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Abstract
Background  The recurrence rate after curative resection for hepatocellular carcinoma (HCC) reaches over 70% after 5 years 
and early recurrence (within 1 year) is now recognized as having a poor prognosis and has limited treatment options.
Methods  We retrospectively reviewed 184 consecutive patients who underwent curative hepatic resection for HCC. Severe 
early recurrence was defined as multiple (beyond up-to-7) liver recurrence or distant metastasis after hepatic resection within 
1 year. We divided the participants into two groups according to severe early recurrence and analyzed clinicopathological 
and long-term outcomes.
Results  Among the patients with multiple or distant metastasis (n = 59), 49 patients (83%) had recurrence within 1 year. 
Overall survival (OS) and recurrence-free survival (RFS) were significantly worse in the severe early recurrence group 
than in the others group. Logistic regression analysis revealed that severe early recurrence was significantly associated with 
macroscopic vascular invasion (MVI), tumor burden score (TBS) > 4.70, and ALBI grade 2. In patients with scores of 2 
and 3 (the sum of the three factors), OS and RFS rates were significantly poorer than those of patients with scores of 0 or 
1. Positive predictive value and negative predictive value for severe early recurrence was 68.4% and 84.2%, respectively. 
Furthermore, a validation study demonstrated that cases with these factors were at high risk of severe early recurrence and 
had poor prognosis.
Conclusions  In this retrospective analysis, MVI, TBS, and ALBI could predict severe early recurrence after hepatic resection 
for HCC, and patients with these risk factors had a poor prognosis.
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Introduction

Hepatocellular carcinoma (HCC) is the sixth most common 
malignancy worldwide. Data from the WHO Global Health 
Observatory indicated an overall increasing incidence of 
liver cancer [1, 2]. Hepatic resection is one of the most 

powerful and curative treatments for HCC, as defined by 
the Barcelona Clinic Liver Cancer (BCLC) staging system 
[3]. However, the recurrence rate reaches over 70% at 5 years 
after hepatic resection [4].

In recent years, systemic therapy for unresectable HCC 
(u-HCC) has spread widely in Japan, and immunotherapy 
and tyrosine kinase inhibitors have become available. 
According to the BCLC staging system, systemic therapy is 
recommended for patients with multiple intermediate-stage 
u-HCC classified using the beyond up-to-7 criteria as a tran-
scatheter arterial chemoembolization (TACE)-unsuitable 
condition, especially for lesions larger than 5 cm, which are 
less likely to respond to TACE alone and, therefore, may 
respond better to systemic therapy [5].

Some patients develop early and multiple recurrences 
or distant metastases after hepatic resection. Uncontrolled 
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intra- or extrahepatic metastasis are the primary causes of 
the poor prognosis of HCC, and such cases are defined as 
u-HCC. The Milan criteria have been used as an indica-
tion for liver transplantation (LT) in Japan [6]. Furthermore, 
in recent years, the 5-5-500 rule has been recognized in 
insurance applications as an extension of LT [7]. Although 
it is very useful as a criterion for LT, the average age of 
liver resection patients is over 70 years, and because of the 
shortage of donors, there are only approximately 400 liver 
transplants per year in Japan [8]. However, LT is rarely 
considered as a treatment option in reality. According to 
the BCLC strategy, prognosis is predicted to be 2.5 years 
with TACE and 2 years with systemic therapy [3]. Beyond 
up-to-7 serves as a criterion for treatment selection in TACE 
or systemic therapy, and as a result, prognostic prediction 
also changes. Furthermore, early HCC recurrence (within 
1 year) is now recognized as a critical determinant for poor 
prognosis [9–14]. We defined HCC patients with recurrence 
beyond up-to-7 within 1 year as severe early recurrence.

In clinical practice, there is a need for biomarkers that 
help clinicians to assess the risk of severe early HCC recur-
rence so that patients with high risk factors can be identi-
fied as candidates for preoperative or postoperative systemic 
therapy. To the best of our knowledge, the risk factors of 
multiple (beyond up-to-7) liver recurrence or distant metas-
tasis after hepatic resection within 1 year have not yet been 
studied.

