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Background/Aims: Multiplication of α-fetoprotein, des-γ-carboxy prothrombin, and tumor 
volume (ADV score) is a surrogate marker for post-resection prognosis of hepatocellular 
carcinoma (HCC). This study aimed to validate the predictive power of the ADV score-based 
prognostic prediction model for patients with solitary huge HCC.

Methods: Of 3,018 patients, 100 patients who underwent hepatic resection for solitary HCC 
≥13 cm between 2008 and 2012 were selected.

Results: The median tumor diameter and tumor volume were 15.0 cm and 886 mL, 
respectively. Tumor recurrence and overall survival (OS) rates were 70.7% and 66.0% at one 
year and 84.9% and 34.0% at five years, respectively. Microvascular invasion (MVI) was the 
only independent risk factor for disease-free survival (DFS) and OS. DFS and OS, stratified by 
ADV score with 1-log intervals, showed significant prognostic contrasts (P=0.007 and P=0.017, 
respectively). DFS and OS, stratified by ADV score with a cut-off of 8-log, showed significant 
prognostic contrasts (P=0.014 and  P=0.042, respectively). The combination of MVI and ADV 
score with a cut-off of 8-log also showed significant prognostic contrasts in DFS (P<0.001) and 
OS (P=0.001) considering the number of risk factors. Prognostic contrast was enhanced after 
combining the MVI and ADV score.

Conclusions: The prognostic prediction model with the ADV score could reliably predict the 
risk of tumor recurrence and long-term patient survival outcomes in patients with solitary 
huge HCC ≥13 cm. The results of this study suggest that our prognostic prediction models 
can be used to guide surgical treatment and post-resection follow-up for patients with huge 
HCCs. (J Liver Cancer 2021;21:45-57)
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IntroductIon

Hepatocellular carcinoma (HCC), one of the most com-

mon malignancies worldwide, is one of the leading causes of 

cancer-related death.1 Huge HCCs with maximal tumor di-

ameter greater than 13 cm or tumor volume greater than 

1,000 mL are occasionally encountered during the initial di-
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agnosis of a liver mass. Although outcomes of both surgical 

and non-surgical treatments for huge HCCs are usually un-

satisfactory,2 a small proportion of patients show acceptably 

favorable outcomes after hepatic resection (HR). Thus, HR 

is considered the first-line treatment for huge resectable 

HCCs in patients with preserved hepatic function.3-6 In pa-

tients with huge HCCs, post-resection tumor recurrence is 

very frequent despite complete tumor resection. Thus, over-

all patient survival is determined by the curability of HR and 

subsequent treatment for HCC recurrence, along with the 

remnant liver functional reserve.3

Considering the very high incidence of early post-resection 

recurrence in patients with huge HCCs, it is beneficial to dis-

cern patients with a low risk of tumor recurrence and a high 

probability of prolonged survival. We have previously dem-

onstrated that multiplication of α-fetoprotein (AFP), 

des-γ-carboxy prothrombin (DCP; proteins induced by vita-

min K antagonist or absence-II), and tumor volume (TV) 

(AFP-DCP-TV [ADV] score) is an integrated surrogate 

marker of post-resection and post-transplant prognosis for 

HCC.7-9 The prognostic predictive power of the ADV score is 

high enough in patients with small- to large-sized HCCs but 

relatively limited for those with huge HCCs. This study 

aimed to validate the prognostic impact of the ADV score on 

patients who underwent resection for solitary huge HCC 

with a maximal diameter of ≥13 cm.

MEtHodS

1. Study design and patient selection

This was a single-center retrospective study involving a 

single arm of patients with solitary huge HCC ≥13 cm. HR 

was preferentially performed for patients with huge HCCs 

who had resectable tumors and preserved liver function. Our 

institutional liver cancer surgery database was searched ex-

tensively to identify patients who underwent HR for solitary 

HCC ≥13 cm between January 2008 and May 2012. The total 

number of cases of HR for HCC during the study period was 

3,018.10 Only patients who underwent HR with curative in-

tent were included in this study. Patients who did not under-

go AFP or DCP measurements within 14 days prior to sur-

gery were excluded as their exact ADV score could not be 

calculated. Patients with DCP measurements showing high 

cut-off values such as >2,000, >20,000, or >75,000 mAU/mL 

were also excluded because of limitations in the quantitative 

calculation of the ADV score. Of the 3,018 patients, 100 

(3.3%) were included as the final study cohort.

