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IMPORTANCE Robot-assisted radical cystectomy is being performed with increasing
frequency, but it is unclear whether total intracorporeal surgery improves recovery compared
with open radical cystectomy for bladder cancer.

OBJECTIVES To compare recovery and morbidity after robot-assisted radical cystectomy with
intracorporeal reconstruction vs open radical cystectomy.

DESIGN, SETTING, AND PARTICIPANTS Randomized clinical trial of patients with nonmetastatic
bladder cancer recruited at 9 sites in the UK, from March 2017-March 2020. Follow-up was
conducted at 90 days, 6 months, and 12 months, with final follow-up on September 23, 2021.

INTERVENTIONS Participants were randomized to receive robot-assisted radical cystectomy
with intracorporeal reconstruction (n = 169) or open radical cystectomy (n = 169).

MAIN OUTCOMES AND MEASURES The primary outcome was the number of days alive and out
of the hospital within 90 days of surgery. There were 20 secondary outcomes, including
complications, quality of life, disability, stamina, activity levels, and survival. Analyses were
adjusted for the type of diversion and center.

RESULTS Among 338 randomized participants, 317 underwent radical cystectomy (mean age,
69 years; 67 women [21%]; 107 [34%] received neoadjuvant chemotherapy; 282 [89%]
underwent ileal conduit reconstruction); the primary outcome was analyzed in 305 (96%).
The median number of days alive and out of the hospital within 90 days of surgery was 82
(IQR, 76-84) for patients undergoing robotic surgery vs 80 (IQR, 72-83) for open surgery
(adjusted difference, 2.2 days [95% CI, 0.50-3.85]; P = .01). Thromboembolic complications
(1.9% vs 8.3%; difference, –6.5% [95% CI, –11.4% to –1.4%]) and wound complications (5.6%
vs 16.0%; difference, –11.7% [95% CI, –18.6% to –4.6%]) were less common with robotic
surgery than open surgery. Participants undergoing open surgery reported worse quality of
life vs robotic surgery at 5 weeks (difference in mean European Quality of Life 5-Dimension,
5-Level instrument scores, –0.07 [95% CI, –0.11 to –0.03]; P = .003) and greater disability at 5
weeks (difference in World Health Organization Disability Assessment Schedule 2.0 scores,
0.48 [95% CI, 0.15-0.73]; P = .003) and at 12 weeks (difference in WHODAS 2.0 scores, 0.38
[95% CI, 0.09-0.68]; P = .01); the differences were not significant after 12 weeks. There were
no statistically significant differences in cancer recurrence (29/161 [18%] vs 25/156 [16%]
after robotic and open surgery, respectively) and overall mortality (23/161 [14.3%] vs 23/156
[14.7%]), respectively) at median follow-up of 18.4 months (IQR, 12.8-21.1).

CONCLUSIONS AND RELEVANCE Among patients with nonmetastatic bladder cancer
undergoing radical cystectomy, treatment with robot-assisted radical cystectomy with
intracorporeal urinary diversion vs open radical cystectomy resulted in a statistically
significant increase in days alive and out of the hospital over 90 days. However, the clinical
importance of these findings remains uncertain.
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G uidelines recommend radical cystectomy with pelvic
lymphadenectomy for aggressive bladder cancer.1

This is a complex procedure with an estimated 33 429
operations performed in the US from 2008 to 2011 and 3043
within England in 2015.2,3 Survival following radical cystec-
tomy reflects tumor biology, treatment received, and pa-
tient fitness.4,5 Bladder cancer is common in smokers and
older persons,6 hence, affected individuals have coexisting
illnesses.7 Morbidity from complications after cystectomy
can be considerable. Most patients develop 1 or more compli-
cations; 20% require intervention after radical cystectomy,
and 20% to 30% are readmitted after discharge.8,9 Complica-
tions are expensive, delay recovery, and increase mortality.10

Reductions in morbidity have occurred through centraliza-
tion of services,2 improvements in anesthesia and surgery,
and enhanced recovery.11 Although current trials do not sup-
port this, further reductions may be possible with robot-
assisted surgery. Jayne et al12 found that robot-assisted rectal
surgery had similar risks of open conversion as traditional
laparoscopy. Yaxley et al13 reported similar oncological and
functional outcomes after robot-assisted and open radi-
cal prostatectomy.

Given the prevalence of coexisting illnesses, patients un-
dergoing radical cystectomy may benefit more than others from
robot-assisted surgery. Parekh et al14 reported that robot-
assisted radical cystectomy was noninferior to open surgery
with respect to cancer recurrence at 2 years. Participants re-
ceiving robotic surgery had lower blood loss, fewer transfu-
sions, longer operations, and shorter lengths of hospital stays
than for open surgery. Within that trial, reconstruction after
robotic cystectomy was performed through an open incision
(extracorporeal approach), which may remove some of the
benefits of robot-assisted surgery. Complete intracorporeal
robotic reconstruction, while technically more challenging,
is being performed more frequently following robotic
cystectomy.15 The objective of this study was to compare total
intracorporal robot-assisted radical cystectomy with open
radical cystectomy among patients with nonmetastatic blad-
der cancer.

Methods
Trial Design
iROC was an investigator-initiated, phase 3, multicenter,
unblinded, randomized trial conducted at 9 National Health
Service cancer centers in the UK. The primary objective was
to test the hypothesis that total intracorporal robot-assisted
radical cystectomy is associated with faster recovery and fewer
days in the hospital than open radical cystectomy. Design
and pilot feasibility have been published previously.16,17 The
protocol and analytical plan are available in Supplement 1.
The trial received ethical approval from the Newcastle and
North Tyneside Research Ethics Committee (reference 16/NE/
0418), was sponsored by the University College London, and
was registered before commencement. The trial was over-
seen by external trial steering and data monitoring commit-
tees (eAppendix in Supplement 2).

Inclusion and Exclusion Criteria
Briefly, participants undergoing radical cystectomy were re-
cruited through urological clinics from March 2017 to March
2020 after obtaining informed consent. Recruitment was
closed 1 month early due to the COVID-19 pandemic. The fi-
nal follow-up occurred on September 23, 2021. Eligible pa-
tients were adults (aged ≥18 years) with suitability for either
approach; with nonmetastatic urothelial, squamous, adeno-
carcinoma, or variant bladder cancer (node status≤N1); fit for
radical cystectomy (Eastern Cooperative Oncology Group grade
1, 2, or 3); and able to give written informed consent. Patients
with prior abdominal/pelvic surgery, pelvic radiotherapy, or
concomitant diseases that rendered them unsuitable for either
approach; those who had synchronous upper urinary tract tu-
mors; those who were pregnant or lactating; and those un-
able or unwilling to give consent were excluded.

Randomization
Participants were randomized using an online system (https://
www.sealedenvelope.com/trials/) on a 1:1 basis to either robotic
or open radical cystectomy.16,17 We used stratified randomization
with random block sizes (2 and 4 blocks), stratified by center
and type of diversion (continent diversion/neobladder or
ileal conduit).

Intervention
Surgeons required accreditation from the Trial Management
Group, were using Enhanced Recovery After Surgery (ERAS)
pathways,11 and submitted their outcomes to a public
database.3 ERAS included thromboprophylaxis, early postop-
erative mobilization, avoidance of bowel preparation, and pre-
operative calorific drinks. Robotic surgeons needed to have
completed at least 30 radical cystectomies as sole operators.
Radical cystectomy included removal of the prostate and semi-
nal vesicles in men and the uterus, fallopian tubes, and vagi-
nal wall (with or without one or both ovaries) in women, as
detailed.16,18 The urethra was preserved in women receiving
neobladder reconstruction. Variations to this approach needed
prior agreement from the Trial Management Group. The mini-
mum pelvic lymphadenectomy template included the exter-
nal iliac, obturator, and internal iliac nodes, with a proximal

Key Points
Question Does robot-assisted surgery improve perioperative
outcomes for patients undergoing radical cystectomy for bladder
cancer?

