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Article info Abstract

Article history: Context: Differences in recovery, oncological, and quality of life (QoL) outcomes

Accepted April 3, 2023 between open radical cystectomy (ORC) and robot-assisted radical cystectomy (RARC)
for patients with bladder cancer are unclear.

Associate Editor: Objective: This review aims to compare these outcomes within randomized trials of ORC

Giacomo Novara and RARC in this context. The primary outcome was the rate of 90-d perioperative
events. The secondary outcomes included operative, pathological, survival, and health-

Statistical Editor: related QoL (HRQoL) measures.

Rodney Dunn Evidence acquisition: Systematic literature searches of MEDLINE, Embase, Web of
Science, and clinicaltrials.gov were performed up to May 31, 2022.

Keywords: Evidence synthesis: Eight trials, reporting 1024 participants, were included. RARC was

Bladder cancer associated with a shorter hospital length of stay (LOS; mean difference [MD] 0.21, 95%

Cystectomy confidence interval [CI] 0.03-0.39, p = 0.02) than and similar complication rates to

Robotic surgery ORC. ORC was associated with higher thromboembolic events (odds ratio [OR] 1.84,

Radical cystectomy 95% CI 1.02-3.31, p = 0.04). ORC was associated with more blood loss (MD 322 ml,

Robot-assisted radical 95% CI 193-450, p < 0.001) and transfusions (OR 2.35, 95% CI 1.65-3.36, p < 0.001),

cystectomy but shorter operative time (MD 76 min, 95% CI 39-112, p < 0.001) than RARC. No
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differences in lymph node yield (MD 1.07, 95% CI -1.73 to 3.86, p = 0.5) or positive sur-
gical margin rates (OR 0.95, 95% C1 0.54-1.67, p = 0.9) were present. RARC was associated
with better physical functioning or well-being (standardized MD 0.47, 95% CI 0.29-0.65,
p <0.001) and role functioning (MD 8.8, 95% CI 2.4-15.1, p = 0.007), but no improvement

in overall HRQoL. No differences in progression-free survival or overall survival were
seen. Limitations may include a lack of generalization given trial patients.
Conclusions: RARC offers various perioperative benefits over ORC. It may be more suit-
able in patients wishing to avoid blood transfusion, those wanting a shorter LOS, or those
at a high risk of thromboembolic events.
Patient summary: This study compares robot-assisted keyhole surgery with open sur-
gery for bladder cancer. The robot-assisted approach offered less blood loss, shorter hos-
pital stays, and fewer blood clots. No other differences were seen.

© 2023 The Authors. Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY license (http://creativecommons.

org/licenses/by/4.0/).

1. Introduction

Radical cystectomy (RC) is recommended for the manage-
ment of bladder cancer (BC) [1]. The robotic platform has
become popular because of its potential to offer quicker
recovery, while replicating the oncological principles of
open RC (ORC). Indeed, analyses of national databases, such
as the National Cancer Database in USA [2] and Health Epi-
sode Statistics from England [3], have shown a rapid
increase in the uptake of robot-assisted RC (RARC) for BC.
Interestingly, this adoption preceded high-quality random-
ized data supporting benefits of RARC over ORC.

Previously, meta-analyses have compared RARC and ORC
[4,5] using small randomized controlled trials (RCTs) and
case series [6-9]. A 2019 Cochrane review [5] concluded
that RARC may offer similar oncological outcomes, quality
of life (QoL), and positive surgical margin (PSM) rates. Since
the initial meta-analyses, several larger RCTs comparing
ORC and RARC have been published [10-12]. In addition,
studies included within the Cochrane review have pub-
lished updated reports with longer oncological outcomes
and new health-related quality of life (HRQoL) findings
[13-15].

Therefore, we aimed to undertake a contemporary up-to-
date systematic review and meta-analysis of RCTs compar-
ing RARC and ORC for BC. Our primary outcome was to com-
pare the rates of 90-d perioperative events, including
complications and hospital length of stay (LOS). The sec-
ondary outcomes included oncological endpoints and
HRQoL.

2. Evidence acquisition

2.1. Search strategy

The study protocol was registered on PROSPERO
(CRD42022313481) prior to undertaking a systematic
search of the literature using MEDLINE, Embase, Web of
Science, and clinicaltrials.gov databases up to May 31,
2022. The full search strategy is provided in the Supplemen-
tary material. All results were reported in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-analyses (PRISMA) statement.

2.2. Study selection

We included prospective RCTs comparing RARC and ORC for
bladder cancer. Two investigators (P.K. and J.K.L.W.) inde-
pendently performed the initial screening of all published
manuscripts. Conference abstracts, review articles, editori-
als, comments, and letters to the editor were excluded.

2.3. Data extraction

Data extraction was independently performed by two
authors (P.K. and J.KLW.). Any disagreements were dis-
cussed with a third coauthor (J.D.K.) and resolved by con-
sensus. Study characteristics including author, year,
recruitment period, country, primary and secondary end-
points evaluated, patient demographics, type of urinary
diversion, neoadjuvant chemotherapy, and pathological T
stage were collected. Perioperative outcomes including
blood loss, blood transfusions, operative time, LOS, and
90- and 30-d complications (defined using the Clavien-
Dindo [CD] classification [16] and stratified into all, minor
[CD <2], and major [CD >3]) were reviewed. Histopatholog-
ical outcomes including lymph node (LN) yield and PSM
rates were assessed as well. QoL outcomes included all
domains of the various questionnaires used. Similar
domains across different questionnaires were combined
and represented as standardized mean differences, where
appropriate.