The medical records of the included study patients were 

retrospectively reviewed. Patients were followed up until Oc-

tober 2020 through review of their medical records and with 

the assistance of the National Health Insurance Service, re-

sulting in a follow-up period of ≥100 months or until patient 

death. The study protocol was approved by the Institutional 

Review Board at the Asan Medical Center (IRB no. 2019-

1347). The requirement for informed consent from patients 

was waived due to the retrospective nature of this study. This 

study was performed in accordance with the ethical guide-

lines of the World Medical Association Declaration of Hel-

sinki 2013.

The primary purpose of this study was to estimate tumor 

recurrence and patient survival in accordance with the ADV 

score. The secondary purpose was to determine cut-off val-

ues of the ADV score that would be clinically applicable to 

the resection of huge HCCs.

2.   Preoperative evaluation, surgical procedures, 

and follow-up

Preoperative imaging evaluation for HCC included dy-

namic abdominal and pelvic computed tomography (CT), 

chest CT, magnetic resonance imaging, and 2-18F-fluoro-

2-deoxy-d-glucose positron emission tomography (FDG-

PET) scan. Visual comparison of uptake in the HCC region 

and surrounding non-tumor liver tissues on FDG-PET scan 

was performed. If the contour of the tumor was definitely 

identifiable, it was regarded as a hypermetabolic uptake. The 

hepatic functional reserve was assessed using an indocyanine 

green retention rate at 15 minutes and evidence of portal hy-

pertension on imaging and endoscopic studies.

The extent of HR was determined based on the proportion 

of future liver remnant volume after considering tumor-free 
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Table 1. clinicopathological features of the study patients (n=100)

Characteristic Value

Age (years) 55.1±11.9 (20-79)

Sex 

Male 78 (78.0)

Female 22 (22.0)

Background liver disease 

Hepatitis B virus infection 77 (77.0)*

Hepatitis C virus infection 2 (2.0)

Alcoholic liver disease 19 (19.0)

Others 2 (2.0)

Preoperative laboratory profiles 

Total bilirubin (mg/dL) 1.1±0.5

Aspartate aminotransferase (IU/L) 113.1±110.9

Alanine aminotransferase (IU/L) 62.3±115.5

Albumin (g/dL) 3.5±0.5

Prothrombin time (INR) 1.43±1.21

Platelet count (/μL) 245.3±99.1×103 

Serum AFP

<100 ng/mL 33 (33.0)

≥100 ng/mL 67 (67.0)

Median (ng/mL) 1,300 (1.2-1,420,000)

Serum DCP

<200 mAU/mL 15 (15.0)

≥200 mAU/mL 85 (85.0)

Median (mAU/mL) 9,080 (16-101,073)

FDG-PET findings (n=86)

Isometabolic 13 (15.1)

Hypermetabolic 73 (84.9)

ICG-R15 (%) 15.6±9.6

History of preoperative HCC treatment

No 87 (87.0)

Yes 13 (13.0)

Preoperative portal vein embolization

No 97 (97.0)

Yes 3 (3.0)

Tumor diameter (cm) 16.2±2.9

Median (range) 15.0 (13.0-24.5)

Tumor volume (mL) 1,092.2±629.2

Median (range) 886 (452-3,385)

Microvascular invasion 

Absent 27 (27.0)

Present 73 (73.0)

Characteristic Value

Macrovascular invasion 

Absent 82 (82.0)

Present 18 (18.0)

Satellite nodules 

Absent 75 (75.0)

Present 25 (25.0)

Most common Edmondson-Steiner 
tumor differentiation (n=523)

I and II 35 (35.0)

III and IV 65 (65.0)

Liver cirrhosis 

Absent 72 (72.0)

Present 28 (28.0)

Values are presented as mean±standard deviation (range) or number 
(%) unless otherwise indicated.
INR, International Normalized Ratio; AFP, α-fetoprotein; DCP, des-
γ-carboxy prothrombin; FDG-PET, 2-18F-fluoro-2-deoxy-d-glucose 
positron emission tomography; ICG-R15, indocyanine green retention 
test at 15 minutes; HCC, hepatocellular carcinoma.
*Including one case of hepatitis B and C virus co-infection.

