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Background: We sought to assess the overall benefit of laparoscopic versus open hepatectomy for
treatment of colorectal liver metastases (CRLMs) using the win ratio, a novel methodological approach.
Methods: CRLM patients undergoing curative-intent resection in 2001-2018 were identified from an
international multi-institutional database. Patients were paired and matched based on age, number and size of
lesions, lymph node status and receipt of preoperative chemotherapy. The win ratio was calculated based on
margin status, severity of postoperative complications, 90-day mortality, time to recurrence, and time to death.
Results: Among 962 patients, the majority underwent open hepatectomy (n=832, 86.5%), while a minority
underwent laparoscopic hepatectomy (n=130, 13.5%). Among matched patient-to-patient pairs, the odds
of the patient undergoing laparoscopic resection “winning” were 1.77 [WR: 1.77, 95% confidence interval
(CI): 1.42-2.34]. The win ratio favored laparoscopic hepatectomy independent of low (WR: 2.94, 95% CI:
1.20-6.39), medium (WR: 1.56, 95% CI: 1.16-2.10) or high (WR: 7.25, 95% CI: 1.13-32.0) tumor burden,
as well as unilobar (WR: 1.71, 95% CI: 1.25-2.31) or bilobar (WR: 4.57, 95% CI: 2.36-8.64) disease. The
odds of “winning” were particularly pronounced relative to short-term outcomes (i.e., 90-day mortality and
severity of postoperative complications) (WR: 4.06, 95% CI: 2.33-7.78).

Conclusions: Patients undergoing laparoscopic hepatectomy had 77% increased odds of “winning”.

Laparoscopic liver resection should be strongly considered as a preferred approach to resection in CRLM patients.
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Introduction United States (1,2). The liver is the most common site of
Colorectal cancer represents the third most common cancer metastatic spread with at least 25% of patients diagnosed
and the second leading cause of cancer-related death in the with colorectal cancer eventually developing colorectal
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liver metastases (CRLMs) (3). Surgical resection is the only
potentially curative treatment, and is associated with a 5-year
survival of approximately 40-50% (4,5). Traditionally, open
hepatectomy has been the surgical approach of choice in
CRLM patients. Since its introduction in the early 1990s,
the use of laparoscopic liver resection in the treatment of
CRLM has become increasingly common (6-11).

Notably, a laparoscopic approach to liver resection may
offer several short-term benefits over an open approach.
Specifically, laparoscopic hepatectomy requires smaller
incisions and may result in lower overall morbidity,
reduced intraoperative blood loss, a shorter length of
postoperative stay and lower overall costs versus open
hepatectomy (12-14). The use of laparoscopic resection for
CRLM remains debated, however, due to the lack of data on
oncologic and long-term outcomes. Several observational
studies have reported comparable oncologic and long-term
outcomes for patients who undergo laparoscopic resection
as opposed to open resection (15-18). The results of these
studies are difficult to interpret, however, due to sample
size, center bias, as well as intrinsic selection bias.

The “win ratio” is a composite outcome metric originally
introduced in the context of cardiovascular clinical trials (19).
The calculation of a win ratio involves assessing potential
pairs of patients who have undergone two different
treatment interventions. Patients in each pair (i.e.,
treatment A vs. treatment B) are subsequently compared
based on the hierarchical order of the component outcomes
comprising a “win”. If either patient fares better than the
other patient relative to the first rank ordered component
outcome then a “win” for that given treatment and a “loss”
for the alternative treatment are recorded; if not, the pair is
considered a “tie” and the two patients are compared based
on the second component outcome, and so on (20). In this
manner, the win ratio is the total number of wins for a given
specific treatment divided by the total number of losses.
Thus, the win ratio accounts not only for the proportion of
patients who achieve each individual component outcome
(i.e., no complication, readmission, etc.), but also rank
orders outcomes based on relative hierarchical importance.
Additionally, the win ratio can combine information on
time-to-event, continuous and/or categorical outcomes
relative to both short- and long-term outcomes following
surgery.

