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Strengths and limitations of this study

►► The strengths of this protocol include standardised 
and transparent methods and processes that min-
imise possible biases. The quality of evidence will 
be assessed to provide confidence in the effect 
estimates, thereby reporting the strength of recom-
mendations and deriving clinical meaning from the 
statistical findings.

►► The present study will be the first to evaluate the five 
highest-volume open versus robotic urological onco-
logical surgeries over 20 years (2000–2020) as re-
gards outcomes, costs and comparative penetrance.

►► This meta-analysis will be used to inform future 
studies to fulfil gaps in knowledge in comparative 
outcomes of open and robotic urological oncological 
surgery.

►► This protocol is the first to correlate outcomes of in-
terest with baseline characteristics and surrogates 
of surgical expertise (ie, surgical case volumes and 
year of publication).

►► Limitations of the study will be the paucity of ran-
domised controlled trials and the heterogeneity 
among available publications.

ABSTRACT
Introduction  Minimally invasive surgery in urology 
has grown considerably in application since its initial 
description in the early 1990s. Herein, we present the 
protocol for a systematic review and meta-analysis 
comparing open versus robotic urological oncological 
surgery for various clinically relevant outcomes, as well as 
to assess their comparative penetrance over the past 20 
years (2000–2020).
Methods and analysis  We will document the penetrance 
of robotic versus open surgery in the urological oncological 
field using a national database.
Second, we will perform a systematic review and meta-
analysis of all published full-text English and non-English 
language articles from Pubmed, Scopus and Web of 
Science search engines on surgical treatment of localised 
prostate, bladder, kidney and testis cancer published 
between 1st January 2000 to 10th January 2020. We 
will focus on the highest-volume urological oncological 
surgeries, namely, radical prostatectomy, radical 
cystectomy, partial nephrectomy, radical nephrectomy and 
retroperitoneal lymph node dissection. Study inclusion 
criteria will comprise clinical trials and prospective and 
retrospective studies (cohort or case–control series) 
comparing robotic versus open surgery. Exclusion criteria 
will comprise meta-analyses, multiple papers with 
overalapping study-periods, studies analysing national 
databases and case series describing only one approach 
(robotic or open). Risk of bias for included studies will be 
assessed by the appropriate Cochrane risk of bias tool. 
Principal outcomes assessed will include perioperative, 
functional, oncological survival and financial outcomes of 
open versus robotic uro-oncological surgery. Sensitivity 
analyses will be performed to correlate outcomes of 
interest with key baseline characteristics and surrogates of 
surgical expertise.
Ethics and dissemination  This comprehensive 
systematic review and meta-analysis will provide rigorous, 
consolidated information on contemporary outcomes 
and trends of open versus robotic urological oncological 
surgery based on all the available literature. These 
aggregate data will help physicians better advise patients 
seeking surgical care for urological cancers.
PROSPERO registration number  CRD42017064958.

Introduction
Minimally invasive surgery (MIS) in urology 
has grown considerably in application since 

its initial description over three decades 
ago. Initially, throughout the 1990s, urolog-
ical MIS consisted mostly of laparoscopic 
surgery, which, due to its skill-intensive 
nature, was slow to be adopted by practi-
tioners in the field. Robotic surgery, initially 
applied to urology in the early 2000s, has 
gradually, and now virtually completely, 
replaced laparoscopy in uro-oncological 
surgery in the USA. Specifically, robotics has 
now also emerged as a viable alternative to 
open surgery in many uro-oncological appli-
cations. This shift away from open surgery 
and towards robotic surgery is relatively 
recent and significant.

Robotic surgery is increasing in application 
and scope. By the end of 2017, a total of 4409 
robotic platforms had been installed glob-
ally, 43 000 robotic surgeons trained, over 5 
million robotic surgeries performed across 
various disciplines worldwide, with over 15 
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000 publications.1 In 2017, total revenue for Intuitive 
Surgical, the sole manufacturer of the da Vinci robot was 
reported US$3.1 billion. Globally, estimated annual case 
volumes increased from 136 000 in 2008 to 877 000 in 
2017; in urology, robotic procedures increased from 85 
000 to 118 000 annually (2010–2017).2 Given the signifi-
cant increase in the number of robotic surgeries for pros-
tate, bladder and kidney cancer, it is now a major domain 
in urological oncological surgery.

