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Summary
Background Comprehensive resection represents the standard of care for patients affected by retroperitoneal well- or
dedifferentiated liposarcoma (WDLPS/DDLPS). However, reference values to indicate the best achievable results are
currently lacking. As such, the study aimed to define clinically relevant benchmark values for intra- and postoperative
outcomes of patients undergoing comprehensive resection for primary retroperitoneal WDLPS/DDLPS.

Methods The international, prospectively maintained Retroperitoneal Sarcoma Registry (RESAR; NCT03838718) was
used to calculate benchmark values for 22 outcomes, including intraoperative factors, and rates of complications,
recurrence and survival. Only low-risk patients undergoing comprehensive resection for WDLPS/DDLPS at high-
volume centers between 1st January 2017 and 31st December 2021 were used to calculate the benchmark values.
Specifically, “low risk” was defined as age <75 years, with minimal comorbidities, and undergoing a “standard”
comprehensive resection including at least colon and kidney with or without other organs—excluding those
associated with significant morbidity (e.g., pancreas). Benchmark values were defined based on the 25th or 75th
percentiles of the center-level data. To validate the benchmark values, these were applied to two cohorts expected
to have inferior outcomes, which were defined by changing one of the exclusion criteria; namely those treated in
low-volume centers, and those with American Society of Anesthesiologists (ASA) score ≥3 (“ASA ≥ 3”).
*Corresponding author. Department of Sarcoma and General Surgery, Midlands Abdominal and Retroperitoneal Sarcoma Unit, University Hospitals
Birmingham NHS Foundation Trust, Mindelsohn Way, Birmingham B15 2GW, UK.
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Findings Of the 1510 patients undergoing surgery, 147 met the inclusion criteria and were included in the bench-
marking analysis. This identified benchmark values including: median duration of surgery ≤278 min, intraoperative
packed red cell transfusion rate ≤30%, R0/R1 resection rate ≥89%, median length of hospital stay ≤15 days,
reoperation rate ≤13%, major postoperative complication rate ≤21%, and 90-day postoperative mortality/failure-to-
rescue rates of 0%. The “low-volume centers” cohort failed to meet 10 of these benchmarks, including duration of
surgery (median: 293 vs. ≤278 min), R0/R1 resection rate (82% vs. ≥ 89%), major postoperative complication rate
(35% vs. ≤21%), and reoperation rate (35% vs. ≤13%), whilst the “ASA ≥ 3” cohort failed to meet seven benchmarks.

Interpretation These novel benchmark values can act as reference values to which sarcoma centers or individual
surgeons can compare, which may help to identify performance gaps and improve the quality of care.

Funding “5 x mille” fund for healthcare research (Italian Ministry of Health).

Copyright © 2025 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Research in context

Evidence before this study
We conducted a literature search in PubMed for studies
published before 1st December 2023, that investigated the
use of benchmark values for evaluating outcomes following
comprehensive resection of primary retroperitoneal well-
differentiated and dedifferentiated liposarcoma (WDLPS/
DDLPS). We kept our search broad, using the terms
“retroperitoneal,” “sarcoma,” “surgery,” and “benchmark.” At
the time of our search, no studies had analyzed benchmark
values following surgery for retroperitoneal WDLPS/DDLPS.
Previous studies have reported widely varying outcomes,
largely due to differences in patient selection, surgical
approaches, and institutional expertise, making it difficult to
establish standardized performance metrics.

Added value of this study
This study provides, for the first time, benchmark values for
comprehensive resection of primary retroperitoneal WDLPS/

DDLPS, using data from a large, multicenter cohort reporting
on surgical and oncologic outcomes. Unlike previous research,
which has primarily focused on individual institutional
outcomes including multiple histologies and procedures, we
establish objective reference points that can be used to
evaluate surgical quality across different centers, surgeons,
and over time. These benchmark values set a new standard
for assessing surgical performance, helping institutions and
surgeons measure their outcomes against the “best in class”
rather than the average.

