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Abstract

Background Anatomical hepatectomy is an ideal curative

treatment for hepatocellular carcinoma (HCC). We have

standardized our laparoscopic anatomical hepatectomy

(LAH) procedure, gradually extending its indications. In

the present study, we describe our experience and the

perioperative and oncological outcomes of LAH for HCC

compared to those of open anatomical hepatectomy (OAH)

during the gradual introduction of LAH.

Methods Seventy patients with primary HCC underwent

anatomical hepatectomy in our institution from November

2008 to April 2014. As we gained experience with LAH,

our indications for choosing LAH over OAH gradually

expanded. Ultimately, 40 and 30 patients underwent LAH

and OAH, respectively. Perioperative and oncological

outcomes were compared between the two groups.

Results There were no significant differences in age, sex,

background of liver disease, liver function, tumor size,

tumor number, or type of liver resection between the two

groups. Major complications and mortality rates were

similar between the LAH and OAH groups (12.5% vs.

20%; p = 0.582, and 0% vs. 3.3%; p = 0.429, respec-

tively). The median follow-up time after surgery was

40.5 months in the LAH group and 32.9 months in the

OAH group (p = 0.835). The 1-, 3-, and 5-year overall

survival rates were 89.9, 84.7, and 70.9%, in the LAH

group, and 89.8, 68.0, and 63.1% in the OAH group,

respectively (p = 0.255). The 1-, 3-, and 5-year disease-

free survival rates were 79.5, 58.0, and 42.5%, in the LAH

group, and 72.4, 56.1, and 50.4% in the OAH group,

respectively (p = 0.980).

Conclusions Through gradual introduction of LAH, we

obtained comparable results to those achieved with OAH.

LAH can be a feasible surgical treatment for primary HCC,

with good oncological outcomes.

Keywords Hepatocellular carcinoma � Anatomical

hepatectomy � Laparoscopic hepatectomy

Hepatocellular carcinoma (HCC) is the fifth most common

cancer worldwide and the third most common cause of

cancer-related death [1]. Potential curative treatments for

HCC include hepatectomy, local ablation, and liver trans-

plantation. Among these, hepatectomy, categorized as

either anatomical or nonanatomical, is the standard treat-

ment for resectable HCC [2], and anatomical hepatectomy

is associated with more favorable oncological outcomes

than nonanatomical hepatectomy [3–7].

Laparoscopic hepatectomy has recently undergone rapid

evolution, and is often used for the treatment of HCC

[8–10]. Several studies, including meta-analyses and case–

control studies with propensity score matching, have

demonstrated that the results of laparoscopic hepatectomy

for HCC are comparable to those achieved with open

surgery [11–16]. However, the most frequent type of

laparoscopic hepatectomy performed in these studies was

partial hepatectomy, and the anatomical resection rate

ranged from 34.5 to 63.0% [10–13]. Although open
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anatomical hepatectomy (OAH) is generally accepted as a

curative treatment for HCC, laparoscopic anatomical hep-

atectomy (LAH) is not widely performed, mainly because

of the high skill level required for the performance of this

procedure, such as the ability to effectively expose the

Glissonean pedicles and hepatic veins in the cutting plane.

Moreover, the development and standardization of LAH

procedures continue to progress. Therefore, comparative

studies regarding LAH for HCC continue to have their own

limitations, although some well-planned comparative

studies have already been reported.

In this situation, since the initiation of laparoscopic

hepatectomy at our institution, we have developed a stan-

dardized LAH procedure and gradually extended its indi-

cations, based on the maturation of our skills in the

performance of OAH [17–22]. We describe herein our

experience with LAH for primary HCC, including our

experiences during the introductory period, and report that

our introduction of LAH was safe and feasible, in terms of

perioperative and oncological outcomes in comparison

with OAH.

