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Abstract

Introduction: This study was conducted to evaluate the results of hepatectomy for hepatocellular carcinoma 
(HCC) by the combination of extrafascial extrahepatic (Takasaki method) and extrafascial intrahepatic pedicle 
approaches (Ton That Tung method).

Material and methods: A longitudinal follow-up study was conducted on 83 patients undergoing hepatecto-
my for HCC using the combination of extrafascial extrahepatic (Takasaki method) and extrafascial intrahepatic 
pedicle approaches at Nghe An Provincial Hospital from April 2017 to July 2021. Survival analysis was applied.

Results: The cumulative overall survival (OS) rates after 1, 2, 3 and 4 years were 88.4%, 76.3%, 69.5% and 
56.9%, respectively. The mean OS time was 40.68 ±2.17 months. The 1-, 2-, 3- and 4-year disease-free survival 
(DFS) rates were 67.1%, 56%, 53.1% and 50%, respectively. The mean DFS time was 32.58 ±2.56 months. 
Surgical margin > 1 cm was an independent predictor of both overall and disease-free survival (HR = 5.194, 
95% CI = 1.467-18,385, p = 0.011 for OS; HR = 2.822, 95% CI = 1.231-6.468, p = 0.014 for DFS).

Conclusions: Hepatectomy for HCC by a combination of extrafascial extrahepatic (Takasaki method) and extrafas-
cial intrahepatic pedicle approaches (Ton That Tung method) is effective and safe, and side effects and complica-
tions can be controlled. Patient selection is a key issue and plays a very important role in the outcome of treatment.
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Introduction

Liver cancer is one of the most common cancers in 
the world. Liver cancer incidence and mortality are in-
creasing over time. A 2017 report estimated that there 
were 950,000 new cases and 800,000 deaths from liver 
cancer, twice as many as in 1990 [1]. Hepatectomy is 
considered a basic and effective method in the treat-

ment of liver cancer. In 1963, Dr. Ton That Tung in-
troduced the method of hepatectomy called Ton That 
Tung by controlling the vascular pedicle after cutting 
the liver parenchyma, thereby limiting complications 
due to an abnormal state of the liver’s anatomical char-
acteristics [2]. In 1986, Takasaki introduced extrafas-
cial Glissonean dissection [3] to control the Glisson 
pedicle at the hepatic hilum. This technique had some 
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Material and methods

Study design and patients

This longitudinal study was performed at Nghe 
An General Friendship Hospital, Vietnam from April 
2017 to July 2021. Patients were recruited if: 1) they 
were indicated for hepatectomy to treat hepatocellu-
lar cancer by the combination of extrafascial extrahe-
patic (Takasaki method) and extrafascial intrahepatic 
pedicle approaches (Ton That Tung method); 2) they 

Table 1. Demographic and clinical characteristics of hepatocellular carcinoma 
patients

Characteristics

Age, mean ±SD (range) 53.23 ±10.47 (30-73)

Gender, n (%)

Male 57 (68.7)

Female 26 (31.3)

Virus infection, n (%)

Hepatitis B virus 66 (79.5)

Hepatitis C virus 1 (1.2)

Both positive 1 (1.2)

Child-Pugh Grade, n (%)

A 76 (91.6)

B 7 (18.4)

TNM stage (AJCC, 8th), n (%)

IA 1 (1.2)

IB 56 (67.8)

II 3 (3.6)

IIIA 15 (18.1)

IIIB 8 (9.6)

Preoperative blood tests, mean ±SD (range)

Total bilirubin 11.7 ±4.35 (4.4-34.6)

AST 57.6 ±46.18 (18-261)

ALT 47.82 ±34.21 (16-186.5)

Albumin 39.27 ±5.19 (24-51.2)

AFP (ng/ml) 2579,13 ±8558 (80-60500)

Size of tumor (cm) 5.23 ±2.27

Multiple tumor, n (%) 22 (26.5)

