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Summary

Purpose: The number of surgical operations for elderly pa-
tients with hepatocellular carcinoma increases as the popula-
tion ages. The aim of this study was to evaluate surgical and 
survival outcomes in elderly patients who underwent lapa-
roscopic or open hepatectomy for hepatocellular carcinoma. 

Methods: We analyzed the data of 169 patients aged 70 or 
over who underwent hepatectomy for hepatocellular carci-
nom between January 2013 and December 2018. Sixty-four 
pairs were selected after propensity score matching for lapa-
roscopic or open hepatectomy for hepatocellular carcinoma. 
Baseline data, surgery time, length of hospital stay, postop-
erative complications, pathological data, overall survival, 
and disease-free survival were investigated. 

Results: Operative time in the laparoscopic group was long-

er than in the open group. Blood loss and postoperative hos-
pital stay were shorter in the laparoscopic group than in the 
open group. The rate of postoperative 30-day minor or major 
complications was similar between the two groups. There 
was no significant difference in pathological data between 
the two groups. There was no significant difference in overall 
survival and disease-free survival between the two groups.

Conclusion: This study suggests that laparoscopic hepa-
tectomy for elderly patients with hepatocellular carcinoma 
may be safe and feasible, with better short-term outcomes 
and similar long-term outcomes

Key words: hepatectomy, hepatocellular carcinoma, mini-
mally invasive surgery, laparoscopy, survival

Introduction

 Improvements in the healthcare systems and 
rapid advances in medicine have led to an increase 
in life expectancy [1]. The aging of the global popu-
lation is an irreversible trend. The increased inci-
dence of hepatocellular carcinoma is closely re-
lated to the aging of the population [2-4]. Due to 
the reduction in physiological reserve, it is difficult 
for elderly patients to tolerate hepatectomy. Elderly 
patients are more likely to have medical diseases, 
especially pulmonary and cardiovascular. The clini-
cal use of laparoscopic hepatectomy is increasingly 
common, and its benefits include reduced postop-

erative pain, faster recovery, and shorter hospital 
stay [5-10]. The advantages of laparoscopic hepa-
tectomy may be more beneficial for elderly patients 
with hepatocellular carcinoma. 
 There are five studies reported the outcomes of 
laparoscopic hepatectomy for elderly patients with 
hepatocellular carcinoma [11-15]. However, four 
studies were limited to report only the short-term 
outcomes [12-15]. One study reporting long-term 
survival results was limited by small sample size 
[11]. Therefore, we conducted a propensity score-
matched analysis comparing laparoscopic and open 
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hepatectomy in elderly patients with hepatocellu-
lar carcinoma. The aim of this study was to evalu-
ate surgical and survival outcomes of laparoscopic 
hepatectomy compared with those of open hepa-
tectomy in elderly patients with hepatocellular 
carcinoma. 

Methods 

 The protocol was conducted in accordance with the 
Declaration of Helsinki and Good Practice guidelines. 
The research was approved by our local ethics commit-
tees. The requirement of informed consent from patients 
was waived because of the retrospective nature of the 
research, since it was not a prospective study.
 We analyzed the short- and long-term outcomes of 
patients with primary hepatocellular carcinoma aged 
70 years or older who underwent radical hepatectomy 

in our institution between January 2013 and December 
2018. Exclusion criteria included patients with palliative 
hepatectomy, other primary malignancies, combined 
surgery for other diseases, and emergency surgery. Of 
the 169 patients in the study, 72 underwent laparoscopic 
surgery and 97 open surgery. To adjust for differences in 
baseline characteristics between the two groups, a pro-
pensity score was established using a logistic regression 
model. Variables used in the propensity model included 
age, gender, body mass index (BMI), American Society 
of Anesthesiologists (ASA) score, Charlson comorbidity 
index, underlying liver disease, tumor location and type 
of hepatectomy [16-20]. Subsequently, the nearest neigh-
bor matching was performed using the caliper method, 
and a one-to-one match between the two groups was ob-
tained. Among the 169 patients, 128 were matched using 
propensity scoring. After performing propensity score 
matching for the entire study population, 64 matched 
pairs of patients were selected.

