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a b s t r a c t

Background: Laparoscopic liver resections for malignancy are increasing worldwide, and yet data from
North America are lacking. We aimed to assess the long-term outcomes of patients undergoing lapa-
roscopic liver resection and open liver resection as a treatment for hepatocellular carcinoma.
Methods: Patients undergoing liver resection for hepatocellular carcinoma between January 2008 and
December 2019 were retrospectively studied. A propensity score matching was performed using patient de-
mographics, laboratory parameters, etiology of liver disease, liver function, and tumor characteristics. Primary
outcomes included overall survival and cumulative incidence of recurrence. Kaplan-Meier and competing risk
cumulative incidencewereused for survival analyses.Multivariable Cox regression andFine-Grayproportional
hazard regression were performed to determine hazard for death and recurrence, respectively.
Results: Three hundred and ninety-one patients were identified (laparoscopic liver resection: 110; open
liver resection: 281). After propensity score matching, 149 patients remained (laparoscopic liver resec-
tion: 57; open liver resection: 92). There were no significant differences between groups with regard to
extent of hepatectomy performed and tumor characteristics. The laparoscopic liver resection group
experienced a lower proportion of �Clavien-Dindo grade III complications (14% vs 29%; P ¼ .01). In the
matched cohort, the 1-, 3-, and 5-year overall survival rate in the laparoscopic liver resection versus open
liver resection group was 90.9%, 79.3%, 70.5% vs 91.3%, 88.5%, 83.1% (P ¼ .26), and the cumulative inci-
dence of recurrence 31.1%, 59.7%, 62.9% vs 18.9%, 40.6%, 49.2% (P ¼ .06), respectively.
Conclusion: This study represents the largest single institutional study from North America comparing
long-term oncologic outcomes of laparoscopic liver resection and open liver resection as a treatment for
primary hepatocellular carcinoma. The combination of reduced short-term complications and equivalent
long-term oncologic outcomes favor the laparoscopic approach when feasible.

© 2021 Elsevier Inc. All rights reserved.

* Reprint requests: Dr Gonzalo Sapisochin, Assistant Professor of Surgery, Uni-
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Introduction

Hepatocellular carcinoma (HCC) represents the fourth leading
cause of cancer-related death in the world, and its incidence con-
tinues to increase in the United States.1,2 In the 5% to 10% of patients
with a single lesion HCC and well-compensated liver disease, liver
resection remains the treatment of choice according to European
and American guidelines.3,4 The use of laparoscopic surgery for
liver resections (LLR) in HCC has increased worldwide and repre-
sents an attractive alternative to conventional open liver surgery
(OLR) because it has potential to mitigate perioperative risks and
accelerate postoperative functional recovery.5e7

Although high-quality randomized trials comparing LLR and
OLR for various stages of HCC are lacking, previous retrospective
reports have demonstrated favorable short-term outcomes with
the laparoscopic approach.5,8e12 As a result of its relatively recent
adoption for HCC resection, lack of long-term clinical follow-up
after LLR has limited conclusions of early studies. Additionally,
many prior reports included a lower number of major laparoscopic
hepatectomies, which may have conferred a potentially unfair
oncological advantage to laparoscopic resection. Furthermore, as
the majority of series are from Europe and Asia, differences in the
patient populations make generalizability challenging.13e15 Lastly,
due to inherent selection bias with retrospective study design,
rigorous risk adjustments between groups is imperative, but has
been inconsistent and shallow.

Given increased interest in expanding LLR for HCC, we aimed
to evaluate the long-term outcomes of patients undergoing
laparoscopic versus open resection as a treatment for HCC. We
sought to address the aforementioned limitations of prior reports
through study of patients from a high-volume North American
center and by performing a granular propensity score matched
analysis.

Methods

This study was approved by our institutional REB (REB
#16e5626), and a waiver of informed consent was obtained.

Study population

We retrospectively studied consecutive adults (�18 years)
who underwent LR for HCC between January 2008 and December
2019 at a single academic institution. Patients with LR before
2008 were excluded because the laparoscopic approach was not
used at the institution before that time. Patients resected after
2019 were excluded to allow for enough follow-up time to
evaluate tumor recurrence after LR. At the time of analysis, pa-
tient data were up to date as of March 13, 2021. The diagnosis of
HCC was established according to the American Association for
the Study of Liver Diseases guidelines.3 To perform a sensitivity
analysis for the assessment of outcomes over time, the study
period was further categorized into an early era (2008e2013) and
a late era (2014e2019) to allow an equal number of years in both
groups. Patients with mixed hepatocellular carcinoma-
cholangiocarcinoma and those with fibrolamellar subtype on
pathology were excluded. Moreover, patients were excluded if
they had a previous liver transplant, locoregional treatment
(including, but not limited to, radiofrequency ablation, trans-
arterial chemoembolization, and microwave ablation), tumor
rupture, prior liver resection, or missing pathology reports
(Figure 1). This study complies with the STROBE statement for
observational studies.16

Patient selection and surgical technique

In general, all patients with HCC are presented in a multidisci-
plinary meeting. After the decision is made to proceed with liver
resection, the feasibility of a laparoscopic approach is evaluated. As
a rule of thumb, patients who are not considered for laparoscopic
resection include patients where vascular reconstructions or an
ex vivo procedure is anticipated. Additionally, patients with
advanced cirrhosis with portal hypertension that are surgical can-
didates are typically deferred to a laparoscopic approach. Patients
requiring a minor hepatectomy, even in the presence of mild portal
hypertension, are considered for resection if the approach is LLR. In
some instances, HVPG will be measured, and in those with a
gradient <15mmHgwewill consider proceeding with resection. In
considering and performing LLR in such patients, factors that are
taken into account include trocar placements (eg, avoiding the
midline), the extent of the surgery (major hepatectomy versus
minor), and the medical risk and severity of the portal hyperten-
sion. Furthermore, in some patients, we will proceed with a lapa-
roscopic approach with a low threshold for conversion. These may
include patients with certain medical comorbidities such as heart
disease, which is challenging to manage given the required low
central venous pressure. In addition, a patient with an extensive
upper abdominal surgical history may still be considered for a
laparoscopic approach with a low threshold of conversion if timely
intraoperative progression cannot be achieved. Overall, the insti-
tution has evolved to pursue a minimally invasive surgical
approach as often as possible in patients with HCC. Anatomic
resection was the preferred surgical technique. However, a non-
anatomical or segmental approach was employed if an adequate
margin could be obtained and allowed for parenchymal sparing in
patients with cirrhosis. A standard technique for LLR has been
previously described.17 Venous and portobiliary pedicles were
ligated with vascular stapling devices when necessary. Paren-
chymal transection was performed with electrocautery in combi-
nation with water-jet dissection (Helix Hydrojet, ERBE and AMT
Electrosurgery) in OLR. For LLR, the Cavitron ultrasonic surgical
aspirator (CUSA: Integra LifeSciences Corporation, NJ), water-jet,
and ultrasonic shears were used for fine parenchymal dissection.

