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Abstract

Background and objective: Robotic-assisted radical prostatectomy (RARP) is a sur-
gical option for localized prostate cancer. Cost-effectiveness analysis (CEA) findings
are inconsistent when comparing it with open (ORP) and laparoscopic (LRP) radical
prostatectomy approaches. We performed a systematic review and meta-analysis
to pool the incremental net benefit (INB) of these approaches.

Methods: Relevant CEA studies of RARP were identified by searching the PubMed,
Embase, Scopus, International Health Technology Assessment database, Tufts CEA
Registry, and Centre for Reviews and Dissemination databases from January 2005
to October 2023. To be included, studies must compare costs, and quality-
adjusted life years (QALYs) of RARP versus ORP or LRP, and report the incremental
cost per QALY gained. Study characteristics, economic model, costs, and outcomes
were extracted. INBs were calculated in 2022 US dollars adjusted for purchasing
power parity. A pooled analysis was performed using a random-effect model strat-
ified by country income level. Heterogeneity was assessed using the Q test and I?
statistic.

Key findings and limitations: Thirteen studies with 17 comparisons, ten from high-
income (HICs) and three from middle-income (MICs) countries, were included.
Ten and five studies compared RARP with ORP and LRP, respectively. From a payer
perspective, RARP was cost effective but not statistically significant compared with
LRP in HICs (pooled INB: $7507.83 [-$1193.03 to $16 208.69], I = 81.15%) and not
cost effective in MICs (%; -$4499.39 [-$16 500 to $7526.87], I? = 17.15%). RARP
showed no statistically significant cost effectiveness over ORP in both HICs
($3322.38 [-$1864.39 to $8509.15], I* = 90.89%) and MICs ($2222.60 [-$2960.64
to $7405.83], I2 = 58.92%).

Conclusions and clinical implications: RARP is cost effective compared with LRP in
HICs but lacks statistical significance. When compared with ORP, RARP is not cost
effective in HICs and MICs. Our findings may support decision-making for prostate
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cancer treatment options in countries with different health care systems, especially
those with limited resources.

Patient summary: Our systematic review and meta-analysis provide important
information regarding robotic-assisted radical prostatectomy (RARP) compared
with open (ORP) and laparoscopic (LRP) radical prostatectomy. In high-income
countries, RARP is generally cost effective compared with LRP, but not with ORP,
while in middle-income countries, RARP is not cost effective compared with LRP
or ORP. The findings of this review can support decision-making for prostate cancer

treatment options.

© 2025 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).

1. Introduction

Prostate cancer is the second most common cancer in men
worldwide [1]. Radical prostatectomy is one of the main
treatments for clinically localized prostate cancer. It
includes both open radical prostatectomy (ORP) and less
invasive methods such as laparoscopic radical prostatec-
tomy (LRP) and robotic-assisted radical prostatectomy
(RARP) [2-4]. Owing to its high learning curve, technologi-
cal complexity, and ergonomic limitations, LRP is still rarely
used. In contrast, robotic-assisted surgery (RAS) with the da
Vinci surgical system has become more and more popular
throughout the world [5-9]. The extra wrist movements
and three-dimensional imaging of the da Vinci system get
around the technological difficulties with LRP [10]. Using
the instrument’s seven degrees of motion, accuracy, and tre-
mor filtering, surgeons execute RARP by translating hand
gestures in real time. RARP is now used more widely, having
become a standard surgical technique on a global scale
[3,11].

With advantages over ORP and traditional LRP, such as
fewer postoperative problems, less blood loss, lower trans-
fusion rates, shorter hospital stays, and quicker recovery,
RARP’s clinical efficacy is well established [12-15]. Never-
theless, with the growing demand for RARP, demonstrating
only the clinical benefits is not sufficient given the limited
resources for health care. Evidence on the economic value
of RARP is strongly required to support policy decision-
making. A recent systematic review of cost-effectiveness
analyses (CEAs) of RARP has been conducted, providing evi-
dence of economic value of RARP when comparing it with
ORP and LRP [16]. However, findings from CEAs in different
health care settings have come to diverse conclusions.
Moreover, this systematic review provided only an overall
descriptive summary of evidence from individual cost-
effectiveness studies. A quantitative summary of cost effec-
tiveness could provide robust evaluation of economic out-
comes across studies. A method for a meta-analysis of
cost-effectiveness findings based on all existing studies
answering the same question across different assumptions
has been developed [17] and applied in several areas
[18,19]. The evidence generated from a meta-analysis may
be useful to decision-makers, given that it provides an over-
all summary of economic evidence stratified quantitatively
by country income level and study perspective. The findings

could facilitate decision-making in countries where
context-specific cost-effectiveness studies are not available.

Medical devices used in robotic surgery, unlike pharma-
ceuticals, possess distinctive features necessitating consid-
eration in economic evaluations [20].

Therefore, we conducted a systematic review and meta-
analysis of CEAs by pooling the incremental net benefit
(INB) to assess the cost effectiveness of using RARP for local-
ized prostate cancer compared with ORP and LRP. The pur-
pose of this research is to assess the economic values of
using RARP for localized prostate cancer and inform policy-
makers, especially in those countries where economic evi-
dence is limited.