Characteristics Laparoscopic hepatectomy (n=64) Open hepatectomy (n=64) p value

Age (years) 71 (70-77) 72 (70-76) 0.210

Sex 0.585

Male 41 38

Female 23 26

BMI (kg/m2) 20 (19-23) 21 (18-27) 0.128

ASA score 0.346

I 38 43

II 19 16

III 7 5

Charlson comorbidity index 0.467

<3 59 61

≥3 5 3

Underlying liver disease 41 44 0.575

Tumor laterality 0.588

Left 37 40

Right 27 24

BCLC stage 0.665

0 23 21

A 41 44

Type of resection 0.627

Left lateral sectionectomy 24 26

Segmentectomy 17 20

Partial resection 23 18

BMI: Body Mass Index, ASA: American Society of Aneshesiologists, BCLC: Barcelona Clinic Liver Cancer

Table 1. Baseline data in matched cohorts of laparoscopic and open hepatectomy

Characteristics Laparoscopic hepatectomy (n=64) Open hepatectomy (n=64) p value

Converted to open surgery 0 - -

Operative time (min) 180 (160-290) 150 (130-260) 0.015

Blood loss (ml) 200 (140-400) 260 (190-650) 0.028

Postoperative stay (d) 10 (7-21) 12 (9-28) 0.010

Table 2. Short-term surgical outcomes of laparoscopic and open hepatectomy
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 Indication for laparoscopic hepatectomy was as fol-
lows: Child-Pugh class A, cirrhosis, tumor size smaller 
than 5cm, tumor located in the anterolateral segments 
(Couinaud segments 2, 3, 4b, 5, and 6) and resectable by 
minor hepatectomy. Types of hepatectomy were adopted 
from the Brisbane 2000 classification [21]. All operations 
were performed with radical intent. This study adopt-
ed a fast-track method for perioperative management
[22,23].
 The severity of postoperative 30-day complications 
was graded according to Clavien-Dindo classification. 
Minor complications are defined as grades 1 and 2, and 
major complications are defined as grades 3, 4, and 5 
[24-29]. Postoperative mortality is defined as death due 
to any cause within 30 days after surgery. 
 Follow-up visits were planed one every 3 months 
in 2 years after surgery and then one every 6 months 
[30]. The overall survival was assessed from the date of 
surgery until the last follow-up or death of any cause. 
The disease-free survival was calculated from the date 
of surgery until the date of cancer recurrence or death 
from any cause. The last follow-up was in March 2019.

Statistics

 All statistical analyses were performed using SPSS 
version 14.0 (SPSS Inc., Chicago, IL, USA). Data were 
analyzed using t-test and are presented as mean and 

standard deviation when the variables followed a nor-
mal distribution. Data following non-normal distribution 
were compared using Wilcoxon test and the results are 
expressed as median and range. Differences in semi-
quantitative results were analyzed with the Mann–Whit-
ney U test. Differences in qualitative results were ana-
lyzed with the chi square (x2) test or Fisher’s exact test, 
as appropriate. Survival rates were analyzed using the 
Kaplan–Meier method, and differences between the two 
groups were analyzed with the log-rank test. Univariate 
analyses were performed to identify prognostic variables 
related to overall and disease-free survival. Univariate 
variables with p values <0.10 were selected for inclusion 
in a multivariate Cox proportional hazards regression 
model. Adjusted hazard ratios and the corresponding 
95% confidence intervals were calculated. P<0.05 was 
considered statistically significant.

Results

 Baseline characteristics are shown in Table 
1. The two groups were balanced in terms of age, 
gender, BMI, ASA score, Charlson comorbidity in-
dex, underlying liver disease, tumor location, type 
of hepatectomy and Barcelona Clinic Liver Cancer 
(BCLC) stage.