Covariates

We recorded patient age, sex, body mass index, etiology of liver
disease, previous non-liver upper abdominal surgery, preoperative
portal vein embolization, Barcelona Clinic Liver Cancer stage, de-
gree of liver dysfunction (model for end-stage liver disease and
Child-Pugh score), laboratory variables (albumin, total bilirubin,
international normalized ratio, albumin-bilirubin grade, and
platelet count), American Society of Anesthesiologists score, pre-
operative tumor characteristic (including size, number, and satellite
lesions), pathology findings, and postoperative outcomes including
length of stay. Major hepatectomy was defined as complete resec-
tion of 3 or more liver segments according to the Brisbane 2000
terminology.18 The difficulty of hepatectomy was dichotomized
according to whether a full anatomic segmentectomy was per-
formed of segment 1, 4A, 7, and/or 8.19,20 AFP was categorized to
reflect clinically relevant categories (ng/mL, <20, 20e99, 100e999,
and >1000).21 Pathology characteristics included the size of the
largest tumor, tumor number, presence of satellite lesions, tumor
differentiation, microvascular invasion, macrovascular invasion,
surgical margin positivity, surgical margin distance, and Laennec
stage of adjacent liver fibrosis. Tumor differentiation was defined
according to the modified Edmondson criteria.22 Postoperative
complications occurring within 90 days of the resection were
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graded using the Clavien-Dindo classification system.23 Liver failure
and grade of liver failure according to grade A, B, and C was
recorded for the first 30 days after resection according to the In-
ternational Study Group of Liver Surgery definition.24 Intra-
operative variables included operative time (in minutes), packed
red blood cell transfusion (in mL), fresh frozen plasma transfusion
(in mL), platelet transfusion (in mL), estimated blood loss (in mL),
and Pringle maneuver used (binary).

Outcome measures

The study’s primary endpoints were post-LR survival and HCC
tumor recurrence. In this study, the primary exposure, intended
surgical approach (LLR versus OLR), was not a time-varying
covariate.

Propensity score matching

A propensity score was constructed based on the predicted
probability of receiving laparoscopic surgery using logistic/probit
regression (intention to treat). This was performed to control for
the effect of confounding and the method chosen to address se-
lection bias. Covariates selected included the following: age; sex;
body mass index; extent of resection (major hepatectomy); unfa-
vorable tumor segment; largest preoperative tumor size and
number; preoperative satellite lesion; Child-Pugh score; platelet
count; albumin-bilirubin grade; etiology of liver disease; year of
resection; and preoperative AFP. A sensitivity analysis was per-
formed using only nonconversion cases. Matching was performed
for the dependent variable of exposure (LLR versus OLR) using
these covariates. The matching method used was a nearest
neighbor matching method without replacement with a caliper of
0.1. Matching quality was evaluated with standardized mean dif-
ferences between the treated and control groups. A difference of
<0.2 standardized mean difference between covariates included in
the match was used as the threshold of a negligible imbalance
between groups.25

Follow-up, survival, and recurrence

Postoperatively, patients were followed with AFP and contrast-
enhanced computed tomography of the chest and abdomen or ul-
trasound in 3-month intervals for the first 2 years, then every 6
months for 2 years, and yearly thereafter. In the case of a suspected
recurrence, additional imaging studies were obtained, including

contrast-enhanced computed tomography, contrast-enhanced ul-
trasound, or magnetic resonance imaging.3 Overall survival was
calculated from the day of resection to the day of death or last
known contact. The time to recurrence was calculated from the day
of resection to the first imaging study that confirmed tumor
recurrence.

Statistical analysis

Descriptive data were expressed as medians and interquartile
ranges (IQR). These were compared using the Mann-Whitney U
tests. Categorical variables were expressed using numbers and
percentages (%). These were compared using c2 and Fisher exact
tests. Overall survival was estimated using the Kaplan-Meier
method, and groups were compared with log-rank tests. A uni-
variable Cox proportional hazard regressionmodel was constructed
after matching to assess the association between the exposure of
interest (LLR versus OLR) and mortality. The proportional hazard
assumption was assessed using Schoenfeld residuals against the
transformed time. Instead of the Kaplan-Meier method, which
censors for the competing event of death, a cumulative incidence
approach was used to account for the presence of a competing risk
of death with recurrence.26 The cumulative incidence was esti-
mated using subdistribution estimates for each cause. A Gray’s
modified log-rank test was used to compare subdistribution esti-
mates for each cause and to evaluate the quality of the cumulative
incidence curve. To assess for the relative change in the hazard of
recurrence, a Cox proportional hazard model using Fine-Gray
competing risk was used to account for death as a competing
event.27 All 2-sided P values less than 0.05 were considered sta-
tistically significant. Statistical analyses were performed using R
(version 4.0.3 2020, R Foundation for Statistical Computing, Vienna,
Austria). Matching was performed using the package MatchIt.