2. Methods

2.1. Materials and methods

We followed the Preferred Reporting Items for Systematic
Reviews and Meta-analyses protocols [21], and the protocol
was registered at PROSERO (CRD42024504163).

2.2. Data source and search strategy

We performed a comprehensive search for relevant studies
in PubMed, Embase, Scopus, Cost Effectiveness Analysis
Registry by Tufts Medical Centre, International Health Tech-
nology Assessment (HTA) database, and the Centre for
Reviews and Dissemination (CRD) database, which includes
NHS Economic Evaluation database, Database of Abstracts
and Reviews of Effects, and the HTA database, from January
1, 2005 until the October 31, 2023. Databases were searched
using a combination of medical subject headings and free-
text terms that were grouped into the following categories:
intervention (RARP) and study design (economic analyses
and related terms). Details of search strategies are provided
in Supplementary Table 1.

2.3. Study selection

Two independent reviewers (T.B. and T.T.) screened the
titles, abstracts, and full texts of studies identified in the
literature search. Studies were included if these performed
a CEA or cost-utility analysis reporting cost per quality-
adjusted life year (QALY) comparing RARP with ORP or
LRP to treat prostate cancer in any age group of male
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population. Studies were excluded if these were a cost-
minimization, cost-benefit, or budget impact analysis, or if
these did not provide adequate data for performing a
meta-analysis. Any disagreements between the two review-
ers were resolved by a third independent reviewer (S.V.).

24. Data extraction and quality assessment

A standardized data extraction sheet was developed based
on the Consolidated Health Economic Evaluation Reporting
Standard (CHEERS) checklist [22]. The extracted data
included the characteristics of intervention and comparator,
country income level (as per the World Bank 2020 report),
time horizon, study perspective, discount rate, model used,
population of interest, data source, incremental cost-
effectiveness ratio (ICER), incremental cost (AC), incremen-
tal outcomes (AE) and their dispersion (standard deviation,
standard error [SE], or 95% confidence interval [CI]), and
willingness-to-pay (WTP) threshold. The CEA plane with
scatterplots representing incremental cost (AC) and incre-
mental outcomes (AE) of the probabilistic sensitivity analy-
sis was also retrieved and extracted using WebPlotDigitizer
software version 4.6 [23].

The risk of bias (RoB) was assessed by two independent
reviewers (T.B. and W.K.) using the modified Economic
Evaluations Bias (ECOBIAS) tool consisting of 22 items
[24]. Disagreements were resolved by consensus. Each item
of ECOBIAS was rated yes, partly, unclear, no, or not applica-
ble. Three items—limited sensitivity analysis bias, wrong
model bias, and bias related to treatment effects—were
deemed most relevant to the overall validity assessment
and study context [25,26]. Studies that were assessed as
“yes” for all three items were classified as having a low
RoB. Studies with one or more “partly/unclear” responses
were categorized as having a moderate RoB, whereas stud-
ies with at least one response as “no” were classified as hav-
ing a high RoB.

2.5. Data analysis and synthesis

2.5.1. Outcome of interest

The primary outcome of interest was the INB of using RARP
compared with ORP or LRP, which was calculated for each
study using Equation (1) or (2) below, depending on the
data reported in each of the included studies. The variance
of each of the INBs was calculated using Equation (3) or
(4) below [27,28].

INB = AE (K — ICER) (1)

INB = (K x AE) — AC 2)

Here, K represents the threshold of WTP, AE represents the
incremental effectiveness, and AC represents the incremen-
tal cost.

Var(INB) = K*62%; + 0% 3)

Var(INB) = K*62%; + 02 — 2Kp,car 4)

Here, 62 ac, 02k, and Gagac are variances of AC and AE and
their covariance, respectively, and c2;cgr is a variance of
ICER.

2.5.2. Data preparation

Data were prepared according to five scenarios, as described
in Supplementary Table XX [27]. INB and its variance were
then calculated accordingly. All cost data including K, AC,
ICER, and their variances in each currency were standard-
ized by converting to 2022 US dollars using consumer price
index [29] and purchasing power parity [30].

2.6. Statistical analysis

Each INB and its variance were calculated as per the
approaches described previously [27,31,32]. Meta-analyses
were performed to pool the INBs across studies stratified
by country income level according to the World Bank clas-
sification (high-income [HICs] and middle-income [MICs]
countries) [33] and perspectives (health care or payer per-
spective and societal perspective), using a random-effect
model (DerSimonian and Laird [34] method). Heterogeneity
between studies was assessed using the I? statistic. Publica-
tion bias was assessed using a funnel plot and Egger’s test.
Where a funnel plot was asymmetrical, a contour-
enhanced funnel plot was constructed to assess whether
the asymmetry was due to missing studies or heterogeneity
[35]. A series of prespecified sensitivity analyses were per-
formed by excluding studies with the following conditions:
(1) imputing variance using absolute value borrowing from
similar studies, (2) missing variances, and (3) a high RoB. If
no meta-analysis was performed due to the insufficient
number of comparisons, a narrative overview of the find-
ings from the study was provided. All the data were pre-
pared using Microsoft Excel version 2016 (Microsoft
Corporation, Redmond, WA, USA) and analyzed by STATA
version 17.0 (Stata Corporation, College Station, TX, USA),
and a two-sided statistical test with a p value of <0.05
was considered statistically significant.