The present retrospective study aimed to investigate 
the risk factors of severe early recurrence in patients with 
hepatic resection for HCC.

Methods

Patients characteristics

We retrospectively reviewed data from 184 consecutive 
patients who underwent initial curative hepatic resection for 
HCC at the Division of Hepatobiliary and Pancreatic Sur-
gery, Gunma University, between January 2016 and Decem-
ber 2021. This study was approved by the Gunma University 
Ethics Committee (HS2023-080) and met the guidelines of 
the Declaration of Helsinki. In addition, a validation study 
was performed using data from 237 consecutive patients 
who underwent curative initial hepatic resection for HCC 
at the Division of Hepatobiliary and Pancreatic Surgery, 
Department of Surgery, the Jikei University School of Medi-
cine, between January 2011 and December 2021. This sub-
sequent study was approved by the Jikei University Ethics 
Committee (27-177). Informed consent for inclusion in the 
study was obtained from all the participants. We excluded 
patients with recurrent HCC and those who had undergone 
hepatic resection combined with biliary reconstruction or 

anastomosis of the digestive tract. We also excluded patients 
with missing clinical data. No patients received systemic 
therapy prior to hepatectomy.

Severe early recurrence was defined as multiple (beyond 
up-to-7) liver recurrence or distant metastasis after hepatic 
resection within 1 year, and we analyzed patients’ clinico-
pathological and long-term prognoses.

Clinical laboratory data were collected within 1 month 
before hepatic resection. We defined postoperative complica-
tions as Clavien–Dindo grade ≥ III complications (requiring 
surgical intervention) within 1 month of hepatic resection 
[15]. We calculated the albumin–bilirubin (ALBI) score 
using the following formula: ALBI score = (log10 biliru-
bin × 0.66) + (albumin × − 0.085), with bilirubin concentra-
tions in μM/L and albumin in g/L. We then applied specific 
cutoffs to generate the following three prognostic groups: 
ALBI score ≤ − 2.60 (ALBI grade 1); > − 2.60 to ≤ − 1.39 
(ALBI grade 2); and > − 1.39 (ALBI grade 3) [16]. We 
calculated prognostic nutritional indexes (PNIs) using 
the following formula: 10 × serum albumin concentration 
(g/dl) + 0.005 × lymphocyte count [17]. The Controlling 
Nutritional Status (CONUT) scores were calculated based 
on serum albumin concentrations, peripheral lymphocyte 
counts, and total cholesterol concentrations [4]. (1) Albumin 
concentrations ≥ 3.5 g/dL, 3.0–3.49 g/dL, 2.5–2.99 g/dL, 
and < 2.5 g/dL were scored as 0, 2, 4, and 6 points, respec-
tively; (2) total lymphocyte counts ≥ 1600/mm3, 1200–1599/
mm3, 800–1199/mm3, and < 800/mm3 were scored as 0, 1, 
2, and 3 points, respectively; and (3) total cholesterol con-
centrations ≥ 180 mg/dL, 140–179 mg/dL, 100–139 mg/
dL, and < 100 mg/dL were scored as 0, 1, 2, and 3 points, 
respectively. The CONUT score was defined as the sum of 
(1), (2), and (3). Tumor burden score (TBS) was calculated 
using the following formula: TBS2 = (maximum tumor diam-
eter)2 + (number of tumors) [2, 18, 19]. This can be shown 
as one index by combining the two conventionally reported 
indices of malignancy, namely, tumor diameter and num-
ber. Furthermore, TBS has already been established as an 
index of malignancy in HCC or as a predictor for severe 
recurrence.

Milan criteria were defined as a single HCC nodule up 
to 5 cm in diameter or up to three nodules no greater than 
3 cm in size without vascular invasion or extrahepatic metas-
tasis [6]. 5-5-500 rule was defined as tumor size ≤ 5 cm in 
diameter, tumor number ≤ 5, and AFP value ≤ 500 ng/ml [7].