PVTT, n (%) 3 (3.6)

MELD score, mean ±SD (range) 7.04 ±1.37 (6-13)

Child-Pugh score, mean ±SD (range) 5.36 ±0.72 (5-9)

ALBI score, mean ±SD (range) –2.65 ±0.438 (–3.62-–1.39)

ALT – alanine aminotransferase, AST – aspartate aminotransferase, AFP – α-fetoprotein, 
MELD – model for end-stage liver disease, ALBI – albumin-bilirubin, PVTT – portal vein tumor 
thrombosis, TNM – tumor-node-metastasis, AJCC – American Joint Committee on Cancer

advantages in hepatectomy including the precise de-
termination of the hepatectomy area, helping to cut 
the liver safely, limiting the ischemia of the remaining 
liver parenchyma, reducing blood loss, and avoiding 
spreading cancer cells to avoid cancer cell proliferation 
to neighboring lobes during surgery. 

This study was conducted to evaluate the results  
of hepatectomy for hepatocellular carcinoma (HCC) 
by the combination of extrafascial extrahepatic (Taka-
saki method) and extrafascial intrahepatic pedicle  
approaches (Ton That Tung method).

Table 2. Surgical characteristics, outcomes and complications among patients

Characteristics

Type of liver resection, n (%)

Major hepatectomy 20 (24.1)

Minor hepatectomy 63 (75.9)

Control of the Glissonean pedicle, n (%)

Left pedicle 12 (14.5)

Right pedicle 60 (72.3)

Middle segmental branch 44 (53)

Right segmental branch 46 (55.4)

Surgical margin (cm), n (%)

< 0.5 3 (3.6)

0.5-1 44 (53)

> 1 36 (43.4)

Complications, n (%)

Biliary fistula 3 (3.6)

Pleural effusion 22 (26.5)

Ascites 14 (16.9)

Liver failure 1 (1.2)

Clavien-Dindo Grade, n (%)

I 29 (35.0)

II 0

IIIA 2 (2.4)

IIIB 1 (1.2)

IVA 0

Mortality, n (%)

No 83 (100.0)

Yes 0 

Parenchymal transection time (minutes), mean ±SD 37.43 ±9.94

Operative time (minutes), mean ±SD 158.7 ±53.12

Blood loss (ml), mean ±SD 247.32 ±145.15

Postoperative hospital stay (days), mean ±SD (range) 10.82 ±3.4 (7-25)

Time to drain removal (days), mean ±SD (range) 5.59 ±1.58 (4-15)

SD – standard deviation, major hepatic resection: resection of ≥ 3 Couinaud segments
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and their caregivers agreed to participate in the study. 
A total of 83 patients were invited to the study during 
this period. They were followed up for 4 years to assess 
survivorship after surgery. This study was approved 
by the institutional review board of Nghe An General 
Friendship Hospital. 

Surgical technique and data collection

The surgical procedure has been described else-
where [4]. In brief, we used the Takasaki method for 
extrahepatic extrafascial Glissonean dissection. Then, 
we used the Ton That Tung hepatectomy method by 
performing parenchymal transection and intrahepatic 
division of Glissonean pedicles.

Patient information was collected using a  medical 
record. The information includes age, gender, clinical 
characteristics, the status of hepatitis and cirrhosis, sur-
gical outcomes, type of liver resection, time of surgery, 
intraoperative complications, blood loss, length of hos-
pital stay, and survivorship after 4 years of follow-up.

Statistical analysis

Data were analyzed using SPSS 22.0 software (IBM 
Corp., USA). Descriptive statistics were performed. 
Overall survival (OS) and disease-free survival (DFS) 

were described according to clinical characteristics 
and surgical characteristics, using the log-rank test 
for comparison. The Kaplan-Meier analysis method 
was conducted to assess the probability of survival of 
patients 4 years after surgery. A Cox regression model 
(proportional hazard model) was used to analyze prog-
nostic factors for the probability of patient survival.  
P < 0.05 was considered to be statistically significant.