3. Results

3.1. Study characteristics

A total of 933 studies were identified, of which 13 studies
[36-48] were found eligible to include in the meta-
analysis, as detailed in Fig. 1. In the analysis, 17 compar-
isons were drawn from 13 studies, encompassing RARP ver-
sus ORP (ten studies) [36,38-43,45-47], and RARP versus
LRP (five studies) [37,38,40,43,48] from the payer’s perspec-
tive. Additionally, one comparison each of RARP versus ORP
[42] and that of RARP versus LRP [44] were evaluated from a
societal perspective. Characteristics of these 13 studies are
described in Table 1.

All economic evaluation studies were performed using
the payer perspective, except one study [44], which used a
societal perspective, and one study in both payer and soci-
etal perspectives [42]. Ten studies were conducted in HICs
(USA, UK, Denmark, Canada, The Netherlands, Ireland, and
Australia) [36-38,41-47] and three from MICs (Thailand
and Brazil) [39,40,48]. However, no studies were identified
from low-income countries. All the comparisons used
model-based economic evaluations, including Markov
model (n = 7, 53.8%) [36,38,40,41,43,46,47], cohort-based
analysis (n = 3, 23.1%) [39,42,45], decision tree (n = 2,
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through database searching
n=1113

titles/abstracts
n =933

n=916

assessed for eligibility
n=17

e Review (n=2)
e Same analysis/duplicate (n = 2)

Studies included (n = 13)

vs vs
(n=6) (n=10)

Fig. 1 - Study selection process. The last row indicates the comparison information from studies (number is >13 due to multiple comparisons; details are
provided in the text). LRP = laparoscopic-assisted radical prostatectomy; ORP = open radical prostatectomy; RARP = robotic-assisted radical prostatectomy.

15.4%) [44,48], and discrete event simulation (n = 1, 7.7%)
[37]. Clinical and utility parameters were mostly taken from
published literature. Regarding the WTP threshold, eight
studies [36-38,43,44,46-48] used a country-specific thresh-
old, one study [39] used a gross domestic product-based
threshold as the WTP, and four studies [40-42,45] did not
report any cost-effectiveness threshold. The 10-yr time
horizon was most used (N = 4, 30.8%) [37,43,47,48], fol-
lowed by 20 yr (N = 2, 15.4%) [40,46], with the remaining
studies varying their time horizon (N = 5, 38.5%)
[36,39,41,42,44] from 1 to 9 yr, whereas one study [38] is
lifetime and one study [45] did not report any time horizon.

3.2. RoB assessment

The RoB assessment was performed using the ECOBIAS
checklist [24]° for details, see Supplementary Table 2. Ten
studies [36-41,43-45,47] were found to be at a moderate
RoB and three studies [42,46,48] at a high RoB, with no

studies identified as being at a low RoB. Overall, most stud-
ies had a similar bias profile. Reporting and dissemination
bias and bias related to consistency were unclear for most
studies. Studies that did not demonstrate a bias related to
lifetime horizon chosen (two studies) [42,46] and those in
which results were reported according to the study protocol
(one study) [48] were determined to have a high RoB.

3.3. Pooling of INBs based on payers’ perspective

3.3.1. RARP versus ORP

33.1.1. Findings from HICs. The INBs of RARP versus ORP
were estimated for eight comparisons from eight individual
studies [36,38,41-43,45-47] from HICs. The pooled INB
indicated that RARP is cost effective, but not statistically
significant when compared with ORP from the payer per-
spective (INB, $3322.38 [95% CI: -$1864.39 to $8509.15;
I> = 90.89%]; Fig. 2). Contour-enhanced funnel plots indi-
cated that most fell in the nonsignificant area, which indi-



Table 1 - Characteristics of the included studies

Author (year) Country Country Intervention Comparisons Perspective Currency WTP GDP Modeling Time Type of Type of Conclusion RoB
income (year) based approach horizon literature analysis
level WTP

Ratchanon et al Thailand MIC RARP LRP Payer/HPC Baht 160K Baht No Decision tree 10 yr Journal CUA RARP is not cost High
(2015) [48] (2015) per QALY article effective

Close et al (2013) UK HIC RARP LRP Payer/HPC GBP £30K per No Discrete 10 yr Journal CUA RARP is cost effective Moderate
[37] (2013) QALY event article

simulation

Cooperberg et al USA HIC RARP LRP, ORP Payer/HPC usD $100K per No Markov Lifetime  Journal CUA No difference in Moderate

(2013) [38] (2013) QALY model article effectiveness and RARP
lower cost

Hohwii et al Denmark HIC RARP ORP Payer/HPC, EUR NR Yes Cohort based 1 yr Journal CEA RARP not cost effective  High
(2011) [42]° societal (2011) article

Parackal et al Canada HIC RARP ORP Payer/HPC CAD C$50K per No Markov 10 yr Journal CUA RARP cost effective Moderate
(2020) [47] (2020) QALY model article

de Oliveira et al Brazil MIC RARP ORP Payer/HPC BRL R$114 Yes Cohort based 5 yr Journal CUA RARP cost effective Moderate
(2021) [39] (2021) 026.55 article

Labban et al UK HIC RARP LRP, ORP Payer/HPC GBP £30K per No Markov 10 yr Journal CUA RARP cost effective Moderate
(2022) [43]° (2022) QALY model article