Results

Study population and pathology

Three hundred and ninety-one patients underwent liver resec-
tion for HCC over the study period with the number of LLRs per-
formed having increased over time (Supplementary Figure S1). One
hundred and ten patients were intended for a laparoscopic
approach, and 14 required conversion to open. The reasons for
conversion were hemorrhage (n ¼ 4), poor visualization (n ¼ 3),
anatomic issues (n ¼ 3), inability to progress (n ¼ 2), technical

Figure 1. Flow chart of selection criteria.
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problems with a device (n ¼ 1), and other (n ¼ 1). In total, 96 (25%)
resections were completed laparoscopically and 295 (75%) open.
There was a higher proportion of major hepatectomies in the OLR
group (28% vs 57%; P < .001). The baseline characteristics of pa-
tients in the LLR and OLR groups are summarized in Table I and
Supplementary Table S1. Most preresection patient characteristics
were similar between groups. Patients in the LLR group had smaller
tumors preoperatively (cm [IQR], 4.20 [3.30e5.90] vs 5.10
[3.60e8.70]; P < .001) and on pathology (cm [IQR], 4.50 [3.30e6.07]
vs 5.50 [3.80e8.50]; P < .001). The LLR group also had more solitary
tumors (92% vs 80%; P ¼ .01) and lower rates of microvascular in-
vasion (45% vs 60%; P ¼ .02). The median length of follow-up was
2.84 years (IQR 1.39e5.41). The use of the Pringle maneuver
increased over the study period, with a proportionally higher in-
crease in the LLR group over time (Supplementary Figure S2).
Length of stay was shorter in the LLR group (median [IQR] 5 [3e6]
vs 7 [5e10]; P < .001). The LLR group experienced a lower pro-
portion of Clavien-Dindo grade III or greater complications (15% vs
26%; P < .001) (Table II).

Survival analysis in the unmatched cohort

The OS was similar between the LLR and OLR groups (Figure 2).
Short-term survival was equivalent between the groups (30 days

LLR 96.3% [95% CI 92.9e99.9] versus OLR 96.8% [95% CI 94.7e98.9];
P ¼ .82; 90 days LLR 96.3% [95% CI 92.9e99.9] versus OLR 93.6%
[95% CI 90.7e96.5]; P ¼ .31). The 1-, 3-, and 5-year survival rates
were: LLR 90.9% (95% CI 83.6e98.8), 73.9% (95% CI 68.5e91.9), 70.5%
(95% CI 56.6e87.8) versus OLR 91.3% (95% CI 85.7e97.2), 88.5% (95%
CI 82.0e95.5), 83.1% (95% CI 74.8e92.3) (P ¼ .26). Similarly, there
was no statistically significant difference in the 1-, 3-, and 5-year
cumulative incidence of HCC recurrence: LLR 31.1% (95% CI
19.3e43.6), 59.7% (95% CI 43.7e72.5), and 62.9% (95% CI 46.3e75.6)
versus OLR 18.9% (95% CI 11.5e27.6), 40.6% (95% CI 30.0e50.9), and
49.2% (95% CI 37.3e60.1) (P ¼ .06) (Figure 3).

Survival analysis in the unmatched cohort stratified by eras

Short-term survival in the early were equivalent (30 days LLR
94.9% [95% CI 88.2e100] versus OLR 97.7% [95% CI 95.2e100]; P ¼
.35; 90 days LLR 94.9% [95% CI 88.2e100] versus OLR 94.7% [95% CI
91.0e98.6]; P ¼ 1.00). The OS in the early era (2008e2013) was
better in the OLR (P ¼ .04) (Supplementary Figure S3, A). The 1-, 3-,
and 5-year survival rates were 89.4% (95% CI 80.0e99.8), 72.1% (95%
CI 58.8e88.5), and 61.6% (95%CI 46.9e80.8) for LLR and 93.9% (95% CI
90.0e98.1), 86.1% (95% CI 80.2e92.5), and 85.2% (95% CI 79.1e91.8)
for OLR (P ¼ .04). Short-term survival in the late era was equivalent
between the groups (30 days LLR 97.2% [95% CI 93.4e100] versus OLR

Table I
Demographics and clinicopathological characteristics

Total n ¼ 391 Before matching After matching

Lap n ¼ 110 (22%) Open n ¼ 281 (78%) P SMD Lap n ¼ 57 (38%) Open n ¼ 92 (62%) P SMD

Major hepatectomy, �3 segments, number (%) 191 (49) 31 (28) 160 (57) <.001 0.61 21 (37) 38 (41) .71 0.09
Unfavorable segments,* number (%) 256 (66) 42 (38) 214 (76) <.001 0.83 28 (49) 51 (55) .14 0.05
Sex, male, number (%) 315 (81) 86 (78) 229 (82) .55 0.08 48 (84) 78 (85) 1.00 0.02
Age, year median (IQR) 64 (56e71) 65 (58e72) 63 (56e71) .20 0.18 64 (56e72)) 66 (58e73) .61 0.03
BMI, median (IQR) 25.1 (22.3e28.4) 26.2 (22.9e29.9) 24.4 (22.0e27.8) .01 0.31 26.0 (23.5e28.2) 25.1 (22.0e28.0) .21 0.20
Missing 32 10 22 0 0
Etiology, number (%) .85 0.18 - 0.04
HBV 181 (46) 47 (43) 134 (48) 30 (53) 59 (56)
HCV 86 (22) 27 (25) 59 (21) 11 (19) 23 (22)
ETOH 23 (6) 8 (7) 15 (5) 2 (4) 5 (5)
NASH 20 (5) 7 (6) 13 (5) 3 (5) 5 (5)
HBVþHCV coinfection 2 (1) 1 (1) 1 (0) 0 (0) 0 (0)
Other 32 (8) 8 (7) 24 (9) 4 (7) 5 (5)
No underlying liver disease 47 (12) 12 (11) 35 (13) 7 (12) 9 (9)

