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Abstract

Background Although the benefits of laparoscopic hepatectomy (LH) for hepatocellular carcinoma (HCC) in most circum-
stances are evident, the benefits for large HCC are contentious. This study aimed to compare the perioperative outcomes and
survival after LH versus open hepatectomy (OH) in large HCC patients.

Methods An analysis of prospectively maintained database included 215 hepatectomies for large HCC (diameter >5 cm).
The operative and survival outcomes were compared between the LH group (n=109) and the OH group (n=106). Propensity
score matching (PSM) 1:1 included 70 patients in each group. The entire cohort multivariable analyses were performed to
identify the factors associated with surgical complications and suboptimal recurrence-free survival (RFS).

Results After PSM, baseline characteristics and the extent of liver resection were similar in both groups. The LH group
had a shorter hospital stay than the OH group (7 vs 9.5 days, p=0.001). The RO resection rate, complication rate, overall
survival, and RFS were similar between the groups. The multivariate analyses revealed two independent factors predicting
surgical complication (major resection; p < 0.001 and large volume blood loss; p=0.042), and 3 independent factors predict-
ing suboptimal RFS including R1 resection (p=0.011), multifocal HCC (p =0.005), and microvascular invasion (p =0.001).
LH was not associated with surgical complication and suboptimal RFS.

Conclusion Our study highlights the benefits of LH by improving the perioperative outcomes, without long-term survival
inferiority in selected large HCC patients compared with conventional OH. LH can be an attractive option for large HCC
treatment.
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Hepatocellular carcinoma (HCC), the commonest primary
liver cancer, is one of the leading causes of cancer-related
mortality worldwide [1]. Theoretically, the curative treat-
ment of HCC requires one of three therapeutic modalities:
tumor ablation, liver transplantation (LT), and hepatectomy
[2]. Generally, tumor ablation is only suitable for small
HCCs, and there is a shortage of donors for LT. Therefore,
hepatectomy is the main curative treatment for HCC in most
regions, especially in Asia.

Hepatectomy for large HCC (diameter > 5 cm) is techni-
cally difficult and frequently requires major liver resection,
which may be associated with higher morbidity and mortal-
ity rates than other methods. The long-term survival after
liver resection for large HCC has also been reported to be
poor [3, 4]. Nonetheless, there have been reports describing
encouraging perioperative and long-term outcomes of hepa-
tectomy for large HCC in selected patients [5—8].

Advances in laparoscopic surgical techniques and instru-
ments have made laparoscopic hepatectomy (LH) an attrac-
tive option for the treatment of HCC. However, there are still
limitations in the application of the laparoscopic approach.
According to the consensus statement on LH [9, 10], the
standard recommendation for LH is a single tumor <5 cm
in diameter in a favorable location (anterolateral segments of
the liver). Large HCC is not yet accepted as a good indica-
tion for LH. Concerns have been raised about the operative
difficulties during liver mobilization, tumor manipulation,
and parenchymal transection, which may lead to tumor rup-
ture and massive bleeding. The fear of increased operative
complications and suboptimal oncological outcomes from
LH has made open hepatectomy (OH) the preferred surgical
technique for large HCC.

Improved perioperative outcomes and acceptable onco-
logical outcomes with LH have been demonstrated in HCC
[11-15]. However, there are limited comparative studies of
LH and OH for large HCC. Only a few small series have
reported the technical feasibility and potential benefits of
the laparoscopic approach for large HCC [16-18]. With
more experience, the limitations of LH for large HCC can
be overcome and LH can offer the benefits of minimal inva-
siveness and oncological safety. In this study, we compared
the perioperative and long-term survival outcomes between
LH and OH in patients with large HCC.

Materials and methods

After Institutional Review Board approval was completed
(IRB number B-2009-634-107), we reviewed a prospectively
maintained database of patients with HCC who underwent
hepatectomy between 2003 and 2018 at Seoul National Uni-
versity Bundang Hospital, Seongnam-si, Korea.
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Management of patients
Initial assessment and operative candidate

All patients underwent dynamic contrast-enhanced liver
imaging [computed tomography (CT) or magnetic reso-
nance imaging (MRI)] for diagnosis and preoperative
evaluations. Blood tests included complete blood count,
liver function tests (LFT), coagulogram, serum alpha-feto-
protein (AFP) measurement, indocyanine green retention
at 15 min (ICGR15), and viral hepatitis status. The treat-
ment options were discussed at a multidisciplinary HCC
conference among surgeons, hepatologists, interventional
radiologists, and medical oncologists. Three curative
therapeutic modalities, hepatectomy, tumor ablation, and
LT, were considered as the first choice. For patients with
large HCC, hepatectomy is the only curative treatment of
choice.

Generally, hepatectomy for large HCC is considered
if margin negative resection can be done safely (feasible
surgical technique, adequate future liver remnant (FLR),
and medically fit for major surgery). The criteria of an
adequate liver reserve included (1) limited signs of portal
hypertension (2) CTP class A [class B: mostly considered
inadequate FLR and class C: absolute contraindication for
surgery] (3) FLR > 30-40% (4) ICGR15 < 10-15%. From
the oncological standpoint, we prefer resection for patient
with single tumor. However, patient with multifocal tumors
may be considered resection if preoperative imaging has
confirmed of limited numbers of HCC not more than 2-3
lesions. Patient with borderline liver reserve, sequential
TACE and PVE might be done to augment FLR volume
before hepatectomy. HCC with macrovascular invasion or
thrombus in PV or HV are sometime offered surgery if RO
resection is possible.

