 NR 77/72 76/78 NR NR NR
[25] (P=0.40) (P=0.5)
Messer 2014 FACT-VCI RARC/ORC 119/135 NR 126.5/135.5 121.5/126 141.5/1275 116/129 NR
[26] (P=0.85) (P=0.58) (P=063) (P=048)

QOL Quality of life, RARC Robot-assisted radical cystectomy, ORC Open radical cystectomy, NA Not available

the patients’ intrinsic weakness, radical cystectomy—
the recommended therapy for patients with very high-
risk and muscle-invasive bladder cancer—is related to a
significant prevalence of complications [1, 28]. Despite
their greater cost and steeper learning curve, minimally
invasive operations like RARC are being used in many
areas of medicine [28, 29]. RARC has gained popularity
in bladder cancer treatment because of its prospective
benefits. According to reports, the percentage of cys-
tectomies carried out with the RARC increased from
0.6% to 12.8% [30]. With a focus on the differences in
results between RCTs, the purpose of the updated
meta-analysis was to compare the most recent evidence

on the differential influence of these two strategies on
oncologic, perioperative, and health-related (QOL)
outcomes as well as complication-related outcomes.

Here we report the largest RCT outcomes analysis
between RARC and ORC, including 1024 patients from
eight studies. As a malignant tumor, bladder cancer
patients’ long-term follow-up oncological outcomes are a
major concern for surgeons. Our analysis of the existing
literature showed equivalent oncologic results. Besides,
we didn'’t observe a difference in recurrence patterns, OS
or RFS in all RCTs, indicating that RARC is a safe proce-
dure, which has long-term survival effectiveness for blad-
der cancer that is comparable to that of ORC.
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These conclusions are based on hypothesis and could
be accessed further in a meta-analysis of individual
patient data according to properly considered and stand-
ard definitions of recurrence locations. PSM and lymph
node yield have a significant effect on postoperative sur-
vival. We also came to a conclusion from our study that
there were no significant differences in PSM and lymph
node yield.

Consistent with the benefits of the robotic approach for
other malignant neoplasms, we found that RARC was
related to lower blood loss and lower transfusion rates
at the expense of prolonged operative time in terms of
perioperative safety [31]. RARC has significant advan-
tages in controlling bleeding, which may be due to clearer
operational vision, more elaborate manipulation and the
use of hemostatic devices in robotic-assisted surgery. In
addition, another major factor affecting bleeding is the
pneumoperitoneum used in robot-assisted surgery. The
increase of pressure is conducive to the occlusion of small
blood vessels, reducing the amount of bleeding [32].

In terms of the complication rate within 30 and 90 days,
we observed no difference between ORC and RARC.
Fewer postoperative complications are a potential ben-
efits of RARC [33-36]. Yet, the RARC’s benefit may not
always be apparent. Additionally, in the Clavien-Dindo
subgroup analyses, no significance was found between
the two groups regarding minor and major complica-
tions at 30 days and 90 days following surgery. Urinary
tract infections are typical complications following radi-
cal cystectomy [37]. Urinary diversions, however, make
it hard to prevent these consequences. Despite continual
improvements in surgical methods, similar complications
have happened on occasion. Thus, there remains a great
need to study postoperative complications [38].

Urinary construction is a key factor in postoperative
complications, which is a controversial subject, with
intracorporeal and extracorporeal options to choose
from. In this meta-analysis, there are only three RCTs
performed ICUD method [14-16]. Hussein et al. [9] ana-
lyzed 2,125 patients with radical cystectomy and con-
cluded that the postoperative complications of ICUD
decreased over time. However, ICUD has intrinsic dif-
ficulties, such as a challenging learning curve, insuffi-
cient clinical experience of the surgeons, unreasonable
operating times, and the possibility of undermining the
quality of the uretero-ileal anastomoses outweighing its
advantages [39, 40]. Further studies about the procedure
of urinary construction are needed, and it is essential to
improve the understanding and management of these
serious and common adverse reactions.

HRQOL relates to the influence of illness and therapy
on one’s physical, mental, and social spheres as related to
overall well-being [41], which is considered to be one of
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the important parameters after malignant tumor treat-
ment [42, 43]. As several techniques were used to assess
QOL, it was difficult to pool QOL data for our study. Five
RCTs found no significant difference regarding health-
related QOL. However, a new study comparing recovery
after RARC with intracorporeal reconstruction vs ORC
suggested that any statistically significant change at five
weeks was in favour of robotic surgery in terms of post-
operative health-related QOL outcomes [14]. This might
be due to the change in urinary reconstruction and the
large sample size in this study.

In this review, we also observed no significant differ-
ence in LOS, which reflect similar complication rates
between the two procedures.

Compared with some existing meta-analyses [44—46],
this study conducted the most comprehensive analy-
sis of RCTs, both in terms of the number of RCTs
included and the indicators analyzed. In addition to
analyzing indicators such as PSM, EBL, blood trans-
fer rates, ORT, LOS, etc. We also analyzed lymph node
yield and health related QOL. We used more detailed
methods to analyze survival indicators and postopera-
tive complications, and conducted subgroup analysis of
recurrence patterns. Nevertheless, several limitations
cannot be avoided. First, a limited sample size of just
8 randomized controlled trials (1024 patients) raises
concerns about the validity of our findings on effec-
tiveness and safety. Next, the majority of the studies
were not considered to use a blinding procedure for
their participants, and thus there may be potential bias.
The lack of information on postoperative complica-
tions is a disadvantage. Future research should follow
criteria for evaluating and reporting of postoperative
complications. Health-related QOL assessment tools
differ significantly between eligible RCTs. In addition,
most studies were performed at a single center, which
is reflected in the results of the heterogeneity test of
operative time and might reflect the experience of the
individual surgeon. Furthermore, some included stud-
ies were carried out with enhanced recovery after sur-
gery (ERAS) programmes. ERAS is a standardized,
multimodal, and multidisciplinary scientific concept
for perioperative management. ERAS aims to decrease
intra-operative blood loss, decrease postoperative com-
plications, and reduce recovery times. The main con-
tent of ERAS in urology includes admission assessment,
preoperative preparation, intraoperative measures, and
postoperative management. In particular, bleeding can
be reduced by perioperative fluid management. Addi-
tionally, restrictive intraoperative hydration, along with
norepinephrine administration, decreases intraopera-
tive blood loss [47]. According to a study from the Uni-
versity of Sheffield [48], the use of the ERAS setting was
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related to less blood loss and quicker recovery time fol-
lowing radical cystectomy, which related to study heter-
ogeneity. It should be noted our single center has been
implementing ERAS since 2015, and a retrospective
cohort study including 192 patients from our center
shows that ERAS may successfully speed up patient
rehabilitation and is associated with less blood loss and
LOS [49]. Furthermore, we performed a meta-analysis
about this theme, evaluating and confirming the effec-
tiveness of ERAS in the perioperative outcomes of radi-
cal cystectomy[50].

Conclusion

In conclusion, RARC had similar oncological outcomes
compared with ORC as shown in our systematic review
and meta-analysis. RARC leads to less EBL and lower
blood transfusion rates at the expense of prolonged
operative time. RARC and ORC resulted in similar rates
of postoperative complications and health-related QOL.
Further well-designed RCTs are essential to confirm this
conclusion.
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