Missing 0 0 0 0 0
Albumin, median (IQR) 42 (39e44) 41 (39e44) 42 (39e43) .89 0.08 42 (39e44) 42 (40e44) .95 0.006
Missing 33 9 24 0 0
Total bilirubin, mmol/L, median (IQR) 10 (8e14) 9 (7e12) 11 (8e15) .004 0.37 9 (8e13) 11 (8e13) .16 0.29
Missing 17 7 10 0 0
INR, median (IQR) 1.01 (0.97e1.06) 1.1 (0.96e1.08) 1.1 (0.97e1.06) .93 0.08 1.02 (0.95e1.08) 1.1 (0.98e1.05) .69 0.07
Missing 6 3 3 0 0
Platelet, median (IQR) 193 (154e245) 186 (148e226) 194 (155e255) .07 0.28 191 (145e226) 172 (148e216) .54 0.05
Missing 5 2 3 0 0
ALBI grade, number (%) .52 0.10 .79 0.08
1 274 (77) 79 (80) 195 (76) 52 (79) 83 (78)
2 82 (23) 20 (20) 62 (24) 14 (21) 23 (22)
Missing 35 11 24 0 0
Child Pugh score, number (%) .49 0.15 - 0.04
A5 329 (92) 93 (95) 236 (91) 54 (95) 88 (96)
A6 23 (6) 4 (4) 19 (7) 3 (5) 4 (4)
B7 5 (1) 1 (1) 4 (2) 0 (0) 0 (0)
Missing 34 12 22 0 0
Preoperative AFP, number (%) .02 0.39 .82 0.16
<20 185 (53) 65 (63) 120 (49) 36 (63) 51 (55)
20-99 55 (16) 17 (16) 38 (16) 8 (14) 15 (16)
100e999 54 (16) 15 (14) 39 (16) 8 (14) 15 (16)
>1000 53 (15) 7 (7) 46 (19) 5 (9) 11 (12)
Missing 44 6 38 0 0

AFP, alfa fetoprotein; ALBI, albumin-bilirubin; BMI, body mass index; ETOH, alcoholic liver disease; HBV, hepatitis B virus; HCV, hepatitis C virus; INR, international normalized
ratio; IQR, interquartile range; NASH, nonalcoholic steatohepatitis; SMD, standardized mean difference.

* Segment 1, 4A, 7, and/or 8.
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95.9% [95% CI 92.8e99.2]; P ¼ .66; 90 days LLR 97.2% [95% CI
93.4e100] versus OLR 92.5% [95% CI 88.4e96.9]; P ¼ .19). In contrast,
the OS was similar between LLR and OLR in the late era (2014e2019)
(P¼ .65) (Supplementary Figure S3, B). The 1-, 3-, and 5-year survival
rates were 94.1% (95% CI 88.6e99.9), 78.3% (95% CI 66.6e92.1), and
73.7% (95% CI 60.3e90.1) for LLR and 87.4% (95% CI 82.1e93.0), 80.6%
(95% CI 73.3e88.7), and 65.0% (95% CI 53.8e78.6) for OLR. The
cumulative incidence of recurrence was similar in the early and late

eras (P ¼ .37 and P ¼ .61, respectively) (Supplementary Figure S4,
AeB, respectively)

Causes of death

In the LLR group, the most common cause of death was pro-
gressive HCC (n ¼ 11 [46%]) followed by cardiorespiratory failure
(n ¼ 3 [13%]). In the OLR group, progressive HCC represented the

Table II
Pathology and postoperative variables

Total n ¼ 391 Before matching After matching

Lap n ¼ 110
(22%)

Open n ¼ 281
(78%)

P SMD Lap n ¼ 57 (38%) Open n ¼ 92
(62%)

P SMD

Tumor size at pathology,
cm, median (IQR)

5.20
(3.50e8.00)

4.50
(3.30e6.07)

5.50
(3.80e8.50)

<.001 0.56 5.00 (3.60e6.50) 4.85
(3.50e6.39)

.64 0.04

Satellite lesion/s path,
number (%)

45 (12) 6 (6) 39 (14) .03 0.29 4 (7) 8 (9) .96 0.06

Tumour solitary at path,
number (%)

327 (84) 101 (92) 226 (80) .01 0.33 54 (95) 83 (90) .50 0.17

Tumor differentiation,
number (%)

.03 0.27 .26 0.27

Well diff. 18 (5) 10 (9) 8 (3) 4 (7) 2 (2)
Mod diff 302 (78) 83 (76) 219 (79) 44 (77) 78 (86)
Poor 69 (18) 17 (16) 52 (19) 9 (16) 11 (12)
Missing 2 0 2 0 1
Severe fibrosis or cirrhosis,

number (%)
260 (67) 81 (74) 165 (64) .08 0.22 41 (72) 59 (64) .42 0.17

Missing 0 0 0 0 0
Microvascular invasion,

number (%)
214 (56) 49 (45) 165 (60) .02 0.29 25 (45) 43 (47) .56 0.09

Missing 7 2 5 1 1
Macrovascular invasion,

number (%)
44 (11) 6 (6) 38 (14) .03 0.28 5 (9) 7 (8) .71 0.04

Missing 3 0 3 0 1
Positive margins,

number (%)
13 (3) 1 (1) 12 (4) .17 0.21 1 (2) 6 (7) .50 0.14

Missing 2 0 2 0 1
Margin distance, cm

median (IQR)
0.80
(0.30e1.50)

1.10
(0.52e1.98)

0.70
(0.20e1.50)

<.001 0.40 1.00 (0.50e1.90) 0.60
(0.20e1.40)

.01 0.49

Missing 4 0 4 0 2
Follow-up, years, median

(IQR)
2.84
(1.39e5.41)

2.28
(1.24e4.04)

3.240
(1.45e5.89)

.008 0.32 2.77 (1.53e4.15) 4.18
(2.07e6.04)

.02 0.37

Era of resection, number (%) .04 0.24 .37 0.003
2008e2013 172 (44) 39 (34) 134 (45) 29 (44) 54 (51)
2014e2019 219 (56) 77 (66) 161 (55) 37 (56) 52 (49)
LOS days, median (IQR) 6 (5e9) 5 (3e6) 7 (5e10) <.001 0.40 5 (3e6) 6 (5e10) <.001 0.41
Missing 0 0 0 0 2
Complications within 90

days, number (%)
<.001 0.51 .01 0.52

No 176 (45) 69 (63) 107 (38) 36 (63) 36 (39)
Clavien-Dindo 1e2 125 (32) 25 (23) 100 (36) 13 (23) 29 (32)
Clavien-Dindo �3 90 (23) 16 (15) 74 (26) 8 (14) 27 (29)
Liver failure within 30 days,

number (%)
31 (8) 5 (5) 26 (9) .18 0.19 2 (4) 8 (9) .37 0.22

Grade of liver failure,
number (%)

.36 0.84 .15 2.45

Grade A 11 (36) 3 (60) 8 (31) 2 (100) 2 (25)
Grade B 5 (16) 0 (0) 5 (19) 0 (0) 1 (13)
Grade C 15 (48) 2 (40) 13 (50) 0 (0) 5 (63)
OR time, minutes, median