Surgical procedures

Details of the surgical procedures and patient selection cri-
teria have been previously reported [20]. Hepatic dissection 
was performed using an ultrasonic dissector with a coagula-
tor (CUSA Excel; Integra, USA) under the Pringle maneu-
ver, with systematic ligation of all sizable vessels.
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Follow‑up strategy and recurrence patterns

Following discharge, all patients were examined monthly 
for recurrence by ultrasonography and examination of 
tumor marker concentrations, such as alpha-fetoprotein 
and des-gamma-carboxy prothrombin (DCP), and by 
computed tomography every 6 months. When recurrence 
was suspected, additional investigations such as gadolin-
ium-ethoxybenzyl-diethylenetriamine pentaacetic acid-
enhanced magnetic resonance imaging were performed as 
indicated. Recurrent HCC was treated by repeat hepatec-
tomy, ablation therapy, and systemic therapy, in accord-
ance with the recommendations of previous studies [21, 
22]. The locoregional treatment for recurrent HCC was 
defined as hepatectomy, ablation therapy, or TACE.

Histological findings

Tumor differentiation, microvascular invasion, intrahepatic 
metastasis, and histological liver cirrhosis were assessed 
according to the criteria of the Liver Cancer Study Group 
of Japan [23]. Portal vein tumor thrombus was catego-
rized as main trunk/contralateral branch (Vp4), first-order 
branch (Vp3), and second-order branch (Vp2), according 
to the Japanese staging system. Hepatic vein tumor throm-
bosis was also categorized as IVC (Vv3), major hepatic 
vein (Vv2), and peripheral hepatic vein (Vv1). Bile duct 
tumor thrombus was categorized as main trunk (B4) and 
first-order branch (B3) according to the Japanese staging 
system. Macrovascular invasion (MVI) was defined as 
Vp2–4, Vv2–3, or B2–3. The breakdown of MVI in this 
study was as follows: Vp2: 8 cases; Vp3: 6 cases; Vp4: 
3 cases; Vv2: 3 cases; Vv3: 3 cases; B2: 0 cases; and 
B3: 12 cases. Some of these included duplicates. Fibrosis 
stage was scored on a scale of 0–4 using the METAVIR 
classification as follows: F0, no fibrosis; F1, portal fibro-
sis without septa; F2, portal fibrosis with rare septa; F3, 
numerous septa without cirrhosis; and F4, cirrhosis [24].

Statistical analysis

Associations between continuous and categorical vari-
ables and the relevant outcome variables were assessed 
using Student’s t-test and the χ2 test, respectively. We also 
performed logistic stepwise regression analysis using vari-
ables with P-values of < 0.05 in the univariate analyses to 
predict postoperative complications. We excluded albumin 
from the logistic stepwise regression analysis because this 
variable was a confounding factor for ALBI grade.

All analyses were performed using JMP version 14 
software (SAS Institute, Cary, NC, USA). P < 0.05 was 
considered to denote statistical significance.

Results

Among 184 patients in this series, 100 patients (54.3%) 
had recurrence, and the mean observation period was 
2.8 years. The recurrence pattern was divided into hepatic 
solitary (n = 35), hepatic multiple, up-to-7 in recurrence 
(n = 6), up-to-7 out recurrence (n = 32), and distant metas-
tasis (n = 27). Among the patients with hepatic multiple, 
up-to-7 out, and distant metastasis (n = 59), 49 patients 
(83%), namely those with the severe early recurrence pat-
tern, had recurrence within 1 year. Figure 1 details prognosis 
according to the recurrence pattern. Kaplan–Meier analy-
sis revealed differences in overall survival (OS) (Fig. 1A) 
and recurrence-free survival (RFS) rates (Fig. 1B) accord-
ing to the recurrence pattern. OS and RFS rates were both 
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Fig. 1   Prognosis according to recurrence pattern. The recurrence pat-
tern was divided into hepatic multiple (beyond up-to-7), or distant 
metastasis within 1  year after hepatectomy (black lines), and oth-
ers including no recurrence (gray lines). Overall survival (A) and 
recurrence-free survival (B) were significantly worse in patients with 
beyond up-to-7 or distant metastasis compared with those with others