Faria et al (2022)  Brazil MIC RARP LRP, ORP Payer/HPC BRL NR Yes Markov 20 yr Journal CEA RARP cost effective Moderate
[40] (2022) model article

Lindenberg et al The HIC RARP LRP Societal EUR €80K per No Decision tree 7 yr Journal CUA RARP cost effective Moderate
(2022) [44] Netherlands (2022) QALY article

Health Quality Canada HIC RARP ORP Payer/HPC CAD C$100K No Markov 20 yr HTA CUA RARP not cost effective  High
Ontario (2017) (2017) per QALY model report
[46]

AHT (2017) [36] Canada HIC RARP ORP Payer/HPC CAD C$50K per No Markov 9yr HTA CUA RARP cost effective Moderate

(2017) QALY model report

O’Malley and Australia HIC RARP ORP Payer/HPC AUD NR Yes Cohort based Not Journal CUA RARP cost effective Moderate
Jordan (2007) (2007) clearly article
[45] stated

HIQA (2011) [41]  Ireland HIC RARP ORP Payer/HPC EUR NR Yes Markov 5yr HTA CUA RARP cost effective in Moderate

(2011) model report high-volume health

care settings

AUD = Australian dollar; BRL = Brazilian real; CAD = Canadian dollar; CEA = cost-effective analysis; CUA = cost-utility analysis; EUR = euro; GBP = pound Sterling; GDP = gross domestic product; HIC = high-income country;
HPC = hospital cost of providing care; HTA = health technology assessment; LRP = laparoscopic-assisted radical prostatectomy; MIC = middle-income country; NR = not reported; ORP = open radical prostatectomy; QALY =
quality-adjusted life year; RARP = robotic-assisted radical prostatectomy; RoB = risk of bias; USD = US dollar; WTP = willingness to pay.
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INB Weight
Study with 95% ClI (%)
HICs
Hohwii (a), 2011 7359.86 (-2.9e+05, 2.8e+05)  0.02
Parackal, 2020 [ | 3870.14 ( 1249.62, 6490.67) 13.47
Labban (b), 2022 [ 4512.23 (-5803.76, 14828.21) 7.57
HQO, 2017 [] -5804.15 (-8424.67, -3183.62) 13.47
AHT, 2017 ] 7586.65 (4966.12, 10207.18) 13.47
O'Malley, 2007 O 1384.35 (-8279.76, 11048.46) 8.03
HIQA, 2011 [ ] 1222.98 (-1.1e+04, 13341.79) 6.43
Cooperberg (b), 2013 [ 9281.25 ( 6663.83, 11898.67) 13.47
Heterogeneity: T° = 3.87e+07, I” = 90.89%, H = 10.98 } 3322.38 (-1864.39, 8509.15)
Test of 6 = 6;: Q(7) = 76.87, p = 0.00
Testof 6 =0:z=1.26, p =0.21
MICs
de Oliveira, 2021 [ 5475.94 (-396.49, 11348.38)  11.08
Ferreira Faria (b), 2022 [ 72.91(-3329.78, 3475.60) 12.99
Heterogeneity: T° = 8.60e+06, I° = 58.92%, H = 2.43 ) 2222 .60 (-2960.64, 7405.83)

Test of 6; = 6;: Q(1) = 2.43, p= 0.12
Testof @ = 0: z = 0.84, p = 0.40

Heterogeneity: T° = 3.15e+07, I° = 88.91%, H = 9.02
Test of 6; = 6;: Q(9) = 81.19, p = 0.00
Testof 6=0:z2=1.49, p=0.14

Test of group differences: Q:(1) = 0.09, p=0.77

-400000 -200000 0

Random-effect DerSimonian-Laird model

200000

Fig. 2 - Pooling the INB of RARP versus OPR in payer perspective. CI = confidence interval; HIC = high-income country; INB = incremental net benefit; MIC =
middle-income country; ORP = open radical prostatectomy; RARP = robotic-assisted radical prostatectomy.

cated that asymmetry was likely due to heterogeneity
rather than a publication bias (Supplementary Fig. 1). How-
ever, Egger's test indicated no evidence of small-study
effects (coefficient = -0.16, SE = 0.825, p = 0.85). Findings
from sensitivity analyses by pooling variance using absolute
value borrowing from similar studies were similar to those
in the primary analysis (Supplementary Fig. 5). However,
the sensitivity analyses by excluding high RoB studies and
excluding scenario 5 showed that the results are sensitive
to the analysis approach. By excluding high RoB studies,
RARP was statistically significantly cost effective compared
with ORP in HICs (Supplementary Fig. 6). By excluding sce-
nario 5 studies, RARP was statistically significantly not cost
effective compared with ORP in HICs. According to the time
horizon, RARP was statistically significant but not cost
effective compared with ORP when using a short-term time
horizon (<5 yr), while evaluating over 5 yr or lifetime, RARP
was found to be more cost effective than ORP (Supplemen-
tary Fig. 7).