Table 1. continued

Table 2. Extents of hepatic resection

Value

Extent of hepatectomy

Right trisectionectomy 4 (4.0)

Right hepatectomy±caudate resection 58 (58.0)

Right anterior sectionectomy 5 (5.0)

Right posterior sectionectomy 5 (5.0)

Central bisectionectomy 5 (5.0)

Left trisectionectomy 1 (1.0)

Left hepatectomy±caudate resection 15 (15.0)

Left medial sectionectomy 2 (2.0)

Left lateral sectionectomy 3 (3.0)

Partial hepatectomy 2 (2.0)

Concurrent extrahepatic bile duct resection 3 (3.0)

Curability of hepatic resection 

R0 resection 88 (88.0)

R1 resection 12 (12.0)

Values are presented as number (%).
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resection margins and hepatic functional reserve. Periopera-

tive evaluation, perioperative follow-up, and treatment for 

tumor recurrence have been described previously.3,7-9,11-13

3. Calculation of ADV score

Blood concentrations of AFP and DCP were measured 

during preoperative assessment. The upper normal ranges of 

AFP and DCP at our institution were 7.5 ng/mL and  

40 mAU/mL, respectively. As huge HCCs are often not 

spheroid in shape, the TV was calculated using pathology re-

port data with a formula to measure the volume of an ellip-

soid mass as “(4/3)×π×a×b×c” (a, b, and c are semi-axes). 

Multiplication of AFP (ng/mL), DCP (mAU/mL), and TV 

(mL) indicates the ADV score, which is expressed on a loga-

rithmic scale (log10 is simply presented as log).7

4. Statistical analysis

Continuous variables were analyzed using the Student’s t -

test or Mann-Whitney U test. Incidence variables were com-

pared using the chi-square test or Fisher’s exact test. Survival 

curves were estimated using the Kaplan-Meier method and 

compared using the log-rank test. Cox proportional hazard 

regression analysis was used to obtain the hazard ratio and 

95% confidence interval. Harrell’s concordance index (c-in-

Figure 1. comparison of preoperative computed tomography (cT) scan, resected right liver specimen, and cT scan taken 3 months after hepatic 
resection in patients who underwent right hepatectomy. The maximal tumor diameters were 13 cm (A), 17 cm (b), and 20 cm (c).

A

b

c
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dex) was used for the quantitative assessment of prediction 

accuracy. A P-value<0.05 was considered to indicate a statis-

tically significant difference. Statistical analyses were per-

formed using SPSS version 22 (IBM Corp., New York, NY, 

USA) and Stata version 15 (Stata Corp., College Station, TX, 

USA).

rESuLtS

1. Clinical features of patients

The clinical and pathological features of all 100 study pa-

tients are summarized in Table 1. Hepatitis B virus (HBV) 

infection was present in 77 (77.0%) patients. Thirteen 

(13.0%) patients had a history of treatment for HCC before 

HR, including transarterial chemoembolization (TACE)/ra-

dioembolization with or without other treatment modalities 

in 10 patients and systemic chemotherapy in three patients. 

Preoperative right portal vein embolization for right hepatec-

tomy was performed in three (3.0%) patients. Preoperative 

laboratory examinations showed median values of 1,300 ng/mL 

(range, 1.2-1,420,000) for AFP and 9,080 mAU/mL (range, 

16-101,073) for DCP. The FDG-PET study showed hyper-

metabolic uptake in 73 (84.9%) of 86 patients.

2. Operative and pathological findings

Extents of HR are summarized in Table 2. R0 and R1 re-

sections were performed in 88 (88.0%) and 12 (12.0%) pa-

tients, respectively. The median tumor diameter was 15.0 cm 

(range, 13.0-24.5 cm) and median TV was 886 mL (range, 

452-3,385 mL) (Fig. 1). Pathological studies revealed micro-

vascular invasion (MVI) in 73 (73.0%) patients, macrovas-

cular invasion in 18 (18.0%) patients, satellite nodules in 25 

(25.0%) patients, and liver cirrhosis in 28 (28.0%) patients 

(Table 1). In the 10 patients who underwent TACE preoper-

atively, none showed tumor necrosis of more than 50%.