Findings In this randomized clinical trial that included 317 patients
with nonmetastatic bladder cancer undergoing radical cystectomy,
robot-assisted radical cystectomy with intracorporeal urinary
diversion vs open radical cystectomy resulted in a median of 82 vs
80 days alive and out of the hospital within 90 days of surgery,
a difference that was statistically significant.

Meaning Robot-assisted surgery compared with open surgery for
radical cystectomy among patients with bladder cancer resulted in a
statistically significantly higher number of days alive and out of the
hospital, but the clinical importance of this difference is uncertain.
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extension to the level of the ureteric crossing of the common
iliac vessels. Open surgery was performed through a lower mid-
line incision.18 Robotic surgery was performed using a da Vinci
surgical robot (various models were used across the centers)
and included robotic cystectomy and reconstruction.19 Speci-
mens were retrieved using appropriate extraction bags through
the vagina in women (after exenteration) or via a port exten-
sion and/or separate suprapubic incision in men (at the end of
the procedure).

Outcomes
The primary outcome was days alive and out of the hospital
within 90 days of surgery20 (range, 0-90 days). This accounts
for postoperative length of stay, readmissions, and deaths
within 90 days. There were 20 secondary outcomes (eTable 1
in Supplement 2), including complications and adverse
events up to 90 days, overall survival, oncological outcomes
(recurrence-free survival, cancer-specific survival, and
metastasis-free survival), and health-related quality-of-life
outcomes. The health-related quality-of-life measures
included the World Health Organization Disability Assess-
ment Schedule (WHODAS) 2.0 (range, 0-100),21 the European
Quality of Life 5-Dimension, 5-Level instrument (EQ-5D-5L;
index range, 0-1),22 the European Organisation for Research
and Treatment of Cancer Core Quality of Life instrument
(EORTC QLQ-C30; score range, 0-100)23 and the EORTC
Muscle Invasive Bladder Cancer instrument (EORTC QLQ-
BLM30; score range, 0-100),7 and physical activity (mean and
maximum number of steps taken per day over a 7-day period
and number of chair-to-stands in 30 seconds24), recorded at
5, 12, and 26 weeks. With regard to health-related quality of
life, a difference of 0.08 in the EQ-5D-5L tool has been
defined as the minimum important difference (ie, smallest
change perceived as beneficial or that would change
treatment).25 For the EORTC QLQ-C30, authors have reported
8 points as the minimum important difference threshold in
men with prostate cancer.26 Complications were recorded
during the inpatient stay, on readmission, and in outpatients
at 4 and 12 weeks and 3, 6, and 12 months according to cat-
egory and Clavien-Dindo severity.27 Steps were measured
using a wrist-worn tracker (Shine, Misfit, Fossil Group Inc)
returned by participants to the trial unit by mail. In addition
to outpatient measurements, research nurses recorded steps
5 days after surgery. Thirty-second chair-to-stands were
counted at clinic visits by independent research nurses.
Health-related quality-of-life questionnaires were self-
completed and mailed back or completed by independent
research nurses (if a participant was in the hospital). The date
of cancer recurrence was recorded according to date of
imaging when performed for clinical suspicion or at routine
follow-up (at 26 and 52 weeks and annually thereafter). The
secondary outcomes of readmission to a critical care unit,
conversions from robotic to open surgery and from intracor-
poreal to extracorporeal reconstruction, and surgeon fatigue
are not reported in this article.

All outcomes were collected and submitted to the trial unit
by research nurses independent of the study and surgical
teams. These nurses directly measured 30-second chair-to-

stand scores, supplied the exercise trackers, were respon-
sible for administering and collecting health-related quality-
of-life questionnaires, and extracted all other outcomes from
hospital records.

Sample Size Calculation
It was anticipated that the primary outcome would have a
skewed distribution. Thus, the original sample size calcula-
tion was based on the log-transformed days alive and out of
the hospital. The sample size calculation was determined to
detect a difference between groups on the log scale of 0.22
units, assuming a standard deviation of 0.7 units. This is
equivalent to a difference of 2 days in the median number for
each group and was derived using data from the British Asso-
ciation of Urological Surgeons national data set.3,16 Two days
was chosen as the minimum detectable difference of robotic
surgery within this context, as it was seen by our health care
purchasers to be sufficient to fund this service. We calculated
that with 160 patients in each group and an α = .05 signifi-
cance level, the trial would have 80% power. Following a
planned interim analysis of the first 30 recruited patients,17 the
primary outcome was changed to ln(90 days alive and out of
the hospital +1) to remove left skewness, and the sample size
was recalculated.28 This was still based on detecting a differ-
ence in medians of 2 days (10 vs 12 days), assuming that the
standard deviation of the untransformed outcome was 8.6 days
(from the blinded aggregate data). As a result, the sample size
was increased to 170 patients per group.

Statistical Analysis
The log-transformed primary outcome was compared be-
tween groups using a mixed model with fixed effects for the
randomization group and reconstructive choice and random
effects for site. Participants were analyzed according to their
randomization group, and all patients who dropped out of the
trial before 90 days or declined radical cystectomy were ex-
cluded. Descriptive statistics for the primary outcome and its
components were also calculated by treatment group. Using
descriptive statistics, secondary outcomes were summarized
by treatment group and, when relevant, at different follow-up
time points. Differences in percentages and their associated
unadjusted 95% CIs are reported for surgical complications and
their Clavien-Dindo classification. Analogously, 95% CIs for the
differences between groups in quality-of-life and physical ac-
tivity outcomes were obtained at several follow-up time points
using mixed models, with fixed effects for randomization
group, time, reconstructive choice, and baseline measures for
the outcome (where available) and random effects for site and
patient; interactions terms with time were used to obtain es-
timates at each time point.

Proportions of cancer recurrence and all-cause mortality
are reported by group, and causes of mortality are described.
Furthermore, we obtained Kaplan-Meier survival plots, by
group, for both outcomes. Data were censored for patients
without the events (death or cancer recurrence) at the last avail-
able follow-up visit or date on record (eg, for complications or
other secondary outcomes), whichever occurred last. Because
of the potential for type I error due to multiple comparisons,
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findings for analyses of secondary end points should be inter-
preted as exploratory.

Prespecified subgroup analysis were planned for age, per-
formance status and comorbidity, body mass index, tumor
stage, and baseline exercise levels (means steps per day). Sub-
group analyses were performed by adding the subgroup vari-
able, and the corresponding interaction with the interven-
tion variable, to the primary analysis model then testing the
interaction term(s). All statistical analyses were performed
using R software version 4.0.3 or higher (R Foundation) and
Stata software version 17 (StataCorp). Analyses were 2-sided,
and a P < .05 was considered statistically significant. The pro-
portional hazards assumption was checked by testing the
Schoenfeld residuals.

Results
Participants
Among 1121 patients who were screened, 738 were excluded
and 338 participants were randomized (Figure 1), of whom 21

(6%) did not undergo cystectomy (3 received radiotherapy,
8 had disease progression prior to radical cystectomy, 4
opted for another choice, and in 6 the reason was unclear)
and were excluded from the analysis. Of the 317 participants
included in the analysis, 306 (91%) underwent the surgical
approach to which they were randomized and 11 (3%) under-
went the surgical approach to which they were not random-
ized. Participants in both groups were balanced for patient
and disease factors. The population was typical for radi-
cal cystectomy,3,6,9,11,14 most participants were male (79%),
the mean age was 69 (SD, 8.2) years, 19 (6%) were older than
80 years, and most were current or ex-smokers (71%)
(Table 1).