Materials and methods

A total of 130 patients with primary HCC underwent

hepatectomy at Tokyo Metropolitan Cancer and Infectious

Diseases Center Komagome Hospital, from January 2008

to April 2014. Among these patients, 70 underwent

anatomical hepatectomy; 40 of these 70 patients underwent

LAH, while the other 30 patients underwent OAH. We

generally evaluated the indications for surgery and selected

the operative procedure based on the tumor extent and the

hepatic reserve as assessed by the Child–Pugh score and

the criteria of Makuuchi et al. [23]. Left lateral sec-

tionectomy was performed as the first LAH procedure for

primary HCC in November 2008. Our criteria for laparo-

scopic hepatectomy have been gradually extended from

those for partial hepatectomy and are now almost identical

to the general criteria for open hepatectomy, even for hemi-

hepatectomy and trisegmentectomy, although we have

excluded patients requiring reconstruction of the blood

vessels or bile ducts, those with an estimated operating time

[8 h, and those with cardiopulmonary disorders that might

render it impossible to maintain central venous pressure

(CVP) at a low level. Over the entire study period, we

employed no criterion with regard to tumor size.

The present study was approved by the institutional

ethics committee of Tokyo Metropolitan Cancer and

Infectious Diseases Center Komagome Hospital, and con-

formed to the ethical guidelines of the Declaration of

Helsinki. Written informed consent was obtained from all

patients.

Preoperative management

The preoperative evaluation included determination of age,

sex, blood chemistry parameters, indocyanine green

retention rate at 15 min, Child–Pugh classification, hep-

atitis virus markers (hepatitis B virus surface antigen and

hepatitis C virus antibody), the presence or absence of

cirrhosis, serum alpha fetoprotein (AFP) level, and plasma

des-gamma carboxyprothrombin (DCP) level. Tumor

characteristics (morphology, size, number, and location)

were evaluated with both contrast-enhanced computed

tomography (CT) and ethoxybenzyl-enhanced magnetic

resonance imaging (MRI). The hepatic vascular anatomy

was reviewed using three-dimensional reconstructed CT

images, and the liver segment volumes were calculated,

after which the data were used for treatment planning.

Surgical technique

Anatomical resection procedures were defined based on the

Brisbane 2000 classification [24]. All LAH procedures were

intended to be entirely laparoscopic and were performed

based on our standardized methods [18–22]. A tourniquet

was always prepared for the Pringle maneuver or hemi-

hepatic vascular occlusion and was used intermittently to

keep the operative field dry [21]. Low CVP was maintained

through reduction of the infusion volume from the start of

the surgery until completion of the liver resection. Pneu-

moperitoneum pressure was usually set at 10 mmHg [25].

The liver parenchyma was divided with the CUSA EXcel�

system (Integra LifeSciences Corporation, Plainsboro, NJ,

USA) to clearly expose the Glissonean branches and hepatic

veins in the cutting plane without precoagulation (Fig. 1).

Fig. 1 Findings after laparoscopic anatomical left medial sectionec-

tomy. The main trunk of the middle hepatic vein is completely

exposed on the cutting surface on the right lobe side (arrows). The

Glissonean branches of segment 4 are clipped and cut at the root

(arrowheads)
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To keep the operating field dry, oozing from the divided

parenchyma was often controlled with thermal coagulation

using the low-voltage electrical cautery mode of VIO�

(Erbe Elektromedizin GmbH, Tübingen, Germany) at the

tip of the CUSA EXcel�. Small vessels left by the CUSA

EXcel� were simply cut, whereas larger vessels were cut

with a HARMONIC� device (Ethicon Endo-Surgery, Inc.,

Cincinnati, OH, USA) after being clipped on the remnant

side. The roots of the Glissonean pedicle and main trunk of

the hepatic vein were usually divided using a stapler. The

resected specimen was removed through the extended tro-

car incision at the umbilicus after being placed in a plastic

bag, and surgery was completed after routinely placing a

closed suction drain near the cutting plane. In OAH, right

subcostal or upper midline or inverted T-shaped incisions

were used according to tumor location. Liver parenchymal

resection was performed mainly with the CUSA EXcel�, as

in LAH, but larger vessels were cut with scissors following

suture ligation. In both LAH and OAH, we resected the liver

parenchyma according to the demarcation line after occlu-

sion of the inflow. Intraoperative ultrasonography was

performed routinely to confirm the spatial relationship

between the tumor and vascular structures.

Postoperative management and follow-up

In both patients who underwent LAH and those who

underwent OAH, the drain was usually removed on post-

operative day 3 after confirming the absence of hemorrhage

and bile leakage. Both medical and surgical complications

were closely monitored. Morbidities were stratified by

severity based on the Clavien–Dindo classification [26].