Characteristics Laparoscopic hepatectomy (n=64) Open hepatectomy (n=64) p value

Mortality within 30 postoperative days 0 0 1.000

Overall complications, n 10 11 0.811

Major complications 1 2

Minor complications 9 9

Postoperative ascites 4 4

Hepatic insufficiency 3 1

Intraabdominal abscess 1 1

Bile leakage 1 0

Table 3. Postoperative mortality and morbidity of laparoscopic and open hepatectomy

Characteristics Laparoscopic hepatectomy (n=64) Open hepatectomy (n=64) p value

Histology 0.372

Well differentiated 26 31

Moderately differentiated 21 19

Poorly differentiated 17 14

Surgical margin size (cm) 2 (0.5-1.0) 3 (0.4-0.9) 0.520

Surgical margin status 1.000

R0 64 64

R1 0 0

R2 0 0

Pathological TNM stage
(AJCC – UICC, 7th Edn)

0.723

TNM: tumor, node, metastasis, AJCC: American Joint Committee on Cancer, UICC: Union Internationale Contre le Cancer

Table 4. Comparison of pathological data between laparoscopy and open group
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 The results of the short-term surgical out-
comes are shown in Table 2. There was no patient 
conversion to open surgery in the laparoscopic 
group. Operative time in the laparoscopic group 
was longer than in the open group. Blood loss was 
less in the laparoscopic group than in the open 
group. The postoperative hospital stay was shorter 
in the laparoscopic group than in the open group. 
There was no significant difference in pathological 
data between the two groups.
 Postoperative complications occurred in 
10 and 11 patients in the laparoscopic and open 

group, respectively (Table 3). In the open group, 
the most common complication was ascites in 4 
patients, followed by wound infection in 2 patients, 
and pneumonia in one patient. In the laparoscopic 
group, the most common morbidity was ascites 
in 4 patients, followed by hepatic insufficiency in 
3 patients. The incidence of major postoperative 
complications was not significantly different be-
tween the two groups. There was no postoperative 
30-day mortality in the two groups. 
 The median follow-ups for the laparoscopic and 
open groups were 31 and 34 months, respectively, 

Variable Five-year overall survival p value

Age, years 0.215

<75 64

≥75 55

Gender 0.301

Male 63

Female 57

AFP, ng/ml 0.021

≥400 54

< 400 70

ASA score 0.458

I-II 62

III 57

Tumor laterality 0.780

Left 62

Right 58

Charlson comorbidity index 0.128

<3 64

≥3 53

Tumor size, cm 0.028

≤3 69

>3 45

Histology 0.054

Well-moderately differentiated 66

Poorly differentiated 54

TNM stage (AJCC – UICC, 7th Edn) 0.008

I 69

II 47

AFP: alpha fetoprotein

Table 5. Univariate analysis of overall survival

Variables Hazard ratio (95% CI) p value

AFP < 400 ng/ml versus ≥400 ng/ml 1.254 (0.754- 2.086) 0.109

TNM stage I versus II 2.012 (1.584- 2.555) 0.029

Ttumor size ≤3 cm versus >3 cm 2.879 (1.159- 7.152) 0.011

Well-moderately versus poorly differen-tiated 1.358 (0.698- 2.642) 0.197

Table 6. Cox proportional hazards model for overall survival
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and this difference was not statistically significant 
(Table 4). The 5-year overall survival rates for the 
laparoscopic and open groups were 62 and 59%, 
respectively, and this difference was not statisti-
cally significant (p=0.774) (Figure 1). 
 AFP≥ 400 ng/ml, TNM stage II, tumor 
size≥ 3cm, and poorly differentiated status were 
associated with poorer overall survival in univari-
ate analysis (Table 5). In multivariate analysis with 
these variables (Table 6), TNM stage II and tumor 
size≥ 3cm were the significant prognostic factors 
affecting overall survival.