Prior to radical cystectomy, 107 patients (34%) received
neoadjuvant chemotherapy. At surgery, most patients under-
went ileal conduit reconstruction (89%). Cystectomy speci-
mens confirmed muscle-invasive bladder cancer in 140
patients (44%), high-grade non–muscle-invasive disease in
96 (30%), and no residual cancer (pT0) in 14%. Most patients
had urothelial carcinoma (295 [79%]). Lymph node yields
were sufficient for an adequate lymphadenectomy.29 Positive

Figure 1. Participant Flow in the iROC Trial

1121 Patients with nonmetastatic bladder
cancer assessed for eligibility

783 Excluded
205 Not undergoing radical cystectomy

62 Radical radiotherapy
57 Previous abdominal/pelvic surgery
54 Disease progression
37 Declined participation
33 Not suitable for both surgeries
30 Declined randomization
25 Previous radiotherapy
22 Living too far from hospital
19 Preference for open cystectomy
15 Preference for robotic cystectomy
11 Partial cystectomy planned
11 Cutaneous ureterostomy planned
8 No response to study invitation
5 Combined with colectomy
4 Enrolled in another clinical trial
2 Previous kidney transplant
1 Surgery for cervical cancer

20 Unknown reasons

98 Concomitant upper urinary tract disease
64 Not fit for radical cystectomy

338 Randomized

156 Included in primary analysis
161 Included in analysis of complications outcome
161 Included in analysis of survival outcome

169 Randomized to robotic cystectomy
157 Underwent robotic cystectomy

as randomized
12 Did not undergo robotic cystectomy

8 Did not undergo any cystectomya

3 Underwent open cystectomyb

1 Withdrew from studyc

169 Randomized to open cystectomy
149 Received open cystectomy

as randomized
20 Did not undergo open cystectomy

13 Did not undergo any cystectomyd

7 Underwent robotic cystectomye

3 Had missing or incorrect date of follow-up
2 Withdrew from study follow-up

3 Had missing or incorrect date of follow-up
4 Withdrew from study follow-up

149 Included in primary analysis
156 Included in analysis of complications outcome
156 Included in analysis of survival outcome

a Reasons for not undergoing any
cystectomy in the robotic
cystectomy group: disease
progression prior to cystectomy
(n = 4), received radiotherapy
(n = 2), and unknown reasons
(n = 2).

b Reasons for undergoing open
cystectomy in the robotic
cystectomy group: surgeon not
trained in robotic cystectomy
(n = 1), waiting list issue (n = 1),
conversion to open surgery (n = 1).

c This patient received robotic
surgery outside the study.

d Reasons for not undergoing any
cystectomy in the open cystectomy
group: disease progression prior to
cystectomy (n = 4), patient opted
for another choice (n = 4), received
radiotherapy (n = 1), and unknown
reasons (n = 4).

e Reasons for undergoing robotic
cystectomy in the open cystectomy
group: patient opted for another
choice (n = 3), surgeon decision
(n = 1), advanced-stage disease
(n = 1), nephrectomy (n = 1), and
anesthesiologist decision (n = 1).
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Table 1. Baseline Characteristics of Participants and Tumors

Characteristics

No./total (%)a

Robotic cystectomy (n = 161) Open cystectomy (n = 156)
Sex

Female 33/161 (20) 34/156 (22)

Male 128/161 (80) 122/156 (78)

Eastern Cooperative Oncology Group performance status

0: Fully active 113/139 (81) 118/145 (81)

1: Restricted in strenuous activity 21/139 (15) 25/145 (17)

2: Self-caring but unable to work 3/139 (2) 1/145 (1)

3: Limited self-care 2/139 (1) 1/145 (1)

Age at surgery, mean (SD), y 69.3 (8.0) 68.7 (8.4)

<60 21/161 (13) 23/156 (15)

60-69 50/161 (31) 59/156 (38)

70-79 80/161 (50) 65/156 (42)

≥80 10/161 (6) 9/156 (6)

Body mass indexb

Underweight (<18.5) 2/159 (1) 5/156 (3)

Healthy (18.5-24.9) 46/159 (29) 42/156 (27)

Overweight (25-29.9) 72/159 (45) 71/156 (46)

Obese (>30) 39/159 (25) 38/156 (24)

Smoking status

Current smoker 18/160 (11) 17/156 (11)

Ex-smoker 95/160 (59) 93/156 (60)

Never smoker 47/160 (29) 46/156 (29)

Preoperative hemoglobin, mean (SD), g/dL 13.2 (1.8) 13.3 (1.9)

Participants with anemia (hemoglobin <10 g/dL) 8/157 (5) 7/155 (5)

Preoperative creatinine, mean (SD), mg/dL 1.04 (0.35) 0.96 (0.24)

Chronic kidney disease (estimated glomerular
filtration rate ≤30 mL/min)

6/158 (4) 2/154 (1)

Recruiting hospital site

A 60/161 (37) 58/156 (37)

B 26/161 (16) 27/156 (17)

C 25/161 (16) 23/156 (15)

D 13/161 (8) 12/156 (8)

E 10/161 (6) 11/156 (7)

F 9/161 (6) 10/156 (6)

G 10/161 (6) 9/156 (6)

H 5/161 (3) 4/156 (3)

I 3/161 (2) 2/156 (1)

Neoadjuvant chemotherapy 54/161 (34) 53/156 (34)

Immunotherapy 21/149 (14) 16/140 (11)

Histologyc

Urothelial cell carcinoma 149/184 (81) 146/189 (77)

Squamous carcinoma 18/184 (10) 20/189 (11)

Adenocarcinoma 4/184 (2) 3/189 (2)

Other 13/184 (7) 20/189 (11)

Tumor graded

No tumor 25/137 (18) 20/129 (16)

Grade 1: well differentiated 0/137 (0) 3/129 (2)

Grade 2: moderately differentiated 6/137 (4) 4/129 (3)

Grade 3: poorly differentiated 106/137 (77) 102/129 (79)

Flat carcinoma in situ present 54/144 (38) 57/136 (42)

(continued)
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surgical margins were present in 20 cases. The location of
these was known for 166 participants and found to be 70%
urothelial (ureteric or urethral) and 30% circumferential (soft
tissue or peritoneal).

Primary Outcome
The primary outcome was available for 305 participants
(96%) (Figure 2). The median number of days alive and out of
the hospital within 90 days of surgery for patients undergo-
ing robotic radical cystectomy vs open surgery was 82
(IQR, 76-84) days vs 80 (IQR, 72-83) days (difference, 2 days
[95% CI, 0.07-3.93 days]; adjusted difference in log back-
transformed days, 2.2 days [95% CI, 0.50-3.85 days]; mixed-
model P = .01). The median length of stay in the hospital was
7 (IQR, 6-10) days for robotic radical cystectomy and 8 (IQR,

6-14) days for open surgery (difference, 1 day [95% CI, 0.03-
1.97 days]; adjusted difference in log back-transformed days,
1.11 days [95% CI, 0.002-2.22 days]; P = .05). Readmission
after discharge occurred in 34 of 56 patients (21.8%) who
received robotic cystectomy and 48 of 149 (32.2%) who
received open radical cystectomy (difference, 10.4% [95% CI,
0.5%-20.3%]; P = .04) (eTable 2 in Supplement 2). Length of
readmission was not significantly different between groups
(median, 0 [IQR, 0-0] days for robotic surgery vs 0 [IQR, 0-3]
days for open surgery). Death within 90 days occurred in 2
participants (1.2%) in the robotic surgery group (1 cardiores-
piratory failure and 1 cancer progression) and in 4 partici-
pants (2.6%) in the open surgery group (2 intra-abdominal
sepsis/laparotomy/organ failure, 1 pulmonary embolus, and 1
cancer progression).