In most circumstances including large HCC, the opera-
tive approaches (LH and OH), are chosen based on the
patient’s preference after a detailed explanation of the
procedures is given to the patient. The preferred tumor
location for LH included segment 2,3,4,5, and 6. In our
hospital, size and number of tumor or major vascular inva-
sion are not an absolute contraindication for LH. However,
we may consider open approach first for some conditions
due to operative and oncological safety concerns includ-
ing huge tumor in close proximity to major hepatic veins/
IVC/PV confluent and HCC with PVTT/BDTT that need
thrombectomy or PV resection. We always consider open
approach for ruptured HCC. The type of hepatectomy was
not modified for the laparoscopic approach.
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Surgical technique

The type of hepatectomy was defined according to the
Brisbane 2000 terminology for hepatic resection [19].
In general, our team prefers anatomical liver resection as
the first choice. However, nonanatomical liver resection
is considered for cirrhotic patients with a small remnant
volume in order to prevent posthepatectomy liver failure
(PHLF). The extent of resection was classified as minor
liver resection (the resection of less than 3 liver segments)
or major liver resection (the resection at least 3 liver seg-
ments). In this study, we classified patients into two groups
by the surgical technique used, the LH and OH groups.

In the LH group, all procedures were purely laparoscopic.
The patient was placed in the supine position, with legs sep-
arated, or in the lithotomy position. We inserted 30-degree
rigid or flexible 3D laparoscopes through a 12 mm supra-
umbilical or infra-umbilical port. An additional three or four
ports were included. Pneumoperitoneum was maintained
with a pressure of 12—14 mmHg. Intraoperative evaluations
were routinely performed with laparoscopic ultrasonogra-
phy. We always prepared for the Pringle maneuver but it
was only used in selected cases, especially if hemostasis
was difficult due to bleeding from diseased parenchyma.
Superficial parenchymal transection was performed with a
harmonic scalpel (Ethicon Endo-Surgery Inc., Cincinnati,
OH, USA). Deep parenchymal transection was performed
with a combination of laparoscopic instruments, including
the Cavitron ultrasonic surgical aspirator (CUSA) (Valley-
lab, Inc., Boulder, CO, USA), LigaSure (Valleylab, Inc.),
and a harmonic scalpel. Small vessels and bile ducts were
secured with Hem-o-lok clips (Teleflex Medical, Research
Triangle Park, NC, USA). Large hepatic veins and bile ducts
were secured with vascular staplers. The resected tumor
were retrieved through an enlarged port site or Pfannenstiel
incision.

In the OH technique, the patient was placed in the supine
position. A right subcostal incision with a vertical mid-
line extension was made. A special retractor for adequate
exposure was used. The tumor and liver were evaluated by
manual palpation and with intraoperative ultrasonography
to confirm the location of the tumor and its relationships to
adjacent structures, and to determine the final operative plan
intraoperatively. Parenchymal transection was performed
with monopolar and bipolar electric cautery, CUSA, and
LigaSure.

Postoperative care
The inpatient postoperative care protocol included daily LFT

during the early postoperative days and a CT scan of the liver
on postoperative day 5. After hospital discharge, the patient

was scheduled for follow-up at 1-2 weeks. Thereafter, outpa-
tient follow-up visits were scheduled every 3 months during
the first 2 years and every 6 months thereafter. The outpa-
tient visits included a clinical evaluation, blood tests (AFP
and LFT), and imaging (liver CT or MRI).

Assessment of outcomes

The primary outcomes were comparisons of the periop-
erative outcomes, including operative parameters (blood
loss, transfusion requirements, and intraoperative compli-
cations), length of hospital stay, and postoperative compli-
cations. All complications were classified according to the
Clavien—Dindo classification [20]. Liver-specific complica-
tions, including PHLF and posthepatectomy bile leakage,
were classified according to the International Study Group
of Liver Surgery criteria [21, 22]. The secondary outcomes
included (1) comparisons of long-term survival, overall sur-
vival (OS), and recurrence-free survival (RFS) in patients
with large HCC treated with LH or OH (2) to identify factors
associated with suboptimal outcomes (operative complica-
tions and suboptimal RFS) and to confirm the safety of LH
for large HCC treatment by the entire cohort multivariable
analyses.

The OS was calculated from the day after surgery to the
last day of follow-up or death. The RFS was calculated from
the day after surgery to the last day of follow-up, recurrence,
or death.

Statistical analysis

Since the study was an observational study to compare the
outcomes of two surgical techniques, LH vs. OH, propensity
score matching (PSM) was used to reduce the selection bias.
Propensity score (PS) was calculated by using binary logistic
regression with surgical technique as a binary dependent
variable. Seven potential confounders affecting surgeon’s
decision in order to select the surgical technique were used
in the binary logistic model. The confounders included (1)
previous laparotomy (no/yes), (2) cirrhosis by imaging (no/
yes), (3) Child-Turcotte—Pugh (CTP) classification (A/B),
(4) number of tumor (single/multiple), (5) location of
tumor (anterolateral segment/posterosuperior segment), (6)
maximum tumor diameter (cm), and (7) extent of resection
(minor liver resection/major liver resection). Basically, most
surgeons tend to select LH for single large HCC which is
located in anterolateral segment planning to do minor liver
resection. Additionally, patient with no history of laparot-
omy, no significant cirrhosis by imaging, and CTP class A
were a factor supporting the LH selection as well.

The NCSS software (NCSS, LLC, USA) was used to
perform PSM using Mahalanobis distance within PS cali-
pers (0.2*SD of the logit propensity score), 1:1 matching
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without replacement. Quality of matching was checked by
comparison of (1) the distribution of PS, and (2) the abso-
lute standardized mean difference (ldl) of each confounder
before and after matching. The Idl of < 10% indicates a
negligible difference between groups for that confounder,
whereas Idl of 10%-20%, > 20% for acceptable difference
and group imbalance, respectively. In this study, the Idl
were < 10% for all covariates.