198	 International Journal of Clinical Oncology (2024) 29:195–204

significantly worse in the severe early recurrence group 
than in the others group. Median survival time (MST) for 
severe recurrence was 1.98 year and for others was 6.69 year. 
Median recurrence-free survival time (MRFST) for severe 
recurrence was 0.49 year and for others was 4.03 year.

To prove the validity of definition of severe recurrence, 
Fig. 2 details the prognosis according to recurrence after 
hepatic resection within 1 year beyond Milan criteria and 
also Fig. 3 details the prognosis according to recurrence 
after hepatic resection within 1 year beyond 5-5-500 rule. 
Kaplan–Meier analysis revealed differences in OS (Fig. 2A 
and 3A) and RFS rates (Fig. 2B and 3B) according to the 
recurrence pattern. MST for recurrence beyond Milan crite-
ria was with 2.02 year and MST for recurrence beyond 5-5-
500 rule was with 1.98 year. MRFST for recurrence beyond 
Milan criteria was with 0.52 year and MST for recurrence 
beyond 5-5-500 rule was with 0.49 year.

Patients’ clinicopathological characteristics according to 
severe early recurrence or not are shown in Table 1. Severe 
early recurrence was significantly associated with lower 

albumin, ALBI grade 2, PNI < 45, neutrophil lymphocyte 
ratio (NLR) > 3, CONUT > 2, tumor size 5 cm or more, 
multiple tumors, higher TBS, higher DCP, MVI, anatomical 
resection, longer surgery time, large blood loss, and blood 
transfusion.

The results of the logistic regression analysis aimed at 
identifying independent risk factors for severe early recur-
rence are presented in Table 2. MVI, TBS > 4.70, and ALBI 
grade 2 were significantly associated with severe early recur-
rence. Figure 4 shows the OS (Fig. 4A) and RFS (Fig. 4B) 
rates according to the sum of the three factors in the multi-
variate analysis (MVI, TBS > 4.70, and ALBI grade 2). OS 
and RFS rates of patients with scores of 2 and 3 (n = 38) 
were significantly poorer than those of patients with scores 
of 0 or 1. Among patients with scores of 2 and 3, 26 patients 
(68.4%) had severe early recurrence and 23 patients (15.7%) 
had severe early recurrence among patients with scores of 0 
and 1, and there were significant differences. Figure 5 shows 
the surgical resection rates and locoregional treatment for 
recurrent HCC according to the sum of the three factors 
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Fig. 2   Prognosis according to recurrence pattern. The recurrence 
pattern was divided into hepatic multiple, beyond Milan criteria, or 
distant metastasis within 1 year after hepatectomy (black lines), and 
others including no recurrence (gray lines). Overall survival (A) and 
recurrence-free survival (B) were significantly worse in patients with 
beyond Milan criteria or distant metastasis compared with those with 
others
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B

Fig. 3   Prognosis according to recurrence pattern. The recurrence pat-
tern was divided into hepatic multiple, beyond 5-5-500 rule or dis-
tant metastasis within 1  year after hepatectomy (black lines), and 
others including no recurrence (gray lines). Overall survival (A) and 
recurrence-free survival (B) were significantly worse in patients with 
beyond 5-5-500 or distant metastasis compared with those with others
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(MVI, TBS > 4.70, and ALBI grade 2). Among patients with 
recurrent HCC, the surgical resection rates and locoregional 
treatment rates were significantly decreased for scores of 2 
or 3 compared with scores of 0 or 1.