3. Tumor recurrence and patient survival

One patient died during the first month after HR due to 

sepsis. Thus, the 1-month perioperative mortality rate was 

1.0%. Seven patients died during the first 3 months, with an 

overall 3-month mortality rate of 7.0%. During the follow-

up period of more than 100 months, tumor recurrence was 

identified in 84 patients. Prognostic analysis indicated that 

the cumulative 6-month, 1-year, 3-year, and 5-year tumor 

recurrence rates were 59.1%, 70.7%, 82.6%, and 84.9%, re-

spectively (Fig. 2A). All-cause death was observed in 78 pa-

tients. The 6-month, 1-year, 3-year, and 5-year overall sur-

Figure 2. Kaplan-Meier estimation of post-resection tumor recurrence (A) and overall patient survival (b).
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Table 3. Univariate and multivariate analyses of the risk factors associated with tumor recurrence and patient survival

Parameter
Case 
No.

Tumor recurrence Patient survival

Univariate analysis Multivariate analysis Univariate analysis Multivariate analysis

Median 
DFS period 
(months)

P- 
value

Hazard 
ratio

95% CI
P- 

value

Median 
OS period 
(months)

P- 
value

Hazard 
ratio

95% CI
P- 

value

Background liver disease 0.031 0.24 0.31 ND

Non-HBV 23 9.4 1 25.7

HBV 77 3.7 1.40 0.79-2.56 38.0

Preoperative AFP 0.40 ND 0.048 0.18

<100 ng/mL 33 3.7 56.3 1

≥100 ng/mL 67 4.2 17.7 1.40 0.85-2.30

Serum DCP 0.64 ND 0.21 ND

<200 mAU/mL 15 5.5 47.2

≥200 mAU/mL 85 3.8 28.8

FDG-PET findings 0.004 0.19 0.024 0.21

Isometabolic 13 3.7 1 95.7 1

Hypermetabolic 73 8 1.87 0.74-4.74 18.5 1.87 0.71-4.91

Microvascular invasion <0.001 0.007 <0.001 0.020

Absent 27 34.6 1 88.6 1

Present 73 3.1 2.42 1.27-4.61 7.1 2.10 1.12-3.91

Macrovascular invasion 0.031 0.46 0.53 ND

Absent 82 4.5 1 34.5

Present 18 2.7 1.24 0.71-2.18 15.5

Satellite nodule 0.001 0.071 0.011 0.99

Absent 75 5.5 1 38.1 1

Present 25 2.9 1.63 0.96-2.77 9.6 1.54 0.92-2.59

Tumor diameter 0.68 ND 0.66 ND

<15 cm 44 3.7 39.2

≥15 cm 56 4.1 18.5

Tumor volume 0.52 ND 0.73 ND

<886 mL 49 3.7 37.3

≥886 mL 51 4.4 27.7

Liver cirrhosis 0.85 ND 0.49 ND

Absent 72 4.5 32.3

Present 28 3.0 25.7

Type of curability 0.091 0.61 0.036 0.13

R0 resection 88 4.5 1 37.3 1

R1 resection 12 2.1 1.20 0.61-2.38 10.6 1.68 0.87-3.26

DFS, disease-free survival; 95% CI, 95% confidence interval; OS, overall survival; ND, not done; HBV, hepatitis B virus; AFP, α-fetoprotein; DCP, des-
γ-carboxy prothrombin; FDG-PET, 2-18F-fluoro-2-deoxy-d-glucose positron emission tomography.
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vival (OS) rates were 85.0%, 66.0%, 49.0%, and 34.0%, 

respectively (Fig. 2B).

The sites of the first tumor recurrence were intrahepatic in 

61 (72.6%) patients, extrahepatic in 19 (22.6%) patients 

(lung in 13, bone in 3, adrenal gland in 2, peritoneum in 1), 

and multiple intrahepatic and extrahepatic in four (4.8%) 

patients. The lung was the most frequent initial extrahepatic 

metastatic site (n=13). Every available locoregional treatment 

was performed according to the sites and patterns of tumor 

recurrence. However, seven patients received only the best 

supportive care due to worsened general conditions and/or 

rapid tumor progression. Due to suboptimal responses of lo-

coregional treatments for tumor recurrence, 35 (41.7%) pa-

tients finally underwent systemic chemotherapy, including 

sorafenib and other chemotherapeutic agents.