We did not exclude any conversions from the LH
group, according to the intention-to-treat analysis. Cat-
egorical variables are expressed as numbers and percent-
ages. Continuous variables are expressed as medians and
interquartile ranges or as means and standard deviations.
The X2 test or Fisher’s exact test was used, as appropri-
ate, for the comparison of categorical variables, and the
Mann—Whitney U test was used for the comparison of
continuous variables. Survival (OS and RFS) was calcu-
lated with the Kaplan—-Meier method and comparisons
between groups were assessed with a log-rank test.

The entire cohort multivariable analyses were per-
formed to identify the factors associated with suboptimal
outcomes (operative complications and suboptimal RFS)
and to confirm the safety of LH for large HCC as well.
The binary logistic regression analysis was conducted to
identify factor associated with operative complications.
The analysis began with a univariable analysis of each
potential contributing factors [extent of resection (minor/
major), blood loss (< 1000 ml, > 1000 ml), blood transfu-
sion requirement (no/yes), operative technique (LH/OH),
cirrhosis by imaging (no/yes), severity of background
liver disease (CTP class A/B)] as reported by crude OR
(95% CI) and p value. Variables with univariable p value
less than 0.10 and variable of interest (operative tech-
nique) were then entered into a multiple logistic regres-
sion using ENTER approach. The collinearity of these
independent variables was checked by variance inflation
factor (VIF).

The cox-proportional hazard model was performed
to identify factor associated with suboptimal RFS. The
potential contributing factors included surgical technique
(LH/OH), completeness of resection (R0O/R1), microvas-
cular invasion (no/yes), number of HCC (single/multiple)
and AFP (<10 ng/ml/> 10 ng/ml) were analyzed as uni-
variate analysis first. Each variable was checked for the
assumption of proportional hazard (PH) by visual look-
ing at plots of In(—In(S(t)) against time. Variables with
univariable p value less than 0.10 and variable of inter-
est (operative technique) were then entered into multiple
Cox’s regression model to identify an independent factor
affecting suboptimal RFS. All statistical analyses were
performed with SPSS version 23 (IBM SPSS Statistics
23, Armonk, NY, USA). A p value <0.05 was considered
to indicate statistical significance.
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Results

During the study period, 902 patients with HCC underwent
hepatectomy at our hospital. In total, 249 patients with
large HCC (at least one tumor with a diameter > 5 cm),
diagnosed with preoperative imaging, were included. To
avoid any bias in the survival analysis, 17 patients with a
history of spontaneously ruptured HCC or other cancer
treatment or combined hepato-cholangiocarcinoma on
the final pathology report were excluded. Eight patients
who underwent combined hepatectomy and intraoperative
tumor ablation and nine patients who underwent robot-
assisted liver resection were also excluded. After exclud-
ing these patients, a total of 215 patients were included in
the study and the statistical analyses. Most variables con-
tain missing data of less than 3% except ICGR15 that was
missed about 20%. The study population was classified
into two groups according to the surgical technique used,
the LH group (n=109) and the OH group (rn=106). Fol-
lowing 1:1 PSM, we included 70 patients in each group,
with similar baseline demographics, similar background
liver diseases and function, similar preoperative imaging
features of HCC (number and location), and similar extents
and difficulty of hepatectomy, for the final comparison of
outcomes. The diagram to summarize our hepatectomy
experience for large HCC and study flow is showed in
supplementary Fig. 1.

Patient demographics

The overall patient demographics before and after PSM
are showed in Table 1. Before matching, there were sig-
nificantly greater proportions of female (p =0.009) and
patient with high body mass index (BMI) (p=0.016) in the
LH group than in the OH group. The proportion of patients
with history of transarterial chemoembolization (TACE)
was lower in LH group than in the OH group (p =0.028).
In terms of the preoperative HCC imaging characteris-
tics, the LH group had smaller maximum tumor diameters
(»=0.005) and a higher proportion of tumors located in
an antero-inferior segment (p = 0.048) than the OH group.
The numbers of tumors and the baseline liver function,
including the CTP class, were similar between the groups.
After PSM, the differences in the overall demographics
between the groups were clearly reduced. Only the pro-
portion of patients with history of TACE was lower in the
LH group than the OH group (p =0.049). The potential
confounding variables that affected the surgeon’s choice
of surgical technique included cirrhotic status, history of
previous laparotomy and the radiographic features of HCC
were not differ between the two groups.
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Table 1 Baseline patient characteristics of the laparoscopic and open hepatectomy groups
Characteristic Before matching After matching
LH (n=109) OH (n=106) p value LH (n=70) OH (n=70) p value

Age, y, median (IQR) 60 (50-69) 60 (49-67) 0.305 60 (51-70) 60 (49-67) 0.277
Sex, n (%)