(IQR)
225
(174e280)

175
(135e268)

235
(190e284)

<.001 0.39 175 (135e276) 218
(176e256)

.14 0.09

pRBC transfusion (mL),
median (IQR)

0 (0e0) 0 (0e0) 0 (0e0) .03 0.18 0 (0e0) 0 (0e0) .70 0.03

FFP transfusion (mL),
median (IQR)

0 (0e0) 0 (0e0) 0 (0e0) .49 0.03 0 (0e0) 0 (0e0) .54 0.15

Platelet transfusion (mL),
median (IQR)

0 (0e0) 0 (0e0) 0 (0e0) .32 0.13 0 (0e0) 0 (0e0) .30 0.19

Estimated blood loss (mL),
median (IQR)

700 (300e1200) 300 (100e800) 800 (450e1400) <.001 0.40 400 (200e800) 700 (400e1300) .001 0.22

Pringle, number (%) 80 (21) 36 (33) 44 (16) <.001 0.41 16 (28) 14 (15) .09 0.32

diff, differentiation; FFP, fresh frozen plasma; IQR, interquartile range; LOS, length of stay; LR, liver resection; OR, operating room; path, pathology; pRBC, packed red blood cells;
SMD, standardized mean difference.
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main cause of death (n ¼ 23 [40%]), followed by postoperative
complications (n ¼ 7 [12%]) and liver failure (n ¼ 6 [10%]).

Matched cohort

After PSM, 57 patients in the LLR group were matched with 92
patients in the OLR group. There were no significant differences
between the groups with regard to the extent of hepatectomy
performed and tumor characteristics. The LLR group had shorter
LOS (5 [3e6] vs 6 [5e10]; P < .001) and lower estimated blood loss
(median [IQR] 400 [200e800] vs 700 [400e1300]; P ¼ .001). The
groups were similar in intraoperative transfusion requirements.
The LLR group had a similar rate of margin positivity but a larger
margin distance compared with the OLR group (cm median [IQR]
1.00 [0.50e1.90] vs 0.60 [0.20e1.40]; P ¼ .01). There was no sta-
tistically significant difference between posthepatectomy liver
failure or grade of liver failure between the groups. The proportion
of Clavien-Dindo grade III or greater complications were lower in
the LLR group (14% vs 29%; P ¼ .01) (Table II).

Matched survival analysis

Short-term survival was similar between the groups (30 days
LLR 96.5% [95% CI 91.8e100] versus OLR 96.7% [95% CI 93.2e100];
P¼ .94; 90 days LLR 96.5% [95% CI 91.8e100] versus OLR 92.4% [95%
CI 87.1e98.0]; P ¼ .33). There were no statistically significant

differences in OS (1-, 3-, and 5-year LLR 90.9% [95% CI 83.6e98.8],
79.3% [95% CI 68.5e91.9], 70.5% [95% CI 56.6e87.8] versus OLR
91.3% [95% CI 85.7e97.2], 88.5% [95% CI 82.0e95.5], 83.1% [95% CI
74.8e92.3]; P ¼ .26) (Figure 4) and risk of HCC recurrence (1-, 3-,
and 5-year LLR 31.1% [95% CI 19.3e43.6], 59.7% [95% CI 43.7e72.5],
62.9% [95% CI 46.3e75.6] versus OLR 18.9% [95% CI 11.5e27.6], 40.6%
[95% CI 30.0e50.9], 49.2% [95% CI 37.3e60.1]; P ¼ .06) (Figure 5).
The hazard of death (LLR HR 1.55, 95% CI 0.65e3.30; P ¼ .26) and
recurrence (LLR subdistribution HR 1.39, 95% CI 0.88e2.21; P ¼ .16)
was equivalent between the groups. For patients who recurred, the
pattern of recurrence did not differ between the groups (margin
recurrence LLR n ¼ 8 [25%] versus OLR 8 [19%]; P ¼ .50). Patients
requiring conversion from LLR to OLR had a similar survival as those
who were completed laparoscopically (P ¼ .20).

Discussion

As the prevalence of HCC continues to increase, along with the
adoption of laparoscopic liver surgery as a modality for its treat-
ment, it remains paramount to conduct contemporary analyses of
this approach on outcomes. The current study represents the
largest single institutional study from North America, evaluating
short- and long-term outcomes of LLR and OLR for the treatment of
HCC. After granular propensity score matching was performed us-
ing patient demographics, tumor characteristics, and extent of
resection, there was a significantly shorter operative time, shorter

Figure 2. Overall survival after liver resection (overall cohort).
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LOS, lower estimated blood loss, and larger margin distance for
patients undergoing LLR. The major complication rate was lower in
the LLR group. Long-term outcomes including OS and HCC recur-
rence were equivalent.

There has been a considerable increase in the use of LLR over the
last 2 decades.8 Increasing experience has enabled expansion of the
LLR technique to safely include major hepatectomies and resection
of HCC located in unfavorable locations.28e30 Prior reports have
assessed short-term outcomes of LLR and demonstrated less peri-
operative blood loss and transfusion requirement, shorter length of
stay, and lower morbidity and mortality.28,31 We similarly found
that LLR resulted in a shorter LOS, lower blood loss, and a lower
postoperative complication rate. There were no differences be-
tween groups in terms of short-term mortality (30- and 90-day).
The LLR group had a larger surgical margin distance, which may
possibly provide bias toward a more liberal resection margin with
the new technique. Nonetheless, it remains unclear what, if any,
this small difference between the groups may have where the
pattern of recurrence (margin and non-margin) was not statisti-
cally significantly different between the groups. With regard to
long-term oncologic outcomes, several studies, primarily fromAsia,
have demonstrated equivalent overall and disease-free survival,
which has been corroborated by meta-analyses.6,9,11e15,31e33 As the
etiology of HCC in East Asia is predominantly related to hepatitis B,
this differs substantially from patients in North America who tend
to have a higher proportion of hepatitis C virus-related HCC and
makes these reports difficult to generalize.34 Specifically, hepatitis
C virus-related HCC has been associated with a shorter disease-free
survival than hepatitis Berelated HCC.34 Despite this, however, we
similarly noted equivalent oncologic outcomes of the LLR group,
suggesting that surgical approach does not impact outcomes even
when disease etiology is accounted for.

