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Abstract
Introduction: Optimal treatment of hepatocellular carcino-
ma (HCC) beyond the Milan criteria is in debate. We aimed to 
identify candidates for surgical resection (SR) in Barcelona 
Clinic Liver Cancer (BCLC)-A/B HCC beyond the Milan criteria 
with survival benefit. Methods: Patients with BCLC-A/B HCC 
beyond the Milan criteria at the National Taiwan University 
Hospital during 2005 and 2019 were screened, and those 
who received transarterial chemoembolization (TACE) or SR 
were consecutively included. The tumor burden was classi-
fied by the seven-eleven criteria into low (≤7), intermediate 
(7–11), or high (>11). Multivariable Cox proportional hazard 

regression analysis was used for outcome prediction. Re-
sults: Overall, 474 patients who received SR (n = 247) and 
TACE (n = 227) were enrolled. Patients who underwent SR 
were significantly younger with better liver reserve. There 
were 76 (31%) and 129 (57%) deaths in the SR and TACE 
groups after a median follow-up of 3.9 and 2.1 years, respec-
tively. The seven-eleven criteria could distinguish median 
overall survival (OS) among low (n = 149), intermediate (n = 
203), and high (n = 122) tumor burden groups (7.7 vs. 6.9 
vs. 2.8 years, respectively, p < 0.001). Patients receiving SR 
had a significantly higher median OS compared with TACE 
in those with intermediate (8.2 vs. 2.6 years, p < 0.001) and 
high (5.6 vs. 1.5 years, p = 0.001) tumor burden. After adjust-
ment for age, sex, and liver reserve, SR was predictive for 
better OS in intermediate (adjusted hazard ratio [aHR]: 0.45, 
95% confidence interval [CI]: 0.27–0.75) and high tumor bur-
den groups (aHR: 0.54, 95% CI: 0.32–0.92). The survival ben-
efit of SR especially confines to patients within 3 tumors. 

This is an Open Access article licensed under the Creative Commons 
Attribution-NonCommercial-4.0 International License (CC BY-NC) 
(http://www.karger.com/Services/OpenAccessLicense), applicable to 
the online version of the article only. Usage and distribution for com-
mercial purposes requires written permission.
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Conclusions: In patients with BCLC-A/B HCC beyond the Milan 
criteria with tumor burden beyond the up-to-7 criteria but 
within 3 tumors, SR has better OS than TACE and should be 
considered in resectable patients. © 2023 The Author(s).

Published by S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) is the sixth most 
commonly diagnosed cancer and the third leading cause 
of cancer-related death worldwide in 2020 [1]. HCC be-
yond the Milan criteria include single large tumor (>5 
cm) and multinodular HCCs (>3 nodules, or 2–3 nodules 
with size >3 cm). According to the Barcelona Clinic Liver 
Cancer (BCLC) classification, single large tumor is clas-
sified as BCLC-A and is recommended to receive surgical 
resection (SR), whereas multinodular HCCs are classified 
as BCLC-B and the standard therapy is transarterial che-
moembolization (TACE).

Several studies suggested single large HCC (>5 cm) 
should be considered as BCLC-B because its prognosis 
was more similar to that of  BCLC-B HCC and the prog-
nosis was worse than BCLC-A HCC within the Milan 
criteria [2–7]. The efficacy of TACE compared to SR  
for single large HCC demonstrated inconsistent results 
[8–11]. Besides, several studies demonstrated that SR 
achieved better survival than TACE in selected patients 
with BCLC-B HCC [12–18]. According to the National 
Comprehensive Cancer Network (NCCN) guideline, SR 
is a potentially curative therapy for carefully selected pa-
tients, based on patient characteristics including perfor-
mance status, comorbidity, as well as liver reserve and 
the tumor location [19]. Moreover, according to Asian 
Pacific Association for the Study of the Liver (APASL) 
guideline, SR should be considered in the BCLC-A/B pa-
tients in a multidisciplinary setting as a potentially cura-
tive therapy, regardless of tumor burden or liver function 
status [20].

Several BCLC-B subclassification systems have been 
proposed by using tumor burden and liver reserve to 
improve the outcome of HCC [21]. Recently, the seven-
eleven criteria had been introduced, which is simply cal-
culated by the sum of the total number of tumors and the 
diameter of the largest tumor. The seven-eleven criteria 
were shown to be most discriminative in predicting ra-
diologic response and overall survival (OS) in patients 
with BCLC-B HCC undergoing TACE than the up-to-7 
criteria and the up-to-11 criteria [22].