24. Statistical analysis

Means and standard deviations (SDs) or medians and
interquartile ranges (IQRs) were utilized for continuous
variables. All median and IQR values were converted to
means and SDs using the methodology described by Hozo
et al [17]. The number of events as a proportion of sample
size was collected for dichotomous variables. Statistical
analyses were performed using Review Manager 5.4
(Cochrane Collaboration, Oxford, UK). Funnel plots were
used to assess the publication bias [18]. Pooled estimates
were obtained using means and SDs for continuous vari-
ables, and event rates for dichotomous variables. The effect
measure used for continuous variables was the mean differ-
ence (MD) when the measurement scales used by studies
were similar and the standardized mean difference (SMD)
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when the measurement scales used were different. The
effect measure used for dichotomous variables was the odds
ratio (OR). The chi-square test was used to test for the
extent of interstudy heterogeneity, with a p value of 0.10
taken as significant heterogeneity [19]. The I? statistic was
used to describe the proportion of interstudy variation
caused by heterogeneity, with an I? value of 0-40% consid-
ered to represent negligible heterogeneity, 30-60% to repre-
sent moderate heterogeneity, 50-90% to represent
substantial heterogeneity, and 75-100% to represent con-
siderable heterogeneity [19]. For outcomes with moderate
heterogeneity and higher, a random-effect model (by
DerSimonian and Laird [20]) was used to obtain pooled esti-
mates. Otherwise, a fixed-effect model (Mantel-Haenszel)
was used for dichotomous variables and the inverse-
variance model was used for continuous variables [19]. Sen-
sitivity analyses of all outcomes were performed to examine
the influence of each study on the pooled estimates.

2.5. Survival analysis

To compare survival outcomes across studies, published
Kaplan-Meier (KM) plots from each trial were digitized
using WebPlotDigitizer (Pacifica, CA, USA), and survival
probabilities and follow-up times were extracted [21]. The
number of individuals at risk at follow-up times was calcu-
lated using number-at-risk tables [22]. Pseudoindividual
patient survival data were then reconstructed for each
study using the methods by Guyot et al [23] and pooling
of survival curves were done using the methods by Combes-
cure et al [24] to arrive at summary survival curves for each
trial with accurate censoring information. The meta-
analyzed pseudoindividual patient data were then used to
generate two overall pooled survival curves comparing
ORC and RARC, one for overall survival (OS) and the other
for progression-free survival (PFS). Additionally, Cox pro-
portional hazard models were used to compare the survival
outcomes, and the hazard ratio (HR) and its respective 95%
confidence interval (CI) were reported.

2.6. Risk-of-bias assessment

Two authors (P.K. and T.R.) independently evaluated each
study using the Cochrane Collaboration risk-of-bias (RoB2)
assessment tool [25]. The risk of bias (RoB) graphic was cre-
ated using the RoB2 tool (Cochrane Collaboration).

3. Evidence synthesis

3.1. Study characteristics

We identified 17 eligible publications, detailing 1024 par-
ticipants (including 509 ORC and 515 RARC) from eight
RCTs (Fig. 1, Table 1, and Supplementary Table 1) [6-
15,26-32]. Four trials were undertaken in the USA, two in
the UK, and one each in Germany and Italy. Perioperative,
histopathological, QoL, and oncological outcomes were
reported in all studies. Five and three studies performed
extracorporeal (eRARC) and intracorporeal (iRARC) diver-
sion in the RARC group, respectively. Most patients were
male (80%), received an ileal conduit (73%), had muscle-

invasive bladder cancer (57%) and did not receive neoadju-
vant chemotherapy (67%). Four out of the eight RCTs
included in the study reported the implementation of an
enhanced recovery after surgery (ERAS) pathway [8,10-12].

3.2. Perioperative outcomes

3.2.1. Length of stay

Subgroup analyses were performed for the meta-analysis
on LOS. Studies were grouped according to country or
region in which these were conducted (Fig. 2A). A pooled
analysis from four studies conducted in the USA showed a
longer LOS for ORC patients (MD 0.62 d, 95% CI 0.34-0.89,
p < 0.001). The same conclusion was found through the
pooled analysis from two studies conducted in the UK
(MD 1.51 d, 95% CI 1.10-1.93, p < 0.001). The studies from
two other EU countries showed a longer LOS for RARC
patients instead (MD 0.90, 95% CI 0.61-1.20, p < 0.001).
When grouped together, the overall pooled estimate from
all countries showed that ORC patients had a significantly
longer LOS (MD 0.21, 95% CI 0.03-0.39, p = 0.02). A sensitiv-
ity analysis revealed that the study by Parekh et al [29]
influenced the pooled estimate, as removing the study from
the meta-analysis revealed a nonsignificant difference
between ORC and RARC in the USA. In terms of the UK trials,
the study by Catto et al [10] that randomized 338 patients,
found a difference between ORC and RARC, while Khan et al
[8] with a smaller sample size of 40 patients did not find a
difference. No publication bias was found for this outcome
(Supplementary Fig. 1).