Accounting for potential confounders is imperative to most
appropriately assess the impact of technique on outcome.
Recently, Ruzzenente et al evaluated a sizeable multi-institutional
cohort of HCC patients with portal hypertension using PSM.35 A
total of 1,974 patients were included, with a subsequent 1:1
match of 407 LLR and OLR patients. Although the patient popu-
lation was different, their study demonstrated similar findings to
our report with short-term results favoring the LLR approach and
long-term outcomes being equivalent. Another study used the
United States National Cancer Database and compared survival
outcomes for 190 matched LLR and OLR patients and found
equivalent overall survival.36 Nonetheless, recurrence was un-
available in the data set and was therefore not examined.36

Indeed, these multi-institutional cohorts and registry studies
can amass a large heterogeneous group of patients, with high
statistical power. Nonetheless, it is remains difficult to elucidate
the exact contribution of individual institutions, which likely
differ in their experience level and thus challenge the interpre-
tation of results. Additionally, in pooling the data together,
favorable outcomes of larger institutional experiences can mask
the outcomes of smaller ones. In the current report, we per-
formed adjustments using a granular PSM on variables most likely
to impact long-term outcomes, such as degree of liver disease,
preoperative biomarker (AFP) level, and tumor variables. More-
over, as prior studies inconsistently accounted for varying onco-
logic outcomes over time as institutional/provider experience
with LLR increased, we also matched based on the year of
resection. Within this context, we observed decreased long-term
survival in patients undergoing LLR in the early era compared
with OLR. In contrast, in the later era survival was equivalent
between the 2 approaches. The reason for decreased survival in
the early era is unclear but may be a result of sample size bias.

Figure 3. Cumulative incidence of recurrence after liver resection (overall cohort).

T. Ivanics et al. / Surgery xxx (2021) 1e10 7

Downloaded for Anonymous User (n/a) at Henry Ford Hospital / Henry Ford Health System (CS North America) from ClinicalKey.com by 
Elsevier on December 30, 2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.



The learning curve to achieve proficiency with LLR remains to be
fully elucidated. Indeed, the number of cases required to achieve
procedural proficiency depends on the extent of hepatectomy, with
fewer required for less extensive approaches.37 Previous studies
have reported the requirement to be 45 to 75 cases for major
hepatectomies, with study endpoints including improvements in
conversion rates, operative time, blood loss, and morbidity.38e41

Although these studies have not specifically evaluated outcomes
of HCC patients, these abovementioned numbers represent a
valuable benchmark in implementing LLR from a programmatic
standpoint. Our study was not designed to directly evaluate the
learning curve of LLR. It does, however, highlight that an appro-
priate resection margin can be achieved using this technique,
resulting in equivalent oncologic outcomes to the OLR approach.

As randomized controlled trials between LLR and OLR are
desperately needed, they are contingent on the surgical perfor-
mance of a new technique, which in turn depends on provider and
institutional learning curves. Until such high-quality data are
available, iterative appraisal of retrospective outcomes is critical,
given the rapid adoption of this approach. To this end, our group
reported our early institutional experience with the laparoscopic
approach.42 This current study was performed to address the lim-
itations of the prior work, including sample size, a relatively short
follow-up, and ability to perform granular matching on a number of
important clinicopathologic variables. In the previous report, there
was a nonstatistical trend toward a worse DFS in LLR.42 In addition
to the Kaplan-Meier based method for DFS analysis, which censors
for the competing event of death, we used a cumulative incidence
approach to account for this competing risk in the evaluation of

recurrence. In this updated analysis with a longer follow-up and
larger sample size, both DFS and cumulative incidence of recur-
rence were equivalent between LLR and OLR.

This study is limited by its single-center retrospective non-
randomized study design, with the potential for misclassification
and selection bias. Though the sample size of the laparoscopic
cohort is relatively small, it does represent the largest, single-center
experience from North America. The homogeneity afforded by the
single institution center design offers an opportunity to evaluate
temporal trends in outcomes that may be masked by larger het-
erogeneous multi-center studies, where the experience of some
centers may outweigh those of lower volume institutions and the
granularity of available data is lacking. Though granular PSM was
performed in an attempt to control for the effect of confounding
and address selection bias, there is always the potential for residual
confounding.

In conclusion, the combination of reduced short-term compli-
cations and LOS and equivalent long-term oncologic outcomes
favor the laparoscopic approach for resectable patients with HCC
and should be the surgical technique of choice when feasible.
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Figure 4. Overall survival after liver resection in the matched cohort univariable Cox proportional hazard Lap (ref: open) HR 1.55, 95% CI 0.65e3.30; P ¼ .26.

T. Ivanics et al. / Surgery xxx (2021) 1e108

Downloaded for Anonymous User (n/a) at Henry Ford Hospital / Henry Ford Health System (CS North America) from ClinicalKey.com by 
Elsevier on December 30, 2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.



Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at [https://doi.org/10.1016/j.surg.2021.
10.017].

References

1. Fitzmaurice C, Allen C, Barber RM, et al. Global, regional, and national cancer
incidence, mortality, years of life lost, years lived with disability, and disability-
adjusted life-years for 32 cancer groups, 1990 to 2015: a systematic analysis for
the Global Burden of Disease study. JAMA Oncol. 2017;3:524e548.

2. Hajarizadeh B, Grebely J, Dore GJ. Epidemiology and natural history of HCV
infection. Nat Rev Gastroenterol Hepatol. 2013;10:553e562.

3. Marrero JA, Kulik LM, Sirlin CB, et al. Diagnosis, staging, and management of
hepatocellular carcinoma: 2018 practice guidance by the American Association
for the Study of Liver Diseases. Hepatology. 2018;68:723e750.

4. Galle PR, Forner A, Llovet JM, et al. EASL clinical practice guidelines: manage-
ment of hepatocellular carcinoma. J Hepatol. 2018;69:182e236.

5. Cheung TT, Poon RTP, Yuen WK, et al. Long-term survival analysis of pure
laparoscopic versus open hepatectomy for hepatocellular carcinoma in patients
with cirrhosis: a single-center experience. Ann Surg. 2013;257:506e511.