Since patients with BCLC-A/B HCC beyond the Milan 
criteria comprise a heterogeneous population with vari-
ous tumor burden and liver reserve, therefore, not all pa-
tients benefit from the treatment recommendations by 
the BCLC guideline [23, 24]. In this study, we aimed to 
compare the efficacy between SR and TACE and further 
identify optimal candidates for SR in BCLC-A/B HCC 
beyond the Milan criteria according to the tumor burden 
defined by the seven-eleven criteria.

Materials and Methods

Patients
We conducted this retrospective cohort study to screen pa-

tients older than 20 year old with a diagnosis of HCC from the 
cancer registry of the Integrative Medical Database of National 
Taiwan University Hospital (NTUH-iMD), a tertiary medical cen-
ter in Taiwan. Diagnosis of HCC is based on histological confirma-
tion or at least one typical imaging study according to the recom-
mendations of the American Association for the Study of Liver 
Diseases (AASLD) [25]. We included patients of BCLC-A/B HCC 
beyond the Milan criteria who received TACE or SR as the first 
treatment. The treatment modality was jointly decided by the pa-
tient and our tumor board by multidisciplinary experts.

SR was indicated in patients with adequate remnant liver vol-
ume, preserved liver function, with adequate tumor-free resection 
margins following Makuuchi’s criteria [26]. Resection is generally 
not suitable for tumors involving both lobes of the liver, >3 nod-
ules, and deeply located or with hilar involvement [27]. However, 
there are no limitations precluding resection regarding tumor size, 
number, or involvement of portal vein in patients without cirrho-
sis according to the management guideline in Taiwan [27].

After HCC treatment, a contrast-enhanced computed tomogra-
phy (CT) or magnetic resonance imaging (MRI) would be arranged 
within 2 months to confirm the responses of treatment. Abdominal 
ultrasound, CT, or MRI would be arranged every 3–6 months after-
ward for the surveillance of recurrent HCC. Repeated HCC treat-
ment would be performed according to current guidelines and the 
multidisciplinary discussion of the HCC tumor board.

Data Collection
The clinical characteristics of patients were collected from elec-

tronic medical records, including sex, birth date, alanine amino-
transferase (ALT), aspartate aminotransferase (AST), albumin, to-
tal bilirubin, platelet (PLT) count, alpha-fetoprotein (AFP) level, 
status of hepatitis B virus and hepatitis C virus infection, status of 
cirrhosis, tumor numbers, maximum tumor size, BCLC staging, 
treatment for first tumor recurrence, and date of HCC diagnosis, 
mortality, or last follow-up. Cirrhosis was diagnosed clinically by 
the appearance of nodular liver surface, coarse liver parenchymal 
texture, narrowed vessels with irregular intrahepatic vessel con-
tour, and enlarged spleen size in abdominal ultrasound or CT [28]. 
Tumor numbers and tumor size were mostly determined based on 
radiologic findings or by pathologic findings if appropriate.

The tumor burden was calculated by the sum of diameter of the 
largest tumor and the total number of tumors and was classified 
into low (≤7), intermediate (7–11), or high (>11) according to the 
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seven-eleven criteria [22]. The liver reserve measurement in our 
cohort included albumin-bilirubin (ALBI) score (log10 bilirubin 
[µmol/L] × 0.66) + (albumin [g/L] × −0.085) and fibrosis-4 (FIB-4) 
index (age [years] × AST [U/L])/(PLT [109/L] × ALT [U/L]1/2).

Statistical Analysis
All statistical analysis was performed by STATA (version 16.0; 

Stata Corp., College Station, TX, USA). All tests were two sided, 
and p values <0.05 were considered significant. The continuous 
variables are reported as median (interquartile range) and the cat-
egorical data as a number (percentage). Differences between 
groups were evaluated by Wilcoxon rank-sum test or the χ2 test as 
appropriate. The survival time was defined from the diagnosis date 
of HCC to the date of mortality or last follow-up. The OS between 
SR and TACE in the three tumor burden groups was compared 
using Kaplan-Meier (KM) curve analysis and the logrank test. In-
dependent predictors of OS were determined by multivariable Cox 
proportional hazard regression analysis after adjustment for rele-
vant factors and factors with statistical significance in univariable 
analysis.