While not well-studied relative to surgical procedures,
the win ratio may represent a useful composite means to
facilitate a more comprehensive comparison of two different
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therapeutic interventions such as open versus laparoscopic
hepatic resection for CRLM. Therefore, the objective of
the current study was to determine the win ratio associated
with open versus laparoscopic hepatic resection in a large
international cohort of patients diagnosed with CRLM.
Additional analysis was stratified by relevant demographic
and clinical characteristics to identify subgroups of patients
who may have benefited more from the use of either
approach. We present this article in accordance with the
STROBE reporting checklist (available at https://hbsn.
amegroups.com/article/view/10.21037/hbsn-22-36/rc).

Methods
Ethical statement

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). Obtaining
informed consent from all individual participants was not
required as the study relied on secondary data analysis of
de-identified patient data.

Patient population

Patients who underwent curative-intent resection for
CRLM between 2001 and 2018 were identified from an
international multi-institutional database involving five
major hepatobiliary centers: the Ohio State University
Comprehensive Cancer Center (Columbus, OH, USA),
Stanford University (Stanford, CA, USA), Cleveland Clinic
Foundation (Cleveland, OH, USA), Fundeni Clinical
Institute (Bucharest, Romania) and the University of Verona
(Verona, Italy). Patients were excluded if they underwent
palliative resection, underwent robotic resection or had
extrahepatic disease at diagnosis.

Variables, definitions and outcomes

Patients were split into two separate, intention-to-
treat cohorts based on whether they underwent open or
laparoscopic hepatic resection for CRLM. Patients who
underwent a laparoscopic hepatectomy that required
conversion to an open approach were categorized into the
laparoscopic hepatectomy cohort for the purpose of analysis.
Other variables of interest included patient age, sex, location
of the primary colorectal cancer, American Joint Committee
on Cancer (AJCC) T stage, presence of associated lymph
node metastases, as well as whether the disease-free interval
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between diagnosis of the primary and diagnosis of the
metastases was longer than 12 months. The number of
hepatic lesions and the size of the largest hepatic lesion were
reported separately, as well as combined to categorize patients
into low, medium or high tumor burden groups. Additionally,
disease was characterized as unilobar or bilobar. Information
on preoperative levels of carcinoembryonic antigen (CEA)
and KRAS mutational status were obtained. Any tumor with
a KRAS mutation identified either on the primary tumor or
on hepatic metastases was considered to be KRAS mutated,
as the KRAS mutation concordance rate between the two is
over 90% (21). Details about the treatment patients received
were also included, such as extent of hepatic resection (major
or minor), concurrent ablation at the time of surgery, and
receipt of chemotherapy before or after surgery. Major
hepatectomy was defined as a resection of at least three
Couinaud liver segments (22).

The main outcome of interest was the win ratio, a
composite outcome metric used to compare two alternative
treatment or management options (19,20). Unlike other
composite outcomes, the win ratio not only accounts for
the achievement of each of the component outcomes, but
also accounts for their relative priority. Additionally, the
win ratio is not restricted to a single variable type, but
can include time-to-event, continuous and/or categorical
outcomes (23,24). To calculate the win ratio, all patients
from one treatment group (i.e., open) were paired with all
patients in the other treatment group (i.e., laparoscopic);
outcomes were then compared with regards to their
hierarchical ordering. If a patient undergoing one specific
treatment had a better outcome, it was defined as a “win”.
If instead the patient undergoing the reference treatment
had a better outcome, it was defined as a “loss”. Otherwise,
it was considered a “tie”. The win ratio was then calculated
by dividing the number of wins by the number of losses. A
more thorough explanation of the win ratio approach has
been provided by Redfors ez al. (19).