4.   Risk factor analysis for tumor recurrence and 

patient survival

Results of univariate and multivariate analyses for tumor 

recurrence and patient survival are summarized in Table 3. 

In the univariate analyses, significant risk factors for disease-

free survival (DFS) were HBV infection, hypermetabolic 

FDG-PET findings, MVI (Fig. 3), macrovascular invasion, 

satellite nodules, and R1 resection, whereas significant risk 

factors for OS were AFP ≥100 ng/mL, hypermetabolic FDG-

PET findings, MVI, satellite nodules, and R1 resection. The 

multivariate analyses demonstrated that MVI was the only 

Figure 3. comparison of the disease-free survival (A) and overall survival (b) curves according to the status of microvascular invasion (MVI).
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Table 4. Multivariate analyses with microvascular invasion and ADV score with a cut-off of 8log

Disease-free survival Overall survival

Hazard ratio P-value 95% CI Hazard ratio P-value 95% CI

Microvascular invasion 0.001 0.001

Absent 1

Present 3.67 2.09-6.45 2.72 1.51-4.93

ADV score 0.098 0.12

≤7.9log 1 1

≥8.0log 1.4 0.91-2.29 1.45 0.96-2.33

ADV score, α-fetoprotein, des-γ-carboxy prothrombin, and tumor volume score; 95% CI, 95% confidence interval.
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independent risk factor for both DFS and OS (Table 4).

5.   Prognostic analysis using the ADV score for 

DFS and OS

Patients were stratified according to their ADV scores us-

ing 1log (10-fold) intervals as follows: eight (8.0%) patients 

with ADV scores of ≤5.9log; seven (7.0%) with ADV scores 

of 6.0-6.9log; seven (7.0%) with ADV scores of 7.0-7.9log; 

16 (16.0%) with ADV scores of 8.0-8.9log; 15 (15.0%) with 

ADV scores of 9.0-9.9log; 18 (18.0%) with ADV scores of 

10.0-10.9log; nine (9.0%) with ADV scores of 11.0-11.9log; 

14 (14.0%) with ADV scores of 12.0-12.9log; and six (6.0%) 

with ADV scores of ≥13.0log. DFS stratified according to the 

Figure 4. comparison of the disease-free survival (A) and overall survival (b) curves according to the α-fetoprotein, des-γ-carboxy prothrombin, 
and tumor volume (ADV) score of 1log intervals.

Fig. 4
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Figure 5. comparison of the disease-free survival (A) and overall survival (b) curves according to the α-fetoprotein, des-γ-carboxy prothrombin, 
and tumor volume (ADV) score with a cut-off of 8.0log.
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ADV score at 1log intervals showed significant prognostic 

contrasts (P =0.007; Fig. 4A). OS stratified according to the 

ADV score at 1log intervals also showed significant prognos-

tic contrasts (P=0.017; Fig. 4B).

To enhance the prognostic contrast and to select patients 

with truly poor prognosis, patients were reclassified into two 

subgroups with ADV score ranges of ≤7.9log and ≥8log after 

cluster analysis. Survival analysis according to these two cut-

off values showed significant prognostic contrasts in DFS 

(P=0.014; Fig. 5A) and OS (P=0.042; Fig. 5B).

6.   Prognostic analysis using a combination of 

MVI and the ADV score

Risk factor analysis showed that MVI was the only inde-

pendent risk factor for DFS and OS. Harrell’s c-index, ac-

cording to MVI, was 0.63 and 0.62 for DFS and OS, respec-

tively. An ADV score with a cut-off of 8log was also a 

significant prognostic factor. Harrell’s c-index, according to 

the ADV score with a cut-off of 8log, was 0.57 and 0.56 for 

DFS and OS, respectively.