Implications of all the available evidence
Our findings support the need for robust benchmark values to
improve surgical quality. These benchmarks can help
institutions and individual surgeons monitor their
performance. Moving forward, further validation in different
settings will be important to ensure their broad applicability.
Introduction
Surgery for primary retroperitoneal sarcoma (RPS) is
complex, and results in severe postoperative morbidity
in approximately 20% of cases.1 RPS comprises several
different histologies, with liposarcoma (LPS), either
well-differentiated (WDLPS) or dedifferentiated
(DDLPS), being the most common. These specific RPS
subtypes usually present as large tumors and carry a
considerable risk of local recurrence (LR).2 Compre-
hensive (formally termed “compartmental”) resection
has been found to improve oncological outcomes3–5 and
is currently recommended by international guidelines.6

However, the surgical approach can vary, with the
“standard” compartmental resection of the tumor with
colon, kidney, and psoas fascia/muscle often being
extended to include other relevant organs, such as the
spleen and pancreas on the left side or duodenum/head
of the pancreas or the inferior vena cava on the right
side. Considering the variation in surgical approach,
patient population, and sarcoma center case volumes, it
is therefore difficult to make quality comparisons across
centers or between different studies.

A novel method, namely benchmarking, may serve
to overcome this issue, by producing reference values to
enable such comparisons. The concept of bench-
marking was born in the field of industry and has
recently been applied to several major surgical proced-
ures, including pancreatoduodenectomy,7 liver trans-
plantation,8 major hepatectomy,9 and many others.10–20

In surgery, the aim of benchmarking is to select a
low-risk population undergoing surgery at high-volume
centers, and use this to define reference values for
clinically relevant outcome indicators. These values then
represent the best achievable outcomes, which can be
www.thelancet.com Vol 84 June, 2025
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used as a reference to enable meaningful comparison
across centers, surgeons, different geographical areas,
as well as over time. Failure to meet the thresholds
defined by these benchmark values may highlight areas
of underperformance, which can then be addressed to
improve the quality of care.

The aim of this study was to identify the best
achievable results (i.e., benchmark values) for intra- and
postoperative outcomes in patients undergoing
comprehensive resection for primary WDLPS/DDLPS
by applying the well-described benchmark methodology.
Methods
Study design
The study followed a standardized methodology based
on a ten-step procedure, which was initially devised by a
panel of experts,21 before being validated, and refined
using a Delphi approach,22 and has been used in several
previous studies in other complex surgical
procedures.7–20 In brief, this methodology first defines
the intervention to be benchmarked and the patient
cohort of interest, which should represent those ex-
pected to have the best possible outcomes. The out-
comes being benchmarked must then be selected, with
a focus on those that are commonly used, clinically
relevant, and where data would be readily available.
Eligible centers are then identified, which should be
high volume to ensure that they are sufficiently expe-
rienced in the intervention of interest, and to maximize
the number of cases available for estimating center-
level outcomes. Prospective data collection then
commences at each center, from which center-level
outcomes are summarized based on the median for
continuous variables or the proportion for binary out-
comes. Benchmarks are then defined based on per-
centiles of the center-level data, with the 75th
percentile used for outcomes where higher values
indicate a worse outcome (e.g., complication rates) or
the 25th percentile where lower values indicate a worse
outcome (e.g., survival rates). These thresholds were
proposed to reflect targets that were achievable for low-
risk patients treated in the majority of experienced
centers; hence, would be aspirational but not unreal-
istic when applied to the wider cohort of patients
treated in standard centers.

The study protocol was presented to, and approved
by, the Transatlantic Australasian Retroperitoneal Sar-
coma Working Group (TARPSWG) at the group’s bi-
annual meeting on 17th March 2021. Data were
extracted from the REtroperitoneal SArcoma Registry
(RESAR) database (NCT03838718), the largest interna-
tional, prospectively maintained database of RPS pa-
tients in the world, for all adult (age ≥ 18 years) patients
undergoing surgery between 1st January 2017 and 31st
December 2021. Fifteen specialist sarcoma centers from
three continents (five in North America, nine in Europe,
www.thelancet.com Vol 84 June, 2025
and one in Australia) contributed data to the study, all of
which had a relevant academic profile.