Results

Baseline Characteristics
From 2005 to 2019, a total of 2,306 patients with HCC 

were screened from the NTUH-iMD as the NTUH HCC 
cohort. Among them, 1,720 patients were excluded due 

to BCLC stage 0, C, D, and BCLC stage A within the 
Milan criteria. We further excluded 62 patients with in-
complete data and excluded 50 patients receiving first 
treatment other than SR or TACE, such as radiofrequen-
cy ablation (RFA) and systemic therapy. Finally, 474 pa-
tients were included in this study (shown in Fig. 1).

Of these patients, 247 (52%) received SR, whereas 227 
(48%) underwent TACE. The baseline clinical data for 
the 474 patients are shown in Table 1. Patients in the SR 
group were significantly younger (64 vs. 68 years, p = 
0.004) and had lower FIB-4 index (2.17 vs. 3.98, p < 
0.001), ALBI score (−3.01 vs. −2.89, p < 0.001), AFP 
(20.9 vs. 40.8 ng/mL, p < 0.001), less cirrhosis (40 vs. 
73%, p < 0.001), larger maximum tumor size (7.0 vs. 5.6 
cm, p < 0.001), less HCV infection (19 vs. 36%, p < 
0.001), and mostly had single tumor (75 vs. 26%, p < 
0.001). There were no significant differences in tumor 
burden according to the seven-eleven criteria (p > 0.05). 
After a median follow-up of 3.9 and 2.1 years in the SR 
group and TACE group, respectively, the mortality rate 
is significantly lower in SR group than TACE group (31 
vs. 57%, p < 0.001).

The detailed information of tumor numbers (1,  
2, or 3, and >3) and treatment modalities in different 
tumor burden groups is shown in online Supplementary 

Patients in the NTUH HCC cohort between
2005–2019 (n = 2,306)

Patients with BCLC-A/B beyond the
Milan criteria (n = 474)

SR group
(n = 247)

TACE group
(n = 227)

Stage other than BCLC-A/B beyond the Milan
criteria (n = 1,720)

Incomplete data (n = 62)
First treatments other than SR and
TACE (n = 50)

Fig. 1. Study flowchart.
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Table 1 (for all online suppl. material, see www. 
karger.com/doi/10.1159/000529143). Generally, patients 
who received SR mostly had single tumor, while those 
who received TACE mostly had 2 or 3 tumors.

Survival Analysis
We first compared the OS of 474 patients, and the 

median OS in the SR group was 8.2 years which was 
significantly longer than 2.8 years in the TACE group 
(logrank p < 0.001) (shown in Fig. 2a). According to 
the seven-eleven criteria, there were 149 (31%), 203 
(43%), and 122 (26%) patients having low, intermedi-
ate, and high tumor burden, respectively. The KM 
curve analysis revealed significant nonoverlapping 
survival curves of low, intermediate, and high tumor 
burden groups (logrank p < 0.001). The median OS in 
low, intermediate, and high tumor burden group were 
7.7, 6.9, and 2.8 years, respectively (shown in online 
suppl. Fig. 1).

We then investigated the OS according to the tumor 
burden. In patients with low tumor burden, the KM curve 
analysis showed significant overlap of survival curves in 

the first 2 years post SR or TACE (shown in Fig. 2b). To 
identify the predictor of OS, univariable analysis showed 
that high FIB-4 index, high ALBI score, and SR (vs. TACE) 
were significant predictors of survival (shown in Table 2). 
The multivariable Cox regression analysis revealed SR 
had no survival benefit compared with TACE in the low 
tumor burden group (adjusted hazard ratio [aHR]: 0.82, 
95% confidence interval [CI]: 0.43–1.55, p = 0.532).

In the intermediate tumor burden group, the KM sur-
vival curves revealed SR had a significantly better OS than 
TACE (8.2 vs. 2.6 years, p < 0.001) (shown in Fig. 2c). The 
univariate analysis showed that age, FIB-4 index, ALBI 
score, cirrhosis, and SR (vs. TACE) were significant pre-
dictors of survival (shown in Table 3). The multivariable 
Cox regression analysis revealed that SR reduced 55% risk 
of mortality compared with TACE (aHR: 0.45, 95% CI: 
0.27–0.75, p = 0.002).