The outcomes selected for inclusion in the win
ratio were: surgical resection margin status, severity of
postoperative complications, 90-day mortality, time to
recurrence, and time to death. 90-day mortality was chosen
as a measure of perioperative mortality as this metric has
been demonstrated to capture better the perioperative risk
associated with hepatectomy than 30-day mortality (25).
Severity of postoperative complications was graded according
to the Clavien-Dindo classification (26). In the current study,
not all unmatched patient-to-patient pairs were considered.
Instead, patients were matched based on age, number of
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hepatic lesions, size of the largest lesion, primary tumor
lymph node status and receipt of neoadjuvant chemotherapy.
For continuous variables, members of a pair were not
allowed to differ by more than one standard deviation; for
categorical variables, members of a pair were only allowed to
have the same value. The matching process avoided pairwise
comparisons between patients with drastically different
underlying risk profiles. This particular approach to matching
is akin to variable ratio matching in which one patient in
the laparoscopic cohort may be matched with one patient in
the open cohort whereas in another case, one patient in the
laparoscopic cohort may be matched with multiple patients in
the open cohort. This particular approach is commonly used
in matching schemes to minimize bias relative to 1:1 matching
schemes (27,28). The variables used for the matching
process were selected based on their established association
with outcomes following surgical resection of CRLM
(29-31). The win ratio was calculated for the overall cohort,
as well as for subsets of the patient population.

Statistical analysis

Descriptive statistics were presented as median (interquartile
range; IQR) for continuous variables and frequency (relative
frequency, %) for categorical variables. Bivariate associations
between surgical approach (laparoscopic or open) and patient
demographic and clinical characteristics were assessed using the
Mann-Whitney U test for continuous variables and Chi-square
tests for categorical variables. To account for patient differences
and ensure comparisons to calculate the win ratio were only
among pairs of similar patients, matching was performed
such that categorical factors must have been an exact match
between patients and for continuous variables, patients must
have been within one standard deviation (measured on the
entire cohort) of one another. To assess how the variable ratio
matching approach implemented in the primary analysis may
have influenced the WR or confidence interval (CI) estimates,
a sensitivity analysis was performed on the overall cohort and
then stratified using the more traditional, unmatched approach.
All analyses were performed using SAS version 9.4. Statistical
significance was assessed at 0=0.05.

Results
Patient characteristics

A total of 962 patients undergoing hepatic resection for
CRLM between 2001 and 2018 met inclusion criteria.
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Median age was 61 years IQR, 53-68.3) and the majority
of patients were male (n=583, 60.6%) (Table I). The primary
colorectal cancer most often involved the left colon (n=418,
43.5%), followed by the rectum (n=288, 29.9%) and the
right colon (n=235, 24.4%). More than two-thirds of
patients had T3 colorectal cancer at the time of diagnosis
(n=659, 68.5%), and slightly more than one-half of patients
had lymph node metastasis associated with the primary
colorectal cancer (n=499, 51.9%). Of note, more than two
thirds of patients had a disease-free interval <12 months
(n=650, 67.6%). The median number of hepatic lesions
was 2 (IQR, 1-3), while the median size of the largest
hepatic lesion was 3 cm (IQR, 1.9-4.5). In turn, almost
three fourths of patients were classified as having a medium
tumor burden (n=696, 72.3%), while other patients either
had a low (n=103, 10.7%) or a high (n=163, 16.9%) tumor
burden. The median preoperative CEA level was 9.5 ng/mL
(IQR, 3.6-42). KRAS mutational status could be determined
in 49.8% (n=479) of patients. Specifically, 18.0% (n=173)
of patients had a mutated KRAS, while 31.8% (n=306) of
patients had a wild-type KRAS. Most patients received
neoadjuvant chemotherapy prior to resection (n=562,
58.4%); resection consisted of a minor hepatic resection
in about two thirds of cases (n=660, 68.6%). Only a small
subset of patients had an ablation concomitant with
resection (n=58, 6.0%). Following resection, about 6 in 10
patients received adjuvant chemotherapy (n=589, 61.2%).