Pathological findings were defined based on the General

Rules for the Clinical and Pathological Study of Primary

Liver Cancer developed by the Liver Cancer Study Group

of Japan [27]. Postoperative follow-up was performed once

a month for clinical and laboratory parameters, including

tumor markers (AFP and DCP), whereas radiological

assessment (contrast-enhanced CT or dynamic MRI) was

performed every 3–4 months or if elevation of tumor

markers was detected. Recurrence was defined as the

appearance of new lesions with typical radiologic features

of HCC, which was confirmed by imaging modalities. Early

and late recurrences were defined as recurrence within or

more than 2 years after surgery, respectively. Local recur-

rence was defined as a tumor within 2 cm of the surgical

margin or in the same segment as the initial tumor [28].

Statistical analysis

Continuous variables were compared using unpaired

t-tests, and categorical variables were compared using

Fisher’s exact test or the v2 test. Overall survival was

defined as the interval between the initial surgery and death

or the date of the last or most recent follow-up visit. Dis-

ease-free survival was defined as the interval between the

initial surgery and the date when recurrence was detected

by radiological examination. Survival curves were calcu-

lated by the Kaplan–Meier method and compared using the

log-rank test. A Cox proportional hazards model was used

for multivariate analyses of factors related to survival and

recurrence. In performing Cox proportional hazards

regression analysis, continuous variables were converted

into binary variables. All analyses were performed using

the JMP 11 software package (SAS Institute Inc., Cary,

NC, USA). p values of\ 0.05 were considered to indicate

statistical significance.

Results

Patient characteristics

The comparison of clinicopathological characteristics

between the two groups is shown in Table 1. The study

group comprised 54 men and 16 women, with a median age

of 69 years. Hepatitis C was the background liver disease

in 31 patients (44%). Three (7.5%) patients in the LAH

group and 6 (20.0%) in the OAH group had a history of

upper abdominal surgery. There were no patients that had

repeat hepatectomy. The median tumor size was 4.0 cm

and the median number of tumors was one. All patients

enrolled in this study had Child–Pugh class A liver func-

tion. The two groups were well matched in terms of clin-

icopathological data, with the exception of DCP.

Surgical procedures and outcomes

Table 2 summarizes the perioperative data of the two

groups. Although there were more cases with trisegmen-

tectomy and hemi-hepatectomy and fewer with sectionec-

tomy in the OAH group, there were no significant

differences in the types of liver resection between the two

groups. The median operating time was longer in the LAH

group than in the OAH group (382 min vs. 328 min;

p = 0.037). However, the median blood loss was signifi-

cantly lower in the LAH group than in the OAH group

(250 g vs. 795 g; p\ 0.001), and no patients in the LAH

group required intraoperative blood transfusion. Conversion

to open surgery was required in one patient (conversion

rate: 2.5%) in the LAH group. Conversion to open hepate-

ctomy in the patient who underwent segment 8 segmen-

tectomy was performed midway through parenchymal

dissection because we estimated that more than 10 h would

be required for the laparoscopic approach owing to insuf-

ficient procedure standardization.
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The median time until drain removal and the median

postoperative hospital stay were significantly shorter in the

LAH group than in the OAH group (3 days vs. 4 days;

p\ 0.001, and 8 days vs. 12 days; p = 0.005, respec-

tively). Postoperative morbidity did not significantly differ

between the two groups. No postoperative bleeding was

noted in either group. The overall major morbidity rates

(Clavien grade 3) were similar (12.5% in the LAH group

and 20.0% in the OAH group; p = 0.582). Clavien grade 4

or 5 complications did not occur (no in-hospital mortality)

in the LAH group, while 1 patient experienced in-hospital

mortality in the OAH group. This patient died on postop-

erative day 51 for postoperative liver failure after left

trisectionectomy.

Pathological findings

Pathological findings in the two groups are shown in

Table 3. The variables of macroscopic type, histological

grade, pathological portal invasion, pathological venous

invasion, and histological liver cirrhosis were similar in the

two groups. The microscopically negative surgical margin

rates were also similar in the LAH and OAH groups (95%

vs. 83%; p = 0.107). In the LAH group, a microscopically

positive surgical margin was found in 2 patients (5%). Of

these 2 patients, 1 underwent segmentectomy (segments 5

and 6) for a single tumor that was 5 cm in diameter, and a

tumor thrombus that was not detected before surgery was

found at the stump of the portal vein. The other patient

underwent segmentectomy (segment 1) for a single tumor

that was 4 cm in diameter, which was found to have no

obvious capsule and was exposed at the surgical margin.