 The 5-year disease-free survival rates for the 
laparoscopic and open groups were 51 and 48%, 
respectively, and this difference was not statisti-
cally significant (p=0.344) (Figure 2). AFP≥400 ng/
ml, TNM stage II and tumor size ≥3cm were as-
sociated with poorer disease-free survival in uni-
variate analysis (Table 7). Among these variables, 
prognostic factors affecting disease-free survival 
were AFP≥400 ng/ml and TNM stage II (Table 8). 
Surgical method (either laparoscopic or open sur-
gery) was not associated with overall and disease-
free survival in multivariate analysis. 

Variables Five-year overall survival p value

Age, years 0.387

<75 53

≥75 47

Gender 0.484

Male 52

Female 48

AFP, ng/ml 0.012

≥400 42

< 400 55

ASA score 0.128

I-II 54

III 48

Tumor laterality 0.648

Left 52

Right 48

Charlson comorbidity index 0.248

<3 53

≥3 48

Tumor size, cm 0.018

≤3 58

>3 39

Histology 0.118

Well-moderately differentiated 54

Poorly differentiated 48

TNM stage (AJCC – UICC, 7th Edn) 0.012

I 61

II 42

AFP: alpha fetoprotein

Table 7. Univariate analysis of disease-free survival

Variables Hazard ratio (95% CI) p value

AFP < 400 ng/ml versus ≥400 ng/ml 1.478 (1.257- 1.738) 0.028

TNM stage I versus II 1.789 (1.254- 2.552) 0.010

Ttumor size ≤3 cm versus >3 cm 1.428 (0.748- 2.726) 0.187

Table 8. Cox proportional hazards model for disease-free survival



Laparoscopic vs open hepatectomy in liver cancer 1409

JBUON 2020; 25(3): 1409

Discussion

 Surgical resection is one of the most effective 
treatments of choice for early hepatocellular carci-
noma, with open hepatectomy being the traditional 
surgical approach adopted in the treatment of this 
malignancy [31-34]. Since the first report on the use 
of laparoscopy in the excision of benign liver le-
sions by Reich et al in 1991 [35], the application of 
laparoscopic techniques in benign and malignant 
liver disease has become increasingly widespread 
[36]. With the continuous maturation of laparo-
scopic techniques, laparoscopic hepatectomy has 
been adopted by an increasing number of medical 
centers, and the indications of laparoscopic hepa-
tectomy have expanded from local resection ini-
tially to hemihepatectomy and subsequently to ex-
tended hemihepatectomy [36]. The 2008 Louisville 
Statement states that laparoscopic hepatectomy is 
a safe and effective approach to the management 
of surgical liver disease in the hands of trained 
surgeons with extensive experience in liver sur-
gery and laparoscopic surgery [37]. As laparoscopic 
hepatectomy is associated with several benefits, 
including minor surgical trauma, shorter post-
operative recovery time, shorter hospitalization, 
and long-term outcomes similar to that of open 
hepatectomy, it is widely applied in the treatment 
of hepatocellular carcinoma. With the increase in 
average life expectancy and enhancement of hepa-
tocellular carcinoma screening techniques, there 
has been a continuous increase in elderly hepato-
cellular carcinoma patients in clinical settings and 
reports on the use of laparoscopic hepatectomy in 
the treatment of elderly hepatocellular carcinoma 
patients. However, the vast majority of relevant 
studies have only been focused on short-term out-
comes [11-15]. Based on our searches of databases, 
such as Medline, Embase and Google Scholar, it 
appears that there are no studies in English com-
paring the long-term outcomes of laparoscopic he-