The majority of patients underwent an open hepatectomy
(n=832, 86.5%), while a subset of patients underwent a
laparoscopic hepatectomy (n=130, 13.5%) (Table 1). Of
note, patients who had a laparoscopic resection were older
(63.8 years, IQR, 55.3-72.6 vs. 61 years, IQR, 52.7-68.0) and
were more often female (48.5% vs. 38.0%) compared with
patients who had an open resection (both P<0.05). Additionally,
patients in the laparoscopic group had fewer hepatic lesions
(1, IQR, 1-2 ws. 2, IQR, 1-3), as well as smaller size lesions
(2.0 cm, IQR, 1.3-3.5 vs. 3.0 cm, IQR, 2.0-4.9) than patients in
the open group (both P<0.001). As a result, patients undergoing
laparoscopic surgery were less likely to have a high overall tumor
burden (4.6% wvs. 18.9%) or bilobar disease (13.1% uvs. 31.9%)
versus patients undergoing open surgery (both P<0.001). In
turn, patients in the laparoscopic group were more likely to
undergo a minor hepatectomy compared with patients in the
open group (92.3% uvs. 64.9%; P<0.001).

Win ratio component outcomes

Table 2 lists the component outcomes that were included

© HepatoBiliary Surgery and Nutrition. All rights reserved.

695

in the calculation of the win ratio in addition to long-
term overall survival and recurrence-free survival. Overall,
90-day survival following surgery was 96.9% (n=932),
and most patients had no postoperative complications
(n=643, 66.8%). Patients who developed postoperative
complications most often had a grade II complication
(n=153, 15.9%), followed by a grade III complication (n=87,
9.0%), a grade I complication (n=54, 5.6%) or a grade IV
complication (n=25, 2.6%). In terms of oncologic outcomes,
the majority of patients had negative surgical margins
following resection (n=750, 78.0%). Of note, patients who
underwent laparoscopic hepatectomy were less likely to
experience 90-day mortality or postoperative complications
versus patients who underwent open hepatectomy (0%
vs. 3.6% and 16.2% vs. 35.8%, respectively; both P<0.05)
(Tuble 2). The proportion of patients who had negative
resection margins was lower among patients who underwent
laparoscopic resection versus patients who underwent open
resection (70.0% vs. 79.2%, P=0.008).

Win ratio

Calculation of the win ratio for the overall patient
population is illustrated in Figure 1. The win ratio for the
overall patient population was 1.77 (95% CI: 1.42-2.34),
indicating that for every matched patient-to-patient pair
the odds that the patient undergoing laparoscopic resection
was the “winner” were 1.77 higher than a given patient
who underwent an open resection. Calculation of the win
ratio was stratified by relevant patient demographic and
clinical characteristics (1able 3 and Figure 2). Specifically,
the win ratio was more favorable following laparoscopic
hepatectomy among female (WR: 1.98, 95% CI: 1.25-3.11)
and male patients (WR: 1.76, 95% CI: 1.27-2.42), as well as
older (WR: 2.01, 95% CI: 1.36-2.89) and younger patients
(WR: 1.74, 95% CI: 1.23-2.49). Notably, the win ratio
was also in favor of laparoscopic hepatectomy regardless of
whether the patient had a low (WR: 2.94, 95% CI: 1.20-
6.39), medium (WR: 1.56, 95% CI: 1.16-2.10) or high (WR:
7.25,95% CI: 1.13-32.0) tumor burden, as well as unilobar
(WR: 1.71, 95% CI: 1.25-2.31) or bilobar (WR: 4.57, 95%
CI: 2.36-8.64) disease. The win ratio was more favorable
among patients who received neoadjuvant chemotherapy
following by laparoscopic resection (WR: 1.85, 95% CI:
1.31-2.62); in contrast, among patients who did not receive
neoadjuvant therapy, the win ratio did not appear to favor
either surgical approach (WR: 1.58, 95% CI: 0.99-2.46).
The win ratio also favored laparoscopic resection among
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Table 1 Patient demographic and clinical characteristics, as well as details of the treatment received stratified by cohort (open vs. laparoscopic