6. Xu H-W, Liu F, Li H-Y, Wei Y-G, Li B. Outcomes following laparoscopic versus
open major hepatectomy for hepatocellular carcinoma in patients with
cirrhosis: a propensity score-matched analysis. Surg Endosc. 2018;32:712e719.

7. Memeo R, de’Angelis N, Compagnon P, et al. Laparoscopic vs. open liver
resection for hepatocellular carcinoma of cirrhotic liver: a case-control study.
World J Surg. 2014;38:2919e2926.

8. Berardi G, Van Cleven S, Fretland ÅA, et al. Evolution of laparoscopic liver
surgery from innovation to implementation to mastery: perioperative and
oncologic outcomes of 2,238 patients from 4 European specialized centers. J Am
Coll Surg. 2017;225:639e649.

9. Yoon YI, Kim KH, Kang SH, et al. Pure laparoscopic versus open right hepa-
tectomy for hepatocellular carcinoma in patients with cirrhosis. Ann Surg.
2017;265:856e863.

10. Sposito C, Battiston C, Facciorusso A, et al. Propensity score analysis of out-
comes following laparoscopic or open liver resection for hepatocellular carci-
noma. Br J Surg. 2016;103:871e880.

11. Ciria R, Gomez-Luque I, Oca~na S, et al. A systematic review and meta-analysis
comparing the short- and long-term outcomes for laparoscopic and open liver
resections for hepatocellular carcinoma: updated results from the European
Guidelines Meeting on Laparoscopic Liver Surgery, Southampton, UK. Ann Surg
Oncol. 2019;26:252e263.

12. El-Gendi A, El-Shafei M, El-Gendi S, Shawky A. Laparoscopic versus open he-
patic resection for solitary hepatocellular carcinoma less than 5cmin cirrhotic
patients :a randomized controlled study .J. Laparoendosc Adv Surg Tech A.
2018;28:302e310.

13. Cho JY, Han H-S, Yoon Y-S, Choi Y, Lee W. Outcomes of laparoscopic right
posterior sectionectomy in patients with hepatocellular carcinoma in the era of
laparoscopic surgery. Surgery. 2015;158:135e141.

14. Xiao L, Xiang L, Li J, Chen J, Fan Y, Zheng S. Laparoscopic versus open liver
resection for hepatocellular carcinoma in posterosuperior segments. Surg
Endosc. 2015;29:2994e3001.

15. Komatsu S, Brustia R, Goumard C, Perdigao F, Soubrane O, Scatton O. Laparo-
scopic versus open major hepatectomy for hepatocellular carcinoma: a
matched pair analysis. Surg Endosc. 2016;30:1965e1974.

16. von Elm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The
Strengthening the Reporting of Observational Studies in Epidemiology
(STROBE) statement: guidelines for reporting observational studies. J Clin
Epidemiol. 2008;61:344e349.

17. Lee JJ, Kim PTW, Fischer S, et al. Impact of viral hepatitis on outcomes after liver
resection for hepatocellular carcinoma: results from a north american center.
Ann Surg Oncol. 2014;21:2708e2716.

18. Strasberg SM. Nomenclature of hepatic anatomy and resections: a review of
the Brisbane 2000 system. J Hepatobiliary Pancreat Surg. 2005;12:351e355.

19. Cho JY, Han H-S, Yoon Y-S, Shin S-H. Experiences of laparoscopic liver resection
including lesions in the posterosuperior segments of the liver. Surg Endosc.
2008;22:2344e2349.

20. Cherqui D, Husson E, Hammoud R, et al. Laparoscopic liver resections: a
feasibility study in 30 patients. Ann Surg. 2000;232:753e762.

21. Mehta N, Heimbach J, Harnois DM, et al. Validation of a Risk Estimation of
Tumor Recurrence After Transplant (RETREAT) score for hepatocellular carci-
noma recurrence after liver transplant. JAMA Oncol. 2017;3:493e500.

Figure 5. Cumulative incidence of recurrence after liver resection in the matched cohort (univariable Fine-Gray proportional hazard regression for competing event of recurrence
subdistribution HR 1.39, 95% CI 0.88e2.21; P ¼ .16).

T. Ivanics et al. / Surgery xxx (2021) 1e10 9

Downloaded for Anonymous User (n/a) at Henry Ford Hospital / Henry Ford Health System (CS North America) from ClinicalKey.com by 
Elsevier on December 30, 2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

https://doi.org/10.1016/j.surg.2021.10.017
https://doi.org/10.1016/j.surg.2021.10.017
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref1
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref1
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref1
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref1
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref1
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref2
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref2
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref2
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref3
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref3
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref3
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref3
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref4
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref4
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref4
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref5
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref5
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref5
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref5
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref6
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref6
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref6
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref6
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref7
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref7
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref7
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref7
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref8
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref8
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref8
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref8
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref8
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref9
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref9
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref9
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref9
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref10
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref10
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref10
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref10
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref11
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref11
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref11
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref11
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref11
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref11
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref11
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref12
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref12
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref12
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref12
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref12
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref13
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref13
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref13
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref13
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref14
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref14
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref14
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref14
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref15
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref15
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref15
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref15
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref16
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref16
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref16
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref16
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref16
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref17
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref17
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref17
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref17
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref18
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref18
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref18
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref19
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref19
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref19
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref19
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref20
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref20
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref20
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref21
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref21
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref21
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref21


22. Edmondson HA, Steiner PE. Primary carcinoma of the liver: a study of 100 cases
among 48,900 necropsies. Cancer. 1954;7:462e503.

23. Dindo D, Demartines N, Clavien P. Classification of surgical complications. Ann
Surg. 2004;240:205e213.

24. Rahbari NN, Garden OJ, Padbury R, et al. Posthepatectomy liver failure: a
definition and grading by the International Study Group of Liver Surgery
(ISGLS). Surgery. 2011;149:713e724.

25. Austin PC. Using the standardized difference to compare the prevalence of a
binary variable between two groups in observational research. Commun Stat
Simul Comput. 2009;38:1228e1234.