Patients’ clinicopathological characteristics accord-
ing to the sum of the three factors (MVI, TBS > 4.70, 
and ALBI grade 2) for severe early recurrence are shown 
in Table 3. As the sum of the risk factors increased, the 
tumor size, number, TBS, and tumor markers increased, 

Table 1   Comparison of 
clinicopathological factors 
between the two groups 
classified by recurrence pattern

Data are expressed as mean ± standard deviation or by number of patients (percentage), as appropriate
BMI body mass index, ICGR15 indocyanine green dye retention test at 15 min, ALBI albumin–bilirubin, 
PNI prognostic nutrition index, NLR neutrophil–lymphocyte ratio, CONUT controlling nutritional status, 
TBS tumor burden score, AFP alpha-fetoprotein, DCP des-gamma-carboxy prothrombin, poor differentia-
tion poorly differentiated HCC, MVI microvascular invasion, MVI macrovascular invasion

Variables Severe early recurrence 
(n = 49) 

Others (n = 135) p-value

Host-related factor
Age 70.6 ± 8.5 70.9 ± 8.7 0.85
Male/female 45 / 4 107 / 28 0.05
BMI (kg/m2) 23.2 ± 2.8 23.8 ± 3.3 0.24
Albumin (g/dl) 3.9 ± 0.5 4.2 ± 0.4 0.01
Platelet count (/µl) 18.3 ± 10.4 16.9 ± 6.8 0.14
ICGR15 (%) 18.1 ± 9.4 15.6 ± 8.8 0.08
Child–Pugh A/B 47/2 131/4 0.66
ALBI ½ 22 / 27 103 / 32  < 0.01
PNI 46.2 ± 5.7 49.4 ± 4.9  < 0.01
PNI < 45 19 (38.8%) 24 (17.8%)  < 0.01
NLR 2.93 ± 1.41 2.51 ± 1.29 0.06
NLR > 3 19 (38.8%) 29 (21.5%) 0.03
CONUT > 2 33 (67.3%) 66 (48.9%) 0.02
Liver cirrhosis (F3 + 4) 25 (51.0%) 63 (46.7%) 0.58
Tumor-related factor
Tumor size (cm) 6.4 ± 3.9 3.9 ± 3.0  < 0.01
≧5 cm 30 (61.2%) 29 (21.5%)  < 0.01
Multiple tumor number 13 (26.5%) 29 (21.5%)  < 0.01
TBS 6.70 ± 3.95 4.40 ± 3.06  < 0.01
AFP (ng/ml) 7504 ± 39,926 1849 ± 10,463 0.13
AFP ≧ 100 (ng/ml) 13 (26.5%) 30 (22.4%) 0.56
AFP ≧ 1000 (ng/ml) 6 (12.2%) 16 (11.9%) 1.00
DCP (mAU/ml) 10,353 ± 29,566 1844 ± 7394  < 0.01
DCP ≧ 100 (mAU/ml) 31 (63.3%) 54 (40.6%)  < 0.01
DCP ≧ 1000 (mAU/ml) 18 (36.7%) 25 (18.8%)  < 0.01
Poorly differentiation (+) 12 (24.5%) 21 (15.6%) 0.19
MVI (+) 34 (69.3%) 40 (29.6%) 0.12
MVI 17 (34.7%) 12 (8.9%)  < 0.01
Operative procedures 36 (73.5%) 71 (52.6%) 0.01
Anatomical
Operative time (min) 400 ± 104 333 ± 107  < 0.01
Estimated blood loss (g) 613 ± 1118 194 ± 269  < 0.01
Blood transfusion (+) 6 (12.2%) 5 (3.7%) 0.03
Postoperative complications (+) 10 (20.4%) 18 (13.3%) 0.25

Table 2   Logistic regression of predictive factors for severe early 
recurrence

MVI macrovascular invasion, ALBI albumin–bilirubin, TBS tumor 
burden score

Variables Odd`s ratio 95% confidence 
interval

p Value

MVI 6.18 2.34 -16.32  < 0.01
ALBI 2 4.42 1.99 – 9.78  < 0.01
TBS > 4.70 3.85 1.73—8.59  < 0.01
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which means the degree of malignancy increased. The fre-
quency of severe recurrence was also correlated with the 
sum of the risk factors. In addition, surgery time, blood 
loss, transfusion rate, and complications increased, and 
the number of risk factors was proportional to short-term 
postoperative outcomes.