Male 86 (78.9) 97 (91.5) 0.009 60 (85.7) 64 (91.4) 0.288

Female 23 (21.1) 9 (8.5) 10 (14.3) 6 (8.6)
BMI, kg/m?, median (IQR) 24.3 (22.1-26.0) 23.1 (22.0-24.9) 0.016 24.0 (22.0-25.8) 23.0 (21.6-24.9) 0.150
Previous laparotomy, n (%) 18 (16.5) 15 (14.2) 0.631 8(11.4) 9(12.9) 0.796
Previous TACE, n (%) 27 (24.8) 41 (38.7) 0.028 18 (25.7) 29 (41.4) 0.049
Previous RFA, n (%) 7(6.4) 6(5.7) 0.815 5(7.1) 6 (8.6) 0.753
Albumin, g/dl, median (IQR) 4.2 (3.9-4.5) 4.1 (3.8-4.3) 0.054 4.2 (3.9-4.5) 4.1 (3.94.3) 0.876
Bilirubin, mg/dl, median (IQR) 0.7 (0.5-0.9) 0.7 (0.5-0.9) 0.122 0.8 (0.5-1) 0.7 (0.6-1) 0.948
INR, median (IQR) 1.05 (1-1.11) 1.06 (1.02-1.11) 0.425 1.07 (1.01-1.12) 1.05 (1.01-1.10) 0.262
Platelet’, median (IQR) 182 (144-241) 184 (143-233) 0.863 177 (142-233) 184 (146-231) 0.961
Hepatitis virus profile, n (%)

HBsAg (+), anti-HCV (-) 75 (68.8) 64 (60.4) 0.342 49 (70.0) 45 (64.3) 0.372

HBsAg (—), anti-HCV (+) 43.7) 3(2.8) 34.3) 1(1.4)

HBsAg (+), anti-HCV (+) - - - -

HBsAg (—), anti-HCV (-) 30 (27.5) 39 (36.8) 18 (25.7) 24 (34.3)
ICGR15, %, median (IQR) 6.2 (3.7-9.9) 8.7 (4.6-13.3) 0.038 6.0 (3.8-9.3) 7.7 (4.0-13.8) 0.116
AFP, ng/ml, median (IQR) 15.7 (3.5-312) 30.1 (4.5-1210) 0.401 17.3 (3.5-420) 30.0 (4.3-1252) 0.492
Rad. tumor number, n (%)

Single lesion 89 (81.7) 86 (81.1) 0.922 57 (81.4) 57 (81.4) 1.000

Multiple lesions 20 (18.3) 20 (18.9) 13 (18.6) 13 (18.6)
Rad. tumor size, cm, median, (IQR) 6.0 (5.4-7.2) 7.0 (5.4-10.0) 0.005 6.0 (5.5-7.3) 6.0 (5.3-8.0) 0.954
Rad. tumor location, n (%)

Anterolateral segment 61 (56) 45 (42.5) 0.048 29 (41.4) 32 (45.7) 0.609

Posterosuperior segment 48 (44) 61 (57.5) 41 (58.6) 38 (54.3)
TBS, median, IQR) 6.1 (5.5-7.4) 7.1 (5.6-10.0) 0.003 6.2 (5.6-7.5) 6.3 (5.4-8.1) 0.897
Cirrhosis by imaging, n (%) 52 (47.7) 56 (52.8) 0.453 38 (54.3) 38 (54.3) 1.000
CTP class, n (%)

Class A 103 (94.5) 92 (86.8) 0.052 66 (94.3) 66 (94.3) 1.000

Class B 6 (5.5 14 (13.2) 4(5.7) 4(5.7)

LH laparoscopic hepatectomy; OH, open hepatectomy; /IQR, interquartile range; BMI, body mass index; TACE, transarterial chemoembolization;
RFA, radiofrequency ablation; INR, international normalized ratio; /ICGRI5, indocyanine green retention at 15 min; AFP, alpha-fetoprotein;

Rad., radiographic; TBS, tumor burden score; CTP class, Child-Turcotte—Pugh classification

PPlatelet counts are expressed as * 10%/10° L

Surgical and pathological results

The surgical and pathological results before and after match-
ing are presented in Table 2. Before matching, the extent of
resection, which determines the difficulty and outcomes of
hepatectomy, differed significantly between the groups. The
LH group had a higher proportion of patients with minor
liver resection, a higher proportion of patients with noncom-
plex hepatectomy (nonanatomical resection and left lateral
sectionectomy) than the OH group (p <0.001 and 0.001,
respectively). After matching, the extent of resection and
the complexity of hepatectomy were clearly balanced, with

no statistically significant differences between the groups
(p=0.866 and 0.079, respectively). When the perioperative
outcomes were compared between the groups after match-
ing, the LH group had a significantly shorter length of hos-
pital stay than the OH group 7 (610 days) and 9.5 (7-13
days) days, respectively, p=0.001). The operative blood
loss, operative time, and transfusion requirements did not
differ between the groups. The conversion rate in the LH
group was 15.6% before matching and 18.6% after match-
ing. The causes of conversions were bleeding, difficulty
of tumor manipulation with the laparoscopic approach,
severe adhesion, and intolerance of pneumoperitoneum.

@ Springer
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Table 2 Operative and pathological variables in the laparoscopic and open hepatectomy groups