26. Varadhan R, Weiss CO, Segal JB, Wu AW, Scharfstein D, Boyd C. Evaluating
health outcomes in the presence of competing risks: a review of statistical
methods and clinical applications. Med Care. 2010;48(6 suppl):S96e105.

27. Zhang X, Zhang M-J, Fine J. A proportional hazards regression model for the
subdistribution with right-censored and left-truncated competing risks data.
Stat Med. 2011;30:1933e1951.

28. Abu Hilal M, Aldrighetti L, Dagher I, et al. The Southampton consensus
guidelines for laparoscopic liver surgery: from indication to implementation.
Ann Surg. 2018;268:11e18.

29. Levi Sandri GB, Ettorre GM, Aldrighetti L, et al. Laparoscopic liver resection of
hepatocellular carcinoma located in unfavorable segments: a propensity score-
matched analysis from the I Go MILS (Italian Group of Minimally Invasive Liver
Surgery) Registry. Surg Endosc. 2019;33:1451e1458.

30. Chen T-H, Yang H-R, Jeng L-B, et al. Laparoscopic liver resection: experience of
436 cases in one center. J Gastrointest Surg. 2019;23:1949e1956.

31. Wang Z-Y, Chen Q-L, Sun L-L, et al. Laparoscopic versus open major liver
resection for hepatocellular carcinoma: systematic review and meta-analysis of
comparative cohort studies. BMC Cancer. 2019;19:1047.

32. Xiangfei M, Yinzhe X, Yingwei P, Shichun L, Weidong D. Open versus laparo-
scopic hepatic resection for hepatocellular carcinoma: a systematic review and
meta-analysis. Surg Endosc. 2019;33:2396e2418.

33. Guro H, Cho JY, Han HS, et al. Outcomes of major laparoscopic liver resection
for hepatocellular carcinoma. Surg Oncol. 2018;27:31e35.

34. Sasaki Y, Yamada T, Tanaka H, et al. Risk of recurrence in a long-term follow-up
after surgery in 417 patients with hepatitis B- or hepatitis C-related hepato-
cellular carcinoma. Ann Surg. 2006;244:771e780.

35. Ruzzenente A, Bagante F, Ratti F, et al. Minimally invasive versus open liver
resection for hepatocellular carcinoma in the setting of portal vein hyperten-
sion: results of an international multi-institutional analysis. Ann Surg Oncol.
2020;27:3360e3371.

36. Vega EA, Kutlu OC, Joechle K, De La Cruz N, Ko D, Conrad C.
Preoperative prognosticators of safe laparoscopic hepatocellular carcinoma
resection in advanced cirrhosis: a propensity score matching population-
based analysis of 1799 Western patients. J Gastrointest Surg. 2019;23:
1157e1165.

37. Berardi G, Aghayan D, Fretland ÅA, et al. Multicentre analysis of the learning
curve for laparoscopic liver resection of the posterosuperior segments. Br J
Surg. 2019;106:1512e1522.

38. Vigano L, Laurent A, Tayar C, Tomatis M, Ponti A, Cherqui D. The learning curve
in laparoscopic liver resection: improved feasibility and reproducibility. Ann
Surg. 2009;250:772e782.

39. Nomi T, Fuks D, Kawaguchi Y, Mal F, Nakajima Y, Gayet B. Learning curve for
laparoscopic major hepatectomy. Br J Surg. 2015;102:796e804.

40. van der Poel MJ, Besselink MG, Cipriani F, et al. Outcome and learning curve in
159 consecutive patients undergoing total laparoscopic hemihepatectomy.
JAMA Surg. 2016;151:923e928.

41. Lee B, Choi Y, Lee W, et al. Timing for introduction of total laparoscopic living
donor right hepatectomy: initial experience based on the data of laparoscopic
major hepatectomy. Transplantation. 2021;105:1273e1279.

42. Lee JJ, Conneely JB, Smoot RL, et al. Laparoscopic versus open liver resection for
hepatocellular carcinoma at a North-American Centre: a 2-to-1 matched pair
analysis. HPB (Oxford). 2015;17:304e310.

T. Ivanics et al. / Surgery xxx (2021) 1e1010

Downloaded for Anonymous User (n/a) at Henry Ford Hospital / Henry Ford Health System (CS North America) from ClinicalKey.com by 
Elsevier on December 30, 2021. For personal use only. No other uses without permission. Copyright ©2021. Elsevier Inc. All rights reserved.

http://refhub.elsevier.com/S0039-6060(21)00977-6/sref22
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref22
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref22
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref23
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref23
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref23
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref24
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref24
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref24
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref24
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref25
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref25
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref25
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref25
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref26
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref26
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref26
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref26
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref27
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref27
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref27
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref27
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref28
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref28
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref28
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref28
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref29
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref29
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref29
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref29
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref29
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref30
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref30
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref30
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref31
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref31
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref31
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref32
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref32
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref32
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref32
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref33
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref33
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref33
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref34
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref34
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref34
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref34
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref35
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref35
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref35
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref35
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref35
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref36
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref36
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref36
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref36
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref36
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref36
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref37
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref37
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref37
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref37
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref38
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref38
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref38
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref38
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref39
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref39
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref39
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref40
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref40
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref40
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref40
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref41
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref41
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref41
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref41
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref42
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref42
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref42
http://refhub.elsevier.com/S0039-6060(21)00977-6/sref42

	Long-term outcomes of laparoscopic liver resection for hepatocellular carcinoma: A propensity score matched analysis of a high-volume North American center
	Recommended Citation
	Authors

	Long-term outcomes of laparoscopic liver resection for hepatocellular carcinoma: A propensity score matched analysis of a h ...
	Introduction
	Methods
	Study population
	Patient selection and surgical technique
	Covariates
	Outcome measures
	Propensity score matching
	Follow-up, survival, and recurrence
	Statistical analysis

	Results
	Study population and pathology
	Survival analysis in the unmatched cohort
	Survival analysis in the unmatched cohort stratified by eras
	Causes of death
	Matched cohort
	Matched survival analysis

	Discussion
	Funding/Support
	Conflict of interest/Disclosure
	Supplementary materials
	References