We seek to examine the state-of-the-field of open versus 
robotic urological oncological surgery over the past 20 
years (2000–2020) by assessing the highest-volume onco-
logical surgeries: radical prostatectomy (RP) for pros-
tate cancer, radical cystectomy (RC) for bladder cancer, 
partial nephrectomy (PN) and radical nephrectomy (RN) 
for kidney cancer and retroperitoneal lymph node dissec-
tion (RPLND) for testis cancer. For each of these proce-
dures that have the requisite published comparative data, 
we will compare the two surgical approaches, open versus 
robotic, as follows: for prostate cancer—open radical 
prostatectomy (ORP) versus robotic radical prostatec-
tomy (RRP); for bladder cancer—open radical cystec-
tomy (ORC) versus robotic radical cystectomy (RRC); for 
kidney cancer—open partial nephrectomy (OPN) versus 
robotic partial nephrectomy (RPN) and open radical 
nephrectomy (ORN) versus robotic radical nephrec-
tomy (RRN); and for testis cancer—open retroperito-
neal lymph node dissection (ORPLND) versus robotic 
retroperitoneal lymph node dissection (RRPLND). 
For each procedure type, we will interrogate a national 
database (the Premier Database) to assess comparative 
penetrance in the field; and we will compare open versus 
robotic surgery as regards perioperative data, procedural 
morbidity, oncological outcomes, functional outcomes 
and financial costs. This penetrance analysis, systematic 
review and meta-analysis will help inform physicians 
and patients about contemporary trends in oncological 
surgery for urological cancers.

Objectives
The aim of this study is to present a protocol paper for 
a rigorous systematic review and meta-analysis of all 
published comparative studies of robotic versus open 
urological oncological surgery from 2000 to 2020, as well 
as an evaluation of the Premier Database, to answer the 
following key questions (KQs).

Key Questions
KQ 1: What is the annual comparative penetrance of 
open vers robotic urological oncological surgery?

KQ2: What are the perioperative outcomes and compli-
cations of open versus robotic urological oncological 
surgery?

KQ3: What are the oncological outcomes and short-
term survival data of open versus robotic urological onco-
logical surgery?

KQ4: What are the functional outcomes and health-
related quality-of-life outcomes of open versus robotic 
urological oncological surgery?

KQ5: What is the financial cost comparison of open 
vers robotic urological oncological surgery?

For each procedure type, we will methodically and 
separately compare open vs robotic surgery as regards five 
key questions: penetrance in the field, perioperative data, 
procedural morbidity, oncological outcomes, functional 
outcomes and financial cost

Methods
Trends analysis: penetrance in the-field
We will analyse data from the Premier Hospital Database 
(Premier Inc, Charlotte, North Carolina, USA), a nation-
ally representative all-payer database capturing more than 
152 million hospital inpatient discharges in 700 hospitals, 
representative of about 20% of all inpatient admissions in 
the USA. The Premier Database has been validated and 
used in previous studies.3–7

Using the International Classification of Diseases, 
ninth Revision codes, we will identify patients diagnosed 
with prostate cancer (code 185), bladder cancer (codes 
188.x, 233.7, 236.7), renal cancer (code 189), testicular 
cancer (code 186.9), patients who have undergone RP 
(code 60.5), RC (code 57.71), PN (code 55.4), RN (code 
55.5) and retroperitoneal lymphadenectomy (codes 40.2 
and 40.5) between 2000 and 2020. Codes 17.42, 17.44, 
or 17.49 will be used to classify robotic procedures. We 
will examine yearly trends in the adoption rates of robotic 
procedures over time, defined as the percentage of proce-
dures performed robotically.

Systematic review and meta-analysis of the literature
Patient and public involvement statement
Patients and the public were not involved in the develop-
ment of the research questions, outcome measures and 
study design.

Study design
This study will be performed according to the Preferred 
Reporting Items for Systematic Review and Meta-Analysis 
Protocols 2015 guidelines8 (online supplementary 
appendix A).