Operative variables Before matching After matching
LH (n=109) OH (n=106) p value LH (n=70) OH (n=70) p value
Extent of resection, n (%)
Minor resection 66 (60.6) 37 (34.9) <0.001 34 (48.6) 33 (47.1) 0.866
Major resection 43 (39.4) 69 (65.1) 36 (51.4) 37 (52.9)
Operative procedure, n (%)
Non-anatomical resection 19 (17.4) 4(3.8) <0.001 9(12.9) 34.3) 0.079
Segmentectomy 9(8.3) 8 (7.5) 7 (10.0) 8(11.4)
Bi-segmentectomy 5 (4.6) 4 (3.8) 1(1.4) 3(4.3)
LLS 17 (15.6) 3(2.8) 6 (8.6) 3(4.3)
LH 6(5.5) 13 (12.3) 4(5.7) 9(12.9)
Extended LH 1(0.9) 3(2.8) 1(1.4) 2(2.9)
RAS 3(2.8) 4(3.8) 34.3) 3(4.3)
RPS 11 (10.1) 14 (13.2) 7 (10.0) 14 (20.0)
RH 30 (27.5) 30 (28.3) 25 (35.7) 15 (21.4)
Extended RH 3(2.8) 10 (9.4) 3(4.3) 34.3)
Central hepatectomy 1(0.9) 10 9.4) 1(1.4) 6 (8.6)
Combined resection 1(0.9) 2(1.9 1(1.4) 0
Caudate resection 0(0) 1(0.9) 0 1(1.4)
Other 3(2.8) 0(0) 2(2.9) 0
Conversion, n (%) 17 (15.6) - NA 13 (18.6) - NA
Operation time, min, median (IQR) 280 (4.3-1252) 288 (230-355) 0.509 308 (235-420) 275 (220-336) 0.099
Blood loss, ml, median (IQR) 500 (300-800) 700 (500-1325) <0.001 500 (300-800) 600 (400-1000) 0.419
Transfusion requirement, n (%) 22(20.2) 35 (33.0) 0.033 18 (25.7) 18 (25.7) 1.000
Pringle maneuver used, n (%) 50 (45.9) 43 (40.6) 0.432 32 (45.7) 28 (40.0) 0.495
Hospital stay, days, median (IQR) 7 (5-10) 10 (7-14) <0.001 7 (6-10) 9.5 (7-13) 0.001
Pathological variables
Max. tumor size, cm, median (IQR) 6.2 (5.1-7.7) 7 (5.8-10.9) 0.003 6.5 (5.2-8.0) 6.8 (5.1-8.5) 0.809
Number of tumors, n (%)
Single 88 (80.7) 92 (86.7) 0.241 54 (77.1) 63 (90.0) 0.064
Multiple 21(19.3) 14 (13.3) 16 (22.9) 7 (10.0)
Cirrhotic liver background, n (%) 46 (42) 51 (48) 0.384 30 (42.9) 33 (47.1) 0.610
Margin width, cm, median (IQR) 0.7 (02.-1.7) 0.5 (0.2-1.1) 0.086 0.7 (0.2-1.8) 0.5 (0.2-1) 0.164
Resection completeness, n (%)
RO 103 (94.5) 99 (93.3) 0.722 65 (92.9) 67 (95.7) 0.718
R1 6(5.5) 7(6.7) 5(7.1) 3(4.3)
Satellite lesions, n (%) 24 (22) 22 (21) 0.849 17 (24.3) 15 (21.4) 0.687
Microvascular invasion, n (%) 68 (62.4) 56 (53.3) 0.180 44 (62.9) 35 (50.0) 0.125
pT stage, n (%)
1 32(29.4) 33 (31.1) 0.009 23 (32.9) 24 (34.3) 0.589
2 49 (44.9) 29 (27.4) 30 (42.9) 24 (34.3)
3 23 (21.1) 31(29.2) 14 (20.0) 17 (24.3)
4 5 (4.6) 13 (12.3) 34.2) 5(7.1)

LH laparoscopic hepatectomy; OH open hepatectomy; /QR interquartile range; pT stage, pathologic tumor stage; LLS left lateral sectionectomy;

LH left hepatectomy; RAS right anterior sectionectomy; RPS right posterior sectionectomy; RH right hepatectomy

The pathological results after matching were similar in the
two groups, with similar tumor sizes, tumor numbers, com-

pleteness of resection rates (RO vs R1), margin width, and
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tumor histology (tumor grading, satellite lesions, and micro-
vascular invasion).
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Table 3 Perioperative complications in the laparoscopic and open hepatectomy groups
Complication Before matching After matching
LH (n=109) OH (n=106) P value LH (n=70) OH (n=70) P value

Intraoperative complication, n 2(1.8) 2(1.9) 1.000 1(1.4) 1(1.4) 1.000
(%) 1(0.9) - - -

CBD injury 1(0.9) - - -

Diaphragmatic injury - 1(0.9) 1(1.4) -

Bowel injury - 1(0.9) - -

Tumor rupture - - - 1(1.4)
Intraoperative mortality, n (%) 0 0 NA 0 0 NA
Postoperative complication, n (%) 21(19.3) 34 (32.1) 0.031 17 (24.3) 18 (25.7) 0.845
High-grade complications®, n (%) 13 (11.9) 23 (21.7) 0.055 12 (17.1) 13 (18.6) 1.000
Medical complication, n (%) 11 (10.1) 11 (10.4) 1.000 8(11.8) 7 (10.0) 0.739
Post-operative bleeding, n (%) 4(3.7) 6(5.7) 0.488 1(1.4) 1(1.4) 1.000
Surgical site infection, n (%) 10 (9.1) 15 (14.2) 0.255 34.3) 2(2.9) 1.000
Bile leakage, n (%) 1(0.9) 2(1.9) 0.545 1(1.4) 2(2.9) 1.000
Post-hepatectomy liver failure, n (%) 3(2.8) 8 (7.5) 0.111 34.3) 34.3) 1.000
Re-operation, n (%) 3(2.8) 7 (6.6) 0.180 2(2.9) 2(2.9) 1.000

LH laparoscopic hepatectomy; OH open hepatectomy; CBD common bile duct; NA not applicable

PHigh-grade complications indicate those of Clavien—Dindo grade III or higher

Operative complications

A summary of the operative complications is presented in
Table 3. There were no differences in the intraoperative com-
plication rates of the two groups. We did not observe any
intraoperative patient mortality in this study. In a compari-
son of the postoperative complication rates, the LH group
had a significantly lower overall complication rate than
the OH group before matching (19.3% and 32.1%, respec-
tively, p=0.031), but the complication rate was similar in
both groups after matching (24.3% and 25.7%, respectively,
p=0.845). The LH group also had a lower high-grade com-
plication rate (Clavien—Dindo grade > 3) than the OH group
before matching (11.9% and 21.7%, respectively, p=0.055),
but the differences was not differ between the groups after
matching (17.1 and 18.6%, p=1.000). There were no dif-
ferences in rate of other complications including postopera-
tive bleeding, reoperation, bile leakage, liver insufficiency,
surgical-site infection, or medical complications between
two groups.