3.2.2. Ninety-day complications

Eight studies contributed to the meta-analysis of 90-d over-
all complications (Fig. 2B). Pooled estimates showed no sig-
nificant difference in 90-d overall complications between
the ORC and RARC groups (OR 1.22, 95% CI 0.94-1.58,
p = 0.14). Five studies were included in the meta-analysis
for 90-d minor complications (Fig. 2C). Similarly, no signif-
icant difference was found between the two groups (OR
1.15, 95% CI 0.87-1.52, p = 0.3). The meta-analysis of 90-d
major complications included eight studies (Fig. 2D). Again,
no significant differences in major complications were
found between the ORC and RARC groups (OR 1.08, 95% CI
0.79-1.48, p = 0.6). Likewise, no differences between the
two groups were found for 30-d postoperative complica-
tions (Supplementary Fig. 2). Sensitivity analyses of 90-d
complication outcomes revealed that no single study
impacted the pooled estimates. No publication bias was
found for all postoperative outcomes (Supplementary
Fig. 3-8).

3.2.3. Venous thromboembolic events

Six studies were included in the meta-analysis on venous
thromboembolism (VTE; Fig. 3A). Pooled estimates showed
a significantly higher number of VTE events in the ORC than
in the RARC group (OR 1.84, 95% CI 1.02-3.31, p = 0.04). Sen-
sitivity analyses revealed that the removal of the small
studies by Khan et al [8], Maibom et al [11], and Nix et al
[6] from the pooled estimates did not change this finding.
There was no evidence of a publication bias (Supplementary
Fig. 9).
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Fig. 1 - PRISMA flowchart of studies included in the systematic review. PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-analyses;

WoS = Web of Science.

3.24. Postoperative ileus and time to flatus

Six studies were included in the meta-analysis on postoper-
ative ileus (Fig. 3B). No significant difference in pooled esti-
mates between RARC and ORC was identified (OR 1.07, 95%
Cl 0.72-1.57, p = 0.8). Four studies were included in the
meta-analysis on time to flatus (Fig. 3C), and again, no sig-
nificant difference was found between RARC and ORC (MD -
0.14, 95% CI -0.59 to 0.31, p = 0.5). Although considerable
heterogeneity existed, the sensitivity analysis did not
change this result. A publication bias was found in time to
flatus but not in postoperative ileus (Supplementary
Fig. 10 and 11).

3.3. Operative and pathological outcomes

3.3.1. Blood loss and blood transfusion

Eight trials were included in the meta-analysis for esti-
mated blood loss (EBL; Fig. 4A). Pooled estimates showed
that patients undergoing ORC had significantly higher EBL
than those who had RARC (MD 322 ml, 95% CI 193-450,
p <0.001). Supporting these findings, pooled estimates from

the three studies that reported perioperative transfusion
events showed that patients receiving ORC were transfused
with more blood perioperatively (MD 0.53 units, 95% CI
0.34-0.73, p < 0.001; Fig. 4B). Similarly, pooled estimates
from five studies that reported perioperative transfusion
rates showed that more patients in the ORC arm received
a blood transfusion perioperatively (OR 2.35, 95% CI 1.65-
3.36, p < 0.001; Fig. 4C). Although considerable heterogene-
ity existed in the meta-analysis for EBL, the sensitivity anal-
ysis revealed that no single study impacted the pooled
estimate. A Publication bias was not found in the blood
transfusion outcomes but was found in the blood loss out-
come based on funnel plots (Supplementary Fig. 12-14).

3.3.2. Operative time

Eight studies were included in the meta-analysis for opera-
tive times (Fig. 4D). A significantly longer operative time
was found in the RARC group (MD 76 min, 95% CI 39-112,
p <0.001). Despite the presence of considerable heterogene-
ity, the sensitivity analysis found that no one study influ-



Table 1 - Studies included in this systematic review and meta-analysis.

Trial, ID and recruitment Date & Primary outcome Secondary outcomes No. of pts Age Median Male (n) BMI Median Ileal pTis- T1  pT2-T4 Neoad;j.
period Country (IQR) (IQR) conduit $ Ch.