3.3.1.2. Findings from MICs. The INBs of RARP versus ORP
were estimated for two comparisons from two MIC studies

[39,40]. The pooled INB indicated that RARP is cost effective,
but not statistically significant when compared with ORP
from the payer perspective (INB, $2222.60 [95% CI: -
$2960.64 to $7405.83; 1> = 59.92%]; Fig. 2). Contour-
enhanced funnel plots indicated that most fell in the non-
significant area, which indicated that asymmetry was likely
due to heterogeneity rather than a publication bias (Supple-
mentary Fig. 2). However, Egger’s test indicated no evidence
of small-study effects (coefficient = 4.29, SE = 4.49, p = 0.34).
Findings from the sensitivity analyses of pooling variance
using absolute value borrowing from similar studies,
excluding high RoB studies, and time horizon were largely
consistent with those of our main analyses (Supplementary
Fig. 5, 6, and 8).

3.3.2. RARP versus LPR

3.3.2.1. Findings from HICs. The INBs of RARP versus LRP
were estimated for three comparisons from three HIC stud-
ies [37,38,43]. The pooled INB indicated that RARP is cost
effective, but not statistically significant when compared
with LRP from the payer perspective (INB, $7507.83 (95%
Cl: -$1193.03 to $16 208.69; 1> = 81.15%|; Fig. 3).
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Contour-enhanced funnel plots showed studies in both sig-
nificant and nonsignificant areas, which suggested that
asymmetry was likely due to heterogeneity rather than a
publication bias (Supplementary Fig. 3). However, Egger’s
test indicated no evidence of small-study effects
(coefficient = 0.58, SE = 4.159, p = 0.88). Findings from sen-
sitivity analyses were consistent with those of our primary
analysis (Supplementary Fig. 9-11).

3.3.2.2. Findings from MICs. The INBs of RARP versus LRP
were estimated for two comparisons from two MIC studies
[40,48]. The pooled INB indicated that RARP is neither cost
effective nor statistically significant when compared with
LRP from the payer perspective (INB, -$4499.39 (95% CI: -
$16 500 to $7526.87; 1> = 17.15%]; Fig. 3). Contour-
enhanced funnel plots indicated that most fell in the non-
significant area, which indicated that asymmetry was likely
due to heterogeneity rather than a publication bias (Supple-
mentary Fig. 4). However, Egger’s test indicated no evidence
of small-study effects (coefficient = 91.57, SE = 125.498,
p = 0.47). Findings from sensitivity analyses were consistent
with those of our primary analysis (Supplementary Fig. 9,
10, and 12).

34. Pooling of INBs based on societal perspective

Only two studies have been included from the societal per-
spective: one comparing RARP versus ORP, and the other
comparing RARP versus LRP, both conducted in HICs. There

Study

are insufficient studies to pool INBs. Their results showed
that RARP is cost effective when compared with LRP, but
not cost effective when compared with ORP in HICs from
societal perspectives.

3.5. Sensitivity analyses

Findings from the sensitivity analyses of RARP versus LRP in
both HICs and MICs were largely consistent with those of
our main analyses. Based on a sensitivity analysis pooling
variance using absolute value borrowing from similar stud-
ies, RARP is cost effective but not statistically significant
when compared with LRP in HICs, and RARP is neither cost
effective nor statistically significant when compared with
LRP in MICs (Supplementary Fig. 5). In the sensitivity anal-
ysis excluding high RoB studies, no studies were excluded in
HICs and only one study was left after removing high RoB
studies in MICs (Supplementary Fig. 6). In the sensitivity
analysis excluding scenario 5, a meta-analysis could not
be performed.

Findings from the sensitivity analyses of RARP versus
ORP in HICs by pooling variance using absolute value bor-
rowing from similar studies were similar to those in the pri-
mary analysis: RARP is cost effective but not statistically
significant when compared with ORP in HICs. However,
the sensitivity analyses of RARP versus ORP in HICs by
excluding high RoB studies and excluding scenario 5
showed that the results are sensitive to the analysis
approach. By excluding high RoB studies, RARP was

INB Weight
with 95% CI (%)

HICs

Close/Ramsay, 2013

Cooperberg (a), 2013

Labban (a), 2022

Heterogeneity: 1° = 4.62e+07, I’ = 81.15%, H’ = 5.30
Test of 8; = 6;: Q(2) =10.61, p=0.00

Testof 6=0:z=1.69, p=0.09

MICs

Ratchanon, 2015

Ferreira Faria (a), 2022

Heterogeneity: = 1.29e+07, I’ = 17.15%, H =1.21
Testof 6,=6;: Q(1) =1.21, p=0.27

Testof 6=0:z=-0.73,p =0.46

Heterogeneity: 1° = 5.18e+07, I’ = 74.77%, H’ = 3.96
Test of 6 = 6 Q(4) = 15.85, p = 0.00
Testof 8=0:z=1.07, p=0.29

Test of group differences: Qy(1) =2.51, p=0.11

—.__

L 980.58 (-4233.79, 6194.96) 26.64

-—l—— 8713.29 (-1964.21, 19390.79) 19.25
—Jl- 13188.80 (7974.42, 18403.17) 26.64
>  7507.83 (-1193.03, 16208.69)
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statistically significantly cost effective compared with ORP
in HICs (see Supplementary Fig. 7). By excluding scenario
5 studies, RARP was statistically significantly not cost effec-
tive compared with ORP in HICs (see Supplementary Fig. 8).