Results

Table 1 shows that of 83 patients with HCC, the 
mean age was 53.23 ±10.47 years. The majority of them 
were male (68.7%), having hepatitis B (79.5%), having 
Child-Pugh grade A (91.6%), and stage IB (67.8%) ac-
cording to the tumor-node-metastasis (TNM) classi-
fication. 

Table 2 shows that all cases underwent anatomical 
liver resection, in which minor hepatectomy accounted 
for 75.9%. The percentage of left and right pedicle con-
trol was 14.5% and 72.3%, respectively. Surgical margin 
in the range 0.5-1 cm was major, which accounted for 
43.4%. The average parenchymal transection time was 
37.43 ±9.94 minutes, and the average operative time was 
158.7 ±53.12 minutes. The volume of blood loss during 
surgery was 247.32 ±145.15 ml. Some complications 
were recorded including biliary fistula (3.6%), pleural 

 Follow-up time (year) n Cumulative OS rates (%) n Cumulative DFS rates (%)
 1 74 88.4 57 67.1
 2 66 76.3 50 56.0
 3 63 69.5 49 53.1
 4 61 56.9 48 50.0

Fig. 1. Overall (A) and disease-free survival (B) probability after hepatic resection
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effusion (26.5%), ascites (16.9%), and postoperative liv-
er failure (1.2%). According to the Clavien-Dindo clas-
sification, grade I accounted for the majority with 35%. 
No patient died during the hospital stay. 

The average postoperative follow-up time was 
25.06 ±14.04 (3-53) months. The number of survivors 
was 61 and 22 patients died during the study period. 
Overall survival at 1, 2, 3 and 4 years was 88.4%, 76.3%, 
69.5% and 56.9%, respectively. The mean time of OS 
was 40.68 ±2.17 months. Probability of DFS after 1, 2, 
3 and 4 years was 67.1%, 56%, 53.1% and 50%, respec-
tively. The mean time of DFS was 32.58 ±2.56 months 
(Fig. 1).

Table 3 shows that tumor size, surgical margin, por-
tal vein tumor thrombosis, and Barcelona Clinic Liv-
er Cancer (BCLC) stage were significantly associated 
with overall survival (p < 0.05; Table 3), while α-feto-
protein (AFP), tumor size, surgical margin, portal vein 
tumor thrombosis, and BCLC stage were significantly 
associated with DFS (p < 0.05; Table 4).

Table 4 shows that surgical margin was an indepen-
dent prognostic factor for both overall and disease-free 
survival. Portal vein tumor thrombosis was identified as 

an independent prognostic factor for OS (HR = 8.843, 
95% CI = 2.081-37.574, p = 0.003). Tumor size was an 
independent prognostic factor for DFS (HR = 0.471, 
95% CI = 0.238-0.933, p = 0.031).

Discussion

Selective hepatectomy and anatomical hepatecto-
my are considered standard techniques for HCC. Ton 
That Tung improved the technique based on the prin-
ciple of finding and tying the Glisson pedicle in the liv-
er parenchyma [2]. Takasaki introduced the technique 
of controlled hepatectomy of the Glisson pedicle at the 
hepatic hilum. Combining both techniques helps to 
limit complications due to anatomical abnormalities, 
minimize the ischemia of the remaining liver paren-
chyma, limit postoperative liver failure, reduce blood 
loss during surgery and avoid cancer cell proliferation 
to neighboring lobes.