ORC RARC ORC  RARC ORC RARC ORC  RARC ORC RARC ORC RARC ORC RARC ORC RARC

Extracorporeal reconstruction

Nix 2010[6] 04/2008-01/ Lymph node yield Demographics, perioperative 20 21 69.2 67.4 17 14 2840 2750 14 14 5 6 15 15
2009 United outcomes, pathology & narcotic (51-80) (33-
States use o 81)0
Parekh 2013[9], NCT01157676  07/2009-06/ Oncologic efficacy & HRQoL & functional recovery 20 20 64.5 69.5 16 18 28.3 27.6 18 19 12 7 8 13 5 6
2011 United perioperative outcomes (59.8- (62.3- (26.1- (24.2-
States 72.3) 74) 323) 29.9)
Messer 2014[31], NCT01157676 07/2009-06/ feasibility of Oncological efficacy, 20 20 64.5 69.5 16 18 28.3 27.6 18 19 12 7 8 13 5 6
2011 United randomising patients perioperative outcomes, QoL (59.8- (62.3- (26.1- (24.2-
States ORC or RARC 723) 74) 32.3)  29.9)
Bochner 2015[7], NCT01076387 03/2010-03/ Overall 90-day CD grade Complications, blood loss, 58 60 65 66 (60- 42 51 29.0 27.9 23* 27 32 35 26 25 26 19
2013 United 2-5 complications operative times, pathology, 3 & 6- (58- 71) (26.3- (24.7-
States months HRQoL & costs 69) 33.7) 31.0)
Bochner 2018[27], NCT01076387 03/2010-03/ Oncological outcomes 58 60 65 66 (60- 42 51 29.0 279 23" 27 32 35 26 25 26 19
2013 United (58- 71) (26.3- (24.7-
States 69) 33.7) 31.0)
*Khan 2016[8], CORAL, 03/2009-07/ 30 & 90-day Perioperative, pathology and 20 20 68 68 18 17 27.0 27.5 17 18 14 11 6 9 3 2
ISRCTN28499748 2012 United complications oncologic outcomes, & HRQoL (58- (65— (23.9- (24.0-
Kingdom 74) 74) 30.2) 30.8)
*Khan 2020[13], CORAL, 03/2009-07/ Recurrence, bladder 20 20 68 68 18 17 27.0 27.5 17 18 14 11 6 9 3 2
ISRCTN28499748 2012 United cancer-specific and (58- (65— (23.9- (24.0-
Kingdom overall death 74) 74) 30.2) 30.8)
Parekh 2018[29], RAZOR, 07/2011-11/ 2-year Progression free Blood loss, transfusion, PSM 152 150 67 70 128 126 28.2 27.8 122 113 * 51 48 101 102 55 41
NCT01157676 2014 United survival status, lymph nodes yield, 37-  (43- (24.9- (25-
States operating time, LOS & 90-day 85) 90) 31.7)B  30.8)B
complications. 3 & 6 months
HRQoL
Venkatramani 2020[14], RAZOR, 07/2011-11/ 3-year oncological 152 150 67 70 128 126 28.2 27.8 122 113 * 51 48 101 102 55 41
NCT01157676 2014 United outcomes (37-  (43- (249- (25-
States 85) 90) 31.7) 30.8)
Intracorporeal reconstruction
*Catto 2022[10], iROC, 03/2017-03/ DAOH-90 Complications, HRQoL, disability, 156 161 69.2 713 122 128 27.0 26.7 140 142 70 71 68 72 53 54
NCT03049410 2020 United stamina, activity levels & survival (63.5- (65.1- (24.2- (24.4-
Kingdom 74.4) 74.9) 29.5) 29.9)
*Maibom 2022[11], BORARC, 06/2019-10/ Feasibility of double- LOS, peri-operative 25 25 67 (59- 70 (63- 20 18 27 (23- 27(23-25 25 6 9 19 16 10 9
NCT03977831 2020 Germany blinding complications, blood loss, pain, 74) 74) 30) 29)
readmission and opioid
consumption
*Vejlgaard 2022[28], BORARC, 06/2019-10/ Patient-reported QoL 25 25 67 (59- 70 (63- 20 18 27 (23- 27(23-25 25 6 9 19 16 10 9
NCT03977831 2020 Germany 74) 74) 30) 29)
*Mastroianni 2022[12], 01/2018-09/ Transfusion rate 30-90 day outcomes, cost, 58 58 66 (58- 64 (53- 40 44 26 (24- 26 (23- 16 12 12 11 46 47 22 23
NCT03434132 2020 Italy functional, oncologic outcomes & 71) 70) 29) 28)
HRQoL

Abbreviations: ORC = Open radical Cystectomy; RARC = robot-assisted radical cystectomy; CD = Clavien Dindo; DAOH-90 = days alive and out of hospital in 90 days; Neoadj. Ch.= neoadjuvant chemotherapy; HRQOL = health
related quality of life; LOS = length of stay; OS = overall survival; PFS = progression free survival; QoL = Quality of Life; IQR = Interquartile range.

$ Patients having Ileal conduit. All others had neobladder except *Bochner et al. for which 3 ORC patients had continent cutaneous diversion and Parekh et al. with 1 RARC patient had continent cutaneous diversion.
< reported mean (range), o reported mean, g reported median (range).
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A

ORC RARC Mean difference Mean difference
Study or subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI 1V, Fixed, 95% CI
1.5.2 USA
Bochner (2015) 8 5 58 8 3 60 1.5%  0.00 (-1.49, 1.49) —
Nix (2010) 6 24 20 5124 21 1.5%  0.90(-0.57, 2.37) 1
Parekh (2013) 6.8 1.1 20 6.6 1.3 20 5.9% 0.20 (-0.55, 0.95) e
Parekh (2018) 75 1.2 152 6.8 1.5 150 34.7% 0.70 (0.39, 1.01) =
Subtotal (95% CI) 250 251 43.5% 0.62 (0.34, 0.89) ®
Heterogeneity: x* = 2.28, df = 3 (p = 0.52); I> = 0%
Test for overall effect: Z = 4.41 (p < 0.0001)
1.5.3 UK
Catto (2022) 9 2.4 156 7.5 1.2 161 18.5% 1.50 (1.08, 1.92)
Khan (2016) 144 59 20 119 6.2 20 0.2% 2.50 (-1.25, 6.25)
Subtotal (95% CI) 176 181 18.7% 1.51 (1.10, 1.93) 3
Heterogeneity: %2 = 0.27, df = 1 (p = 0.60); I> = 0%
Test for overall effect: Z = 7.11 (p < 0.00001)
1.5.4 Other EU
Maibom (2022) 5.5 1.2 25 6 1.2 25 7.4% -0.50(-1.17,0.17) b
Mastroianni (2022) 6.3 0.9 58 7.3 0.9 58 30.4% -1.00 (-1.33,-0.67) -
Subtotal (95% CI) 83 83 37.8% -0.90 (-1.20, -0.61) <
Heterogeneity: x? = 1.75, df = 1 (p = 0.19); I> = 43%
Test for overall effect: Z = 6.02 (p < 0.00001)
Total (95% CI) 509 515 100.0% 0.21 (0.03, 0.39) IO
Heterogeneity: x*> = 105.24, df = 7 (p < 0.00001); I> = 93% ) 2 4