resection)
Variable Total, n=962 Open, n=832 (86.5%) Laparoscopic, n=130 (13.5%) P value
Age (years) 61 (53, 68.3) 61 (52.7, 68) 63.8 (55.3, 72.6) 0.004
Female 379 (39.4%) 316 (38.0%) 63 (48.5%) 0.023
Location of primary tumor 0.23
Rectum 288 (29.9%) 255 (30.6%) 33 (25.4%)
Left colon 418 (43.5%) 365 (43.9%) 53 (40.8%)
Right colon 235 (24.4%) 195 (23.4%) 40 (30.8%)
Unknown 21 (2.2%) 17 (2.0%) 4(3.1%)
AJCC T stage 0.43
T1 18 (1.9%) 16 (1.9%) 2 (1.5%)
T2 72 (7.5%) 65 (7.8%) 7 (5.4%)
T3 659 (68.5%) 568 (68.3%) 91 (70.0%)
T4 151 (15.7%) 126 (15.1%) 25 (19.2%)
Unknown 62 (6.4%) 57 (6.9%) 5 (3.8%)
CEA (ng/mL) 9.5 (3.6, 42) 10.8 (4.2, 44.7) 4(2,14.5) <0.001
KRAS 0.38
wtKRAS 306 (31.8%) 258 (31.0%) 48 (36.9%)
mtKRAS 173 (18.0%) 150 (18.0%) 23 (17.7%)
Unknown 483 (50.2%) 424 (51.0%) 59 (45.4%)
Lymph node metastasis 0.79
Yes 499 (51.9%) 433 (52.0%) 64 (49.2%)
No 463 (48.1%) 399 (48.0%) 66 (50.8%)
Number of lesions 2[1,3] 2[1,3] 101,2] <0.001
Size of the largest lesion (cm) 3.0(1.9,4.5) 3.0(2.0,4.9 2.0(1.3,3.5) <0.001
Overall tumor burden <0.001
Low 1083 (10.7%) 74 (8.9%) 29 (22.3%)
Medium 696 (72.3%) 601 (72.2%) 95 (73.1%)
High 163 (16.9%) 157 (18.9%) 6 (4.6%)
Bilobar disease <0.001
Yes 282 (29.3%) 265 (31.9%) 17 (13.1%)
No 670 (69.6%) 560 (67.3%) 110 (84.6%)
Unknown 10 (1.0%) 7 (0.8%) 3 (2.3%)
Disease-free interval 0.24
<12 months 650 (67.6%) 559 (67.2%) 91 (70.0%)
>12 months 260 (27.0%) 224 (26.9%) 36 (27.7%)
Unknown 52 (5.4%) 49 (5.9%) 3(2.3%)

Table 1 (continued)
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Table 1 (continued)

Variable

Total, n=962

Open, n=832 (86.5%)

Laparoscopic, n=130 (13.5%) P value

Neoadjuvant chemotherapy
Yes
No

Extent of resection
Major
Minor
Unknown

Concurrent ablation
Yes
No

Adjuvant chemotherapy
Yes
No

Unknown

562 (58.4%)
400 (41.6%)

300 (31.2%)
660 (68.6%)
2 (0.2%)

58 (6.0%)
904 (94.0%)

589 (61.2%)
293 (30.5%)
80 (8.3%)

492 (59.1%)

0.26
70 (53.8%)

340 (40.9%) 60 (46.2%)
<0.001
290 (34.9%) 10 (7.7%)
540 (64.9%) 120 (92.3%)
2 (0.2%) -
0.26
47 (5.6%) 11 (8.5%)
785 (94.4%) 119 (91.5%)
0.001

510 (61.3%)
243 (29.2%)
79 (9.5%)

79 (60.8%)
50 (38.5%)
1 (0.8%)

AJCC, American Joint Committee on Cancer; CEA, carcinoembryonic antigen.

Table 2 Outcomes included as part of the win ratio stratified by cohort (open vs. laparoscopic resection)

Outcome

Total, n=962

Open, n=832 (86.5%)

Laparoscopic, n=130 (13.5%) P value

90-day survival

932 (96.9%)

Severity of postoperative complications (Clavien-Dindo classification)

0

I

Il

M

Y

RO resection

Yes

No

Unknown

643 (66.8%)
54 (5.6%)
153 (15.9%)
87 (9.0%)
25 (2.6%)

750 (78.0%)
202 (21.0%)
10 (1.0%)