Survival outcomes

The 1-, 3-, and 5-year RFS after hepatectomy for the entire
cohort of patients with large HCC were 56.3%, 42.4%, and
38.9% respectively. The 1-, 3-, 5-year OS rates of patients
after hepatectomy for large HCC in this study were 94.2%,
87.8%, and 77.9%, respectively.

A comparison of Kaplan—Meier survival curves for the
groups before and after matching is presented in Fig. 1.

Before matching, the 1-, 3-, and 5-year RFS rates in the
LH group were 59.0%, 46.8%, and 44.2%, respectively,
and those in the OH group were 53.6%, 38.1%, and 32.7%
respectively (p=0.193). The 1-, 3-, and 5-year OS rates in
the LH group were 94.1%, 89.1%, and 84.6%, respectively,
and those in the OH group were 94.2%, 86.3, and 72.0%,
respectively (p=0.401). After matching, the 1-, 3-, and
5-year RFS rates in the LH group were 53.6%, 38.1%, and
32.7%, respectively, and those in the OH group were 49.8%,
37.3%, and 33.5%, respectively (p=0.138). The 1-, 3-, and
5-year OS rates in the LH group were 93.8%, 90.3%, and
85.5%, respectively, and those on the OH group were 95.6%,
90.4%, and 77.3%, respectively (p=0.668).

Multivariable analysis of operative complications
and suboptimal RFS

To achieve the best hepatectomy outcomes for patients with
large HCC, we performed multivariable analyses to identify
factors associated with postoperative complications and sub-
optimal RFS. On the other hand, we would like to check if
LH is safe for large HCC treatment in term of operative and
oncological safety standpoints. The results of the multivari-
able analyses are presented in Tables 4 and 5.

The postoperative complications and potential contrib-
uting factors (operative technique [OH], extent of resec-
tion [major liver resection], cirrhosis of liver background,
CTP class B, large operative blood loss [> 1000 ml],
and requirement for blood transfusion) were included in
the binary logistic regression analysis. However, based
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Fig. 1 Kaplan—-Meier curves demonstrating the long-term survival of
patients with large hepatocellular carcinoma treated with laparoscopic
hepatectomy or open hepatectomy. Recurrence-free survival and

Table 4 Multivariable analysis
of factors associated with
postoperative complications
after hepatectomy for large

overall survival rates before (A, B
ing (C, D) are shown

) and after propensity score match-

Variables

Univariable analysis

OR (95% CI) p

Multivariable analysis

OR (95% CI) P

hepatocellular carcinoma in the Operative technique: OH 1.98 (1.06-3.70) 0.033 1.24 (0.61-2.51) 0.550
entire cohort Extent of resection: major liver  4.15 (2.07-8.33) <0.001 4.17 (1.97-8.85) <0.001
resection
Cirrhotic liver background 1.70 (0.91-3.17) 0.095 1.76 (0.89-3.51) 0.099
CTP class B 3.33 (1.31-8.51) 0.012 2.29 (0.77-6.83) 0.137
Blood loss > 1000 ml 2.95 (1.54-5.65) 0.001 2.13 (1.03-4.41) 0.042
Require blood transfusion 3.73 (1.93-7.21) 0.001 - -

Collinearity of five independent variables in multivariate analysis were checked by variance inflation factor
(VIF). VIF were close to one (1.017-1.124) indicating no collinearity among these independent variables

OH open hepatectomy; CTP Child—Turcotte-Pugh

on the rule of thumb of 10 events per variable, only 5
independent variables were seemed appropriate for the
analysis of 55 events in this study. Collinearity among

three candidate variables for multiple logistic regres-
sion, i.e., extent of resection (minor/major), blood loss
(<1000 ml, > 1000 ml), and blood transfusion (no/yes)
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Table 5 Multiv.ariable .analysis Variables Univariable analysis Multivariable analysis
of factors associated with
suboptimal recurrence-free HR (95% CI) P HR (95% CI) p
survival after hepatectomy for
large hepatocellular carcinoma Operative technique: OH 1.25 (0.89-1.75) 0.203 1.34 (0.95-1.89) 0.100
in the entire cohort Completeness of resection: R1 2.60 (1.40—4.86) 0.003  2.28(1.21-4.32) 0.011
Max tumor size > 10 cm 1.29 (0.83-1.99) 0255 -
Cirrhotic liver background 1.18 (0.85-1.66) 0325 -
Microvascular invasion 1.91 (1.34-2.72) <0.001 1.91 (1.32-2.77) 0.001
Number of HCC: multiple lesions 1.81 (1.20-2.71) 0.004  1.79 (1.19-2.70) 0.005
AFP-producing HCC: AFP>10 ng/ml 1.52 (1.07-2.16) 0.020  1.13 (0.78-1.64) 0.513
Presence of postoperative complication 0.88 (0.59-1.31) 0.533 -
Require blood transfusion 1.19 (0.82-1.72) 0354 -

OH open hepatectomy; R/ microscopic margin positive; AFP alpha-fetoprotein

were examined. Blood loss was found to be highly related
with blood transfusion requirement. Therefore, we did
not include blood transfusion requirement into the multi-
variable analysis. Finally, the multiple logistic regression
revealed that major liver resection (p <0.001) and opera-
tive blood loss > 1000 ml (p =0.042) were an independent
factor predicting postoperative complications in this study
(Table 4).