Ethics
The original RESAR study received ethical approval
from Istituto Nazionale dei Tumori, Milan, Italy (approval
number INT 201/16), while the study protocol of the
benchmark study was registered at University Hospitals
Birmingham NHS Foundation Trust (CARMS ID:
17539), and ethical approval was granted by the Health
Research Authority/NHS Research Ethics Committee
(IRAS ID: 305025). Written informed consent was ob-
tained in compliance with local ethical and regulatory
requirements.

Study population
Benchmarking was only performed for the subset of
high-volume centers, defined as performing an average
of ≥13 primary RPS (any histology) resections per year
(i.e., ≥65 in the five-year period)23–25; seven of the 15
centers were deemed high-volume based on this defi-
nition. The intervention being considered for bench-
marking was low-risk comprehensive resection of
primary localized WD/DDLPS. As such, patients with
other tumor histologies, metastatic or recurrent disease,
or with tumors at other sites (e.g., pelvis or mesentery)
were excluded from the initial RESAR cohort.
Comprehensive resection was defined using a similar
approach to Bonvalot et al.3 as the excision of the tumor
along with at least the colon and kidney (±other organs).
Resections incorporating the excision of organs associ-
ated with a higher risk of postoperative morbidity were
then excluded, namely the spleen and pancreas, major
vascular resection, pancreatoduodenectomy, or a major
liver resection.26 Patients with high-risk medical features
were also excluded, comprising: age ≥75 years, body
mass index (BMI) of <20 or ≥35 kg/m2, diabetes mel-
litus, coronary artery disease, chronic obstructive pul-
monary disease (COPD), albumin <3 g/dl or serum
creatinine >1.8 mg/dl, Eastern Cooperative Oncology
Group performance status (ECOG) grade ≥2, or an
American Society of Anesthesiologists (ASA) score ≥3.
Patients who did not meet any of the above exclusion
criteria, but for whom data were missing for at least one
of the criteria were additionally excluded, as they could
not be confirmed to be low risk.

Benchmarking outcomes
A total of 22 clinically relevant intra- and postoperative
outcomes were considered in the benchmarking anal-
ysis. These were selected based on consensus among
sarcoma experts within the TARPSWG network, based
on the combination of being commonly used in clinical
trials, relevant to patient care and long-term prognosis,
and feasible to collect across international centers.
Intraoperative outcomes included the duration of sur-
gery, amount of blood loss, and the need for packed red
3
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cell (PRC) transfusion. Postoperative outcomes
comprised the surgical margins, classified as either
macroscopically complete (R0/R1) or incomplete (R2),
the total length of hospital stay, and the need for PRC
transfusion. The major complication rate was also
assessed, defined as the development of at least one
postoperative complication of grade ≥3 according to
the Clavien-Dindo classification (CDC).27,28 Rates of
individual postoperative complications were also
considered, namely bowel anastomotic leak, bleeding,
and sepsis, as well as the need for reoperation for
postoperative complications. Postoperative mortality
was quantified as the 90-day mortality rate with the
failure-to-rescue rate also assessed, defined the rate of
90-day mortality in patients developing a major
complication.29 Since the cohort had ongoing follow-
up, with the final update of the data being on the
28th February 2024, long-term survival rates at six
months and one and three years were additionally
assessed, as were the incidence rates of LR and distant
metastases (DM) at these times.

Comparative cohorts
To assess the benchmark values and give an example of
how they could be utilized in practice, the values were
applied to two additional cohorts of patients that would
be expected to have inferior outcomes to the bench-
marking cohort, which were defined by subtly changing
the exclusion criteria. The first was a “ASA ≥ 3” cohort,
defined as patients meeting all of the inclusion criteria,
except for having an ASA score of ≥3, and therefore
deemed high-risk for postoperative complications. The
second was a “low-volume centers” cohort, defined as
patients meeting all the inclusion criteria, except for
being treated at a low-volume center (i.e., <13 RPS re-
sections per year on average). Analysis of a third “ASA ≥
3 in low-volume centers” cohort was originally planned
in the study protocol; however, this was not performed
due to the sample size being insufficient, with only
N = 4 patients meeting these criteria.