802 (96.4%) 130 (100.0%) <0.001
<0.001
534 (64.2%) 109 (83.8%)
49 (5.9%) 5 (3.8%)
140 (16.8%) 13 (10.0%)
86 (10.3%) 1 (0.8%)
23 (2.8%) 2 (1.5%)
0.008
659 (79.2%) 91 (70.0%)
167 (20.1%) 35 (26.9%)
6 (0.7%) 4 (3.1%)

patients with a primary colon cancer (WR: 1.69, 95%
CI: 1.26-2.23), but did not favor either approach among
patients with a primary rectal cancer (WR: 1.83, 95% CI:
0.89-3.92). Results of the sensitivity analysis using the
unmatched approach closely resembled the results obtained
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through the matched approach (see Table S1).

Discussion

Several advantages to a laparoscopic approach to
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130 laparoscopic Matched on:
resections 1. age
vs.
832 simultaneous
resections

7,004 matched pairs

2. number of lesions
3. size of the largest lesion
(108,160 unmatched pairs) 4. lymph node status
5. receipt of neoadjuvant chemotherapy

N

90-day mortality

Wins Ties Losses )
250 6,754 0 WR: -
Cumulative wins: 25(1/ Cumulative losses: 0
Wins Ties Losses Severity of
2,041 4,115 598 complication

WR: 3.83 (2.33-7.78)

Cumulative wins: 2,2

.

Cumulative losses: 598

Wins Ties
695 3,013

Losses Time to death
407 WR: 2.97 (2.08-4.69)

— S = =

Cumulative wins: 2,986

N

Cumulative losses: 1,005

Wins Ties
633 1,462

Time to recurrence

Losses WR: 1.88 (1.49-2.51)
918

—

Cumulative wins: 3,619

umulative losses: 1,923

Wins
212

N\

Ties
1,013

Losses Margin status
237 WR: 1.77 (1.42-2.34)

—

Cumulative wins: 3,831

Cumulative losses: 2,160

Figure 1 Illustration of how the win ratio was calculated. Each box contains the cumulative incidence of wins, ties and losses, as well as the

associated win ratio, after each component outcome is included in the calculation.

hepatectomy for the treatment of CRLM have been
suggested. For example, observational studies have
reported that CRLM patients undergoing laparoscopic
resection experience less intraoperative blood loss, fewer
complications and a shorter in-hospital length-of stay
(12,17,18,32). Results of these observational studies have
been substantiated by the OSLO-COMET randomized
controlled trial in which CRLM patients undergoing
laparoscopic parenchyma-sparing resections experienced
fewer postoperative complications and had a shorter
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hospital stay than patients undergoing open parenchyma-
sparing resections (33,34). However, the OSLO-COMET
trial was underpowered to detect even moderate differences
in long-term survival between the two groups (35). As
such, strong evidence supporting the noninferiority of the
laparoscopic approach in terms of long-term outcomes is
currently lacking. Methodological approaches to compare
the two approaches using composite measures that
include information on short-, long-term and oncologic
outcomes may allow for a more holistic comparison of
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Table 3 Win ratios for the overall patient population, as well as
stratified by relevant demographic and clinical characteristics