Eligibility criteria
A summary of the participants, interventions, compar-
ators, outcomes and time and settings considered 
is provided, along with the type of studies included 
according to Population, Intervention, Comparators, 
Outcomes, Timing and Setting strategy. A detailed 
description is given in table 1.

Types of studies to be included
All available clinical prospective randomised and non-
randomised trials and retrospective comparative studies 
(cohort or case–control series) comparing ORP versus 
RRP, ORC versus RRC, OPN versus RPN, ORN versus 
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Table 1  Description of the PICOTS strategy as applied to 
this study

Inclusion

Population Age ≥18 years
Diagnoses: urological neoplasia in adults:

►► Localised prostate cancer
►► Renal mass
►► Invasive bladder cancer
►► Testicular cancer

Interventions ►► RP (open vs robotic approach)
►► RC (open vs robotic approach)
►► PN (open vs robotic approach)
►► RN (open vs robotic approach)
►► RPLND (open vs robotic approach)

Comparators Comparison between open and robotic 
approaches in the treatment of urological 
cancers included in the list above

Outcomes Perioperative outcomes:
►► Operative time (min)
►► Estimated blood loss (mL)
►► Length of hospital stay (days)
►► Blood transfusion rate (%)
►► Overall complication rate (%)
►► Major and minor postoperative complication 
rate (%)

►► Early and late complication rate (%)
►► Readmission rate (%)

Oncological outcomes:
►► Positive margins
►► Lymph node counts
►► Cancer-specific survival
►► Overall survival
►► Recurrence-free survival

Functional outcomes:
►► Potency recovery rate (n)
►► Continence recovery rate (n)
►► Health-related quality-of-life
►► Renal function (eGFR change)

Hospital costs:
►► Operative costs
►► Non-operative costs

Type of studies All available clinical, prospective randomised 
and non-randomised trials and retrospective 
comparative studies (cohort or case–control 
series) comparing RRP versus ORP, RRC 
versus ORC, RPN versus OPN, RRN versus 
ORN and RRPLND versus ORPLND were 
included. Published between 2000 and 2020.

Timing and 
setting

Any time point and setting

eGFR, estimated glomerular rate; OPN, open partial nephrectomy; 
ORC, open radical cystectomy; ORN, open radical nephrectomy; 
ORP, open radical prostatectomy; ORPLND, open retroperitoneal 
lymph node dissection; PN, partial nephrectomy; RC, radical 
cystectomy; RN, radical nephrectomy; RP, radical prostatectomy; 
RPLND, retroperitoneal lymph node dissection; RPN, robotic partial 
nephrectomy; RRC, robotic radical cystectomy; RRN, robotic 
radical nephrectomy; RRP, robotic radical prostatectomy; RRPLND, 
robotic retroperitoneal lymph node dissection.

RRN and ORPLND versus RRPLND and published 
between 1st January 2000 and 10th January 2020 will be 
included. No language restrictions will be applied. Native 
speaking urologists will be involved in the translation of 
non-English publications.

Condition being studied
We will examine the literature of open versus robotic 
urological oncological surgery by assessing the most 
common oncological surgeries: RP for localised prostate 
cancer, RC for invasive bladder cancer, PN and RN for 
renal mass and RPLND for testis cancer.

Type of participants/population
We will include adult participants (age ≥18 years), with 
diagnoses of urological neoplasia (localised prostate 
cancer, invasive bladder cancer, renal mass, testis cancer).

Type of intervention and comparators
We will evaluate the comparator intervention (open 
approach) versus the experimental intervention (robotic 
approach) separately for each surgical procedure: RP, 
RC, PN, RN and RPLND.

Type of outcomes measures
We will compare the following outcomes between open 
and robotic uro-oncological surgery:
1.	 Penetrance: US data for the number of surgeries per-

formed annually for each procedure type (Premier 
Database).

2.	 Perioperative outcomes: operative time (min); esti-
mated blood loss (mL); length of hospital stay (days); 
blood transfusion rate (%); complication rate (%)—
overall, minor (Clavien-Dindo <3), major (Clavien-
Dindo ≥3), early (within 30 days), late (31–90 days); 
rate of specific complications (wound, anastmotic, car-
diovascular, gastrointestinal, thromboembolic, infec-
tious); and readmission rate (%).