The potential factors predicting poor oncological out-
come associated with suboptimal RFS, including operative
technique (OH), completeness of resection (R1), largest
tumor size (> 10 cm), background liver cirrhosis, pres-
ence of microvascular invasion, number of HCCs (multiple
lesions), AFP-producing HCC (AFP > 10 ng/ml), presence
of postoperative complications, and requirement for blood
transfusion during surgery, were included. The multiple
Cox’s proportional hazard model of RFS demonstrated
that the completeness of resection (R1 resection), the
presence of microvascular invasion, and multifocal tumors
were independent poor prognostic factors related to sub-
optimal RFS (p=0.011, 0.001, and 0.005, respectively)
(Table 5).

Subgroup analysis of hepatectomy for huge HCC
larger than 10 cm

A comparison of operative and survival outcomes between
the LH group and the OH group is presented in Table 6. Due
to small sample size, the PSM was inappropriate to con-
duct. There were no differences in the baseline tumor char-
acteristics of the two groups. The OH group had significant
higher proportion of major liver resection than the LH group
(p=0.008). The conversion rate in the LH group was 23.1%,
which was higher than the conversion rate of the LH group
entire cohort. There were no significant differences in opera-
tive time, blood loss, RO resection rate, post-operative com-
plications rate and long-term survival between the groups.
The LH group had trend toward shorter length of hospital

stay than the OH group (p =0.006). The Kaplan—Meier sur-
vival curves comparison RFS and OS between the groups
are presented in supplementary Figs. 2 and 3.

Discussion

Since the first statement of the consensus conference on lap-
aroscopic hepatectomy (LH) was reported in 2009 [9], the
laparoscopic approach to the surgical treatment of HCC has
become more widely used. The benefits of LH for improving
perioperative outcomes, reducing the complication rate, and
shortening the length of the hospital stay under most circum-
stances are now clearly evident. However, the laparoscopic
technique has several limitations, which might be considered
a relative contraindication in many centers, that include LH
for large HCC. It is difficult to manipulate large tumors dur-
ing liver mobilization and parenchymal transection, which
may increase the risk of tumor rupture and subsequent intra-
operative bleeding. Moreover, to achieve an adequate resec-
tion margin for large tumors, major liver resection is usually
necessary, which may result in PHLF. There are currently
few reports of LH for large HCC, and comparative studies
of LH and OH are particularly sparse.

With our increasing experience of LH, a large tumor size
is not considered an absolute contraindication for LH at our
center. The feasibility of LH for large HCC has been pre-
viously reported [16]. In that report, the study population
was quite small and the proportion of patients treated with
major liver resection was significantly lower in the large
HCC group. However, that preliminary report supported the
proposition that LH can be performed safely in well-selected
patients with large HCC.

To date, there have been few comparative studies of large
HCC treated with LH vs OH [23, 24]. Although the opera-
tive procedure is technically challenging, LH for patients
with large HCC could improve their perioperative out-
comes, with acceptable oncological outcomes [18, 23, 24].
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Table 6 Subgroup analysis

; = . Baseline characteristic LH (n=13) OH (n=27) p value
of perioperative and survival
outcomes in the laparoscopic Single HCC, n (%) 10 (76.9) 24 (88.9) 0.370
?gfh?lr)gznhi;iﬁicetﬁﬁzrgmups Max tumor diameter, cm, median, (IQR) 10.9 (8.8, 13.7) 11 (10, 12) 0.881
carcinoma larger than 10 cm Tumor location, n (%) 0.577
Anterolateral segment 7 (53.8) 12 (44.4)
Posterosuperior segment 6 (46.2) 15 (55.6)
TBS, median, (IQR) 11.7 (10.2-16.8) 12.1 (11.1-14.8) 0.279
CTP class A, n (%) 12 (92.3) 22 (81.5) 0.643
Operative and pathological variables
Extent of resection, n (%)
Minor resection 6(46.2) 2(7.4) 0.008
Major resection 7 (53.8) 25 (92.6)
Conversion, 1 (%) 3(23.1) - NA
Operation time, min, median (IQR) 330 (210,508) 300 (265,400) 0.716
Blood loss, ml, median (IQR) 600 (185,1900) 1200 (700,1800) 0.165
Transfusion requirement, n (%) 6(46.2) 15 (55.6) 0.577
Hospital stay, days, median (IQR) 7 (5.5,16) 11 (9,15) 0.060
RO resection, n (%) 12 (92.3) 24 (88.9) 1.000
Complications
Postoperative complication, n (%) 4 (30.8) 11 (40.7) 0.730
High-grade complicationsp, n (%) 3(23.1) 8 (29.6) 1.000
Post-operative bleeding, n (%) 1(7.7) 2(7.4) 1.000
Bile leakage, n (%) 0 0 NA
Post-hepatectomy liver failure, n (%) 1(7.7) 4(14.8) 0.836
Re-operation, n (%) 0 3(11.1) 0.538
Long-term survival
RFS 0.551
1-year RFS, % 50.3 33.3
5-year RFS, % 37.8 19.4
(0N 0.862
1-year OS, % 92.3 84.8
5-year OS, % 55.4 49.0

LH laparoscopic hepatectomy; OH open hepatectomy; /QR interquartile range; 7BS tumor burden score;
CTP class, Child—Turcotte—Pugh classification; RFS recurrence-free survival; OS overall survival

Theoretically, a randomized controlled trial (RCT) is the
best way to test this hypothesis, but an RCT in patients with
large HCC is challenging because the number of patients
is limited and there is significant heterogeneity among
patients. Therefore, we used PSM to minimize the selection
bias in this study. The key variables affecting the decision
of surgeon to choose the surgical technique (LH or OH) and
the operative outcomes, including the preoperative radio-
graphic features of HCC (number, location, and diameter of
tumor), cirrhotic status and portal hypertension by imaging,
severity of background liver disease (CTP classification),
history of previous laparotomy, and the extent or difficulty
of hepatectomy, were well balanced in both groups after
matching. This approach made the comparisons of the out-
comes between the two surgical techniques both feasible
and reasonable.