Long-term oncological outcomes

The median follow-up time after surgery was 40.5

(1.4–93.5) months in the LAH group and 32.9 (1.7–97.0)

months in the OAH group (p = 0.835). The 1-, 3-, and

5-year overall survival rates were 89.9, 84.7, and 70.9%, in

the LAH group, and 89.8, 68.0, and 63.1% in the OAH

group, respectively (Fig. 2). The 1-, 3-, and 5-year disease-

free survival rates were 79.5, 58.0, and 42.5%, in the LAH

group, and 72.4, 56.1, and 50.4% in the OAH group,

respectively (Fig. 3). There were no significant differences

in the overall survival and disease-free survival rates

between the LAH and OAH groups (p = 0.255 and

p = 0.980, respectively).

During the follow-up period, recurrence was observed in

30 of the 70 patients in both groups. The remnant liver was

the first site of recurrence in 29 of these patients, although

lung, lymph node, or brain metastasis occurred simulta-

neously or later in some, and 1 patient experienced only

Table 1 Characteristics of the patients who underwent laparoscopic anatomical hepatectomy and open anatomical hepatectomy

Characteristic LAH (n = 40) OAH (n = 30) p value

Age, median (range) 69 (33–86) years 70 (40–82) years 0.701

Sex, male/female, n (%) 31 (78%)/9 (22%) 23 (77%)/7 (23%) 0.935

Etiology

Hepatitis B virus infection, n (%) 5 (12%) 6 (20%) 0.396

Hepatitis C virus infection, n (%) 20 (50%) 11 (37%) 0.265

Alcohol, n (%) 17 (42%) 8 (27%) 0.168

Diabetes mellitus, n (%) 10 (25%) 9 (30%) 0.642

History of upper abdominal surgery, n (%) 3 (7.5%) 6 (20.0%) 0.123

Serum albumin, median (range) 4.2 (3.2–4.7) g/dL 4.2 (3.3–5.1) g/dL 0.555

Total bilirubin, median (range) 0.6 (0.4–1.6) mg/dL 0.8 (0.3–1.3) mg/dL 0.077

Prothrombin activity, median (range) 90% (72–100%) 94% (61–100%) 0.337

Platelet count, median (range) 17.1 (8.2–33.2) 9 104/lL 15.8 (7.9–49.7) 9 104/lL 0.648

ICGR15, median (range) 11.9% (4.3–23.7%) 14.0% (4.9–29.8%) 0.182

Serum AFP, median (range) 10.2 (1.7–229,400) ng/mL 6.8 (1.9–124,950) ng/mL 0.735

DCP, median (range) 96 (8–29,426) mAU/mL 169 (18–154,930) mAU/mL 0.049

Maximum tumor size, median (range) 3.9 (1.1–17.0) cm 4.9 (1.0–14.5) cm 0.144

Number of tumors 0.558

Single, n (%) 35 (88%) 25 (83%)

Multiple, n (%) 5 (12%) 5 (17%)

ICGR15 indocyanine green retention rate at 15 min, AFP alpha fetoprotein, DCP des-gamma carboxyprothrombin, LAH laparoscopic anatomical

hepatectomy, OAH open anatomical hepatectomy

Surg Endosc (2018) 32:790–798 793

123



bone metastasis. Among the 29 patients with intrahepatic

recurrence, 20 experienced early recurrence and 9 had late

recurrence. Among 20 patients with early recurrence, 12

were in the LAH group and 8 were in the OAH group. The

early recurrence rate after surgery did not significantly

differ between the LAH and OAH groups (30.0% vs.

26.7%; p = 0.597). In addition, no patient in the LAH

group experienced local recurrence or port site recurrence.

The factors associated with overall survival rates were

evaluated with univariate and multivariate analyses

(Table 4). Multivariate analysis showed that pathologic

findings of a simple nodule with extranodular growth (SN

with EG) or confluent multinodular (CM) (relative risk

[RR] 3.70, 95% confidence interval [95% CI], 1.13–16.5;

p = 0.029), and microscopically positive surgical margin

(RR 3.69, 95% CI 1.20–10.6; p = 0.025) were independent

risk factors for lower overall survival. The factors associ-

ated with disease-free survival rates were also evaluated by

univariate and multivariate analyses (Table 5).