Findings from the sensitivity analyses of RARP versus
ORP in MICs, which included pooling variance using abso-
lute value borrowing from similar studies and excluding
high RoB studies, were largely consistent with those of
our main analyses: RARP is cost effective but not statisti-
cally significant when compared with ORP in MICs.

4. Discussion

Our study addresses a crucial aspect of health care eco-
nomics by evaluating the cost effectiveness of RARP com-
pared with other surgical approaches from both payer and
societal perspectives. The rising prevalence of prostate can-
cer and the continuous evolution of surgical techniques
underscore the significance of understanding the economic
implications associated with these interventions.

Previous systematic reviews provided an overall descrip-
tive summary of cost-effectiveness evidence of using RARP
compared with ORP and LRP [16], but a quantitative sum-
mary of the evidence was lacking. This systematic review
is the first to perform meta-analyses of CEAs to assess the
cost effectiveness of using RARP for localized prostate can-
cer patients. Our review included a total of ten and five
comparisons for RARP versus ORP and RARP versus LRP,
respectively, from 13 studies to perform meta-analyses
stratified by country income level and perspective. Our find-
ings suggested that RARP is cost effective compared with
LRP in HICs (INB, $3322.38 [95% CI: -$1864.39 to
$8509.15]). When compared with ORP, RARP is not cost
effective in HICs and MICs. Our findings may support
decision-making for prostate cancer treatment options in
countries with different health care systems, especially
those with limited resources.

The comprehensive analysis of 13 selected studies,
detailed in Fig. 1 and Table 1, offers a deep dive into the
comparative cost effectiveness of RARP against ORP and
LRP for patients with localized prostate cancer. These stud-
ies, predominantly conducted from the payer’s perspective,
originated from diverse income settings, encompassing
both HICs and MICs. These studies employed various eco-
nomic evaluation models, including Markov models,
cohort-based analyses, decision trees, and discrete event
simulations.

Our findings build upon existing literature investigating
the economic outcomes of different surgical modalities for
prostate cancer treatment. By conducting a comprehensive
meta-analysis, we have synthesized evidence from multiple
studies, offering a more robust understanding of the com-
parative cost effectiveness of RARP versus ORP and LRP.

4.1. Cost, effectiveness, and cost effectiveness of RARP

Although the higher cost and effectiveness of RARP
observed in this review were consistent with those reported
in the existing literature [3,11,38,47,48], the key question is
whether the effectiveness gained is worth the increased

cost. While the majority of CEAs comparing RARP with
ORP or LRP concluded RARP to be cost effective in this
systematic literature review, a conclusive determination
remains challenging due to variations in cost-effectiveness
thresholds across different countries and health care envi-
ronments. Studies with longer time horizons generally
yielded more favorable cost-effectiveness outcomes for
RARP. This correlation could be attributed to RARP incurring
high upfront costs for capital, instruments, and accessories
during the perioperative period, with observed improve-
ments in patient outcomes, such as reduced rates of positive
surgical margins and enhanced functional outcomes, fol-
lowing RARP [12,13,14,47,49], might lead to downstream
health care cost savings [11] and translate into better qual-
ity of life as well.

4.2, Medical device features in RARP

Despite recommendations in multiple authoritative method
publications [20,21,22,50], integration of the four recom-
mended special characteristics of medical devices within
these cost-effectiveness evaluations was limited. While
the capital cost of acquiring a robotic system, representing
one aspect of organizational impact, was considered in most
of the studies included in this review, allocation of capital
equipment costs per RARP case poses challenges due to
the intricate financial arrangements in various health care
systems and the shared use of robotic systems across spe-
cialties. Calculation of the capital cost of RAS should accu-
rately reflect the actual cost allocation from the
appropriate perspective and within the health care system.
Only two studies included in this review [18,41] calculated
the capital cost per RARP case by distributing the cost across
multiple procedures across specialties to mirror the real-
world practice. Moreover, if the capital cost of robotics is
funded by a charitable donation, it is crucial to consider
the entity that actually paid for it and align the cost calcu-
lations with the study’s perspective. The learning curve,
considered the most significant characteristic associated
with the use of a medical device, was the second recom-
mended feature [21].

In this systematic review and meta-analysis, although
the learning curve was referenced in <50% of the studies,
no measures were implemented to integrate it into the
analyses. The incorporation of a robotic surgical system'’s
learning curve could be contemplated from two perspec-
tives. Initially, surgeons require practice to attain profi-
ciency after adopting new technology, a process that may
be expedited through rigorous training. Additionally, higher
surgical volumes may not only decrease the cost per proce-
dure (due to economies of scale), but also enhance patient
outcomes and diminish operative time per procedure as
surgeons refine their skills and proficiency grows [51,52].

A scenario analysis might be contemplated to deepen the
comprehension of the uncertainty surrounding surgical
volume, in line with the learning curve effect. Incremental
innovation, the third suggested characteristic of medical
devices, is prevalent in RARP. For instance, over the past
two decades, four generations of da Vinci RAS systems
and instruments, featuring numerous product advance-
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ments, have been introduced. Nevertheless, only one study
in this review addressed incremental innovation, concen-
trating solely on the differing costs across system genera-
tions without delving into changes in effectiveness. This
limitation likely stems from a dearth of clinical studies that
distinguish effectiveness among different generations of
surgical systems. Postmarket observational studies for
newer RAS generations or subgroup analyses for distinct
system/product generations are imperative to bridge this
gap. Lastly, medical device pricing exhibits more dynamism
than drugs, with the launch of new technology generations
often impacting the prices of the existing devices [21,22].
In this review, six studies empirically examined different
equipment prices. Alongside utilizing up-to-date pricing
data, researchers might also contemplate determining a
threshold price at which RAS offers a minimally acceptable
value. Decision-makers could then take this into account in
future procurement or leasing decisions. For a health care
system, the threshold price for a new technology is the
point at which the system is indifferent between accepting
and rejecting the technology, provided that all conditions
for other options are equal [53]. This systematic review
and meta-analysis did not uncover analyses that took into
account threshold pricing and technological generation.