3.	 Functional outcomes: at four time-points after sur-
gery—early (at 3 months), intermediate (at 6 months), 
late (at 12 months) and overall (latest month)—assess 
erectile dysfunction rate (%) and incontinence rate 
(%) after RP; and decline in estimated glomerular rate 
after PN and RN.

4.	 Oncological and survival outcomes: rate of positive sur-
gical margins (%); lymph node yield; recurrence rate 
(%); cancer-specific survival rate (%); and overall sur-
vival rate (%).

5.	 Hospital Costs: operative costs and non-operative costs.

Search strategy for relevant studies
The systematic review will be performed in accordance 
with the Cochrane Guidelines,9 the Preferred Reporting 
Items for Systematic Reviews and Meta-Analyses 
(PRISMA)10 and graded strength of evidence using the 
scheme recommended by Methods and Guide for effec-
tiveness and Comparative Effectiveness Review of the 
Agency for Healthcare Research and Quality.11.

We will search Pubmed, Scopus and Web of Science 
databases for all published full-text English and non-
English language articles on the treatment of localised 
prostate, bladder, kidney and testis cancer, using the 
keywords ‘radical prostatectomy’ OR ‘radical cystectomy’ 
OR ‘partial nephrectomy’ OR ‘radical nephrectomy’ 
OR ‘retroperitoneal lymph node dissection’ published 
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Figure 1  Study design flow chart. OPN, open partial nephrectomy; ORC, open radical cystectomy; ORN, open radical 
nephrectomy; ORP, open radical prostatectomy; ORPLND, open retroperitoneal lymph node dissection; RPN, robotic partial 
nephrectomy; RRC, robotic radical cystectomy; RRN, robotic radical nephrectomy; RRP, robotic radical prostatectomy; 
RRPLND, robotic retroperitoneal lymph node dissection.

between 1st January 2000 and 10th January 2020. No 
language restriction will be applied (online supplemen-
tary appendix B). References will be manually reviewed 
to identify supplementary studies of interest.

We will exclude case series describing only one 
approach (robotic or open), studies not comparing open 
versus robotic approach, non-comparative series, multi-
institutional studies reporting overlapping data with series 
previously published, studies from the same institution 
with overlapping data, reviews, meta-analyses, surgical 
technique description papers, replies, commentaries and 
editorial comments, single case reports, papers about 
paediatric surgery, non-matching articles and studies not 
providing outcomes of interest,.

Multi-institutional studies that report data never 
published by participating single-centre studies will be 
considered. When an institution has published multiple 
papers with overlapping surgical periods, we will consider 
only the latest published paper. We will exclude studies 
analysing national databases because of the high risk 
of overlapping data. The words ‘robot(ic)-assisted’ and 
‘robotic’ will be used interchangeably.

Screening and data extraction
Two paired investigators (GEC and ISG) will inde-
pendently screen all articles focusing the research on 
open versus robotic surgery. All available clinical trials, 
prospective and retrospective studies (cohort or case–
control series) comparing open versus robotic surgery 
will be included. Any disagreements about eligibility will 

be resolved by discussion between the paired investigators 
until a consensus is reached.

Quality assessment
All papers will be categorised according to the Oxford 
Level of Evidence Working Group 2011 levels of evidence 
for therapy studies.12 Two paired investigators (GEC and 
ISG) will independently weigh the risk of bias for all 
the studies according to the Cochrane Handbook for 
Systematic Reviews of Interventions for including non-
randomised studies.13 In consideration of the design of 
studies, we will likewise examine the risk of preassigned 
confounders identified as the possible predictors at the 
time of surgery. We will examine articles for specific 
data on baseline characteristics that may have an impact 
on outcomes of interest within their univariate analysis 
models.