Group Win ratio 95% ClI
Overall population 1.77 1.42-2.34
Sex

Female 1.98 1.25-3.11

Male 1.76 1.27-2.42
Age

>65 2.01 1.36-2.89

<65 1.74 1.23-2.49
Tumor burden

High 7.25 1.13-32.0

Medium 1.56 1.16-2.10

Low 2.94 1.20-6.39
Tumor location

Unilobar 1.71 1.25-2.31

Bilobar 4.57 2.36-8.64
Neoadjuvant chemotherapy

Yes 1.85 1.31-2.62

No 1.58 0.99-2.46
Disease-free interval

>12 months 1.58 0.86-2.94

<12 months 1.85 1.32-2.56
Location of primary

Rectum 1.83 0.89-3.92

Colon 1.69 1.26-2.23

the two procedures. Composite measures have been
proposed as potentially superior to individual measures
to assess performance, as well as more reflect the “all-
or-none” approach to outcomes from a patient-centered
perspective (36). One such composite measure is the win
ratio, which has the added benefit of being able to assess
component outcomes hierarchically, giving the most
clinically relevant outcomes precedence (19). In turn,
the current study was important because we used the win
ratio to compare laparoscopic versus open hepatectomy
in the treatment of patients with CRLM. Unlike more
conventional quality assessments that have been traditionally
restricted to a single variable, win ratio provided a means
to assess a composite endpoint composed of time-to-event,
continuous, and/or categorical outcomes. The hierarchical
structure, statistical power, and flexibility of the win ratio
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approach made it an attractive alternative to compare the
efficacy of these different treatment approaches. Of note,
among any given pair of patients with CRLM, patients
who underwent laparoscopic resection had 77% increased
odds of “winning” relative to the composite hierarchy of
outcomes (Figure I). In fact, the laparoscopic approach
had an advantage over the open approach among patients
regardless of age, sex, tumor burden or tumor location
within the liver.

While CRLM patients who underwent laparoscopic
versus open resection had overall increased odds of
“winning”, the odds of “winning” were particularly
pronounced relative to short-term outcomes (i.e., 90-day
mortality and severity of postoperative complications)
(WR: 4.06, 95% CI: 2.33-7.78; see Figure I). Several
previous observational studies had reported a lower rate of
postoperative complications among patients undergoing
laparoscopic resection than with open resection (37-39). In
an analysis of 266 CRLM patients, Lewin ez 4/. noted that
patients undergoing laparoscopic rather than open liver
resection had a lower incidence of both liver-specific and
non-liver-specific complications (18). In the current study,
patients who underwent laparoscopic resection not only had
fewer perioperative complications, but the complications
tended to be less severe (Table 2). Collectively these data are
important as there had been initial concerns about the safety
of the laparoscopic approach for hepatic resection (i.e., risk
of gas embolism, ability to control catastrophic bleeding,
etc.) (40). In fact, in a systemic review of 127 articles that
equated to 2,804 laparoscopic liver resections, Nguyen
and colleague reported that overall morbidity was only
10.5% with no intraoperative deaths (41). In the current
study, only 3 out of 130 patients undergoing laparoscopic
liver resection had a perioperative complication of grade
IIT or higher, further reinforcing the idea that such initial
concerns may be unfounded (Table 2).

Of note, the differential in the win ratio decreased
after accounting for long-term overall and recurrence-
free survival, as well as the incidence of negative surgical
margins (Figure I). Results of the current study suggested
that the main advantage of a laparoscopic approach to
hepatic resection in CRLM patients resided in improved
perioperative—rather than long-term—outcomes. As such,
surgeons who are not confident in their ability to perform
a laparoscopic resection should not hesitate to perform
an open resection knowing that long-term outcomes
are comparable. Of note, in the current study, choice of
laparoscopic versus open approach was at the surgeon-
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Figure 2 Forest plot showing the win ratio for the overall patient population, as well as the win ratios for subgroups of the patient

population. A logarithmic scale was used for the x-axis.