4.3. Suggestions for future RAS cost-effectiveness studies

This systematic literature review revealed several avenues
for enhancing economic evaluations of RAS. First, the time
horizon chosen should be sufficiently extensive to capture
pertinent discrepancies in outcomes and costs for the
diverse stakeholders. Given emerging evidence highlighting
RAS’ long-term clinical advantages, such as reduced positive
surgical margins, this aspect warrants careful consideration
[13,14,54] and better functional outcomes [7,13,14,49];
researchers ought to contemplate employing suitable time-
frames that align with both the direct impacts and, where
applicable, the indirect repercussions of the procedures on
patient outcomes. Additionally, the proficiency of surgeons
could impact both patient outcomes and procedural
efficiency.

Clinical studies could enhance their assessments of sur-
gical outcomes by including measurements and reporting
on surgeons’ experience and proficiency, such as the num-
ber of previously performed cases. When conducting CEAs,
it would be advantageous to utilize clinical data from skilled
surgeons who have surpassed the learning curve. Alterna-
tively, researchers could consider stratified analyses based
on the performance of high-volume versus low-volume cen-
ters/surgeons to more thoroughly explore the influence of
surgeon proficiency. Furthermore, given the increasing
availability of new robotic surgical products and manufac-
turers, it is crucial to differentiate between these products
in economic evaluations to provide informed decision-
making. As it becomes less likely that all robotic surgery
platforms are equivalent, clinical studies should document
outcome data across different brands and generations of
devices. This documentation is essential for evaluating the
incremental innovation of medical devices in CEAs.

Moreover, current research predominantly adopts soci-
etal or payer viewpoints. Future studies appraising the eco-
nomic value of RAS ought to adopt a health care system
outlook, as purchasing decisions are frequently made at this
level. Researchers may need to choose cost and benefit ele-
ments thoughtfully to harmonize with the study’s perspec-
tive within the particular country. Additionally, it is
imperative to account for the infrastructure costs required
to integrate the device and any potential impact on proce-
dural expenses. This encompasses expenses such as train-
ing, potential rise in surgical volume, and transitioning
procedures from inpatient to outpatient settings [55]. In
light of the COVID-19 pandemic, constrained health care
resources face new challenges. The relevance of considering
the opportunity cost of utilizing RAS to minimize down-
stream health resource utilization may be heightened in
this context.

The results of our meta-analysis have several important
scientific implications. First, our findings suggest that RARP
demonstrates favorable cost effectiveness compared with
ORP and LRP, particularly in HICs. This indicates the poten-
tial economic benefits of adopting RARP as the preferred
surgical approach for prostate cancer treatment. Addition-
ally, our analysis highlights the importance of considering
both payer and societal perspectives in economic evalua-
tions to capture the full spectrum of costs and benefits asso-
ciated with health care interventions.

While our study provides valuable insights into the cost
effectiveness of RARP, there are several avenues for future
research. Further investigation is warranted to explore the
long-term economic outcomes of RARP compared with tra-
ditional surgical approaches, particularly in terms of health
care resource utilization, quality of life, and patient-
reported outcomes. Additionally, comparative studies con-
ducted in low-income countries and MICs are needed to
assess the generalizability of our findings across different
health care settings.

Our study contributes to the growing body of literature
on the economic evaluation of prostate cancer treatments,
informing health care policymakers, clinicians, and patients
about the comparative value of different surgical
approaches. By elucidating the cost effectiveness of RARP,
our findings have implications for resource allocation deci-
sions within health care systems, potentially leading to
more efficient use of health care resources and improved
patient outcomes [56].

44. Limitations of the systematic review

The current review has several limitations. First, our litera-
ture search was restricted to publicly available sources,
potentially overlooking CEAs in private or confidential
health technology assessments. Despite our efforts to con-
duct a targeted search of the gray literature, these exclu-
sions may impact the comprehensiveness of our findings.
Second, the internal validity of a systematic review relies
on the quality of the primary studies included. While the
overall quality of the studies in our review was moderate
to good, concerns arose regarding the methods used to
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assess effectiveness. Furthermore, over half of the studies
did not utilize local utility data specific to prostate cancer,
contributing to increased uncertainty in the economic eval-
uations reported. Third, studies employing a cost-
comparison design were excluded due to a lack of effective-
ness data. Additionally, patient benefits not directly linked
to clinical effectiveness measures, such as reductions in
out-of-pocket expenses, were not consistently evaluated
in the original studies, potentially affecting the overall
assessment of value [57] and reduction in productivity loss
[58]. Most of the original studies analyzed in this review did
not include evaluations of these specific outcomes. By
incorporating these additional patient-focused measures,
we can achieve a more comprehensive assessment of the
value and cost implications. Additionally, as nonsurgical
treatment modalities for localized prostate cancer, such as
high-intensity focused ultrasound, gain popularity [59], it
is beneficial to conduct further investigations into the cost
effectiveness of all available treatment options.