Test for overall effect: Z = 2.29 (p = 0.02)
Test for subgroup differences: Chi? = 100.95, df = 2

(p < 0.00001), I* = 98.0%

-4 -2

Longer time in RARC Longer time in ORC

ORC RARC Odds ratio 0Odds ratio
Study or subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bochner (2015) 38 58 37 60 12.3% 1.18 (0.56, 2.50) ——
Catto (2022) 100 150 92 151 30.0% 1.28 (0.80, 2.05) L
Khan (2016) 14 20 11 20 3.2% 1.91 (0.52, 7.01) — =
Mastroianni (2022) 25 58 24 58 13.4% 1.07 (0.51,2.24) —
Nix (2010) 10 20 7 21 3.4% 2.00 (0.57, 7.06) T
Parekh (2013) 5 20 6 20 4.4% 0.78 (0.19, 3.13) e
Parekh (2018) 105 152 101 150 30.9% 1.08 (0.67, 1.76) —
Vejlgaard (2022) 22 25 20 25 2.4% 1.83 (0.39, 8.67) =
Total (95% CI) 503 505 100.0% 1.22 (0.94, 1.58) ®
Total events 319 298
Heterogeneity: X? = 2.11, df = 7 (p = 0.95); I> = 0% o 0502 0*1 150 560
Test for overall effect: Z = 1.46 (p = 0.14) More complications in RARC More complications in ORC
ORC RARC Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Catto (2022) 67 150 67 151 40.5% 1.01 (0.64, 1.59) ——
Khan (2016) 10 20 4 20 2.2% 4.00(0.98, 16.27)
Mastroianni (2022) 24 58 18 58 11.6% 1.57 (0.73, 3.36) -
Parekh (2018) 71 152 68 150 40.0% 1.06 (0.67, 1.66) —;—
Vejlgaard (2022) 18 25 19 25 5.8% 0.81 (0.23, 2.88) —_—
Total (95% CI) 405 404 100.0%  1.15 (0.87, 1.52) <>
Total events 190 176
Heterogeneity: %2 = 4.39, df = 4 (p = 0.36); I = 9% 601 051 140 106
Test for overall effect: Z = 0.97 (p = 0.33) More complications in RARC More complications in ORC
ORC RARC Odds ratio 0Odds ratio
Study or subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% CI
Bochner (2015) 12 58 13 60 13.4%  0.94 (0.39, 2.28) —
Catto (2022) 33 150 25 151  25.6% 1.42 (0.80, 2.53) e
Khan (2016) 4 20 7 20  7.4%  0.46 (0.11, 1.94) ———
Mastroianni (2022) 6 58 9 58 10.6% 0.63 (0.21, 1.90) —=1
Nix (2010) 320 1 21  1.1% 3.53(0.34,37.15) —_—t
Parekh (2013) 1 20 1 20 1.3% 1.00 (0.06, 17.18)
Parekh (2018) 34 152 33 150 34.0% 1.02 (0.59, 1.76) ——
Vejlgaard (2022) 11 25 9 25 6.6% 1.40 (0.45, 4.35) R R
Total (95% CI) 503 505 100.0% 1.08 (0.79, 1.48) <
Total events 104 98
(TR S - _ 20 r 4 + 4
Heterogeneity: x* = 4.44,df = 7 (p = 0.73); I’ = 0% 5001 o1 10 1000

Test for overall effect: Z = 0.50 (p = 0.62)

More complications in RARC More complications in ORC

Fig. 2 - Postoperative outcomes: (A) length of stay with subgroup analyses according to region, (B) 90-d overall complications, (C) 90-d minor complications
(CD <2), and (D) 90-d major complications (CD 23). CD = Clavien-Dindo; CI = confidence interval; df = degree of freedom; IV = inverse variance; M-H = Mantel-
Haenszel; ORC = open radical cystectomy; RARC = robot-assisted radical cystectomy; SD = standard deviation.
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ORC RARC Odds ratio Odds ratio
A Study or subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bochner (2015) 5/ 58 5 60 26.3% 1.04 (0.28, 3.79) —
Catto (2022) 13 156 3 161 15.9% 4.79(1.34,17.14) —
Khan (2016) 0 20 1 20 8.6% 0.32(0.01, 8.26)
Maibom (2022) 1 25 0 25 2.8% 3.12(0.12, 80.39)
Nix (2010) 0 20 1 21 8.4% 0.33(0.01, 8.67)
Parekh (2018) 12 152 7 150 38.1% 1.75 (0.67, 4.58) T
Total (95% CI) 431 437 100.0% 1.84 (1.02, 3.31) <>
Total events 31 17
Heterogeneity: x? = 5.20, df = 5 (p = 0.39); I? = 4% t t t t
Test for overall effect: Z = 2.04 (p = 0.04) M08 More(!).\/lTE in RARC More VTE inl%RC 50
ORC RARC Odds ratio Odds ratio
B Study or subgroup Events Total Events Total Weight M-H, Fixed, 95% Cl M-H, Fixed, 95% ClI
Catto (2022) 17 156 16 161 28.3% 1.11(0.54, 2.28) ——
Khan (2016) 4 20 1 20 1.3% 10.23(1.12, 93.34)
Maibom (2022) 4 25 7 25 11.9% 0.49(0.12, 1.95) —_—
Nix (2010) 3 20 2 21 3.3% 1.68(0.25, 11.27) —
Parekh (2013) 1 19 1 20 1.9% 1.06(0.06, 18.17)
Parekh (2018) 31 152 33 150 53.3% 0.91(0.52, 1.58) ‘I
Total (95% CI) 392 397 100.0%  1.07(0.72,1.57)
Total events 63 60
Heterogeneity: X2 = 5.79, df = 5 (0 = 0.33); I = 14% f f f {
0.002 0.1 10 500
Test for overall effect: Z = 0.32 (p = 0.75) More ileus in RARC More ileus in ORC
ORC RARC Mean difference Mean difference
C Study or subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI

Khan (2016) 3.7 16 20 3.6 25 20 9.4%  0.10 (-1.20, 1.40)

Maibom (2022) 23 0.3 25 2.8 0.3 25 42.7% -0.50 (-0.67, -0.33) -
Mastroianni (2022) 306 58 3 06 58 41.0% 0.00(-0.22,0.22) -
Nix 2010 32 3 20 23 2 21 6.9%  0.90 (-0.67, 2.47)

Total (95% Cl) 123 124 100.0% -0.14 (-0.59, 0.31) ?

Heterogeneity: Tau? = 0.12; X? = 15.41, df = 3 (p = 0.001); I? = 81%
Test for overall effect: Z = 0.62 (p = 0.53)

+ t t
Longer time in RARC Longer time in ORC

-1 0 1 2

Fig. 3 - Postoperative outcomes: (A) venous thromboembolic events, (B) postoperative ileus, and (C) time to flatus. CI = confidence interval; df = degree of
freedom; IV = inverse variance; M-H = Mantel-Haenszel; ORC = open radical cystectomy; RARC = robot-assisted radical cystectomy; SD = standard deviation;

VTE = venous thromboembolism.

enced the pooled estimate. Funnel plots demonstrated a
publication bias for this outcome (Supplementary Fig. 15).

3.33. Histopathological outcomes

The meta-analysis on PSMs included eight studies (Fig. 4E).
The pooled analysis did not show a significant difference in
the number of patients with PSMs between the ORC and
RARC groups (OR 0.95, 95% CI 0.54-1.67, p = 0.9). Similarly,
a pooled analysis from seven studies did not show a signif-
icant difference in the number of LNs yielded between the
ORC and RARC groups (MD 1.07, 95% CI -1.73 to 3.86,
p = 0.5; Fig. 4F). Despite the presence of considerable
heterogeneity, the sensitivity analysis revealed that no sin-
gle study had influence on the pooled estimate. A publica-
tion bias was not found in the PSM outcome but was
found in the LN yield outcome (Supplementary Fig. 16 and
17).

34. Oncological outcomes

Three studies contributed to the meta-analysis of OS and
PFS [13,27,30]. The KM curves for OS and PFS are shown

in Figures 5A and 5B, respectively. No significant differences
were noted for either OS (p = 0.9) or PFS (p > 0.9) when com-
paring RARC and ORC over a median follow-up of 36 mo.
The individual KM curves of PFS and OS for RARC and ORC
are included in Supplementary Figure 18.

3.5. QoL outcomes

QoL outcomes were reported by all RCTs apart from one [6].
The method of collecting QoL data varied between studies.
For example, Mastroianni et al [32] reported QoL data at 6
mo postoperatively, whereas all other studies reported
QoL data at 3 mo postoperatively. Supplementary Table 2
summarizes the questionnaires, data collection time points,
and overall QoL results of the studies. The European Organ-
isation for research and Treatment of Cancer (EORTC) Qual-
ity of Life of Cancer Patients 30 Questions (QLQ-C30) and
Functional Assessment of Cancer Therapy Vanderbilt Cys-
tectomy Index (FACT-VCI) questionnaires were used by
three [7,28,32] and two [29,31] studies, respectively, and
hence were included in the QoL meta-analyses. QoL data
from the two questionnaires across the five studies assess-
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Total events 121 67
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R S - f
est for overall effect: Z= 4.73 (p < 0. More transfusion in RARC More transfusion in ORC
ORC RARC Mean difference Mean difference
D Study or subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI v, d 95% CI
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Mastroianni (2022) 191 10.4 58 309 20.3 58 13.1% -118.00 (-123.87,-112.13) -
Nix (2010) 211.2 31 20 252 31 21 12.7% -40.80 (-59.78, -21.82) TR
Parekh (2013) 283.1 235 20 301.5 36.4 20 12.7% -18.40 (-37.39, 0.59) —=
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Heterogeneity: Tau? = 2623.96; X* = 683.44, df = 7 (p < 0.00001); I = 99% Y — + +
Test for overall effect: Z = 4.08 (p < 0.0001) Longle?(zime iSnORARCOLongeSrotime iInOOORC
ORC RARC Odds ratio Odds ratio
E Study or subgroup Events Total Events Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Bochner (2015) 3 58 2 60 7.5% 1.58 (0.25, 9.83)
Catto (2022) 10 125 10 136 35.5% 1.10 (0.44, 2.73)
Khan (2016) 2 20 3 20 10.9% 0.63 (0.09, 4.24) —_—r
Maibom (2022) 2 25 2 25 7.4% 1.00 (0.13, 7.72) e
Mastroianni (2022) 0 58 0 58 Not estimable
Nix (2010) 0 20 0 21 Not estimable
Parekh (2013) 1 20 1 20 3.8% 1.00(0.06, 17.18)
Parekh (2018) 7 152 9 150 34.8% 0.76 (0.27, 2.09)
Total (95% CI) 478 490 100.0% 0.95 (0.54, 1.67)
Total events 25 27
Heterogeneity: X* = 0.77, df = 5 (p = 0.98); I* = 0% I t 1 t {
kil e ) 0.001 01 1 10 1000