patectomy and open hepatectomy in the treatment 
of hepatocellular carcinoma in elderly patients. 
Therefore, the present study is the first reported 
study written in English on the comparison of the 
outcomes of laparoscopic hepatectomy and open 
hepatectomy in treating elderly hepatocellular car-
cinoma patients. This study compared short- and 
long-term outcomes in elderly hepatocellular car-
cinoma patients undergoing laparoscopic or open 
surgery. Our results suggest that laparoscopic 
surgery in older patients with hepatocellular car-
cinoma achieved better short-term outcomes and 
similar long-term outcomes.
 In the present study, prehepatocellular carci-
noma treatment staging was performed using the 
BCLC staging system, while post-hepatocellular 
carcinoma treatment staging was performed us-
ing the TNM staging system [38]. Differences in the 
BCLC and TNM stages between the two groups of 
patients were not statistically significant, indicat-
ing good comparability of the results. 
 Malignant tumor staging enables the deter-
mination of the degree of malignancy, formulation 
of appropriate treatment regimens by physicians, 
understanding of the prognosis and sequelae of 
malignant tumors, and the establishment of a com-
mon language for the communication of disease 
conditions of patients among physicians [38]. A 
mature staging system, namely the TNM system, 
exists for gastrointestinal malignancies, such as 
esophageal cancer and gastric cancer. However, 
there is currently no universally accepted staging 
system for hepatocellular carcinoma [38]. At pre-
sent, over a dozen hepatocellular carcinoma stag-
ing systems have been reported in the literature, 
with the BCLC and TNM staging systems being 
most commonly reported. The BCLC staging sys-
tem has been recommended as the best staging 
system for hepatocellular carcinoma by the Euro-
pean Association for the Study of the Liver [39] and 
the American Association for the Study of Liver 

Figure 1. Overall survival in matched cohorts of laparo-
scopic and open hepatectomy for elderly patients with hepa-
tocellular carcinoma. 

Figure 2. Disease-free survival in matched cohorts of lapa-
roscopic and open hepatectomy for elderly patients with 
hepatocellular carcinoma. 
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Diseases [40]. Although the treatment guidelines 
of the BCLC staging system have been widely ac-
cepted in Europe and the Americas, a significant 
number of liver surgery specialists in East Asia 
are of the opinion that the scope of application of 
hepatectomy recommended by these guidelines is 
too narrow [41-43]. TNM staging of hepatocellular 
carcinoma is based on pathological results, such 
as vascular invasion; therefore, the TNM stages of 
hepatocellular carcinoma are pathological stages. 
 The liver receives a dual blood supply from the 
hepatic arteries and portal vein as well as blood 
return from the hepatic venous system. As the he-
patic arteries, portal vein, and hepatic veins form a 
dense vascular network, control of bleeding is a key 
aspect of laparoscopic hepatectomy, and bleeding is 
the main reason for conversion to open laparotomy 
[44]. In particular, elderly laparoscopic hepatectomy 
patients are prone to major intraoperative bleeding 
due to significant vascular stiffness and low vascu-
lar elasticity. In the present study, none of the se-
lected patients were converted to open laparotomy 
because of two major reasons: (1) All selected pa-
tients had undergone minor hepatectomy. With the 
low difficulty of the procedure and the extensive 
laparoscopic experience of the surgeons at our in-
stitution, conversion to laparotomy was effectively 
avoided; (2) Controlled low central venous pressure 
was adopted during all operations, which effec-
tively reduced intraoperative bleeding and lowered 
the possibility of conversion to open laparotomy.
 In recent years, novel laparoscopic hepatec-
tomy techniques have been applied in clinical 
settings to reduce the difficulty of laparoscopic 
hepatectomy. Robot-assisted laparoscopic hepa-
tectomy provides several benefits, including three-
dimensional imaging, higher magnification of the 
operative field, clearer images, and higher preci-
sion of maneuvers through the use of robotic arms 
and wrists [45,46]. Therefore, it is highly suitable 
for complex and precision surgery. In developed 
countries, robot-assisted laparoscopic hepatectomy 
has been widely applied in medical institutions. 
However, this procedure also has its disadvantages, 
such as costly equipment and complicated main-
tenance. As China is a developing country, most 
patients are unable to bear the high costs of ro-