Statistical analysis
Figure 1 summarises the steps of the present systematic 
review. A cumulative meta-analysis will be conducted 
using Review Manager V.5.3 (Cochrane Collaboration, 
Oxford, UK). Weighted mean difference will be used to 
compare continuous variables and odd ratio, and risk 
ratio and hazard ratio will be used to compare dichoto-
mous variables, respectively. Baseline characteristics will 
be analysed in the same fashion.

All results will be reported with 95% CIs. Statistical 
heterogeneity between studies will be tested using the I² 
statistic.9 Heterogeneity will be considered low, moderate 
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and high when the values are below 25%, between 25% 
and 75% and above 75%, respectively.9 14

Random and fixed effects will be used in case of the 
presence or absence of heterogeneity, respectively.9 A 
two-sided p-value<0.05 will be considered statistically 
significant. Pooled analysis of continuous variables is 
possible only when data are presented as mean and SD. 
Since some studies may report continuous variables in 
‘median’ and ‘IQR’ or ‘min/max’ range, we will use a 
validated mathematical method to estimate ‘mean’ and 
‘SD’.15 When available, we will use data reported in a 
matched-pair comparison manner.

The use of the pooled graphical effect of a meta-analysis 
that includes randomised controlled trials (RCTs) and 
non-RCTs allows assessment of the similarity between the 
studies. Forest plots allow the presentation of estimates 
and standard errors for each study. Graphical represen-
tation of pooled findings will be made according to the 
heterogeneity.9

Assessment of publication bias
Funnel plots will be visually inspected to assess both the 
degree of publication bias and its effect on the study 
findings. Egger’s weighted regression will be used to test 
for publication bias, with p<0.1 considered indicative 
of statistically significant publication bias. When asym-
metry is found, extreme outliers (ie, small studies) will be 
removed from the funnel plot, Duval and Tweedie non-
parametric ‘trim and fill’ analysis to formalise the use of 
funnel plot and recomputing the effect size to correct for 
publication bias.13 When necessary, to assess the risk of 
bias in the non-RCTs included in our meta-analysis, we 
will independently weigh the risk of bias for all studies 
according to the Cochrane Handbook for Systematic 
Reviews of Interventions for including non-randomised 
studies.9 In considering the design of studies, we will 
likewise examine the risk of preassigned confounders 
identified as possible predictors at the time of surgery. 
We will examine all publications for specific data on base-
line characteristics that may impact outcomes of interest 
within their univariate analysis models.

Sensitivity analyses
Temporal meta-analysis
The chronologic time of publication may impact the 
reported outcomes of urological oncological surgery; 
in other words, earlier publications that reflect the 
‘discovery’ era of a novel technology may demonstrate 
different/inferior outcomes than later publications, 
when the initial learning curve has been surmounted. As 
such, we will perform a temporal meta-analysis to evaluate 
the evolving impact of time of publication on reported 
outcomes of open and robotic uro-oncological surgery. 
First, a meta-regression model will be performed to assess 
the association between the year of publication and the 
outcomes of interest. Then, we will divide all available 
comparative studies into two equivalent temporal cohorts. 
Various outcomes of ORP versus RRP, ORC versus RRC, 

OPN versus RPN, ORN versus RRN and ORPLND versus 
RRPLND will be compared between these two cohorts to 
assess the temporal impact of the robotic learning curve.

Proficiency meta-analysis
Similarly, surgical case volumes can impact the outcomes 
of urological oncological surgery; in other words, because 
of presumed differences in surgical ‘proficiency’, low-
volume centres may deliver inferior outcomes compared 
with high-volume centres.16 However, a clear definition 
of low-volume and high-volume centres is still lacking. To 
evaluate the impact of surgical volumes on the outcomes 
of interest, we will perform a ‘proficiency’ meta-analysiss. 
We will exclude all multi-centre studies, propensity 
score-matched studies and studies that do not report 
the surgical period. The mean number of robotic proce-
dures performed per month will be calculated by dividing 
the total number of robotic procedures reported by the 
number of months in the study period. First, a meta-
regression model will be performed to assess the associa-
tion between the number of robotic procedures/month 
and the outcomes of interest. Next, we will calculate 
the mean number of procedures/month to determine 
the cut-off to distinguish between low-volume (number 
of robotic procedures/month below the cut-off value) 
versus high volume (number of robotic procedures/
month above the cut-off value) centres. Various outcomes 
of ORP versus RRP, ORC versus RRC, OPN versus RPN, 
ORN versus RRN and ORPLND versus RRPLND will be 
compared between low-volume and high-volume centres. 
Since data on single-surgeon experience in studies 
comparing open versus robotic uro-oncology surgery are 
sparse, those cut-offs will be considered as a surrogate to 
evaluate the impact of surgical skill proficiency on periop-
erative, functional and oncological outcomes.