level and was based on clinical factors and experience. The
incidence of positive surgical margins among patients who
underwent laparoscopic hepatectomy was, however, higher
among patients who underwent a laparoscopic versus open
hepatectomy (7able 2). These findings differed from the
data reported by Lewin ez 4/., which noted that patients who
underwent laparoscopic resection had a lower incidence of
microscopically positive surgical margins compared with
patients who had an open resection (8% vs. 18%) (18).
Several other previous studies had noted, however, no
overall differences in the incidence of positive surgical
margins between the laparoscopic versus open approaches
(14,42). The reasons for these disparate data are likely
multifactorial. Early studies on laparoscopic liver resection
largely involved only patients who had a bisectionectomy or
other minor liver resections in which achieving a negative
surgical margin can be more easily achieved. In contrast,
in the current study, roughly 1 in 13 patients underwent a
major laparoscopic hepatic resection. One of the limitations
of a laparoscopic approach to a major hepatectomy may be
the inability to palpate the liver, which may in turn lead to
the need for repeat ultrasounds to plan the parenchymal
resection plan to obtain adequate surgical margins (43).
It is important to note that the win ratio decreased only
slightly after including information on surgical margins
(Figure 1). Additionally, surgical margin status was
assessed hierarchically only after differences in overall
and recurrence-free survival had already been accounted
for in the algorithm. Therefore, while there was a modest
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difference in negative surgical margin status among patients
who had laparoscopic versus open hepatectomy, this
difference had a negligible impact on long-term outcomes.
Patients undergoing laparoscopic resection had higher
odds of winning than patients undergoing open resection
independent of sex, age, tumor burden or hepatic tumor
location (1able 3 and Figure 2). These data were particularly
interesting as tumor size and location are two of the main
factors used to estimate the difficulty of a laparoscopic
liver resection according to Ban’s difficulty score (44).
Specifically, the Ban’s difficulty score takes into account
the extent of liver resection, tumor location, tumor size,
liver function, and tumor proximity to major vessels. In
the current study, all of these factors were not included
in the win ratio calculation due to lack of data relative
to specific segments involved or the tumor’s proximity
to vascular structures. We did note, however, that the
benefit of a laparoscopic approach to CRLM resection
persisted even among a high tumor burden score. The
benefits of a laparoscopic approach appear were also more
pronounced among patients who received preoperative
chemotherapy prior to resection (Tuble 3 and Figure 2). A
positive response to preoperative chemotherapy can often
result in cytoreduction within the liver, perhaps enhancing
the technical feasibility of laparoscopic hepatectomy. In
addition, laparoscopic liver resection may help mitigate
the risk of certain perioperative complications that have
been associated with preoperative chemotherapy (45-48).
In addition, the win ratio demonstrated that laparoscopic
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liver resection was more favorable than open liver resection
among patients diagnosed with a primary colon cancer
rather than a primary rectal cancer (Table 3 and Figure 2).
In an analysis of 2,972 patients from the South Australian
Metastatic Colorectal Cancer Registry, Price et 4l. noted
differences in long-term outcomes among patients with
metastatic right-sided versus left-sided colorectal cancer,
yet no difference relative to left-sided colon cancer versus
rectal cancer (49). The use of minimally invasive resections
for patients with synchronous metastasis and primary
colorectal cancer has been a topic of particular discussion
(50,51). Recently an adapted Delphi method of a panel
of liver surgeon experts, in conjunction with a systematic
literature review, reported that the use of minimally invasive
technique for simultaneous treatment of synchronous
CRLM was similar to the documented benefits of two
separate surgeries (52).

Several limitations should be considered when
interpreting the results of the current study. As patients
were identified using a large multi-institutional database,
practice patterns were not standardized across institutions.
While there may have been variations in clinical
practice at different centers, the involvement of multiple
institutions and patient populations markedly improved
the generalizability of the findings. When calculating the
win ratio, patients in a pair were matched based on age,
number and size of hepatic lesions, primary tumor lymph
node status, as well as receipt of neoadjuvant chemotherapy.
Residual selection bias may still exist, however, due to
confounders that were not accounted for in the matching
process. Of note, the current study focused on the first
resection of CRLM; repeat hepatectomy after recurrence
was not considered. As such, receipt of repeat hepatectomy
following recurrence may represent a confounding factor
in the relationship between treatment modality (i.e., open
versus laparoscopic resection) and long-term survival. In
addition, the majority of laparoscopic procedures were
minor liver resections; therefore, future studies that include
a higher proportion of patients who have undergone
minimally invasive major liver resection will be needed (53).

Conclusions

In conclusion, using a novel statistical approach called the
win ratio, we assessed the relative benefit of laparoscopic
versus open liver resection among CRLM patients. The
win ratio provided a single measure that accounted for
both short- and long-term outcomes, as well as the relative
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hierarchical priority of the outcomes. Notably, patients
undergoing laparoscopic liver resection had 77% increased
odds of “winning” versus patients who underwent open liver
resection. Importantly, patients undergoing laparoscopic
liver resection had increased odds of “winning” among
patients independent of age, sex, tumor burden or location.
The data strongly suggest that laparoscopic liver resection,
on balance, should be strongly considered as a preferred
approach to resection in CRLM patients.
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