Table 1. Baseline Characteristics of Participants and Tumors (continued)

Characteristics

No./total (%)a

Robotic cystectomy (n = 161) Open cystectomy (n = 156)
Cystectomy histology pathologic tumor stagee

pT0 25/145 (17) 20/138 (14)

pTis/pTa/pT1 46/145 (32) 50/138 (36)

pT2 30/145 (21) 34/138 (25)

pT3-pT4 42/145 (29) 34/138 (25)

pTX 2/145 (1) 0/138 (0)

Positive surgical margins 10/136 (7) 10/125 (8)

Lymph node yield, mean (SD) No. of nodes 16.1 (8.0) 15.1 (9.3)

Metastatic lymph node 26/142 (18) 23/132 (17)

Urinary diversion

Continent/neobladder 19/161 (12) 16/156 (10)

Ileal conduit 142/161 (88) 140/156 (90)
a Data are reported as No./total (%) unless otherwise indicated.
b Calculated as weight in kilograms divided by height in meters squared.
c Histological subtypes may be multiple per patient (n = 313). Other subtypes

include chondrosarcoma, plasmacytoid variant, focal squamous
differentiation, high-grade neuroendocrine carcinoma, keratinizing squamous
metaplasia, sarcomatoid, and small cell carcinoma.

d Tumor grade classified using World Health Organization criteria.1,6

e Surgical stage defined using the TNM classification, for which stage Ta is
noninvasive, Tis represents carcinoma in situ, T1 tumors invade the lamina
propria, T2 tumors invade the detrusor muscle, T3 tumors reach the
perivesical fat, and T4 tumors spread into another organ, the pelvic floor, or
the abdominal wall.1,6

Figure 2. Distribution of Days Alive and Out of the Hospital Within 90 Days of Surgery According to Group
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As shown by the vertical dotted lines, the median number of days patients were alive and out of the hospital was 82 (IQR, 76-84) days for robotic radical cystectomy
and 80 (IQR, 72-83) days for open radical cystectomy (P = .01 by linear regression, adjusted for site and reconstruction).
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Secondary Outcomes
Adverse Events
Following surgery, 208 participants (65.6%) had at least 1 com-
plication within 12 weeks, including 102 (63.4%) in the ro-
botic surgery group and 106 (67.9%) in the open surgery group
(eTable 3 in Supplement 2). Most complications were mild (73%
for robotic surgery and 67% for open surgery were Clavien-
Dindo grade ≤2) (Table 2), and the distribution of severity did
not differ between groups. Participants receiving robotic sur-
gery compared with open surgery were significantly less likely
to have wound-related complications (5.6% vs 17.3%; differ-
ence, –11.72% [95% CI, –18.59% to –4.58%]) and thromboem-
bolic complications (1.9% vs 8.3%; difference, –6.47% [95% CI,
–11.43% to –1.38%]) (Table 2; eTable 4 in Supplement 2). Rates
of other complications did not significantly differ between
groups. Postoperative blood transfusions were needed for 11
of 158 participants (7%) in the robotic surgery group and 18 of
149 participants (12%) in the open surgery group. After dis-
charge, there were no transfusions in the robotic surgery group;
there was 1 transfusion at 5 weeks and there were 2 transfu-
sions at 12 weeks in the open surgery group (2%).

Quality of Life
General health-related quality of life, as measured by the EQ-
5D-5L, was not significantly different between groups at base-
line (Figure 3A; eTable 4 in Supplement 2). At 5 weeks, the open

surgery group reported more problems and statistically sig-
nificantly worse health-related quality of life (the difference
in which was at the minimum important difference thresh-
old) compared with the robotic surgery group (adjusted dif-
ference in mean EQ-5D-5L scores, –0.07 [95% CI, –0.11 to –0.03];
P = .003). Scores were no longer statistically different be-
tween groups by 12 weeks. Cancer-specific health-related qual-
ity of life, as measured by EORTC QLQ-C30 summary scores,
was not significantly different at baseline and 26 weeks
(Figure 3B; eTable 5 in Supplement 2). Participants who re-
ceived robotic surgery had statistically significantly higher
health-related quality of life than participants receiving open
surgery at both 5 weeks (adjusted difference in mean scores,
–9.59 [95% CI, –13.14 to –6.04]; P < .001) and 12 weeks (ad-
justed difference in mean scores, –4.60 [95% CI, –8.19 to –1.01];
P = .01). Cystectomy-specific health-related quality of life was
determined using the EORTC QLQ-BLM30 questionnaire. No
statistically significant differences were seen between groups
at any time (eTable 6 in Supplement 2).

Disability
Self-reported disability after surgery was assessed using the
WHODAS 2.0 questionnaire. At baseline, no statistically sig-
nificant differences were seen between the groups (Figure 3C;
eTable 7 in Supplement 2). Disability scores worsened 2.2-
fold for robotic surgery and 2.87-fold for open surgery by week

Table 2. Complications Recorded Within 12 Weeks of Surgery Stratified by Group and Reported
According to Clavien-Dindo Severity Grade and Type

Complications

No. (%)
Difference, %
(95% CI)

Robotic cystectomy
(n = 161)

Open cystectomy
(n = 156)

Clavien-Dindo gradea n = 151 n = 150

No complications 59 (39.1) 50 (33.3) 5.7 (–5.1 to 16.6)

I 26 (17.2) 21 (14.0) 3.2 (–5.0 to 11.4)

II 41 (27.2) 46 (30.7) –3.5 (–13.8 to 6.7)

III 0 1 (0.7)

IIIa 8 (5.3) 14 (9.3) –4.0 (–9.9 to 1.8)

IIIb 9 (6.0) 11 (7.3) –1.4 (–7.0 to 4.3)

IV 0 0

IVa 5 (3.3) 4 (2.7) 0.6 (–3.2 to 4.5)

IVb 0 0

V 3 (2.0) 3 (2.0) –0.0 (–3.2 to 3.1)

Type

Gastrointestinal 46 (28.6) 44 (28.2) 0.37 (–9.54 to 10.25)

Infection 38 (23.6) 52 (33.3) –9.73 (–19.47 to 0.24)

Genitourinaryb 19 (11.8) 17 (10.9) 0.9 (–6.19 to 7.94)

Wound 9 (5.6) 27 (17.3) –11.72 (–18.59 to –4.58)

Neurological 7 (4.3) 10 (6.4) –2.06 (–7.23 to 3.12)

Cardiac 7 (4.3) 6 (3.8) 0.5 (–4.14 to 5.09)

Pulmonary 7 (4.3) 4 (2.6) 1.78 (–2.55 to 6.04)

Surgical 6 (3.7) 3 (1.9) 1.8 (–2.2 to 5.72)

Miscellaneousc 4 (2.5) 9 (5.8) –3.28 (–7.89 to 1.37)

Thromboembolicd 3 (1.9) 13 (8.3) –6.47 (–11.43 to –1.38)

Bleeding 1 (0.6) 1 (0.6) –0.02 (–2.47 to 2.39)

Othere 22 (13.7) 23 (14.7) –1.08 (–8.82 to 6.66)

a Clavien-Dindo grades: I, any deviation
from normal course without need for
pharmacological treatment;
II, requiring pharmacological
treatment, including blood
transfusions and total parenteral
nutrition; III, requiring surgical,
endoscopic, or radiological
intervention; IIIa, intervention not
under general anesthesia;
IIIb, intervention under general
anesthesia; IV, life-threatening
complication; IVa, single organ
dysfunction; IVb, multiorgan
dysfunction; and V, death.27

b Including ureteroileal stricture rate
of 2.5% for robotic cystectomy and
0.6% for open cystectomy.

c Miscellaneous includes acidosis,
dehydration, lymphocele, and
psychological illness.

d Including pulmonary embolus rate
of 1.9% for robotic cystectomy and
7.1% for open cystectomy.