Statistical methods
For the benchmarking analysis, outcomes were first
summarized for each of the high-volume centers, using
medians for continuous variables and rates for nominal
variables. Survival- and recurrence-related outcomes
were quantified using time-to-event analyses, which
were performed separately for each center. Specifically,
overall survival was assessed using Kaplan–Meier
curves, with death as the event, and patients censored
at the last follow-up. LR and DM were assessed using a
competing risks approach to produce cumulative inci-
dence curves, with three potential events, namely death,
LR and DM; patients diagnosed with synchronous LR
and DM were classified as DM for analysis. The
resulting Kaplan–Meier curves (for survival) and cu-
mulative incidence function curves (for LR and DM)
were then evaluated, to extract the estimated outcome
rates at six months, and at one and three years for each
center.

Benchmark values were then identified based on
analysis of the center-level data, and defined using the
75th percentile for outcomes where higher values indi-
cated a worse outcome (e.g., complication rates) or the
25th percentile where lower values indicated a worse
outcome (e.g., survival rates); percentiles were calcu-
lated using the Tukey’s Hinges method. Analyses were
primarily performed using IBM SPSS v29 (IBM Corp.
Armonk, NY), with competing risks analyses performed
using the “cmprsk” package in R v4.3.2. For cohort
characteristics, continuous variables were summarized
as mean ± standard deviation where approximately
normally distributed, with median (interquartile range)
used otherwise.

Role of the funding source
The “5 x mille” research fund (Italian Ministry of
Health) supported the development of the RESAR data
collection platform, and the hiring of a dedicated clinical
research coordinator for RESAR. The funder had no role
in the study design, data collection, analysis, interpre-
tation, or writing of the report.
Results
Study cohort for benchmarking
The 15 RESAR centers performed a total of N = 1510
primary RPS resections during the study period (range:
12–334 cases per center). Based on the histological
exclusion criteria, N = 597 cases were subsequently
excluded, due to having histology other than WD/
DDLPS, non-retroperitoneal tumors, or metastatic dis-
ease. Of the remaining N = 913, the resected organs
were not reported in N = 7, with comprehensive re-
sections performed in N = 624 (68.9%) of the
remainder. Of patients treated in high-volume centers,
70.9% (531/749) underwent comprehensive resections,
which was significantly greater than the 59.2% (93/157)
of those treated in low-volume centers (p = 0.006). Of
the N = 531 undergoing comprehensive resections at
high-volume centers, a further N = 162 were excluded
due to undergoing resections of organs associated with a
higher risk of postoperative morbidity, with N = 222
excluded due to meeting one of the high-risk medical
exclusion criteria, see Fig. 1. After exclusions, the
benchmarking cohort comprised N = 147 patients from
seven high-volume centers, ranging from 7 to 51 cases
per center, and making up 10–29% of centers’ primary
localized retroperitoneal WD/DDLPS case volume
(Fig. 2). The benchmarking cohort had a mean age of
57.0 ± 11.0 years, with the majority undergoing resec-
tion of DDLPS (69.4%), and a mean tumor size of
286 ± 104 mm; further details of the cohort are reported
in Table 1.
www.thelancet.com Vol 84 June, 2025
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Fig. 1: Study flowchart. Exclusions are applied cumulatively in the order stated. aIncludes N = 8 with missing data, who were excluded since it
was unclear whether they had retroperitoneal tumors bPatients aged <18 years were already excluded from the RESAR database at source.
cPatients who were not reported to meet any of the stated medical exclusion criteria, but who had missing data for at least one of the criteria.
Abbreviations: ASA: American Society of Anesthesiologists score, BMI: body mass index, COPD: chronic obstructive pulmonary disease, DD(WD)
LPS: dedifferentiated (well-differentiated) liposarcoma, ECOG: Eastern Cooperative Oncology Group performance status.