Multivariate analysis showed that multiple tumors (RR

3.58, 95% CI 1.22–9.94; p = 0.021), SN with EG or CM

(RR 2.19, 95% CI 1.01–4.90; p = 0.046), microvascular

(pathological portal and/or venous) invasion (RR 3.79,

95% CI 1.67–8.75; p = 0.001), and microscopically posi-

tive surgical margin (RR 3.46, 95% CI 1.06–9.73;

p = 0.040) were independent risk factors for lower dis-

ease-free survival. Accordingly, LAH was not confirmed as

an independent risk factor for lower overall survival or

disease-free survival.

Discussion

Laparoscopic hepatectomy should be performed in the

same manner as open hepatectomy because the oncological

outcome should not be jeopardized in exchange for the

postoperative benefits of laparoscopic surgery. We per-

formed OAH defined by strict standards [17]; we also

Table 2 Perioperative data of the patients who underwent laparoscopic anatomical hepatectomy and open anatomical hepatectomy

Parameter LAH (n = 40) OAH (n = 30) p value

Type of liver resection

Trisectionectomy, n (%) 0 (0%) 2 (6.7%) 0.180

Right-trisectionectomy, n 0 1

Left-trisectionectomy, n 0 1

Hemi-hepatectomy, n (%) 7 (17.5%) 7 (23.3%) 0.562

Right hemi-hepatectomy, n 6 3

Left hemi-hepatectomy, n 1 4

Central bisectionectomy, n (%) 0 (0%) 1 (3.3%) 0.429

Sectionectomy, n (%) 15 (37.5%) 6 (20.0%) 0.187

Left lateral sectionectomy, n 3 2

Left medial sectionectomy, n 3 2

Right anterior sectionectomy, n 4 2

Right posterior sectionectomy, n 5 0

Segmentectomy, n (%) 18 (45.0%) 14 (46.7%) 0.889

Operating time, median (range) 382 (117–605) min 328 (130–635) min 0.037

Total liver blood flow occlusion time, median (range) 82 (0–256) min 35 (0–102) min 0.089

Blood loss, median (range) 250 (0–1600) g 795 (120–2500) g \0.001

Intraoperative blood transfusion, n (%) 0 (0%) 5 (16.7%) 0.003

Conversion to open laparotomy, n (%) 1 (2.5%)

Major complication (CClavien grade 3), n (%) 5 (12.5%) 6 (20.0%) 0.582

Bile leakage, n 2 2

Intra-abdominal abscess, n 2 1

Pleural effusion, n 1 1

Liver failure, n 0 1

Ileus, n 0 1

Mortality, n (%) 0 (0%) 1 (3.3%) 0.429

Postoperative time until drain removal, median (range) 3 (1–10) days 4 (1–102) days \0.001

Length of hospital stay, median (range) 8 (2–129) days 12 (5–102) days 0.005

LAH laparoscopic anatomical hepatectomy, OAH open anatomical hepatectomy
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defined and performed LAH according to standards equally

as strict as those applied to OAH (Fig. 1). We defined

hepatectomy, in which required the major hepatic vein was

not exposed on the cutting plane, as partial hepatectomy.

Therefore, the present study can demonstrate the data for

true LAH procedures, which were compared with those of

true OAH procedures for HCC.

Although laparoscopic hepatectomy is usually associ-

ated with decreased blood loss and decreased requirement

for blood transfusion compared to open hepatectomy

[10, 15], one of the main reasons for conversion to open

surgery is major hemorrhage during laparoscopic hepate-

ctomy [29]. Especially in LAH, because the major hepatic

veins are exposed on the cutting surface, bleeding from

these veins is expected to become a reason for conversion.

However, in our series, the median blood loss with LAH

was 250 mL, significantly lower than that of OAH, and

there were no instances of conversion performed because

of hemorrhage. We believe that this was because of con-

tinuous maintenance of low CVP not only by reduction of

the infusion volume, but also by meticulous control of the

pneumoperitoneum and airway pressures [25]. We also

noted that specific skills to avoid split injury of the major

hepatic veins, such as moving the CUSA from the root side

toward the peripheral side, are important to prevent

uncontrollable bleeding [18, 20, 22]. Eventually, morbidity

and mortality rate did not increase with the use of LAH.