In the high tumor burden group, the KM survival 
curves revealed SR had significantly better OS than TACE 
(5.6 vs. 1.5 years, p = 0.001) (shown in Fig. 2d). Besides, 
FIB-4 index, ALBI score, and SR (vs. TACE) were signif-
icant predictors of survival in the univariable analysis 

Table 1. Characteristics of 474 patients 
with BCLC-A/B HCC beyond the Milan 
criteria receiving SR or TACE

Variables SR (n = 247) TACE (n = 227) p value

Age, years 64 (55–75) 68 (58–75) 0.004
Sex

Male 200 (81) 161 (71) 0.010
Female 47 (19) 66 (29)

FIB-4 index 2.17 (1.50–3.24) 3.98 (2.29–6.85) <0.001
ALBI score −3.01 (−3.22–-2.79) −2.89 (−2.49–-1.98) <0.001
AFP, ng/mL 20.9 (4.1–526.5) 40.8 (9.1–373.2) 0.030
HBV positive 136 (55) 112 (49) 0.213
HCV positive 46 (19) 81 (36) <0.001
Cirrhosis 99 (40) 166 (73) <0.001
Seven-eleven criteria

Low (≤7) 76 (31) 73 (32) 0.062
Intermediate (7–11) 117 (47) 86 (38)
High (>11) 54 (22) 68 (30)

Tumor number
1 186 (75) 59 (26) <0.001
2 or 3 53 (22) 115 (51)
>3 8 (3) 53 (23)

Maximum tumor size, cm 7.0 (5.6–9.8) 5.6 (3.7–8.9) <0.001
Follow-up duration, years 3.9 (2.2–5.2) 2.1 (1.0–4.1) <0.001
Death 76 (31) 129 (57) <0.001

Data are expressed as median (interquartile range) or number (percentage). BCLC, 
Barcelona Clinic Liver Cancer classification; HCC, hepatocellular carcinoma; SR, surgical 
resection; TACE, transarterial chemoembolization; FIB-4 index, fibrosis-4 index; ALBI 
score, albumin-bilirubin score; AFP, α-fetoprotein; HBV, hepatitis B virus; HCV, hepatitis C 
virus.



Survival Benefits of Liver Resection in 
HCC beyond Milan Criteria

543Liver Cancer 2023;12:539–549
DOI: 10.1159/000529143

(shown in Table  4). The multivariable Cox regression 
analysis again revealed SR was predictive of better OS 
compared with TACE (aHR: 0.54, 95% CI: 0.32–0.92, p = 
0.022).

Subgroup Analysis Based on Tumor Numbers
Since BCLC-A/B HCC beyond the Milan criteria 

composed of single large tumor (BCLC-A) and multi-
nodular tumors (BCLC-B), we stratified our patients 
into two subgroups: single large HCC (n = 245) or mul-
tinodular HCCs (n = 229). The baseline characteristics 
were shown in online supplementary Table 2. Besides, 
the actual number of HCC is a major determinant for 
the selection of SR or TACE by physicians, so we also 
stratified our patients by tumor number in each differ-
ent tumor burden group.

Single Large HCC
The median OS was significantly better in the SR group 

(n = 186) than in the TACE group (n = 59) (8.2 vs. 2.7 years, 
p < 0.001) (shown in Fig.  3a). According to the seven-
eleven criteria, there were 74 (30%), 119 (49%), and 52 
(21%) patients having low, intermediate, and high tumor 
burden, respectively. After adjusting for age, sex, and liver 
reserve, the multivariable analysis showed ALBI score, 
high tumor burden (vs. low), and SR (vs. TACE) were sig-
nificant predictors of OS (shown in Table 5). SR reduced 
43% risk of mortality compared with TACE (aHR: 0.57, 
95% CI: 0.35–0.93, p = 0.023).

Multinodular HCCs
The median OS was significantly better in the SR group 

(n = 61) than in the TACE group (n = 168) (6.3 vs. 2.8 

Table 2. Cox regression analysis for 
prediction of OS in 149 patients with low 
tumor burden

Variables Univariable analysis Multivariable analysis

HR (95% CI) p value HR (95% CI) p value

Age, 1 year increase 1.00 (0.98–1.03) 0.818 1.00 (0.97–1.02) 0.839
Male (vs. female) 0.77 (0.43–1.39) 0.392 0.81 (0.43–1.51) 0.503
FIB-4 index, 1 point increase 1.07 (1.02–1.13) 0.006 1.01 (0.94–1.09) 0.779
ALBI score, 1 point increase 2.41 (1.50–2.44) <0.001 2.13 (1.13–4.00) 0.019
AFP, 1 ng/mL increase 1.00 (1.00–1.00) 0.660
HBV positive (vs. negative) 1.02 (0.59–1.75) 0.943
HCV positive (vs. negative) 1.37 (0.79–2.38) 0.261
Cirrhosis (vs. no) 1.79 (0.97–3.22) 0.063
SR versus TACE 0.54 (0.31–0.94) 0.029 0.82 (0.43–1.55) 0.532

OS, overall survival; HR, hazard ratio; CI, confidence interval; FIB-4 index, fibrosis-4 index; 
ALBI score, albumin-bilirubin score; AFP, α-fetoprotein; HBV, hepatitis B virus; HCV, hepatitis 
C virus; SR, surgical resection; TACE, transarterial chemoembolization.