e Other includes abdominal pain,
scrotal swelling, oral thrush, apnea
secondary to opiates, dusky ileal
stoma, swollen leg, retracted stent
in neobladder, rash, vaginal
prolapse, neck pain, diuresis, flare of
ulcerative colitis, completion
urethrectomy, high-output
ileostomy, flushing, loss of taste and
reduced appetite, gout, scrotal
soreness, acute passage of kidney
stone, and fractured neck of femur.
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Figure 3. Secondary Outcomes After Radical Cystectomy
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Self-reported health-related quality of life instruments were (A) the European
Quality of Life 5-Dimension, 5-Level (EQ-5D-5L; range, 0-1) and (B) the
European Organisation for Research and Treatment of Cancer Core Quality of
Life (EORTC QLQ-C30; range, 0-100). For both, higher scores indicate greater
quality of life. Statistically significantly better health-related quality of life was
seen with robotic surgery at 5 weeks on the EQ-5D-5L (P = .003) and at 5 weeks
(P < .001) and 12 weeks (P = .01) on the EORTC QLQ-C30. Self-reported
disability was measured using (C) the World Health Organization Disability
Assessment Schedule (WHODAS) 2.0 (range, 0-100), for which higher scores
indicate greater disability. The open surgery group had statistically significantly

more disability at 5 weeks (P = .003) and 12 weeks (P = .01). Wrist-based
activity trackers recorded steps per day; findings are presented as (D) mean
over 7 days and (E) maximum within 24 hours over 7 days (no statistically
significant differences). Strength and stamina were measured using
(F) a 30-second chair-to-stand test. The robotic surgery group had statistically
significantly more stands in 30 seconds at 5 weeks (P = .03) and 12 weeks
(P = .03). Participants with completed outcomes are shown. Horizontal lines in
the middle of each box indicate medians; borders of each box, 25th and 75th
percentiles; whiskers, the further point within 1.5× the IQR; and circles, points
beyond the whiskers.
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5 after surgery. Statistically significantly more disability was
reported in the open surgery group compared with the ro-
botic surgery group at 5 weeks (difference in WHODAS 2.0
scores, 0.43 [95% CI, 0.15-0.73]; P = .003) and 12 weeks (dif-
ference in WHODAS 2.0 scores, 0.38 [95% CI, 0.09-0.68];
P = .01) after surgery. Disability scores were no longer statis-
tically significantly different by 26 weeks.

Physical Activity Levels
The baseline mean and maximum number of steps taken per
day (over a 7-day period) were not significantly different be-
tween groups (Figure 3, D and E; eTable 8 in Supplement 2).
Number of steps decreased to 30% (mean) and 31% (maxi-
mum) of baseline for the robotic surgery group and 25% (mean)
and 27% (maximum) for the open surgery group 5 days after
surgery. Levels recovered to 72% to 74% and 61% to 66% at 5
weeks and 87% to 89% and 90% to 93% at 12 weeks for the ro-
botic and open surgery groups, respectively. Comparisons re-
vealed no statistically significant differences in step counts for
participants receiving open and robotic surgery.

Strength and Stamina
Strength and stamina (Figure 3F; eTable 8 in Supplement 2),
measured using the 30-second chair-to-stand test, was not sig-
nificantly different in the groups at baseline (mean number of
stands in 30 seconds, 14.0 for robotic surgery and 13.8 for open
surgery). Five weeks after surgery, participants receiving ro-
botic surgery had statistically significantly more stands in 30
seconds (mean, 8.8 stands) than those receiving open sur-
gery (mean, 6.4 stands) (adjusted difference in mean number
of stands, –1.38 [95% CI, –2.60 to –0.16]; P = .03). The differ-
ence remained statistically significant at 12 weeks (adjusted
difference in mean number of stands, –1.13 [95% CI, –2.16 to
–0.10]; P = .03). The number of stands for each group was no
longer statistically significantly different at 26 weeks.

Oncological and Survival Outcomes
At reporting (median follow-up, 18.4 [IQR, 12.8-21.1] months),
there were 29 of 161 patients (18%) with cancer recurrence fol-
lowing robotic surgery and 25 of 156 (16%) with cancer recur-
rencefollowingopensurgery(Coxhazardratio,0.9[95%CI,0.53-
1.54]; P = .70). Of these, 2 (1.2%) in the robotic surgery group and
4 (2.6%) in the open surgery group were within 90 days after sur-
gery (Figure 4). Anatomically, recurrences were seen in the bone
(n = 3), bowel (n = 3), brain (n = 1), distant nodes (n = 3), liver
(n = 6), pelvis (n = 6), lungs (n = 6), and ureter (n = 1) following
robotic surgery, and in the bone (n = 1), distant nodes (n = 7), liver
(n = 3), pelvis (n = 5), lungs (n = 5), peritoneum (n = 1) and ure-
ter (n = 3) following open surgery. No port-site recurrences were
seen. All-cause mortality occurred in 23 of 161 patients (14.3%)
in the robotic surgery group and in 23 of 156 (14.7%) in the open
surgery group (hazard ratio, 1.06 [95% CI, 0.60-1.90]; P = .80).
The proportional hazards assumption was not violated for sur-
vival (P = .70) or cancer recurrence (P = .28).

Procedure Characteristics
The surgeries were completed by 1 of 29 consultant urologi-
cal surgeons. The median operative duration from the first in-
cision to wound closure was 4.92 (IQR, 4.03-5.70) hours for
robotic surgery and 4.50 (IQR, 3.50-5.47) hours for open sur-
gery (difference, –0.42 hours [95% CI, –0.78 to –0.06 hours]).
Intraoperative blood loss was a median of 200 mL (IQR, 125-
375 mL) for robotic surgery and 550 mL (IQR, 400-859 mL)
for open surgery (difference, –350 mL [95% CI, –275.7 to
–424.3 mL]). Blood transfusion occurred in 2 patients (1%) prior
to robotic surgery and 1 patient (1%) prior to open surgery, and
in 4 patients (2.6%) during robotic surgery and 10 patients
(6.5%) during open surgery. Intraoperative injuries to viscera
during robotic and open surgery were rare(major vessel, n = 1
vs n = 2; rectum, n = 1 vs n = 2; small intestine, n = 1 vs n = 1;
respectively). Other complications were reported, including an

Figure 4. Bladder Cancer Recurrence and All-Cause Mortality Following Radical Cystectomy, Stratified by Group
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No statistically significant difference was seen in rates of bladder cancer
recurrence (P = .70) and all-cause mortality (P = .80), plotted using the
Kaplan-Meier method. Hazard ratios from the Cox regression model are shown.

The median follow-up was 18.3 (IQR, 12.4-26.4) months for robotic radical
cystectomy and 18.38 (IQR, 12.5-28.0) months for open radical cystectomy.
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ischemic ileal conduit that needed revising, unresectable lymph
nodes (n = 2) for robotic and hemostatic device failure, inci-
dental cecal carcinoma requiring hemicolectomy, urethral stric-
ture needing urethrotomy, rectal repair, and heavy dorsal ve-
nous complex bleeding for open radical cystectomy.

Subgroup Analyses
There was no significant subgroup effect for baseline steps (as-
sessed by wearable activity trackers) (P = .26), performance sta-
tus and comorbidity (P = .32), body mass index (P = .73), or tu-
mor stage (P = .47) (eTable 10 in Supplement 2). There was,
however, a suggestion that robotic radical cystectomy is more
effective at reducing days in the hospital than open radical cys-
tectomy for patients aged 75 years or older compared with
younger patients (difference between robotic and open cys-
tectomy, –0.449 days [95% CI, –0.748 to –0.150 days]; P = .05).

Discussion
Among patients with nonmetastatic bladder cancer undergo-
ing radical cystectomy, treatment with robot-assisted radical
cystectomy with intracorporeal urinary diversion vs open radi-
cal cystectomy resulted in a statistically significant increase
in days alive and out of the hospital over 90 days. However,
the clinical importance of these findings is uncertain.