bot-assisted laparoscopic hepatectomy. Therefore, 
traditional laparoscopic hepatectomy will become 
the mainstream laparoscopic technique in China 
within a certain period of time.
 To enable better evaluation of the degree of 
difficulty of laparoscopic hepatectomy, researchers 
have proposed a difficult scoring system, which in-
cludes tumor size, tumor location, relationship with 
major blood vessels, hepatic function, and proposed 
scope of resection as scoring criteria [47]. With this 
system, the degree of difficulty of laparoscopic he-
patectomy can be classified as low, moderate, or 
high. Although the surgical procedures performed 
by selected subjects of the present study were of 
low difficulty, an increasing number of moder-
ate- and high-difficulty laparoscopic hepatectomy, 
such as laparoscopic major hepatectomy, have 
been performed at our institution in recent years.
 This study has limitations. First, it is a retrospec-
tive study with inherent selection bias. To minimize 
this, patients undergoing laparoscopic hepatecto-
my were carefully matched to patients undergo-
ing open hepatectomy using propensity scoring. 
Second, we did not analyze cancer-specific survival. 
Since elderly patients are at higher risk of dying 
from other disorders, it is important to know death 
rates associated with hepatocellular carcinoma. 
 This study showed that laparoscopic hepatecto-
my in elderly patients with hepatocellular carcino-
ma achieved better results than open hepatectomy in 
terms of blood loss, length of hospital stay, and post-
operative complications. Survival outcomes follow-
ing laparoscopic and open hepatectomy were simi-
lar in the elderly population. These findings suggest 
that laparoscopic hepatectomy in elderly patients 
with hepatocellular carcinoma is safe and feasible, 
and should be considered as a treatment option.

Acknowledgement

 This work was supported by Health Commis-
sion of Hubei Province Scientific Research Project 
no.WJ2019H501. 

Conflict of interests

 The authors declare no conflict of interests.

References

1. Kontis V, Bennett JE, Mathers CD, Li G, Foreman K, 
Ezzati M. Future life expectancy in 35 industrialised 
countries: projections with a Bayesian model ensemble. 
Lancet 2017;389:1323-35.

2. Kaibori M, Yoshii K, Hasegawa K et al. Treatment Op-
timization for Hepatocellular Carcinoma in Elderly 
Patients in a Japanese Nationwide Cohort. Ann Surg 
2019;270:121-30.



Laparoscopic vs open hepatectomy in liver cancer 1411

JBUON 2020; 25(3): 1411

3. Shen X, Ma S, Tang X et al. Clinical outcome in elderly 
Chinese patients with primary hepatocellular carci-
noma treated with percutaneous microwave coagula-
tion therapy (PMCT): A Strobe-compliant observational 
study. Medicine (Baltimore) 2018;97:e11618.

4. Ide T, Miyoshi A, Kitahara K, Noshiro H. Prediction of 
postoperative complications in elderly patients with 
hepatocellular carcinoma. J Surg Res 2013;185:614-9.

5. Wang W, Huang Z, Guo B et al. Short- and long-
term outcomes of laparoscopic hepatectomy in el-
derly patients with hepatocellular carcinoma. JBUON 
2018;23:971-8.

6. Wu D, Wu W, Li Y et al. Laparoscopic hepatectomy for 
colorectal liver metastases located in all segments of 
the liver. JBUON 2017;22:856-62.

7. Cheung TT, Dai WC, Tsang SH et al. Pure Laparoscopic 
Hepatectomy Versus Open Hepatectomy for Hepatocel-
lular Carcinoma in 110 Patients With Liver Cirrhosis: 
A Propensity Analysis at a Single Center. Ann Surg 
2016;264:612-20.

8. Tozzi F, Berardi G, Vierstraete M et al. Laparoscopic 
Versus Open Approach for Formal Right and Left Hepa-
tectomy: A Propensity Score Matching Analysis. World 
J Surg 2018; 42:2627-2634. 

9. Cho HD, Kim KH, Hwang S, et al. Comparison of pure 
laparoscopic versus open left hemihepatectomy by 
multivariate analysis: a retrospective cohort study. 
Surg Endosc 2018; 32:643-650.

10. Goh BKP, Chan CY, Lee SY, Chung AYF. Early experience 
with totally laparoscopic major hepatectomies: single 
institution experience with 31 consecutive cases. ANZ 
J Surg 2018;88:E329-33.