Additional multivariate analyses with these two factors 

showed that MVI was an independent risk factor for DFS 

(P =0.001) and OS (P =0.001). ADV score with a cut-off of 

8log showed a marginal significance for DFS (P=0.098) and 

OS (P =0.12). Although the prognostic impact of these two 

parameters was not equally strong, we considered them as 

two independent risk factors; the combination of MVI and 

the ADV score with a cut-off of 8log (MVI-ADV score) re-

sulted in three subgroups with 0, 1, and 2 risk factors. This 

prognostic prediction model using the MVI-ADV score 

showed significant prognostic contrasts in DFS (P <0.001; 

Fig. 6A) and OS (P =0.001; Fig. 6B). Harrell’s c-index, ac-

cording to the MVI-ADV score, was 0.68 and 0.67 for DFS 

and OS, respectively.

dIScuSSIon

Tumor size is traditionally considered one of the most im-

portant prognostic factors for the post-resection prognosis of 

HCC. We have previously demonstrated that post-resection 

prognosis gradually worsens with increasing tumor size from 

1 cm to 10 cm regardless of the MVI status.11 In addition, the 

incidence of MVI reportedly increases with HCC size.14 We 

found that the incidence of MVI showed a progressive in-

crease from 4.1% for HCCs <2 cm to 30.7% for HCCs of 

8.1-9.9 cm.11 In the present study, huge HCCs ≥13 cm pre-

sented with MVI in 73% of cases. It is frequently observed 

Figure 6. comparison of the disease-free survival (A) and overall survival (b) curves according to the number of risk factors (presence of 
microvascular invasion and α-fetoprotein, des-γ-carboxy prothrombin, and tumor volume [ADV] score ≥8.0log).
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that HCC becomes biologically more aggressive with pro-

gressive growth of the tumor, showing a higher incidence of 

MVI and higher expression of AFP and DCP. Consequently, 

the prognosis of patients with large HCCs worsens with tu-

mor growth. Contrarily, a small proportion of patients with 

huge HCCs have shown unexpectedly favorable long-term 

survival after HR.15 These patients may benefit from HR. 

Thus, accurate prediction of post-resection prognosis is es-

sential for deciding the treatment plan for patients with huge 

HCCs.