Within this study, participants undergoing complete ro-
botic radical cystectomy spent statistically significantly more
time out of the hospital than those receiving open surgery.
Robot-assisted surgery offers smaller incisions, high-
definition vision, and favorable surgeon ergonomics that im-
prove outcomes. Trials have shown lower blood loss14 and
faster operative times13 but no difference in functional
recovery,13 health-related quality of life,14 open conversion,12

or cancer recurrence.14 Much of the benefit from robotic op-
erations occurs immediately after surgery. Individuals with
bladder cancer may particularly benefit from reduced surgi-
cal morbidity and earlier mobilization. The RAZOR trial14 fo-
cused on oncological safety, given concerning reports.30 The
RAZOR trial concluded that robotic surgery was noninferior to
open radical cystectomy in cancer recurrence, but that trial did
not focus on postoperative recovery. Surgeons within RAZOR
used extracorporeal urinary reconstruction, which poten-
tially negates some benefits of robotic surgery. Intracorpo-
real reconstruction reduces the number of incisions and can
be faster (because there is no need to undock or create a new
incision) and more efficient (with fewer consumables), but it
can be technically challenging. The primary end point in the
current study was the summation of length of hospital stay and
readmission, as these objectively capture recovery and major
complications,11 may reflect surgical quality,2,31 and are in-
cluded in patient-facing outcomes.3

Secondary end points measured qualitative recovery
from different dimensions. While analyses of secondary end
points should be interpreted as exploratory and hypothesis
generating, each statistically significant difference favored
robotic surgery at 5 weeks. The greatest differences between
groups were seen in disability scores and stamina tests at 5
weeks and 12 weeks. The difference in mean WHODAS 2.0
score at 5 weeks was equivalent to that for a 65-year-old vs a
50-year-old participant in the WHO-SAGE collaboration,32

while the difference in 30-second chair-to-stand test perfor-
mance was similar to having chronic obstructive pulmonary
disease33 or an increase in age from 60 years to 85 years.34

Greater mobility was observed in the robotic surgery group,
although the difference was less than anticipated. Measures
suggesting less disability, greater stamina, and more mobility
with robotic surgery were associated with a reduction in rates
of thromboembolism. Participants in both groups received
thromboprophylaxis (including low-molecular-weight hepa-
rin and compression stockings).

Limitations
This study has several limitations. First, the trial closed early,
and adherence to in-person measurement of end points was
compromised because of the COVID-19 pandemic. Second, the
primary outcome might be questioned; however, patients, sur-
geons, and purchasers value improved quality of recovery.10

Third, this trial was conducted in high-volume hospitals, and
the findings may not be generalizable to low-volume centers.
Fourth, the primary outcome included medical events con-
trolled by unblinded clinicians and so could be prone to bias.
Fifth, adherence to the wearable activity trackers was lower
than anticipated, as reported by others.35 Adherence to exer-
cise tests and completion of health-related quality-of-life ques-
tionnaires was lower in the open surgery group than in the ro-
botic surgery group, which is perhaps a further measure of
increased fatigue with open surgery. Sixth, there was a minor
imbalance between groups in the number of randomized par-
ticipants not receiving surgery or being excluded after cystec-
tomy (eTable 11 in Supplement 2). This difference was small
but could have marginally affected the outcomes. Seventh, the
duration of follow-up of the oncological outcomes was short
and longer-term follow-up is needed.

Conclusions
Among patients with nonmetastatic bladder cancer undergo-
ing radical cystectomy, treatment with robot-assisted radical
cystectomy with intracorporeal urinary diversion vs open radi-
cal cystectomy resulted in a statistically significant increase
in days alive and out of the hospital over 90 days. However,
the clinical importance of these findings remains uncertain.

ARTICLE INFORMATION

Accepted for Publication: April 18, 2022.

Published Online: May 15, 2022.
doi:10.1001/jama.2022.7393

Author Affiliations: Department of Oncology and
Metabolism, University of Sheffield, Sheffield,
England (Catto, Cumberbatch, Hussain);
Department of Urology, Sheffield Teaching
Hospitals NHS Foundation Trust, Sheffield, England

(Catto, Cumberbatch, Noon); Division of Surgery
and Interventional Science, University College
London, London, England (Catto, Khetrapal,
Al-Hammouri, Feber, Nathan, Briggs, Sridhar, Kelly);
Owlstone Medical, Cambridge, England (Ricciardi);

Robotic Cystectomy vs Open Radical Cystectomy and Outcomes of Patients With Bladder Cancer Original Investigation Research

jama.com (Reprinted) JAMA June 7, 2022 Volume 327, Number 21 2101

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2022.7393?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.7393
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2022.7393?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.7393
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2022.7393?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.7393
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.7393


Department of Statistical Science, University
College London, London, England (Ambler, Hagan,
Brew-Graves); Surgical and Interventional Trials
Unit (SITU), Division of Surgery and Interventional
Science, University College London, London,
England (Williams); Department of Urology, Guys
and St Thomas’ NHS Foundation Trust, London,
England (Khan, Thurairaja, Nair); Health Economics
and Decision Science, NIHR Research Design
Service Yorkshire and the Humber, University of
Sheffield, Sheffield, England (Dixon); Queen
Elizabeth University Hospital, Glasgow, Scotland
(Ahmad, Bhatt); The Harold Hopkins Department of
Urology, Royal Berkshire NHS Foundation Trust,
Reading, England (Charlesworth, Blick);
Department of Medical Oncology, Sheffield
Teaching Hospitals NHS Foundation Trust,
Sheffield, England (Hussain); Pyrah Department of
Urology, St James University Hospital, Leeds
Teaching Hospitals NHS Trust, Leeds, England
(Kotwal); Department of Urology, North Bristol NHS
Trust, Bristol, England (Koupparis, Rowe);
Department of Urology, Royal Devon University
Hospitals Foundation Trust and University of
Exeter, Exeter, England (McGrath); Hertfordshire
and Bedfordshire Urological Cancer Centre, Lister
Hospital, University of Hertfordshire, Hatfield,
England (Vasdev); Royal Liverpool and Broadgreen
University Hospitals NHS Trust, Liverpool, England
(Hanchanale).

Author Contributions: Drs Catto and Kelly had full
access to all of the data in the study and take
responsibility for the integrity of the data and the
accuracy of the data analysis. Drs Catto and
Khetrapal contributed equally.
Concept and design: Catto, Khetrapal, Thurairaja,
Nair, Dixon, Charlesworth, Kotwal, McGrath, Rowe,
Vasdev, Brew-Graves, Kelly.
Acquisition, analysis, or interpretation of data:
Catto, Khetrapal, Ricciardi, Ambler, Williams,
Al-Hammouri, Khan, Thurairaja, Nair, Feber, Dixon,
Nathan, Briggs, Sridhar, Ahmad, Bhatt,
Charlesworth, Blick, Cumberbatch, Hussain,
Kotwal, Koupparis, Noon, Rowe, Vasdev,
Hanchanale, Hagan, Brew-Graves, Kelly.
Drafting of the manuscript: Catto, Ricciardi, Ambler,
Al-Hammouri, Feber, Nathan, Ahmad, Noon, Rowe,
Hanchanale, Hagan, Kelly.
Critical revision of the manuscript for important
intellectual content: Catto, Khetrapal, Ricciardi,
Ambler, Williams, Khan, Thurairaja, Nair, Dixon,
Briggs, Sridhar, Ahmad, Bhatt, Charlesworth, Blick,
Cumberbatch, Hussain, Kotwal, Koupparis,
McGrath, Rowe, Vasdev, Brew-Graves, Kelly.
Statistical analysis: Ricciardi, Ambler, Williams.
Obtained funding: Catto, Feber, Brew-Graves, Kelly.
Administrative, technical, or material support: Catto,
Khetrapal, Williams, Al-Hammouri, Nair, Feber,
Nathan, Briggs, Sridhar, Ahmad, Bhatt,
Cumberbatch, Hussain, Kotwal, Koupparis,
McGrath, Noon, Rowe, Hagan, Brew-Graves, Kelly.
Supervision: Catto, Ambler, Thurairaja, Feber,
Ahmad, Charlesworth, Blick, Kotwal, Vasdev, Kelly.