Articles
Benchmark values
The benchmark values derived from the low-risk cohort
are reported in Table 2, with selected outcomes visual-
ized in Fig. 3. The benchmark values for the intra-
operative outcomes of the median duration of surgery,
median intraoperative blood loss, and intraoperative
www.thelancet.com Vol 84 June, 2025
PRC transfusion rates were ≤278 min, ≤588 ml, and
≤30% of cases, respectively. Of the postoperative out-
comes, the benchmark values were a R0/R1 resection
rate of ≥89%, median length of hospital stay ≤15 days,
PRC transfusion rate ≤37% of cases, and a reoperation
rate ≤13%. Among the postoperative complications, the
5
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Fig. 2: Total volume and number of benchmark cases for individual centers. aRepresents the number of benchmark cases for the
high-volume centers; for low-volume centers, this represents the number of cases meeting all other benchmarking criteria (except for center
volume, i.e., the “Low-Volume Centers” cohort).
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benchmark value for the major complication rate was
≤21%, with analysis of individual complications
returning benchmark values of anastomotic leak ≤3%,
bleeding ≤6%, and sepsis ≤4%. Benchmark values for
the 90-day postoperative mortality rate and failure-to-
rescue rate were both 0%, with six-month, one-year
and three-year overall survival of ≥97%, ≥96%, and
≥88%. For the recurrence-related outcomes, benchmark
values for LR were ≤1%, ≤14% and ≤22% at six
months, one year and three years, respectively, with
corresponding rates for DM of ≤8%, ≤11% and ≤15%.

Outcome comparisons
The newly obtained benchmark values were applied to
two different patient cohorts to illustrate their potential
real-world utility (Table 3). The first patient cohort
included N = 32 patients meeting all of the inclusion
criteria of the benchmarking cohort, except for the fact
that they were considered medically high-risk for sur-
gery (i.e., ASA ≥ 3). This “ASA ≥ 3” cohort exceeded the
benchmark values for the median intraoperative blood
loss (600 ml vs. ≤588 ml), and the rates of intraoperative
PRC transfusion (57% vs. ≤30%) and major post-
operative complications (28% vs. ≤21%). Of the indi-
vidual postoperative complications considered, the
cohort exceeded the benchmark values for anastomotic
leak (3.1% vs. ≤3%), and sepsis (6% vs. ≤4%). Rates of
LR at six months (4% vs. ≤1%) and three years (29% vs.
≤22%) were also inferior to the benchmark values.

The second patient cohort consisted of N = 17 pa-
tients meeting the same criteria as the benchmarking
cohort, apart from having received surgery in low-
volume centers. This “low-volume centers” cohort
failed to achieve the benchmark values for several out-
comes, including the median duration of surgery (293
vs. ≤278 min) and the rates of R0/R1 resection (82% vs.
≥ 89%), major postoperative complications (35% vs.
≤21%), reoperation (35% vs. ≤13%), anastomotic leak
(12% vs. ≤3%), bleeding (24% vs. ≤6%), and sepsis
(24% vs. ≤4%), as well as rates of LR at six months (12%
vs. ≤1%), overall survival at one year (94% vs. ≥96%)
and DM at three years (19% vs. ≤15%).
Discussion
This study utilized a validated21,22 and commonly used7–20

methodology to identify benchmark values for 22 intra-
and postoperative outcomes in patients undergoing a
standard comprehensive resection of primary retroper-
itoneal WDLPS/DDLPS. Of note, the benchmark value
for major postoperative complications was ≤21%, con-
firming that even in low-risk (benchmarking) cases, RPS
surgery carries a significant risk of postoperative
morbidity. The benchmark values were then tested in
two different cohorts, each of which differed from the
benchmarking cohort only for a specific factor (i.e., ASA
≥ 3 and resection at low-volume centers). Such com-
parisons identified performance gaps where the
benchmark values were not reached, highlighting how
the benchmark values proposed by this study could
potentially be used as reference values to assess the
performance of centers and individual surgeons, and act
www.thelancet.com Vol 84 June, 2025
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Primary localized retroperitoneal WD/
DDLPS (N = 913)

Low-risk benchmarking cohort
(N = 147)

N Statistic N Statistic

Age (years) 913 62.7 ± 12.1 147 57.0 ± 11.0

Gender (% male) 913 507 (55.5%) 147 84 (57.1%)