Before predicting post-resection prognosis, the feasibility 

of HR should be considered. It is generally accepted that 

there is no limit to the tumor size that precludes HR, particu-

larly for solitary large HCC, if a patient’s hepatic functional 

reserve permits the corresponding extent of HR. There are 

two important aspects regarding the operability of huge 

HCCs: operative safety and surgical curability. HR of huge 

HCCs usually requires demanding surgical procedures 

known to increase the risk of massive bleeding. It is impor-

tant to perform step-by-step approaches, such as initial feed-

ing artery ligation and anterior approach for hepatic paren-

chymal transection, to minimize intraoperative bleeding.16-18 

A large abdominal incision with or without extension to the 

chest wall helps provide a wide operative field, which facili-

tates mobilization of the huge tumor-bearing right liver. As a 

huge tumor occupies a certain portion of the liver, the feasi-

ble extents of HR are often comparable to those of partial 

hepatectomy. It is reasonable to design the extent of HR after 

considering patient safety first. Thus, there is no reason to 

stick to systematic resection.3,7-11,19-22 In fact, nearly all HRs 

for huge HCCs are not considered as systematic resections 

because of the high incidence of intrahepatic metastases in 

the future remnant liver.23,24

We have previously developed a prognostic prediction 

model for HR of large HCCs ≥10 cm using four independent 

parameters: AFP ≥100 ng/mL, hypermetabolic FDG-PET 

findings, MVI, and satellite nodules.3 This prognostic predic-

tion model has been validated through a multicenter study,25 

in which its predictive power has been demonstrated to be 

reliably high. Cluster analysis has enabled us to successfully 

stratify patients into three subgroups with 0-1, 2, and 3-4 risk 

factors. However, this prediction model includes two patho-

logical parameters that are unavailable during preoperative 

assessment. We developed a prognostic prediction model 

with the ADV score to eliminate this limitation. The ADV 

score is an integrated surrogate marker of post-resection 

prognosis for HCC as well as a quantifiable parameter re-

flecting the oncological aggressiveness of HCC. The clinical 

usability of the ADV score has been well demonstrated in an 

increasing number of studies regarding HR and liver trans-

plantation.7-9,25

Reliable calculation of the ADV score before surgery is a 

matter of concern for the preoperative prediction of patients 

with HCC. We used CT volumetry to measure individual 

TVs. The definition provided in the Modified Response 

Evaluation Criteria in Solid Tumors (mRECIST)26 was ap-

plied to measure viable TV in patients who underwent prior 

HCC treatment. In patients who have undergone TACE be-

fore HR, TV can be estimated through volumetric measure-

ment of the contrast-enhancing portions of tumors, and lipi-

odolized zones were considered as non-enhancing lesions as 

adopted in the mRECIST criteria. This can offset the differ-

ent therapeutic effects of preceding HCC treatments. It has 

been reported that the results of pretransplant imaging have 

reliable correlations with explant/resection pathology regard-

ing the size of viable tumors.27-29 Although we did not mea-

sure TV before HR in the present study, we believe that there 

exists a close correlation between the pathology report-based 

TV and CT volumetry-based TV using the mRECIST crite-

ria. In our recent study on living donor liver transplantation 

for HCC, the correlation analyses between the pretransplant 

and pathological findings in 843 patients showed high corre-

lations between viable tumor number (Spearman’s correla-

tion coefficient rho [ρ]=0.845, P <0.001), maximal tumor 

size (ρ=0.688, P <0.001), total TV (ρ=0.736, P <0.001), and 

ADV score (ρ=0.895, P<0.001).30

In our previous study with 526 cases of HCC ≥8 cm,25 the 

cut-off of the ADV score was set at 7log after cluster analysis. 

Patient grouping according to a combination of ADV at 7log 

and FDG-PET findings exhibited significant differences in 

DFS and OS, which were comparable to those of the above-

mentioned prognostic prediction model with four risk fac-
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tors. However, the prognostic model combining the ADV 

score at 7log and FDG-PET findings was not sufficiently reli-

able for patients with huge HCCs because the ADV score 

cut-off of 7log was too low to stratify the patients with huge 

HCCs. Thus, in the present study, we raised the cut-off ADV 

score to 8log, which resulted in clear prognostic contrast in 

DFS and OS. In practice, the reliable cut-off value of the 

ADV score varies depending on the characteristics of the 

study group. The cut-off ADV score was lowered to 4log for 

patients with solitary HCC ≤5 cm, whereas it was raised to 

7log for those with HCC ≥8 cm and to 9log for those with 

HCC combined with portal vein tumor thrombus.7-9,25

Prognostic prediction with only the ADV score is available 

before HR; thus, it can be used for treatment planning. After 

HR, additional information on MVI is available; thus, a 

combination of the ADV score and MVI can enhance the 

power of prognostic prediction. In the present study, a com-

bination of MVI and the ADV score cut-off at 8log enabled 

us to stratify the patients into three subgroups with 0, 1, and 

2 risk factors, and DFS and OS were inversely correlated with 

the number of risk factors. Our prognostic models with only 

the ADV score and MVI-ADV score combination can be 

separately applied to clinical practice before and after HR. 

We have applied them to determine the intervals of follow-

up imaging studies, particularly during the first year. We also 

used the preoperative ADV score using CT volumetry to de-

sign the tailored extent of HR.

We have previously reported that de novo or residual in-

trahepatic metastasis was detected in 41.9% of patients who 

have undergone HR for large HCCs ≥10 cm and preemptive 

transarterial chemoinfusion (TACI)/TACE at postoperative 

1 month.3,19,31 A combination of surgery with curative intent 

for huge HCCs and subsequent postoperative 1-month 

TACI/TACE appears to be a reasonable therapeutic option 

in the current setting in Korea. We have previously demon-

strated that satellite nodules were an independent risk factor 

for intrahepatic metastasis at postoperative 1 month. Thus, 

performing preemptive 1-month TACI/TACE for HCC with 

satellite nodules has been strongly suggested.3,19 Although the 

prognosis of patients with intrahepatic metastasis at 1 month 

was still inferior to that of patients without early intrahepatic 

metastasis, we presume that timely or early detection and 

treatment of small metastatic HCC lesions would benefit 

these patients, without causing any harm.32

The present study has some limitations. This was a single-

center retrospective study in an HBV-endemic area. Hence, 

it will be necessary to validate our results in other regions to 

extend our results to patients with HCC of various etiologies. 

Another limitation was that we selected only patients with 

solitary HCC to avoid bias from inevitable confounding vari-

ables.

In conclusion, the prognostic prediction model using the 

ADV score could reliably predict the risk of tumor recur-

rence and long-term patient survival outcomes in patients 

with solitary huge HCC ≥13 cm. The results of this study 

suggest that our prognostic prediction model can be used to 

guide surgical treatment and post-resection follow-up in pa-

tients with huge HCCs.
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