In this study, the results showed that no patient died 
after surgery. There was one patient with transient liv-
er failure after surgery, whose condition was improved 
after receiving medical treatment. Complications after 

Table 3. Overall and disease-free survival according to different socio-demographic and clinical characteristics

Factor
n

Overall survival time Disease-free survival time

OS (months) 95% CI p-value DFS (months) 95% CI p-value

Age (years) ≤ 60 59 40.53 ±2.58 35.46-45.60 0.865 31.80 ±3.04 25.85-37.77 0.476

> 60 24 39.13 ±3.16 32.94-45.33 32.21 ±4.28 32.82-40.60

Gender Male 57 40.83 ±2.39 36.14-45.51 0.364 32.03 ±2.98 26.19-37.88 0.765

Female 26 37.88 ±3.99 30.06-45.70 31.53 ±4.50 22.70-40.37

AFP level ≤ 400 54 43.34 ±2.51 38.42-48.25 0.103 37.45 ±3.03 31.52-43.39 0.006

> 400 29 34.39 ±3.45 27.62-41.13 22.46 ±3.84 14.92-29.99

Size of tumor (cm) ≤ 5 50 44.28 ±2.51 39.37-49.19 0.031 37.32 ±3.15 31.14-43.49 0.014

> 5 33 34.29 ±3.75 27.28-41.30 24.89 ±3.87 17.29-32.48

Number of tumors ≤ 3 76 41.64 ±2.18 37.36-45.91 0.062 33.47 ±2.64 28.28-38.64 0.153

> 3 7 20.14 ±3.01 14.23-26.04 14.29 ±4.22 6.01-22.57

Tumor cell 
differentiation

Well or 
moderately

80 41.29 ±2.18 37.01-45.57 0.125 32.99 ±2.61 27.86-38.11 0.436

Poorly 3 20.33 ±3.34 13.77-26.88 15.67 ±5.17 5.53-25.80

Surgical margin ≤ 1 47 33.25 ±2.94 27.49-39.01 < 0.001 24.25 ±3.27 17.83-30.66 < 0.001

> 1 36 49.53 ±1.88 45.84-53.21 42.67 ±3.14 36.51-48.83

PVTT Present 3 9.00 ±3.51 2.11-15.88 < 0.001 3.33 ±0.33 2.68-3.98 0.001

Absent 80 41.98 ±2.12 37.82-46.13 33.69 ±2.58 28.62-38.75

ALBI grade 1 50 42.45 ±2.59 37.36-47.53 0.346 33.99 ±3.25 27.63-40.36 0.478

2 33 37.20 ±3.36 30.61-43.79 29.38 ±3.96 21.60-37.14

BCLC stage 0, A 60 43.19 ±2.29 38.69-47.67 0.036 36.94 ±2.85 31.35-42.52 0.001

B, C 23 33.36 ±4.47 24.59-42.12 20.10 ±4.58 11.12-29.07

PVTT – portal vein tumor thrombosis, CI – confidence interval, AFP – α-fetoprotein, ALBI – albumin-bilirubin, BCLC – Barcelona Clinic Liver Cancer, OS – overall survival, DFS – disease-
free survival 
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surgery were mainly graded I (Clavien-Dindo grade). 
The postoperative complications we encountered in-
cluded infection, ascites, and pleural effusion. The me- 
chanism of pleural effusion and ascites was due to the 
release of the liver, the cutting of the ligaments that 
affect the regional lymphatic circulation or liver dys-
function after surgery. Pleural effusions were usually 
small in number, were treated medically or aspirated, 
and rarely required pleural drainage [5]. In this study, 
there were three cases of biliary fistula, accounting for 
3.6%, and two patients underwent percutaneous bili-
ary drainage intervention. There was one patient who 
had left liver resection and then had a  biliary fistula 
and had to undergo biliary stenting to stop the leak. 
The cause of the biliary fistula, in this case, was the 
narrowness of the biliary tree. It might be related to 
clamping and cutting the left hepatic peduncle close 
to the biliary tree; hence when suturing the Glisson 
pedicle with Prolene string, it caused narrowing of the 
biliary tree. Biliary fistula is also a serious complication 
of liver resection. To limit biliary fistula after the liver 
tumor was extracted, we checked and sutured the cut 
Glisson pedicle with Prolene string, and pressed a dry 
gauze pad to the cut area for 3-5 minutes to check for 
bleeding points or biliary fistula. There are cases when 
we pump water through the cystic duct to check for 
biliary fistula. The incidence of biliary fistula in some 
studies ranged from 4.0% to 17%. Yoshioka et al. per-
formed a retrospective analysis on 505 liver resections 
that showed a  biliary fistula rate of 6.7%, with three 
independent risk factors: major hepatectomy, liver sur-
face resection ≥ 57.5 cm2 and intraoperative bleeding 
775 ml [6].