Ethnicity (% white) 716 662 (92.5%) 106 102 (96.2%)

Body mass index (kg/m2) 909 25.7 (22.9–29.0) 147 25.6 (23.2–28.4)

ECOG performance status 898 147

0 635 (70.7%) 129 (87.8%)

1 212 (23.6%) 18 (12.2%)

2 41 (4.6%) –

3 9 (1.0%) –

4 1 (0.1%) –

ASA score 874 147

1 99 (11.3%) 28 (19.0%)

2 514 (58.8%) 119 (81.0%)

3 238 (27.2%) –

4 22 (2.5%) –

5 1 (0.1%) –

COPD 903 43 (4.8%) 147 –

Coronary artery disease 873 90 (10.3%) 147 –

Diabetes mellitus 903 88 (9.7%) 147 –

Albumin (g/dl) 823 3.8 ± 0.7 147 4.1 ± 0.5

Creatinine (mg/dl) 888 0.80 (0.67–0.95) 147 0.78 (0.66–0.90)

Tumor histologya 913 147

WDLPS 251 (27.5%) 45 (30.6%)

DDLPS 662 (72.5%) 102 (69.4%)

Max. tumor dimension (mm)a 911 271 ± 115 147 286 ± 104

Treated at low-volume center 913 164 (18.0%) 147 –

Non-comprehensive resection 906b 282 (31.1%) 147 –

Spleen and pancreas resected 906b 171 (18.9%) 147 –

Vascular resection 906b 50 (5.5%) 147 –

Pancreatoduodenectomy 906b 6 (0.7%) 147 –

Major liver resection 900b,c 5 (0.6%) 147 –

Data are reported as: “mean ± standard deviation”, “median (interquartile range), or as “N (%)”, as appropriate. ASA: American Society of Anesthesiologists, COPD: chronic
obstructive pulmonary disease, DD(WD)LPS: dedifferentiated (well-differentiated) liposarcoma, ECOG: Eastern Cooperative Oncology Group, Max.: maximum. aOn
pathology. bExcludes patients where the organs resected were not reported. cAdditionally excludes patients undergoing liver resection where it was unclear whether this was
“major”.

Table 1: Cohort characteristics.

Articles
as a target for improvement where these are not
achieved.

Benchmarking is a quality improvement approach,
which has gained its popularity in surgery, mainly due
to the necessity of establishing reference values to
enable comparisons against the “best in class”.21,22,30

Prior to the introduction of this methodology, the
average values for the whole cohort of either patient- or
center-level data were commonly used as reference
thresholds. However, the use of quartiles of low-risk
cohorts to define thresholds in the benchmarking
methodology gives a more demanding, yet still achiev-
able target, which can potentially drive improvements in
practice. For benchmarking to be reliable and valid, it is
important to use a well-defined, homogenous cohort.
This can be challenging in RPS, which comprises
www.thelancet.com Vol 84 June, 2025
several heterogenous tumor histologies which require a
variety of surgical approaches, ranging from simple
excision of the tumor for histologies with a very low risk
of LR (e.g., solitary fibrous tumors), to a complex
comprehensive resection for histologies with a high risk
of LR, such as liposarcoma.31 With this in mind, we used
the largest prospective database for RPS sarcoma
(RESAR) to select a homogenous, low-risk cohort, with a
single histology (WD/DDLPS), and undergoing surgery
at high-volume, academic centers using the current
standard of care (comprehensive resection) for the
benchmarking analysis.