Test for overall effect: Z = 0.17 (p = 0.87) More PSM -in RARC More PSM in ORC

ORC RARC Mean difference Mean difference
F Study or subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% ClI 1V, Random, 95% CI
Bochner (2015) 189 10 62 19.5 10 56 12.9% -0.60 (-4.21, 3.01) i
Catto (2022) 15.1 9.3 156 16.1 8 161 15.2% -1.00 (-2.91,0.91) ——
Mastroianni (2022) 30.5 4.6 58 30.5 4.6 58 15.5% 0.00 (-1.67, 1.67) -
Nix (2010) 18.5 6.4 20 20 5.2 21 12.9% -1.50 (-5.08, 2.08) -
Parekh (2013) 22.3 3.8 19 13.1 3.9 20 14.6% 9.20 (6.78, 11.62) —
Parekh (2018) 25.7 145 152 23.3 12.5 150 13.7%  2.40 (-0.65, 5.45) kT
Vejlgaard (2022) 20.3 3.8 25 215 29 25 15.3% -1.20(-3.07, 0.67) ===
Total (95% CI) 492 491 100.0% 1.07 (-1.73, 3.86) ?

Heterogeneity: Tau? = 12.38; X2 = 58.28, df = 6 (p < 0.00001); I = 90% _io _=5 ) t 150
Test for overall effect: Z = 0.75 (p = 0.45) More LN in RARC More LN in ORC
Fig. 4 - Intraoperative outcomes: (A) Blood loss, (B) units of blood transfused perioperatively, (C) number of patients who required perioperative transfusions,
(D) operative time, (E) positive surgical margin, and (F) lymph node yield. CI = confidence interval; df = degree of freedom; IV = inverse variance; LN = lymph
node; M-H = Mantel-Haenszel; ORC = open radical cystectomy; PSM = positive surgical margin; RARC = robot-assisted radical cystectomy; SD = standard
deviation.
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ing the same domains were combined (physical functioning
and well-being, emotional functioning and well-being, and
social functioning and social/family well-being). The role
functioning and cognitive functioning domains from EORTC
QLQ-C30, and the functional well-being domain from FACT-

VCI were not combined, as there was an overlap in ques-
tions within the three domains. A significant difference
favoring RARC was found in the physical functioning or
well-being domain (SMD 0.47, 95% CI 0.29-0.65,
p < 0.001; Fig. 6A) and the role functioning domain (MD
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Fig. 6 — Quality of life outcomes: (A) physical functioning or well-being, (B) role functioning, (C) global health status, (D) emotional functioning or well-being,
(E) cognitive functioning, and (F) social functioning. CI = confidence interval; df = degree of freedom; IV = inverse variance; ORC = open radical cystectomy;
RARC = robot-assisted radical cystectomy; SD = standard deviation; Std. standard.
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8.8,95% (I 2.4-15.1, p = 0.007; Fig. 6B), accounting for sim-
ilar baseline QoL for each domain (p > 0.05; Supplementary
Fig. 19). No significant differences were found in other
domains including global health status/QoL (SMD 0.27,
95% CI1 -0.17 to 0.71, p = 0.2; Fig. 6C), emotional functioning
or well-being (SMD -0.01, 95% CI -0.48 to 0.45, p > 0.9;
Fig. 6D), cognitive functioning (MD -2.42, 95% CI -6.69 to
1.85, p = 0.3; Fig. 6E), and social functioning (SMD 0.23,
95% CI -0.25 to 0.71, p = 0.4; Fig. 6F) between ORC and RARC
postoperatively, accounting for similar baseline QoL (Sup-
plementary Fig. 19). Although considerable heterogeneity
existed in the meta-analyses for global health status, emo-
tional functioning or well-being, and social functioning,
sensitivity analyses excluding trials that used the FACT-
VCI questionnaire did not change the pooled estimates from
any domain (Supplementary Fig. 20). A publication bias was
found in the global health status/QoL, emotional function-
ing or well-being, and social functioning or well-being
domains (Supplementary Fig. 21).

3.6. Risk of bias

The RoB was assessed in all studies included. Apart from
four studies that showed some concerns in the randomiza-
tion process, all studies had a low RoB in all other domains
(deviations from intended interventions, missing outcome
data, measurement of the outcome, and selection of
reported result). This resulted in all studies having a low
overall RoB. The RoB summary table is included in Supple-
mentary Figure 22.

3.7. Discussion

We report the largest meta-analysis comparing ORC and
RARC to date (including 1024 patients) to improve our
understanding of recovery in the context of oncological
and QoL outcomes following these surgeries. This meta-
analysis demonstrates some new findings, such as a reduc-
tion in VTE events, better postoperative physical function-
ing and well-being, and role functioning after RARC.
Additionally, we confirm previously reported findings of
reduced LOS, blood loss (EBL), and transfusions in prior
meta-analyses [4,5,33]. We also confirm no significant dif-
ference in perioperative complications, LN yields, PSM rates,
overall HRQoL, and survival (both PFS and OS). It is impor-
tant to note that the meta-analysis did not find any statisti-
cal differences in survival, which may corroborate with the
findings of the RAZOR trial [29], which demonstrated the
noninferiority of RARC to ORC in PFS.