11. Yu X, Yan YC, Chen G, Yu H. The efficacy and safety 
of totally laparoscopic hepatectomy for non-cirrhotic 
hepatocellular carcinoma in the elderly. BMC Surg 
2018;18:118.

12. Nomi T, Hirokawa F, Kaibori M et al. Laparoscopic ver-
sus open liver resection for hepatocellular carcinoma 
in elderly patients: a multi-centre propensity score-
based analysis. Surg Endosc 2019 May 15. [Epub ahead 
of print]

13. Wang XT, Wang HG, Duan WD et al. Pure Laparoscopic 
Versus Open Liver Resection for Primary Liver Carcino-
ma in Elderly Patients: A Single-Center, Case-Matched 
Study. Medicine (Baltimore) 2015;94:e1854.

14. Goh BKP, Chua D, Syn N et al. Perioperative Outcomes 
of Laparoscopic Minor Hepatectomy for Hepatocellular 
Carcinoma in the Elderly. World J Surg 2018;42:4063-
69.

15. Amato B, Aprea G, De Rosa D et al. Laparoscopic hepa-
tectomy for HCC in elderly patients: risks and feasibil-
ity. Aging Clin Exp Res 2017;29:179-83.

16. Yue M, Wang Y, Kang ZH, Wang X, Wang L. Short- and 
long-term outcomes of laparoscopic complete meso-
colic excision for transverse colon cancer. JBUON.2018; 
23:950-7.

17. Chi Z, Li Z, Cheng L, Wang C. Comparison of long-term 
outcomes after laparoscopic-assisted and open colecto-
my for splenic flexure cancer. JBUON 2018; 23:322-28.

18. Raoof M, Ituarte PHG, Woo Y et al. Propensity score-
matched comparison of oncological outcomes between 

laparoscopic and open distal pancreatic resection. Br J 
Surg 2018;105:578-86.

19. Valente R, Sutcliffe R, Levesque E, et al. Fully lapa-
roscopic left hepatectomy - a technical reference pro-
posed for standard practice compared to the open ap-
proach: a retrospective propensity score model. HPB 
(Oxford) 2018;20:347-55.

20. Shida D, Ochiai H, Tsukamoto S, Kanemitsu Y. Long-
term outcomes of laparoscopic versus open D3 dissec-
tion for stage II/III colon cancer: Results of propensity 
score analyses. Eur J Surg Oncol 2018;44:1025-30.

21. Wakabayashi G, Cherqui D, Geller DA et al. Recommen-
dations for laparoscopic liver resection: a report from 
the second international consensus conference held in 
Morioka. Ann Surg 2015;261:619-29.

22. Ratti F, Cipriani F, Reineke R et al. The clinical and 
biological impacts of the implementation of fast-track 
perioperative programs in complex liver resections: A 
propensity score-based analysis between the open and 
laparoscopic approaches. Surgery 2018;164:395-403.

23. Schultz NA, Larsen PN, Klarskov B et al. Second Gen-
eration of a Fast-track Liver Resection Programme. 
World J Surg 2018;42:1860-6.

24. Clavien PA, Barkun J, de Oliveira ML, et al. The Clavien-
Dindo classification of surgical complications: five-year 
experience. Ann Surg 2009;250:187-96.

25. Yang XW, Zhu SH, Li PZ, Li WZ, Sun XL. Outcomes of 
laparoscopic gastrectomy for gastric cancer in elderly 
patients. JBUON 2018;23:85-91.

26. Sun G, Xue J, Zhang Y, Gao X, Guo F. Short- and long-
term outcomes of laparoscopic surgery in elderly pa-
tients with rectal cancer. JBUON 2018;23:55-61.

27. Ding Z, Jiang L, Zhang K, Huang R. Short- and long-
term outcomes of conversion in laparoscopic gastrec-
tomy for gastric cancer. JBUON 2018; 23:1004-1012.