Table 3. Cox regression analysis for 
prediction of OS in 203 patients with 
intermediate tumor burden

Variables Univariable analysis Multivariable analysis

HR (95% CI) p value HR (95% CI) p value

Age, 1 year increase 1.02 (1.01–1.04) 0.011 1.01 (0.99–1.03) 0.193
Male (vs. female) 0.85 (0.50–1.45) 0.557 0.98 (0.57–1.67) 0.938
FIB-4 index, 1 point increase 1.06 (1.02–1.11) 0.005 0.96 (0.90–1.03) 0.256
ALBI score, 1 point increase 2.71 (1.89–3.89) <0.001 2.19 (1.30–3.68) 0.003
AFP, 1 ng/mL increase 1.00 (1.00–1.00) 0.840
HBV positive (vs. negative) 1.10 (0.71–1.71) 0.678
HCV positive (vs. negative) 1.07 (0.66–1.73) 0.794
Cirrhosis (vs. no) 1.88 (1.18–3.00) 0.008 1.26 (0.74–2.15) 0.388
SR versus TACE 0.29 (0.18–0.46) <0.001 0.45 (0.27–0.75) 0.002

OS, overall survival; HR, hazard ratio; CI, confidence interval; FIB-4 index, fibrosis-4 index; 
ALBI score, albumin-bilirubin score; AFP, α-fetoprotein; HBV, hepatitis B virus; HCV, hepatitis 
C virus; SR, surgical resection; TACE, transarterial chemoembolization.
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years, p = 0.008) (shown in Fig.  3b). According to the 
seven-eleven criteria, there were 75 (33%), 84 (37%), and 
70 (30%) patients having low, intermediate, and high tu-
mor burden, respectively. After adjusting for age, sex, and 
liver reserve, the multivariable analysis showed age, ALBI 
score, high tumor burden (vs. low), and SR (vs. TACE) 
were significant predictors of survival (shown in Table 6). 
SR reduced 43% risk of mortality compared with TACE 
(aHR: 0.57, 95% CI: 0.35–0.93, p = 0.024).

SR is generally not suitable for tumor number >3, so 
we further stratify the tumor numbers of ≤3 and >3 in the 
intermediate and high tumor burden groups. In the inter-
mediate tumor burden group, 176 patients had 1–3 

nodule(s). After adjusting for age, sex, FIB-4 index, ALBI 
score, and treatment modality, the multivariable analysis 
showed SR reduced 64% risk of mortality compared with 
TACE (aHR: 0.36, 95% CI: 0.21–0.61, p < 0.001) (shown 
in online suppl. Table 3). However, there was no survival 
benefit for SR compared with TACE in those with >3 
nodules (n = 27) because only 4 patients received SR in 
this subgroup (shown in online suppl. Table 4).

In the high tumor burden group, 102 patients had 
1–3 HCC(s). There was a trend that SR had survival ben-
efit compared with TACE after multivariable analysis 
(HR: 0.58, 95% CI: 0.33–1.01, p = 0.056) (shown in on-
line suppl. Table 5). There was no survival benefit for SR 

High tumor burden
1.00

0.75

0.50

0.25

0

0 1 2 3 4 5
Follow-up time, years

logrank test p value = 0.001

54 45 34 29 22 13SR

Number at risk

68 40 24 15 12 8TACE

Low tumor burden
1.00

0.75

0.50

0.25

0

0 1 2 3 4 5
Follow-up time, years

logrank test p value = 0.003

76 70 64 54 41 34SR
Number at risk

73 65 50 41 25 15TACE

Intermediate tumor burden
1.00

0.75

0.50

0.25

0

0 1 2 3 4 5
Follow-up time, years

logrank test p value < 0.001

117 109 92 73 57 37SR

Number at risk

86 66 46 32 23 12TACE

Any tumor burden
1.00

0.75

0.50

0.25

0

0 1 2 3 4 5
Follow-up time, years

logrank test p value < 0.001

247 224 190 156 120 84SR

Number at risk

227 171 120 88 60 35TACE

SR
TACE

a b

c d

Fig. 2. Kaplan-Meier survival curves between surgical resection (SR) and transarterial chemoembolization 
(TACE) in patients with BCLC-A/B HCC beyond the Milan criteria with any tumor burden (a), low tumor bur-
den (b), intermediate tumor burden (c) and high tumor burden (d) defined by the seven-eleven criteria.
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compared with TACE in those with >3 nodules (n = 20) 
because only 4 patients received SR in this subgroup 
(shown in online suppl. Table 6).