@ Springer

In terms of the operative outcomes, this study demon-
strated similar rates of RO resection, operative times, blood
loss, and transfusion requirements between the two groups.
Therefore, although LH is considered to be difficult for large
HCC, the operative outcomes are similar between LH and
OH. After matching, the conversion rate in the LH group
were 18.6% for entire cohort and 23.1% for huge HCC
subgroup. Most conversions were due to bleeding, poor
access, and risk of tumor rupture with the laparoscopic tech-
nique. The conversion rate in this study was slightly higher
than that in previous reports of LH (6-13%) [13, 25-27].
Unplanned conversion may lead to intraoperative compli-
cations, such as massive bleeding or tumor rupture, which
cause suboptimal short- and long-term outcomes [28, 29].
Therefore, the threshold for open conversion in large HCC
should be lower than usual. Although we did not exclude any
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conversion from LH group due to the intention to treat analy-
sis, patients who underwent LH experienced statistically sig-
nificantly shorter hospital stay, confirming the benefit of LH
in enhancing postoperative recovery. A likely explanation is
that LH results in less postoperative pain, early ambulation,
and an early return to daily activities.

In terms of the surgical complication rates, our study
showed that LH had significantly lower overall and high-
grade complication rates than OH before matching, but these
differences were not statistically significant after matching.
The rates of other complications, including PHLF, bile leak-
age, reoperation, postoperative bleeding, wound infection,
and medical complications, were similar in both groups. The
only factor associated with postoperative complications was
major liver resection. The surgical technique (LH or OH)
was not associated with postoperative complications, which
confirms the operative safety of LH for selected large HCC
patients.

To compare operative outcomes with the resection of
small HCC that LH is usually related with less blood loss
and complication rate than OH [12, 13], the resection of
large HCC resulted in equal blood loss and complication rate
between the groups. These findings might be unique for the
resection of large HCC. Similarly, the conversion rate of LH
for large HCC is higher than usual as well.

In the long-term survival analyses, our study demon-
strated similar OS and RFS in the two groups before and
after PSM. A multivariate analysis showed that the prognos-
tic factors for suboptimal RFS were R1 resection, multifo-
cal HCC, and microvascular invasion. However, the surgi-
cal technique (LH or OH) was not related to the prognosis.
Based on these findings and previous reports on the signifi-
cance of clear/wide resection margin (0.5-1 cm) [30, 31],
we recommended RO resection regardless of the surgical
techniques for large HCC to achieve the best survival out-
comes, even though some reports advocated R1 resection for
parenchymal saving was an acceptable for HCC treatment
in some locations especially, major vascular structures [32,
33]. In addition to the previous report [13] regarding the
comparable survival outcomes between LH and OH for HCC
patients, these results support the propositions that LH is
feasible and safe for the treatment of large HCC in selected
cases and yields similar long-term survival rates to OH.

The subgroup analysis focused on hepatectomy for huge
HCC (diameter > 10 cm) revealed comparable periopera-
tive and survival outcomes between the LH group and the
OH group. These findings have supported the feasibility of
LH in well selected super-challenging cases. Unfortunately,
although the LH showed the trend toward shorten hospi-
tal stay, it was not reach statistical significance due to very
small sample size.

To the best of our knowledge, this study is the largest
comparative study to demonstrate the benefits of LH over

OH for the treatment of large HCC in term of improving
the perioperative outcomes, with similar long-term survival.
Based on the results of this study, LH should be considered
more frequently as an attractive option for hepatectomy in
patients with large HCC. Our experience suggests that the
keys to success include appropriate patient selection (avoid-
ing too difficult tumors for LH based on preoperative imag-
ing, such as huge HCC in close proximity to major hepatic
veins or IVC, HCC with tumor thrombus in main portal vein
or bile duct, and HCC with adjacent organs invasion) and a
timely intraoperative decision to continue the operation lapa-
roscopically or to convert to OH (the unplanned conversion
of a laparoscopic approach may result in massive bleeding
or tumor rupture).

This study had a few limitations. First, although the selec-
tion bias of the surgeon to choose the surgical technique
was reduced and baseline characteristic differences were bal-
anced between the groups by PSM, the study still involved
some unavoidable bias due to retrospective design. The ran-
domized clinical trial is needed to avoid all selective bias
and to ensure the similar baseline characteristics between
two groups. Second, the study population after PSM was
relatively small. Therefore, although the surgical results
indicated a tendency toward a reduced complication rate
before matching, this trend was not statistically significant
after matching.

In conclusion, LH for the treatment of large HCC is fea-
sible and safe in a center experienced in minimally inva-
sive liver surgery. Our study demonstrates the benefit of
LH in improving posthepatectomy recovery, with rates of
long-term survival equivalent to those of OH. Therefore,
LH should be considered a reasonable treatment option for
selected patients with large HCC. Based on our results, the
size of the HCC alone should not be considered a contrain-
dication for LH.
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