Assessment of baseline characteristics
Differences in baseline characteristics between cohorts 
may be present in the studies included in a meta-analysis. 
Ignoring such substantial variability in one or more base-
line characteristics may lead to misleading conclusions, 
which can jeopardise the overall applicability of the 
pooled estimates.17 Therefore, comparability of baseline 
patient characteristics between the two cohorts is crucial 
for minimising the impact of heterogeneity on study 
outcomes.

To account for the impact of baseline characteristics 
on a given outcome and explore the possible relation-
ship between baseline characteristics and outcomes of 
interest, we will perform a pooled analysis of the base-
line characteristics (table  2). Then, we will perform a 
sensitivity analysis of the pooled estimate of the baseline 
characteristics reported by the studies reporting a given 
outcome to assess differences between the two cohorts. 
Sensitivity analyses will be performed plotting only papers 
reporting comparable baseline characteristics estimates 
(weighted mean difference for continues variable and 
OR for dichotomous variable) defined as estimates with 
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Table 2  Baseline characteristics evaluated for each 
comparison
Surgical procedure Baseline characteristics

RP
(ORP vs RRP)

Age, years

BMI, kg/m²

ASA score

PSA, ng/mL

Clinical GS ≤6, %

Clinical GS=7, %

Clinical GS ≥8, %

Pathological GS ≤6, %

Pathological GS=7, %

Pathological GS ≥8, %

pT ≥3, %

pN ≥1, %

RC
(ORC vs RRC)

Age, years

BMI, kg/m²

ASA score

Male, %

Female, %

NACH, %

pT ≥3, %

pN ≥1, %

number of nodes removed, mean

PN (OPN vs RPN) and RN (ORN vs 
RRN)

Age, years

BMI, kg/m²

ASA score, %

Male, %

Preoperative eGFR

Left/right side, %

Tumour size, cm

Renal score

Renal score ≤6, %

Renal score 7–10, %

Renal score 11–12, %

pT ≥1 b, %

RPLND
(ORPLND vs RRPLND)

Age, years

BMI, kg/m²

ASA score

Primary laterality left/right side, %

Preoperative AFP (ng/mL)

Preoperative hCG (mlU/mL)

Lympho vascular invasion, %

pT ≥2, %

pN ≥1, %

number of nodes removed, mean

AFP, Alpha Fetoprotein; ASA, American Society of Anaesthesiologists; BMI, body mass 
index; eGFR, estimated glomerular rate; GS, Gleason Score; hCG, human chorionic 
gonadotropin; NACH, neoadjuvant chemotherapy; OPN, open partial nephrectomy; 
ORC, open radical cystectomy; ORN, open radical nephrectomy; ORP, open radical 
prostatectomy; ORPLND, open retroperitoneal lymph node dissection; pN, pathological 
node stage; PN, partial nephrectomy; PSA, prostate specific antigen ; pT, pathological 
tumor stage; RC, radical cystectomy; RN, radical nephrectomy; RP, radical prostatectomy; 
RPLND, retroperitoneal lymph node dissection; RPN, robotic partial nephrectomy; RRC, 
robotic radical cystectomy; RRN, robotic radical nephrectomy; RRP, robotic radical 
prostatectomy; RRPLND, robotic retroperitoneal lymph node dissection.