Conflict of Interest Disclosures: Dr Catto reported
receiving reimbursement for consultancy from
AstraZeneca, Ferring, Roche, and Janssen; speaker
fees from Bristol Myers Squibb, Merck Sharp &
Dohme, Janssen, Astellas, Nucleix, and Roche;
honoraria for membership in advisory boards from
Ferring, Roche, Gilead, Photocure, Bristol Myers
Squibb, QED Therapeutics, and Janssen; and
research funding from Roche. Mr Sridhar reported
receiving research funding and payment for

proctorship from Intuitive Surgical. Dr Ahmad
reported receiving payment for proctorship from
Intuitive Surgical. Dr Hussain reported receiving
reimbursement for consultancy from Pierre Fabre,
Bayer, Janssen Oncology, Roche, Merck, Bristol
Myers Squibb, AstraZeneca, Pfizer, Astellas, and
GlaxoSmithKline; research funding from Cancer
Research UK, the Medical Research Council/
National Institute for Health and Care Research
(NIHR), Boehringer Ingelheim, Roche,
Janssen-Cilag, and Pierre Fabre; support for
attending meetings and/or travel from
Janssen-Cilag, Bayer, Boehringer Ingelheim, Pierre
Fabre, Pfizer, Roche, Bristol Myers Squibb,
AstraZeneca, and Merck Sharp & Dohme Oncology.
Dr Koupparis reported receiving payment for
proctorship from Intuitive Surgical. Dr McGrath
reported receiving educational funding from
Intuitive Surgical. Dr Noon reported receiving
financial support for travel from Intuitive Surgical.
No other disclosures were reported.

Funding/Support: The University College London
sponsored this study. This work was funded by
The Urological Foundation and The Champniss
Foundation (grant 4300 BLADC/2016). Robotic
consumables were supplied at no cost by Intuitive
Surgical. Dr Catto is funded by an NIHR research
professorship. Dr Khetrapal was funded by a
Urology Foundation fellowship. Dr Kelly is
supported by the University College London NIHR
Biomedical Research Centre.

Role of the Funder/Sponsor: The funders had no
role in the design and conduct of the study;
collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; or decision to submit
the manuscript for publication. The sponsor had no
right to veto publication or control the decision
regarding to which journal the manuscript was
submitted.

Group Information: The members of the iROC
Study Team are listed in Supplement 3.

Meeting Presentation: Presented at the annual
meeting of the American Urological Association;
May 15, 2022; New Orleans, Louisiana.

Data Sharing Statement: See Supplement 4.

REFERENCES

1. Witjes JA, Bruins HM, Cathomas R, et al.
European Association of Urology guidelines on
muscle-invasive and metastatic bladder cancer:
summary of the 2020 guidelines. Eur Urol. 2021;79
(1):82-104. doi:10.1016/j.eururo.2020.03.055

2. Arora S, Keeley J, Patel A, et al. Defining a “high
volume” radical cystectomy hospital: where do we
draw the line? Eur Urol Focus. 2020;6(5):975-981.
doi:10.1016/j.euf.2019.02.001

3. Jefferies ER, Cresswell J, McGrath JS, et al; BAUS
Section on Oncology. Open radical cystectomy in
England: the current standard of care—an analysis
of the British Association of Urological Surgeons
(BAUS) cystectomy audit and Hospital Episodes
Statistics (HES) data. BJU Int. 2018;121(6):880-885.
doi:10.1111/bju.14143

4. Williams SB, Shan Y, Jazzar U, et al. Comparing
survival outcomes and costs associated with radical
cystectomy and trimodal therapy for older adults
with muscle-invasive bladder cancer. JAMA Surg.
2018;153(10):881-889. doi:10.1001/jamasurg.2018.
1680

5. Noon AP, Albertsen PC, Thomas F, Rosario DJ,
Catto JW. Competing mortality in patients
diagnosed with bladder cancer: evidence of
undertreatment in the elderly and female patients.
Br J Cancer. 2013;108(7):1534-1540. doi:10.1038/
bjc.2013.106

6. Cumberbatch MGK, Jubber I, Black PC, et al.
Epidemiology of bladder cancer: a systematic
review and contemporary update of risk factors in
2018. Eur Urol. 2018;74(6):784-795. doi:10.1016/
j.eururo.2018.09.001

7. Catto JWF, Downing A, Mason S, et al. Quality of
life after bladder cancer: a cross-sectional survey of
patient-reported outcomes. Eur Urol. 2021;79(5):
621-632. doi:10.1016/j.eururo.2021.01.032

8. Vetterlein MW, Klemm J, Gild P, et al. Improving
estimates of perioperative morbidity after radical
cystectomy using the European Association of
Urology quality criteria for standardized reporting
and introducing the Comprehensive Complication
Index. Eur Urol. 2020;77(1):55-65. doi:10.1016/j.
eururo.2019.08.011

9. Williams SB, Cumberbatch MGK, Kamat AM,
et al. Reporting radical cystectomy outcomes
following implementation of enhanced recovery
after surgery protocols: a systematic review and
individual patient data meta-analysis. Eur Urol.
2020;78(5):719-730. doi:10.1016/j.eururo.2020.06.
039

10. Leow JJ, Cole AP, Seisen T, et al. Variations in
the costs of radical cystectomy for bladder cancer
in the USA. Eur Urol. 2018;73(3):374-382. doi:10.
1016/j.eururo.2017.07.016

11. Pang KH, Groves R, Venugopal S, Noon AP,
Catto JWF. Prospective implementation of
enhanced recovery after surgery protocols to
radical cystectomy. Eur Urol. 2018;73(3):363-371.
doi:10.1016/j.eururo.2017.07.031

12. Jayne D, Pigazzi A, Marshall H, et al. Effect of
robotic-assisted vs conventional laparoscopic
surgery on risk of conversion to open laparotomy
among patients undergoing resection for rectal
cancer: the ROLARR randomized clinical trial. JAMA.
2017;318(16):1569-1580. doi:10.1001/jama.2017.7219

13. Yaxley JW, Coughlin GD, Chambers SK, et al.
Robot-assisted laparoscopic prostatectomy versus
open radical retropubic prostatectomy: early
outcomes from a randomised controlled phase 3
study. Lancet. 2016;388(10049):1057-1066.
doi:10.1016/S0140-6736(16)30592-X

14. Parekh DJ, Reis IM, Castle EP, et al.
Robot-assisted radical cystectomy versus open
radical cystectomy in patients with bladder cancer
(RAZOR): an open-label, randomised, phase 3,
non-inferiority trial. Lancet. 2018;391(10139):2525-
2536. doi:10.1016/S0140-6736(18)30996-6

15. Hussein AA, May PR, Jing Z, et al; Collaborators.
Outcomes of intracorporeal urinary diversion after
robot-assisted radical cystectomy: results from the
International Robotic Cystectomy Consortium. J Urol.
2018;199(5):1302-1311. doi:10.1016/j.juro.2017.12.045

16. Catto JWF, Khetrapal P, Ambler G, et al.
Robot-assisted radical cystectomy with
intracorporeal urinary diversion versus open radical
cystectomy (iROC): protocol for a randomised
controlled trial with internal feasibility study. BMJ
Open. 2018;8(8):e020500. doi:10.1136/bmjopen-
2017-020500

Research Original Investigation Robotic Cystectomy vs Open Radical Cystectomy and Outcomes of Patients With Bladder Cancer

2102 JAMA June 7, 2022 Volume 327, Number 21 (Reprinted) jama.com

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2022.7393?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.7393
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2022.7393?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.7393
https://dx.doi.org/10.1016/j.eururo.2020.03.055
https://dx.doi.org/10.1016/j.euf.2019.02.001
https://dx.doi.org/10.1111/bju.14143
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamasurg.2018.1680?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.7393
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamasurg.2018.1680?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.7393
https://dx.doi.org/10.1038/bjc.2013.106
https://dx.doi.org/10.1038/bjc.2013.106
https://dx.doi.org/10.1016/j.eururo.2018.09.001
https://dx.doi.org/10.1016/j.eururo.2018.09.001
https://dx.doi.org/10.1016/j.eururo.2021.01.032
https://dx.doi.org/10.1016/j.eururo.2019.08.011
https://dx.doi.org/10.1016/j.eururo.2019.08.011
https://dx.doi.org/10.1016/j.eururo.2020.06.039
https://dx.doi.org/10.1016/j.eururo.2020.06.039
https://dx.doi.org/10.1016/j.eururo.2017.07.016
https://dx.doi.org/10.1016/j.eururo.2017.07.016
https://dx.doi.org/10.1016/j.eururo.2017.07.031
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jama.2017.7219?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.7393
https://dx.doi.org/10.1016/S0140-6736(16)30592-X
https://dx.doi.org/10.1016/S0140-6736(18)30996-6
https://dx.doi.org/10.1016/j.juro.2017.12.045
https://dx.doi.org/10.1136/bmjopen-2017-020500
https://dx.doi.org/10.1136/bmjopen-2017-020500
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.7393