Subsequent Treatment after Tumor Recurrence
Subsequent curative treatment after tumor recur-

rence might affect the OS, especially in the TACE group. 
The types of the second treatment (n = 135) for the first 
tumor recurrence after SR included SR (n = 16, 11.9%), 
TACE (n = 78, 57.8%), RFA (n = 16, 11.9%), chemo-
therapy (n = 9, 6.7%), radiotherapy (n = 4, 3.0%), cryo-
therapy (n = 1, 0.7%), supportive care (n = 5, 3.7%), and 

loss of follow-up (n = 6, 4.4%). In the TACE group (n = 
227), 159 patients had recurrence of HCC. The second 
treatment after first tumor recurrence included SR (n = 
2, 1.3%), TACE (n = 126, 79.2%), RFA (n = 24, 15.1%), 
supportive care (n = 4, 2.5%), percutaneous ethanol in-
jection (n = 1, 0.6%), and loss of follow-up (n = 2, 1.3%). 
Another 4 patients receiving SR for the second recur-
rence and 2 patients for de novo HCC at different lobe 
of liver. The median OS of these 8 patients in the TACE 
group who had further SR was 4.2 years, and the median 
OS of the remaining 219 patients of the TACE group was 
2.8 years (p = 0.423).

Table 4. Cox regression analysis for 
prediction of OS in 122 patients with high 
tumor burden

SR
TACE

Single HCC

1.00

0.75

0.50

0.25

0

0 1 2 3 4 5
Follow-up time, years

logrank test p value < 0.001

186 171 147 123 99 71SR

Number at risk

59 43 31 26 22 15TACEa

Multiple HCC

1.00

0.75

0.50

0.25

0

0 1 2 3 4 5
Follow-up time, years

logrank test p value = 0.008

61 53 43 33 21 13SR

Number at risk

168 128 89 62 38 20TACEb

Fig. 3. Kaplan-Meier survival curves between surgical resection (SR) and transarterial chemoembolization 
(TACE) in patients with single large HCC (a) and multinodular HCCs (b).

Variables Univariable analysis Multivariable analysis

HR (95% CI) p value HR (95% CI) p value

Age, 1 year increase 1.01 (0.99–1.03) 0.265 1.01 (0.99–1.03) 0.259
Male (vs. female) 0.86 (0.48–1.55) 0.624 1.04 (0.57–1.90) 0.891
FIB-4 index, 1 point increase 1.13 (1.05–1.21) 0.005 1.06 (0.97–1.16) 0.190
ALBI score, 1 point increase 1.67 (1.15–2.44) 0.007 1.28 (0.80–2.04) 0.299
AFP, 1 ng/mL increase 1.00 (1.00–1.00) 0.422
HBV positive (vs. negative) 1.28 (0.80–2.05) 0.296
HCV positive (vs. negative) 1.72 (0.98–3.03) 0.058
Cirrhosis (vs. no) 1.00 (0.62–1.59) 0.965
SR versus TACE 0.46 (0.28–0.75) 0.002 0.54 (0.32–0.92) 0.022

OS, overall survival; HR, hazard ratio; CI, confidence interval; FIB-4 index, fibrosis-4 index; 
ALBI score, albumin-bilirubin score; AFP, α-fetoprotein; HBV, hepatitis B virus; HCV, hepatitis 
C virus; SR, surgical resection; TACE, transarterial chemoembolization.
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Discussion

According to the BCLC classification, SR is indicated 
only for those patients with very early (BCLC-0) or early-
stage (BCLC-A) HCC, while patients with intermedi-
ate-stage (BCLC-B) HCC are generally recommended 
to receive TACE [29]. Because BCLC-B stage compris-
es a heterogenous patient population, several BCLC-B 

subclassification systems have been proposed for better 
outcomes. Bolondi et al. [30] proposed a subclassification 
of BCLC-B HCCs in 2012. This substaging system incor-
porates the Child-Pugh score and the “beyond Milan and 
within up-to-7” criteria. TACE or systemic therapy is rec-
ommended when the tumor is beyond the up-to-7 crite-
ria. Kudo et al. [31] proposed the Kinki criteria in 2015. 
Curative treatments such as resection and ablation are 