What is particularly intriguing is the prevalence of
model-based economic evaluations across the studies, with
clinical and utility parameters derived primarily from the
published literature. However, the choice of WTP thresholds
varied considerably, with some studies employing country-
specific thresholds, others relying on gross domestic pro-
duct-based thresholds, and a few not specifying any thresh-
old at all.

Regarding the time horizon, there was a broad spectrum
of durations utilized, with the 10-yr horizon being the most
frequently employed one [16]. Notably, longer time hori-
zons tended to yield more favorable cost-effectiveness out-
comes for RARP, emphasizing the importance of capturing
long-term clinical benefits and cost implications accurately.

The RoB assessment, conducted using the ECOBIAS
checklist, revealed consistent bias profiles across most stud-
ies, albeit with some uncertainty surrounding a narrow per-
spective bias and reporting/dissemination bias. Additionally,
concerns were raised regarding the bias related to the model
structure, particularly concerning the time horizon, war-
ranting further scrutiny in future analyses [24].

Pooling of INBs from the payer’s perspective provided
valuable insights into the comparative cost effectiveness
of RARP versus ORP and LRP within both HICs and MICs.
While RARP demonstrated no statistically significant cost
effectiveness over ORP in HICs, the findings were inconclu-
sive for MICs. Similarly, the cost effectiveness of RARP ver-
sus LRP varied depending on the income level, with RARP
appearing to be cost effective but not statistically significant
in HICs, while no significant cost effectiveness was observed
in MICs.

A publication bias analysis indicated no evidence of
asymmetry in the included studies, further validating the
robustness of the findings. However, it is essential to
acknowledge the limited availability of studies from a soci-
etal perspective, which hindered the pooling of INBs for a
comprehensive analysis.

Our analysis underscores the sensitivity of the results to
the chosen analytical approach. While the current evidence
tentatively indicates that HIC RARP may present a signifi-
cant cost-effective advantage over ORP, especially when

considering only high-quality studies, several important
considerations warrant attention.

First, it is crucial to acknowledge the limitations inherent
in the available literature. The relatively limited number of
studies addressing this comparison suggests a need for cau-
tion in drawing definitive conclusions. Additionally, poten-
tial biases, such as industry funding or other conflicts of
interest, may influence the outcomes and conclusions of
these studies. Exploring these factors could provide valu-
able insights into the robustness and generalizability of
the findings. Furthermore, the nuances of health care sys-
tems and resource allocation across different regions must
be considered. While the observed cost effectiveness of
HIC RARP compared with ORP may hold relevance in certain
contexts, it is essential to recognize that health care delivery
and financing mechanisms vary globally. Therefore, extrap-
olating these findings to settings with different socioeco-
nomic profiles or health care infrastructures should be
approached with caution. Moreover, the observed lack of
statistical significance in some comparisons, particularly
regarding the cost effectiveness of HIC RARP versus LRP,
highlights the complexity of evaluating surgical interven-
tions within the framework of CEA. Factors such as surgical
skill, patient preferences, and long-term outcomes beyond
the scope of the included studies may influence the eco-
nomic value of these procedures.

In light of these considerations, our findings underscore
the need for further research to elucidate the comparative
cost effectiveness of different prostate cancer treatment
modalities comprehensively. Future studies should aim to
address existing gaps in the literature, including the incor-
poration of diverse patient populations, longer-term
follow-up data, and rigorous assessment of potential biases.

Ultimately, decision-makers tasked with allocating
health care resources should approach these findings with
a critical lens, considering the broader context of available
evidence, health care system characteristics, and patient-
centered outcomes. By fostering a nuanced understanding
of the economic implications of prostate cancer treatment
options, policymakers can optimize resource allocation to
maximize patient outcomes and health care system effi-
ciency across diverse settings.

Our meta-analysis provides compelling evidence sup-
porting the cost effectiveness of RARP compared with ORP
and LRP, particularly in HICs. By integrating the findings
from multiple studies and perspectives, we have advanced
our understanding of the economic implications of surgical
interventions for prostate cancer. Moving forward, contin-
ued research in this area is essential to inform evidence-
based decision-making and optimize patient care in pros-
tate cancer management.

5. Conclusions

To our understanding, this marks the inaugural systematic
literature review and meta-analysis concerning the cost
effectiveness of RAS, encompassing an assessment of rec-
ommended medical device attributes. Despite encountering
diverse study methodologies leading to a lack of definitive
cost-effectiveness outcomes in the literature, the prevailing
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evidence suggests RARP to be both costlier and more effec-
tive than ORP and LRP across most studies, thereby estab-
lishing a foundation of support for its cost effectiveness.
Notably, analyses with extended timeframes indicate a
greater propensity for favorable cost-effectiveness out-
comes with RARP. It is imperative that future CEAs for RARP
delve deeper into the consideration of medical device fea-
tures to enhance comprehension and ensure more accurate
estimations of its economic value in comparison with alter-
native surgical and nonsurgical interventions.
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