There was also no significant difference in pathologically

negative surgical margin rates (95% in the LAH group vs.

83% in the OAH group; p = 0.107). These findings sug-

gest that our cautious shift from OAH to LAH was tech-

nically feasible and safe.

Table 3 Pathological findings

of the patients who underwent

laparoscopic anatomical

hepatectomy and open

anatomical hepatectomy

Pathological finding LAH (n = 40) OAH (n = 30) p value

Macroscopic type, n (%) 0.593

Simple nodule 21 (52%) 14 (47%)

Simple nodule with extranodular growth 8 (20%) 8 (27%)

Confluent multinodular 11 (28%) 8 (27%)

Histological grade, n (%) 0.902

Well-differentiated HCC 4 (10%) 4 (13%)

Moderately differentiated HCC 30 (75%) 22 (73%)

Poorly differentiated HCC 6 (15%) 4 (13%)

Microscopic portal venous invasion, n (%) 12 (30%) 12 (40%) 0.383

Microscopic hepatic venous invasion, n (%) 2 (5%) 3 (10%) 0.421

Histological cirrhosis, n (%) 12 (40%) 13 (43%) 0.249

Microscopically surgical margin, n (%) 0.107

Negative (R0) 38 (95%) 25 (83%)

Positive (R1) 2 (5%) 5 (17%)

HCC hepatocellular carcinoma, LAH laparoscopic anatomical hepatectomy, OAH open anatomical

hepatectomy

Fig. 2 Cumulative overall survival of the LAH and OAH groups

Fig. 3 Cumulative disease-free survival of the LAH and OAH groups

Surg Endosc (2018) 32:790–798 795

123



Anatomical hepatectomy for HCC achieves better onco-

logical outcomes and improved overall and disease-free

survival rates compared with nonanatomical hepatectomy,

as previously reported [3–7]. In the present study, the 5-year

overall survival and disease-free survival rates for LAH

versus OAH were 70.9% versus 63.1% (p = 0.255), and

42.5% versus 50.4% (p = 0.980), respectively. There were

no significant differences in overall survival and disease-

Table 4 Univariate and multivariate analyses of factors associated with overall survival rates

Variable Univariate analysis Multvariate analysis

RR 95% CI p value RR 95% CI p value

Male (vs. female) 1.50 0.49–6.50 0.502

Age C 70 (vs.\70) 1.56 0.61–4.26 0.349

HCVAb positive (vs. negative) 0.99 0.38–2.51 0.984

ICGR15 C 15% (vs.\15%) 0.97 0.33–2.50 0.950

AFP C 200 ng/mL (vs.\200 ng/mL) 2.28 0.93–5.80 0.102

DCP C 200 mAU/mL (vs.\200 mAU/mL) 4.19 1.62–12.1 0.003 2.14 0.63–7.61 0.221

Tumor size C 5 cm (vs.\5 cm) 1.67 0.65–4.30 0.277

Multiple tumors (vs. single) 1.44 0.41–9.12 0.609

Histological cirrhosis yes (vs. no) 1.78 0.67–5.56 0.254

SN with EG or CM (vs. SN) 5.45 1.80–23.5 0.002 3.70 1.13–16.5 0.029

Poorly differentiated tumor (vs. well or moderate) 2.16 0.61–6.03 0.209

Microvascular invasion yes (vs. no) 4.14 1.62–11.3 0.003 2.19 0.69–7.61 0.186

Microscopically positive surgical margin (vs. negative) 6.75 2.31–17.8 0.001 3.69 1.20–10.60 0.025

LAH (vs. OAH) 0.58 0.22–1.49 0.259

HCVAb hepatitis C antibody, ICGR15 indocyanine green retention rate at 15 min, AFP serum alpha fetoprotein, DCP plasma des-gamma

carboxyprothrombin, SN simple nodule, SN with EG simple nodule with extranodular growth, CM confluent multinodular, LAH laparoscopic

anatomical hepatectomy, OAH open anatomical hepatectomy

Table 5 Univariate and multivariate analyses of factors associated with disease-free survival rates