Table 6. Cox regression analysis for 
prediction of OS in 229 patients with 
multinodular HCCs

Variables Univariable analysis Multivariable analysis

HR (95% CI) p value HR (95% CI) p value

Age, 1 year increase 1.01 (0.99–1.03) 0.281 1.02 (1.00–1.04) 0.021
Male (vs. female) 0.78 (0.51–1.17) 0.232 0.91 (0.60–1.38) 0.645
FIB-4 index, 1 point increase 1.02 (0.98–1.06) 0.382
ALBI score, 1 point increase 1.56 (1.16–2.11) 0.004 1.57 (1.13–2.17) 0.007
AFP, 1 ng/mL increase 1.00 (1.00–1.00) <0.001 1.00 (1.00–1.00) <0.001
HBV positive (vs. negative) 1.05 (0.73–1.52) 0.792
HCV positive (vs. negative) 0.89 (0.60–1.31) 0.546
Cirrhosis (vs. no) 0.78 (0.52–1.18) 0.236
Seven-eleven criteria

Low tumor burden 1 1
Intermediate tumor burden 1.58 (0.98–2.53) 0.493 1.44 (0.88–2.33) 0.143
High tumor burden 2.95 (1.83–4.75) <0.001 2.95 (1.79–4.85) <0.001

SR versus TACE 0.55 (0.35–0.86) 0.009 0.57 (0.35–0.93) 0.024

OS, overall survival; HCC, hepatocellular carcinoma; HR, hazard ratio; CI, confidence 
interval; FIB-4 index, fibrosis-4 index; ALBI score, albumin-bilirubin score; AFP, α-fetoprotein; 
HBV, hepatitis B virus; HCV, hepatitis C virus; SR, surgical resection; TACE, transarterial 
chemoembolization.

Table 5. Cox regression analysis for 
prediction of OS in 245 patients with single 
large HCC

Variables Univariable analysis Multivariable analysis

HR (95% CI) p value HR (95% CI) p value

Age, 1 year increase 1.01 (0.99–1.02) 0.262 1.00 (0.98–1.02) 0.944
Male (vs. female) 1.04 (0.61–1.78) 0.880 1.10 (0.63–1.92) 0.730
FIB-4 index, 1 point increase 1.14 (1.07–1.21) <0.001 1.05 (0.97–1.14) 0.201
ALBI score, 1 point increase 3.60 (2.46–5.26) <0.001 2.49 (1.52–4.07) <0.001
AFP, 1 ng/mL increase 1.00 (1.00–1.00) 0.607
HBV positive (vs. negative) 1.19 (0.78–1.81) 0.415
HCV positive (vs. negative) 1.28 (0.79–2.07) 0.319
Cirrhosis (vs. no) 1.39 (0.91–2.11) 0.124
Seven-eleven criteria

Low tumor burden 1 1
Intermediate tumor burden 1.20 (0.71–2.01) 0.493 1.27 (0.75–2.15) 0.372
High tumor burden 2.05 (1.17–3.57) 0.012 1.86 (1.01–3.41) 0.046

SR versus TACE 0.35 (0.23–0.54) <0.001 0.57 (0.35–0.93) 0.023

OS, overall survival; HCC, hepatocellular carcinoma; HR, hazard ratio; CI, confidence 
interval; FIB-4 index, fibrosis-4 index; ALBI score, albumin-bilirubin score; AFP, α-fetoprotein; 
HBV, hepatitis B virus; HCV, hepatitis C virus; SR, surgical resection; TACE, transarterial 
chemoembolization.
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only recommended in tumors within the up-to-7 criteria. 
When the tumors are beyond the up-to-7 criteria, pa-
tients are suggested to receive noncurative treatment. 
However, improvements in surgical technique and peri-
operative care in recent decades have reduced the mor-
bidity and mortality associated with liver resection.