95% CI for effect including the null value (such as an OR 
of 1.0 or a risk difference of 0).13

Risk of incontinence and erectile dysfunction after RP
For the analysis of continence and potency recovery rates 
following RP (open vs robotic), we will assess the relative 
risk of incontinence and erectile dysfunction, respectively. 
We will consider as ‘total’ the number of men reporting 
to be continent or potent before surgery or, if not speci-
fied, the total number of men evaluated at last follow-up. 
We will consider as ‘events’ the total number of men who 
report having incontinence or erectile dysfunction after 
surgery. This number will be calculated by the differ-
ence (Δ) between the total of the ‘continent or potent 
patients following surgery’ and the ‘total’ (the number 
of patients who are continent or potent before surgery or, 
if not specified, the total number of patients evaluated 
at last follow-up). Inconsistency in the definition will be 
reported.

Cost analyses
We will evaluate the costs of open versus robotic uro-
oncological surgery. We will select only comparative 
studies (open vs robotic) reporting operative and non-
operative costs; studies reporting charges, modelling 
and analyses of national databases will be excluded. We 
will include the following items in operative costs: (1) 
labour (professional fees); (2) surgical equipment; (3) 
robot-related costs (capital, maintenance); and (4) anaes-
thesia supply/technician labour cost. We will include the 
following items in non-operative costs: (1) postanaes-
thesia care; (2) professional fees; (3) hospital stay costs 
(room/day, nursing costs); (4) drugs and supplies; (5) 
blood transfusion costs; and (6) technical services (labo-
ratory, radiology). Difference (Δ) in overall operative cost 
will be calculated as overall robotic operative cost minus 
overall open operative cost. Difference (Δ) in overall 
non-operative cost will be calculated as overall robotic 
non-operative cost minus overall open non-operative 
cost. Percentages indicating the overall total cost differ-
ential of robotic vis-a-vis open surgery will be considered. 
We will convert all currencies to the 2020 exchange rate 
using the Consumer Price Index (CPI) inflation calcu-
lator (https://www.​bls.​gov/​data/​inflation_​calculator.​
htm). Foreign currency will first be converted to dollars 
using historical exchange rates at the year of publication 
and then adjusted to the 2020 exchange rate using the 
CPI inflation calculator.

Grade of the evidence
The quality of scientific evidence and outcomes will be 
assessed using the Grading of Recommendations Assess-
ment, Development and Evaluation (GRADE) approach. 
GRADE offers a specific definition of the quality of 
evidence that is different in the context of making 
recommendations and in the context of summarising 
the findings of a systematic review.18 19 The GRADE meth-
odology involves rating evidence for a given outcome 
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by upgrading or downgrading the evidence. Indications 
for upgrading the quality of evidence include having a 
large effect size and dose–response gradient. Indications 
for downgrading the quality of evidence include serious 
risk of bias, serious inconsistency between studies, serious 
indirectness, serious imprecision and likely publication 
bias.18 Summary of Findings (SoF) tables will provide a 
summary of findings for each of the included outcomes 
and the quality of evidence rating for each outcome.18 
The format of the SoF will include:
1.	 A list of the outcomes of interest.
2.	 The assumed risk; a measure of the typical burden 

of the outcomes, that is, illustrative risk or also called 
baseline risk, baseline score or control group risk.

3.	 The corresponding risk; a measure of the burden of 
the outcomes after the intervention is applied, that 
is, the risk of an outcome in treated/exposed people 
based on the relative magnitude of an effect and as-
sumed (baseline) risk.

4.	 The relative effect; for dichotomous outcomes, the ta-
ble will provide risk ratio, OR or HR.

5.	 The number of participants, the number of studies 
and their designs

6.	 Rating of the overall quality of evidence for each 
outcome.

Presentation of results and reporting
The PRISMA guidelines10 will be used and the checklist 
will accompany the publication. Quantitative data will be 
summarised and presented in tables and as forest plots 
where necessary.9

Potential amendments
We do not anticipate any amendments to the current 
protocol. However, should an amendment be necessary, 
it will be notified, registered and reported.

Ethics and Dissemnination
No ethics clearance is necessary, as no primary data will 
be collected. Results will be published in a peer-reviewed 
journal. These results will likely help inform directions 
and design of future studies.

Implications of the review
We believe this aggregate information will be of interest 
and practical use to the general medical community at 
large, who need to be aware of contemporary trends in 
urological oncological surgery, thereby to better advise 
patients seeking care for urological cancers.
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