Variable Univariate analysis Multvariate analysis

RR 95% CI p value RR 95% CI p value

Male (vs. female) 2.37 0.93–8.04 0.074 1.77 0.66–6.16 0.278

Age C 70 (vs.\70) 1.13 0.56–2.30 0.719

HCVAb positive (vs. negative) 1.03 0.51–2.07 0.931

ICGR15 C 15% (vs.\15%) 0.88 0.39–1.81 0.875

AFP C 200 ng/mL (vs.\200 ng/mL) 1.87 0.84–3.86 0.119

DCP C 200 mAU/mL (vs.\200 mAU/mL) 1.78 0.87–3.58 0.113

Tumor size C 5 cm (vs.\5 cm) 1.62 0.80–3.26 0.178

Multiple tumors (vs. single) 2.86 1.24–6.02 0.015 3.58 1.22–9.94 0.021

Histological cirrhosis yes (vs. no) 1.13 0.56–2.38 0.737

SN with EG or CM (vs. SN) 2.37 1.80–23.5 0.002 2.19 1.01–4.90 0.046

Poorly differentiated tumor (vs. well or moderate) 4.48 1.86–9.72 0.002 2.28 0.75–6.60 0.143

Microvascular invasion yes (vs. no) 3.39 1.66–6.99 0.001 3.79 1.67–8.75 0.001

Microscopically positive surgical margin (vs. negative) 3.62 1.20–9.06 0.026 3.46 1.06–9.73 0.040

LAH (vs. OAH) 0.99 0.49–2.03 0.980

HCVAb hepatitis C antibody, ICGR15 indocyanine green retention rate at 15 min, AFP serum alpha fetoprotein, DCP plasma des-gamma

carboxyprothrombin, SN simple nodule, SN with EG simple nodule with extranodular growth, CM confluent multinodular, LAH laparoscopic

anatomical hepatectomy, OAH open anatomical hepatectomy
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free survival between the two groups. The reported 5-year

overall and disease-free survival rates after OAH for HCC in

previous studies were 66–71% and 34–46%, respectively

[3, 6, 7]. The overall survival and disease-free survival in our

series were comparable with those reported previously for

OAH. Furthermore, the early recurrence rate of 30% for

LAH was comparable with the rate of 26.7% for OAH in the

present study (p = 0.597). Regarding recurrence type,

intrahepatic recurrence after hepatectomy is generally

divided into two types, intrahepatic metastasis from the

primary tumor and multicentric occurrence of new tumors

[30]. In previous studies, intrahepatic metastasis from the

primary tumor, which may involve intrahepatic dissemina-

tion due to themanipulation during hepatectomy, was shown

to mainly occur as early recurrence within 2 years after

hepatectomy [30, 31]. The present results suggest that the

manipulation occurring during laparoscopic procedures did

not significantly increase intrahepatic metastasis. In multi-

variate analyses, LAH was not confirmed as an independent

risk factor for overall survival and disease-free survival (RR

0.58, 95% CI 0.22–1.49; p = 0.259, and RR 0.99, 95% CI

0.49–2.03; p = 0.980, respectively). Our results suggest the

oncological feasibility of LAH for HCC.

The present study had some limitations. We found no

statistically significant differences between the character-

istics of the two groups of this study. However, there were

some selection biases in the first half of the period of this

study, but the indication criteria for LAH were almost

identical to the general criteria for OAH in the latter half,

because our criteria for laparoscopic hepatectomy have

been gradually extended. Additionally, this study was

conducted using retrospective analysis of a single-center

prospective database, and it lacked statistical power owing

to the small sample size. Further studies, such as well-

designed, large-scale, case-matched studies with propensity

score matching or randomized clinical trials comparing

LAH with OAH in HCC, which are designed by nomi-

nating the cases operated with standardized LAH proce-

dures, are needed to precisely evaluate the relative

outcomes of LAH for HCC. However, we believe that

selection biases are required in the introductory period of a

novel difficult laparoscopic technique and it is socially

desirable to report the results of a careful introduction,

giving priority to patients’ interests.

In conclusion, we obtained comparable results to those

of OAH with LAH through gradual introduction of the

procedure. LAH can be a feasible procedure for primary

HCC, with good oncological outcomes.
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