Several studies have shown that SR may provide better 
survival compared with TACE in  patients with HCC be-
yond the Milan criteria in solitary large tumor or multiple 
tumors [9, 12–18]. Hsu et al. selected 146 pairs of patients 
with intermediate-stage HCC with similar baseline char-
acteristics who underwent SR and TACE. Patients who 
underwent SR had significantly better 1-, 3-, and 5-year 
OS rates than patients who underwent TACE (82% vs. 
65%, 68% vs. 29%, and 46% vs. 22%, respectively, p < 
0.001) [12]. Zhong et al. enrolled 61 pairs of BCLC-B 
HCC patients undergoing SR and TACE. Patients who 
underwent SR had significantly better 1-, 3-, and 5-year 
survival rates than patients who underwent TACE. The 
further subgroup analysis of BCLC-B patients with a sin-
gle large-sized tumor and with multiple tumors revealed 
that SR still offer better OS than TACE in both types of 
patients, which indicated large tumor size and multiple 
tumors should not exclude patients from SR [13]. A mul-
ticenter study recruited a total of 2,090 BCLC-A, -B, and 
-C HCC patients who underwent SR, locoregional thera-
py such as TACE and ablation, and best supportive care. 
Overall, SR confirmed higher median OS than TACE in 
BCLC stages 0, A, and B. After the subgroup analysis, SR 
had a large positive survival benefit over locoregional 
therapy in well-selected HCC patients [16]. Lin et al. en-
rolled 428 BCLC-B patients who received SR (n = 140), 
TACE+RFA (n = 57), and TACE (n = 231). The OS was 
significantly better in the SR group than in the TACE+RFA 
group (HR: 1.78, 95% CI: 1.15–2.75, p = 0.009) and in the 
TACE group (HR: 3.17, 95% CI: 2.31–4.36, p < 0.001) 
[18]. Therefore, it is important to define the criteria of 
choosing appropriate candidates to receive SR other than 
TACE in BCLC-A/B patients beyond Milan criteria.

Recently, the seven-eleven criteria were introduced to 
be most discriminative in predicting radiologic response 
and OS in patients with BCLC-B HCC undergoing TACE 
than the up-to-7 criteria and the up-to-11 criteria [22]. 
Our study demonstrated that SR had better OS than 
TACE in patients with BCLC-A/B HCC beyond the Mi-
lan criteria, and the seven-eleven criteria selected optimal 
candidates to receive SR. We found that in patients with 
intermediate to high tumor burden (beyond the up-to-7 
criteria), SR had better OS than TACE for resectable tu-
mors with tumor numbers ≤3.

The benefit of SR in patients with intermediate and 
high tumor burden is probably because of poor TACE 
responses in these scenarios. The overall response rate to 
first TACE in patients within the up-to-7 criteria was sig-
nificantly higher than that in patients beyond the up-to-7 
criteria [32]. A recent study showed a higher propensity 
of TACE refractoriness in patients with BCLC-B HCC 
beyond the Milan and the up-to-7 criteria [33]. Other 
studies also demonstrated that tumors beyond the up-
to-7 criteria were significantly related to early TACE re-
fractoriness in patients with BCLC-B HCC [32, 34]. Sec-
ond, liver function reserve tends to deteriorate after 
TACE in patients with HCC beyond the up-to-7 criteria 
[33, 35] because they may need multiple cycles of TACE. 
A decrease in the ALBI score is positively associated with 
the number of TACE sessions [36]. Thus, TACE seems 
unsuitable for patients with intermediate and high tumor 
burden. Poor liver function impacts patients’ eligibility 
for subsequent systemic therapy. Our in-depth analyses 
demonstrated the survival benefit of SR confines to tumor 
numbers ≤3. For tumor numbers >3, they are tradition-
ally regarded as SR ineligible and should consider other 
systemic therapies.

There is a paradigm shift in the treatment options in 
recent years [37]. For the patients with higher tumor bur-
den but resectable HCC, SR offered more survival benefit 
than TACE and was recommended as the treatment of 
choice under careful patient selection [12, 14]. For the 
patients with higher tumor burden and unresectable 
HCC, receiving systemic treatment such as lenvatinib as 
the initial therapy was associated with longer OS, longer 
progression-free survival, higher objective response rate, 
and more stationary liver function compared with the pa-
tients receiving the standard-of-care of TACE [38, 39]. 
Thus, initiating systemic therapy first, followed by TACE 
when needed, was considered as the first-line treatment 
in the patients with unresectable HCC and high risk of 
TACE refractoriness in order to preserve liver function 
and improve OS [37].

Interestingly, the survival benefit of TACE in patients 
with low tumor burden is comparable to that of SR in our 
study. Our additional analyses showed that in patients 
with low tumor burden and single nodule, SR reduced 
76% risk of mortality compared with TACE (aHR: 0.24, 
95% CI: 0.07–0.78, p = 0.018) (shown in online suppl. 
Table 7). However, in 75 patients with multiple tumors, 
there was no survival benefit for SR compared to TACE 
(aHR: 2.01 95% CI: 0.76–5.29, p = 0.158) (data not shown). 
A recent study showed that complete response by initial 
TACE was the most important variable for OS in patients 
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