28. Li J, Yudong L, Chen Y. Short- and long-term outcomes 
of laparoscopic complete mesocolic excision in elderly 
patients with right colon cancer. JBUON 2018;23:1625-
32.

29. Boc A, Crisan N, Vesa SC et al. The impact of minimal 
invasive surgery on early complications and mortality 
after radical cystectomy for muscle-invasive urothelial 
bladder cancer. JBUON 2018;23:104-10.

30. Swaid F, Geller DA. Minimally Invasive Primary Liver 
Cancer Surgery. Surg Oncol Clin N Am 2019;28:215-  
27.

31. Nakaseko Y, Ishizawa T, Saiura A. Fluorescence-guided 
surgery for liver tumors. J Surg Oncol 2018;118:324- 
31.

32. Forner A, Reig M, Bruix J. Hepatocellular carcinoma. 
Lancet 2018;391:1301-14. 

33. Villanueva A. Hepatocellular Carcinoma. N Engl J Med 
2019; 380:1450-62.

34. Marrero JA, Kulik LM, Sirlin CB et al. Diagnosis, 
Staging, and Management of Hepatocellular Carci-
noma: 2018 Practice Guidance by the American As-
sociation for the Study of Liver Diseases. Hepatology 
2018;68:723-50.

35. Reich H, McGlynn F, DeCaprio J, Budin R. Laparo-
scopic excision of benign liver lesions. Obstet Gynecol 
1991;78:956-8.



Laparoscopic vs open hepatectomy in liver cancer1412

JBUON 2020; 25(3): 1412

36. Yohanathan L, Cleary SP. Minimally Invasive Manage-
ment of Secondary Liver Cancer. Surg Oncol Clin N Am 
2019; 28:229-41. 

37. Buell JF, Cherqui D, Geller DA et al. The international 
position on laparoscopic liver surgery: The Louisville 
Statement, 2008. Ann Surg 2009;250:825-30.

38. Tellapuri S, Sutphin PD, Beg MS, Singal AG, Kalva SP. 
Staging systems of hepatocellular carcinoma: A review. 
Indian J Gastroenterol 2018;37:481-91.

39. European Association for the Study of the Liver. EASL 
Clinical Practice Guidelines: Management of hepato-
cellular carcinoma. J Hepatol 2018; 69:182-236.

40. Heimbach JK, Kulik LM, Finn RS et al. AASLD guide-
lines for the treatment of hepatocellular carcinoma. 
Hepatology 2018;67:358-80.

41. Lim C, Salloum C, Osseis M et al. Short-term outcomes 
following hepatectomy for hepatocellular carcinoma 
within and beyond the BCLC guidelines: A prospective 
study. HPB (Oxford) 2018;20:222-30.

42. Ye JZ, Wang YY, Bai T et al. Surgical resection for hepa-

tocellular carcinoma with portal vein tumor thrombus 
in the Asia-Pacific region beyond the Barcelona Clinic 
Liver Cancer treatment algorithms: a review and up-
date. Oncotarget 2017;8:93258-78.

43. Guglielmi A, Ruzzenente A, Conci S et al. Hepatocel-
lular carcinoma: surgical perspectives beyond the Bar-
celona clinic liver cancer recommendations. World J 
Gastroenterol 2014;20:7525-33.

44. Tranchart H, O’Rourke N, Van Dam R et al. Bleeding 
control during laparoscopic liver resection: a review 
of literature. J Hepatobiliary Pancreat Sci 2015; 22:   
371-8.

45. Zhu P, Liao W, Ding ZY et al. Learning Curve in Robot-
Assisted Laparoscopic Liver Resection. J Gastrointest 
Surg 2018 Nov 7. [Epub ahead of print]

46. Guan R, Chen Y, Yang K et al. Clinical efficacy of robot-
assisted versus laparoscopic liver resection: a meta 
analysis. Asian J Surg 2019;42:19-31.

47. Ban D, Kudo A, Ito H et al. The difficulty of laparoscopic 
liver resection. Updates Surg 2015;67:123-8.