17. Catto JWF, Khetrapal P, Ambler G, et al.
Multidomain quantitative recovery following radical
cystectomy for patients within the Robot-Assisted
Radical Cystectomy With Intracorporeal Urinary
Diversion Versus Open Radical Cystectomy
randomised controlled trial: the first 30 patients.
Eur Urol. 2018;74(4):531-534. doi:10.1016/j.eururo.
2018.05.008

18. Catto JWF, Gordon K, Collinson M, et al; BRAVO
Study Group. Radical cystectomy against
intravesical BCG for high-risk high-grade nonmuscle
invasive bladder cancer: results from the
randomized controlled BRAVO-Feasibility Study.
J Clin Oncol. 2021;39(3):202-214. doi:10.1200/JCO.
20.01665

19. Dal Moro F, Haber GP, Wiklund P, et al. Robotic
intracorporeal urinary diversion: practical review of
current surgical techniques. Minerva Urol Nefrol.
2017;69(1):14-25.

20. Jerath A, Austin PC, Wijeysundera DN.
Days alive and out of hospital: validation of a
patient-centered outcome for perioperative
medicine. Anesthesiology. 2019;131(1):84-93. doi:
10.1097/ALN.0000000000002701

21. Üstün TB, Kostanjsek N, Chatterji S, Rehm J,
eds. Measuring Health and Disability: Manual for
WHO Disability Assessment Schedule
(WHODAS 2.0). World Health Organization; 2010.

22. Devlin N, Parkin D, Janssen B. Methods for
Analysing and Reporting EQ-5D Data. Springer; 2020.
doi:10.1007/978-3-030-47622-9

23. Aaronson NK, Ahmedzai S, Bergman B, et al.
The European Organization for Research and

Treatment of Cancer QLQ-C30: a quality-of-life
instrument for use in international clinical trials in
oncology. J Natl Cancer Inst. 1993;85(5):365-376.
doi:10.1093/jnci/85.5.365

24. Rikli RE, Jones CJ. Development and validation
of criterion-referenced clinically relevant fitness
standards for maintaining physical independence in
later years. Gerontologist. 2013;53(2):255-267.
doi:10.1093/geront/gns071

25. Pickard AS, Neary MP, Cella D. Estimation of
minimally important differences in EQ-5D utility
and VAS scores in cancer. Health Qual Life Outcomes.
2007;5:70. doi:10.1186/1477-7525-5-70

26. Gamper EM, Musoro JZ, Coens C, et al; EORTC
Genito-Urinary Tract Cancer Group and Quality of
Life Groups. Minimally important differences for
the EORTC QLQ-C30 in prostate cancer clinical
trials. BMC Cancer. 2021;21(1):1083. doi:10.1186/
s12885-021-08609-7

27. Clavien PA, Barkun J, de Oliveira ML, et al.
The Clavien-Dindo classification of surgical
complications: five-year experience. Ann Surg.
2009;250(2):187-196. doi:10.1097/SLA.
0b013e3181b13ca2

28. O’Keeffe AG, Ambler G, Barber JA. Sample size
calculations based on a difference in medians for
positively skewed outcomes in health care studies.
BMC Med Res Methodol. 2017;17(1):157. doi:10.1186/
s12874-017-0426-1

29. Herr HW, Faulkner JR, Grossman HB, et al.
Surgical factors influence bladder cancer outcomes:
a cooperative group report. J Clin Oncol. 2004;22
(14):2781-2789. doi:10.1200/JCO.2004.11.024

30. Nguyen DP, Al Hussein Al Awamlh B, Wu X,
et al. Recurrence patterns after open and
robot-assisted radical cystectomy for bladder
cancer. Eur Urol. 2015;68(3):399-405. doi:10.1016/
j.eururo.2015.02.003

31. Tan WS, Leow JJ, Marchese M, et al; BAUS
Section of Oncology. Defining factors associated
with high-quality surgery following radical
cystectomy: analysis of the British Association of
Urological Surgeons cystectomy audit. Eur Urol
Open Sci. 2021;33:1-10. doi:10.1016/j.euros.2021.08.
005

32. Gomez-Olive FX, Schröders J, Aboderin I, et al.
Variations in disability and quality of life with age
and sex between eight lower income and
middle-income countries: data from the INDEPTH
WHO-SAGE collaboration. BMJ Glob Health. 2017;2
(4):e000508. doi:10.1136/bmjgh-2017-000508

33. Ozalevli S, Ozden A, Itil O, Akkoclu A.
Comparison of the sit-to-stand test with 6 min walk
test in patients with chronic obstructive pulmonary
disease. Respir Med. 2007;101(2):286-293. doi:10.
1016/j.rmed.2006.05.007

34. Macfarlane DJ, Chou KL, Cheng YH, Chi I.
Validity and normative data for thirty-second chair
stand test in elderly community-dwelling Hong
Kong Chinese. Am J Hum Biol. 2006;18(3):418-421.
doi:10.1002/ajhb.20503

35. McConnell MV, Shcherbina A, Pavlovic A, et al.
Feasibility of obtaining measures of lifestyle from
a smartphone app: the MyHeart Counts
cardiovascular health study. JAMA Cardiol. 2017;2
(1):67-76. doi:10.1001/jamacardio.2016.4395

Robotic Cystectomy vs Open Radical Cystectomy and Outcomes of Patients With Bladder Cancer Original Investigation Research

jama.com (Reprinted) JAMA June 7, 2022 Volume 327, Number 21 2103

© 2022 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 05/22/2023

https://dx.doi.org/10.1016/j.eururo.2018.05.008
https://dx.doi.org/10.1016/j.eururo.2018.05.008
https://dx.doi.org/10.1200/JCO.20.01665
https://dx.doi.org/10.1200/JCO.20.01665
https://www.ncbi.nlm.nih.gov/pubmed/28009143
https://www.ncbi.nlm.nih.gov/pubmed/28009143
https://dx.doi.org/10.1097/ALN.0000000000002701
https://dx.doi.org/10.1007/978-3-030-47622-9
https://dx.doi.org/10.1093/jnci/85.5.365
https://dx.doi.org/10.1093/geront/gns071
https://dx.doi.org/10.1186/1477-7525-5-70
https://dx.doi.org/10.1186/s12885-021-08609-7
https://dx.doi.org/10.1186/s12885-021-08609-7
https://dx.doi.org/10.1097/SLA.0b013e3181b13ca2
https://dx.doi.org/10.1097/SLA.0b013e3181b13ca2
https://dx.doi.org/10.1186/s12874-017-0426-1
https://dx.doi.org/10.1186/s12874-017-0426-1
https://dx.doi.org/10.1200/JCO.2004.11.024
https://dx.doi.org/10.1016/j.eururo.2015.02.003
https://dx.doi.org/10.1016/j.eururo.2015.02.003
https://dx.doi.org/10.1016/j.euros.2021.08.005
https://dx.doi.org/10.1016/j.euros.2021.08.005
https://dx.doi.org/10.1136/bmjgh-2017-000508
https://dx.doi.org/10.1016/j.rmed.2006.05.007
https://dx.doi.org/10.1016/j.rmed.2006.05.007
https://dx.doi.org/10.1002/ajhb.20503
https://jamanetwork.com/journals/jama/fullarticle/10.1001/jamacardio.2016.4395?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.7393
http://www.jama.com?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jama.2022.7393