To demonstrate how benchmarking could be utilized
real-world practice, the benchmark values were applied
to two additional cohorts. The first used exclusion
criteria that were consistent with the benchmarking
7
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Outcome Median (IQR) of center-level data Benchmark value

Intraoperative outcomes

Duration of surgery (mins) 257 (234–278) ≤278
Blood loss (ml) 500 (300–588) ≤588
PRC transfusion required 25% (24–30%) ≤30%

Postoperative outcomes

R0/R1 surgical marginsa 95% (89–100%) ≥89%a

Length of hospital stay (days) 9 (9–15) ≤15
PRC transfusion required 25% (19–37%) ≤37%
Major complication (CDC grade ≥ 3) 18% (6–21%) ≤21%
Reoperation due to complication 12% (0–13%) ≤13%
Bowel anastomotic leak 0% (0–3%) ≤3%
Bleeding 0% (0–6%) ≤6%
Sepsis 0% (0–4%) ≤4%
90-day mortality 0% (0-0%) 0%

Failure-to-rescue 0% (0-0%) 0%

Survival outcomes

Overall survivala

Six month 100% (97–100%) ≥97%a

One year 98% (96–100%) ≥96%a

Three year 93% (88–97%) ≥88%a

Local recurrence

Six month 0% (0–1%) ≤1%
One year 8% (0–14%) ≤14%
Three year 18% (11–22%) ≤22%

Distant metastases

Six month 0% (0–8%) ≤8%
One year 10% (5–11%) ≤11%
Three year 13% (7–15%) ≤15%

Analysis is based on the center-level data for the N = 7 high-volume centers. Benchmark values are defined
based on the 75th percentile, unless stated otherwise. CDC: Clavien-Dindo Classification, IQR: interquartile range,
PRC: packed red cells, R0/R1: macroscopically complete. aDefined based on the 25th percentile.

Table 2: Defining benchmark values for intra- and postoperative outcomes.

Fig. 3: Center-level results and benchmark values for intra- and post
dividual centers in the benchmarking cohort, namely medians for continu
rates were estimated from Kaplan–Meier and cumulative incidence functi
brevity. Overlapping points are stacked for clarity. Red diamonds repres
intraoperative, Postop: postoperative, PRC: packed red cells, R0/R1: macr
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cohort, but had ASA ≥ 3. As would be expected, this
higher-risk cohort had inferior outcomes, and failed to
achieve benchmark values for outcomes including
intraoperative blood loss and major complication rates.
The second cohort comprised low-risk patients under-
going surgery at low-volume specialist sarcoma centers.
This cohort failed to achieve the benchmark values for
10 of the 22 outcomes, including those relating to major
postoperative complications, resection margins and
rates of LR and DM. Whilst this analysis was limited by
the small sample size (N = 17), the findings were
consistent with a recent English study, which found low-
volume specialist sarcoma centers to have inferior out-
comes, relative to those of high-volume centers.24

Similarly, another recent study which updated the
prognostic tool “Sarculator” found that case volume was
associated with survival outcomes.25

The benchmark values proposed by this study may
have important implications for clinical practice,
particularly in the context of the rarity of RPS. Histori-
cally, specialist sarcoma centers have been defined by
the presence of a sarcoma-specific multidisciplinary
team (MDT). However, it has recently emerged that this
alone is not sufficient to offer the best possible care.
Specifically, low-volume centers may lack the experience
to achieve optimal outcomes for patients24 and, even for
high-volume centers, there can be considerable vari-
ability in the treatment approaches proposed by MDTs.32

This was observed in the present study, with patients
treated at low-volume centers being significantly less
likely to undergo comprehensive resections, compared
to those treated a high-volume centers. Setting targets
and demonstrating areas of improvement by
-operative outcomes. Black points represent data for the N = 7 in-
ous variables and rates for binary outcomes. Survival and recurrence
on curves, respectively; only the one-year outcomes are reported, for
ent the benchmark value for each outcome. Abbreviations: Intraop:
oscopically complete.
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Outcome Benchmark value ASA ≥ 3 (N = 32) Low-volume centers
(N = 17)

N Statistic N Statistic

Intraoperative outcomes

Duration of surgery (mins) ≤278 32 248 (210–315) 17 293 (247–360)

Blood loss (ml) ≤588 32 600 (300–838) 17 500 (350–800)

PRC transfusion required ≤30% 30 17 (57%) 16 4 (25%)

Postoperative outcomes

R0/R1 surgical margins ≥89% 32 32 (100%) 17 14 (82%)

Length of hospital stay (days) ≤15 32 13 (9–16) 17 11 (8–19)

PRC transfusion required ≤37% 32 10 (31%) 17 3 (18%)