Recurrence of HCC is frequent, and about half of 
patients who undergo surgery will have a tumor recur-
rence within 3 years. In this study, there were relation-
ships of tumor size, surgical margin, and portal vein 
thrombosis with patient mortality. Recent studies in 
large patient populations have shown that tumor size 
acts as an important predictor of HCC tumors [7-9]. 
This may be explained by the fact that large tumors are 

often associated with other clinical factors including 
microsatellite nodules, spermatogenesis, multiple neo-
plasms, major vascular invasion, or distant metastases, 
which have a  positive association with tumor recur-
rence but a negative impact on patient survival. Ishii 
et al. concluded that patients with large HCC tumors 
< 7 cm in diameter have a high risk of poor prognosis 
due to the high rate of lung metastases, even in the ab-
sence of gross vascular invasion [10]. Tumor size is an 
important risk factor for HCC metastasis. In the group 
with tumor size larger than 5 cm, the rate of liver me-
tastasis increased by about 30% and the rate of portal 
vein thrombosis doubled compared with the group 
smaller than 5 cm [9].

The surgical margin in hepatectomy is determined 
to remove microsatellite nodules and thrombus caused 
by cancer cells invading blood vessels around the tu-
mor, prevent future recurrence, and preserve sufficient 
healthy liver parenchyma. This is particularly import-
ant for HCC because the disease develops mainly from 
cirrhotic tissue, and adequate preservation of healthy 
liver parenchyma is critical to successful treatment. 
Although extensively studied, the optimal surgi-
cal margin for liver resection remains controversial.  
The determination of the width of the surgical margin 
and variation according to tumor stage is still incon-
sistent; it ranges from 2 to 10 mm depending on the 
author [11-13].

Median OS in patients with advanced HCC with 
reported portal vein thrombosis ranged from 2.7 to 
4.0 months if untreated [14]. Recent studies from 
China and Japan have shown that hepatectomy is 
associated with better survival than nonoperative 
therapies in HCC patients with thrombosis limited 
to the first branch of the portal vein or higher. Al-
though advances in surgical technique and periop-
erative care have made surgery safer in patients with 
portal vein thrombosis, the occurrence of portal 
vein thrombosis in many studies remains a negative 
prognostic factor, which reduces the survival time 
of patients [15, 16].

Table 4. Multivariate analysis for overall and disease-free survival

Factor Overall survival time Disease-free survival time

HR 95% CI p-value HR 95% CI p-value

AFP level N/A N/A N/A 0.534 0.259-1.098 0.088

Size tumor (cm) 0.457 0.189-1.105 0.082 0.471 0.238-0.933 0.031

Surgical margin 5.194 1.467-18.385 0.011 2.822 1.231-6.468 0.014

PVTT 8.843 2.081-37.574 0.003 2.314 0.690-7.765 0.174

BCLC stage 1.241 0.426-3.612 0.693 0.715 0.327-1.560 0.399

HR – hazard ratio, N/A – not applicable, CI – confidence interval, AFP – α-fetoprotein, PVTT – portal vein tumor thrombosis, BCLC – Barcelona Clinic Liver Cancer
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Conclusions

Hepatectomy for HCC by a combination of extra-
fascial extrahepatic (Takasaki method) and extrafas-
cial intrahepatic pedicle approaches (Ton That Tung 
method) is effective and safe, and side effects and com-
plications can be controlled. Patient selection is a key 
issue and plays a very important role in the outcome 
of treatment.
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