Physical functioning and role functioning QoL domains
scored higher for RARC than for ORC, with no significant dif-
ference in overall QoL postoperatively. There was no differ-
ence in the emotional, cognitive, and social functioning
domains. This alludes to earlier recovery in the functional
domains for patients undergoing RARC, but similar recovery
in psychosocial domains to ORC. Modularized QoL scores
such as the EORTC QLQ-C30 allow for these granular differ-
ences to be captured and would be a useful addition to any
RCTs being undertaken in this field in the future [34].

Importantly, this meta-analysis is the first to report
fewer VTE events with RARC when than with ORC. Our anal-

ysis included 868 patients from six different RCTs, and so
the findings appear robust. Only one RCT [10] reported
the use of extended thromboprophylaxis, with no other trial
results or protocols mentioning the absence or presence of
perioperative or extended thromboprophylaxis. Earlier
mobilization is previously reported to be associated with
reduced postoperative VTE events [35], and these findings
are consistent with the earlier physical recovery described
earlier in the manuscript. Given that VTE complications
are reported in up to 8% of all patients undergoing RC
[36], this reduction represents an important consideration
for the decision between ORC and RARC.

The theoretical benefit of the robotic platform is more
likely to be apparent during the early perioperative period.
Both the large RCTs [10,29], our meta-analysis, and previous
meta-analyses [4,5] concluded that RARC was associated
with a shorter LOS than ORC, but no difference in complica-
tion rates. While it is plausible that there are truly no signif-
icant differences in traditional early recovery outcomes
between RARC and ORC, there are some novel noteworthy
markers of early recovery that we could not meta-analyze.
For example, newer trials are looking at novel outcome
measures such as wearable device-measured mobility
[10], days alive, and out of hospital [10,28] to compare dif-
ferent approaches for RC.

There is a notable trend in recent trials of researchers
focusing on new ways of measuring differences in recovery
to detect any additional discernable differences over tradi-
tional metrics such as LOS and CD complications. For exam-
ple, Parekh et al [29] utilized activities of daily living, hand
grip strength, and the timed up and go walking test. Simi-
larly, Catto et al [10] utilized the 30-s chair-to-stand test
and objective step-count monitoring using wearable
devices. While these novel metrics are not comparable
across different trials, they represent potential new ways
of measuring performance that may show differences in
recovery patterns for RARC and ORC. These metrics could
represent data points for future meta-analysis if future tri-
als utilize them.

Our findings must be interpreted within the context of
the study design. While we have performed an assessment
of the publication bias as described by Sutton et al [18], this
methodology may not be sufficient to detect all publication
biases. This meta-analysis did not distinguish between the
intracorporeal and extracorporeal approaches for urinary
diversion in the RARC group. Restricting ourselves to either
approach would have reduced the power of our analysis.
However, any additional benefit of iRARC compared with
eRARC may have been overlooked. The trend of more recent
RCTs using the intracorporeal approach may be attributed
to surgeons progressing in their learning curve in RC [37].
According to the data published by the International Radical
Cystectomy Consortium (IRCC), iRARCs comprised 95% of all
RARCs undertaken in 2018 among IRCC institutions [38].
While technically more challenging, iRARC may offer
reduced EBL, less pain, better cosmesis, and reduced ileus
rates [39]. A recent meta-analysis by Katayama et al [40],
which compared iRARC and eRARC, concluded that patients
undergoing iRARC was associated with superior periopera-
tive outcomes, comparable complications, and similar onco-
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logical outcomes to eRARC. Moreover, our findings may
include a lack of generalization given that trial patients
and design may not reflect real-world evidence in addition
to centers of excellence assessed in the current study. Only
four of eight included studies mentioned the use of ERAS, a
pathway that has been associated with reduced postopera-
tive morbidity [41]. Even in studies that have implemented
ERAS, there may be differences in the pathway at institu-
tional level, which adds an element of heterogeneity that
cannot be quantified in this study. Furthermore, there is
considerable statistical heterogeneity in multiple outcomes
of interest, as presented in the results. While the random-
effect model and sensitivity analyses have been used to
account for the heterogeneity, we cannot correct for all fac-
tors responsible for heterogeneity. This includes variations
in surgical technique, postoperative protocols, institutional
factors, and case-mix. Lastly, the QoL findings should be
interpreted with caution as the unavailability of patient-
level data limited meta-analyzing whether differences of
postoperative QoL from baseline were significantly differ-
ent. To overcome this, we conducted meta-analyses of pre-
operative QoL to ensure that there was no difference
between RARC and ORC at baseline. Further long-term
follow-up in large population-based studies will be critical
to determine uptake of RARC and the purported benefits
of RARC versus ORC.

4. Conclusions

In conclusion, RARC is associated with better perioperative
outcomes, and improved physical functioning and role
functioning domains, but similar overall QoL outcomes
when compared with ORC. RARC might be more suitable
in patients wishing to avoid blood transfusion, those want-
ing a shorter LOS, or those at a high risk of thromboem-
bolic events. Cost effectiveness and health economic
studies may be needed to evaluate which patient groups
are most likely to benefit from these differences. RARC
was associated with similar oncological outcomes when
compared with ORC. Future trials would be helpful in
addressing the comparison between iRARC and eRARC,
and working out in which patients the differences are
greatest.
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