Major complication (CDC Grade ≥ 3) ≤21% 32 9 (28%) 17 6 (35%)

Reoperation due to complication ≤13% 32 3 (9%) 17 6 (35%)

Bowel anastomotic leak ≤3% 32 1 (3%) 17 2 (12%)

Bleeding ≤6% 32 1 (3%) 17 4 (24%)

Sepsis ≤4% 32 2 (6%) 17 4 (24%)

90-day mortality 0% 28 0 (0%) 17 0 (0%)

Failure-to-rescuea 0% 9 0 (0%) 6 0 (0%)

Survival outcomes

Overall survival 32 17

Six month ≥97% 100% 100%

One year ≥96% 96% 94%

Three year ≥88% 91% 94%

Local recurrence 32 17

Six month ≤1% 4% 12%

One year ≤14% 4% 12%

Three year ≤22% 29% 12%

Distant metastases 32 17

Six month ≤8% 4% 0%

One year ≤11% 7% 6%

Three year ≤15% 11% 19%

Analyses are performed on patient-level data, which was summarized as “N (%)” for binary outcomes; “median (interquartile range)” for continuous outcomes; Kaplan–
Meier estimated rates for overall survival; and cumulative incidence rates for recurrence-related outcomes. Bold values indicate outcomes where the benchmark value was
not achieved for the cohort, i.e., where the median or rate was outside the threshold defined by the benchmark value. Abbreviations: ASA: American Society of
Anesthesiologists score, CDC: Clavien-Dindo Classification, PRC: packed red cells, R0/R1: macroscopically complete. aIn patients with major complications.

Table 3: Comparison of outcomes in comparative cohorts to the benchmark values.

Articles
establishing benchmark values is a useful and practical
way to improve performance. However, it is important
to highlight that the newly established benchmark
values are not meant to judge or scrutinize individuals’
or centers’ performances, but to identify areas for po-
tential improvement in the strive for excellence. Spe-
cifically, failure to achieve benchmarks should not
necessarily be interpreted as being indicative of unac-
ceptable performance, particularly where the difference
between the achieved and benchmark values is small.
Instead, the benchmarks should be used to identify
areas to focus on in the ongoing process of continuous
improvement in the treatment of RPS.

This study had several strengths, including the use of
a large, prospectively maintained, international, multi-
center database (RESAR). This allowed for strict exclu-
sion criteria to be used, to ensure that the
benchmarking cohort was homogenous and low risk.
However, there are also several limitations that need to
www.thelancet.com Vol 84 June, 2025
be considered when interpreting the findings. Primarily,
whilst the RESAR database was extensive, the rarity and
heterogeneity of RPS meant that the benchmarking
analysis was based on a relatively small sample size and
small number of centers. The resulting small within-
center sample size meant center-level estimates of
outcome rates would have been of low precision for the
binary outcomes with low prevalence, such as R2 sur-
gical margins. As such, there is a risk that some center-
level estimates may have been overly influenced by
outliers. A similar issue resulted from the small number
of centers used when deriving the benchmark values.
Therefore, if the small within-center sample size resul-
ted in more than one center having an artificially high
(or low) outcome rate, then these outliers would have
influence on the final benchmark value, potentially
leading to excessively lenient (or strict) benchmark
values. Secondly, due to the sample size, it was only
feasible to produce benchmark values for the whole
9
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cohort, and not to consider subgroups of patients for
whom outcomes may have differed; for example,
complication rates in left-vs. right-sided disease, or
oncological outcomes in different tumor grades. Finally,
the overall postoperative complication burden was
summarized based only on the CDC grade of the most
severe complication, as data were not available for
quantifications of the cumulative complication burden,
such as the comprehensive complication index.33,34

In conclusion, this international multicenter study
establishes novel benchmark values for outcomes of
patients undergoing comprehensive resection for pri-
mary retroperitoneal WDLPS/DDLPS. These values can
be used as a reference for quality improvement,
enabling comparison between centers, surgeons, or
geographical areas. Offering these new benchmark
values should help centers to level up by targeting the
best possible outcomes, rather than meeting in the
middle.
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