Figure 6 shows the OS (Fig. 6A) and RFS (Fig. 6B) rates 
according to the sum of the three factors in the multivariate 
analysis (MVI, TBS > 4.70, and ALBI grade 2) in a valida-
tion study using data from the Jikei University School of 
Medicine. OS and RFS rates of patients with scores of 2 and 
3 (n = 76) were significantly poorer than those of patients 
with scores of 0 or 1. Among patients with scores of 2 and 
3, 11 patients (73.3%) had severe early recurrence and 4 
patients (26.7%) had severe early recurrence among patients 

with scores of 0 and 1, and there were significant differences 
of positive predict value.

Discussion

In this study, patients with recurrence beyond up-to-7 within 
1 year were defined as severe early recurrence. OS and RFS 
rates were significantly worse in the severe early recurrence 
group. Multivariate analysis identified significant associa-
tions between severe early recurrence and MVI, TBS > 4.70, 
and ALBI grade 2. Patients with two or more of the three 
risk factors were prone to recurrence, failed to receive 
locoregional therapy for recurrent HCC, and had poor OS. 
The validation study also demonstrated that cases with these 
factors were at high risk of severe recurrence and had a poor 
prognosis.

In this study, patients with recurrence beyond up-to-7 
within 1 year were defined as severe early recurrence, but the 
prognosis was compared using other criteria such as Milan 
criteria or 5-5-500 rule. Beyond up-to 7 and 5-5-500 rule 
were almost equivalent, and Milan criteria showed a slightly 
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Fig. 4   Overall survival (A) and recurrence-free survival (B) accord-
ing to the sum of the three factors in the multivariate analysis (MVI, 
TBS > 4.70, and ALBI grade 2). The sum of 0 was scored 0 (thin gray 
lines), 2 was scored 2 (gray lines), and 3 was scored 3 (black lines). 
Overall and recurrence-free survival rates of patients with scores of 
2 and 3 (n = 38) were significantly poorer than those of patients with 
scores 0 or 1. MVI macrovascular invasion, TBS tumor burden score, 
ALBI albumin–bilirubin
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Fig. 5   Surgical resection rates and locoregional treatment for recur-
rent HCC according to the sum of the three factors in the multivariate 
analysis (MVI, TBS > 4.70, and ALBI grade 2). The surgical resec-
tion rates (black lines) and locoregional treatment rates (gray lines) 
were significantly decreased in scores of 2/3 compared with scores 
of 0/1. HCC hepatocellular carcinoma, MVI macrovascular invasion, 
TBS tumor burden score, ALBI albumin–bilirubin
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better prognosis. However, more patients will be eligible for 
the beyond up-to-7 criteria.

Most previous studies identified the presence of vascular 
invasion, intrahepatic metastases, large tumor size, multiple 
tumors, high AFP level, and positive surgical margin as risk 
factors of early recurrence [9–14]. In particular, the progno-
sis of patients with Vp4 or Vv3 was extremely poor, and the 
surgical indications for Vp4 or Vv3 patients required further 
investigation [25]. Lee et al. reported that ALBI grade 2 was 
also a prognostic factor for early recurrence after hepatic 
resection for HCC [11]. Both tumor factors and liver func-
tion are important for early recurrence.

Some nutritional and immunological statuses were shown 
to affect surgical prognosis in HCC, and we analyzed sim-
ple scoring systems such as NLR, CONUT, and PNI in this 
study [11, 26, 27]. Although previous reports showed that 
NLR, CONUT, and PNI were predictive of worse OS and 
RFS, these scores were significantly associated with severe 
early recurrence in the univariate analysis, and immune-
nutrition status and inflammatory score were related to poor 

prognosis, but did not show significant differences for severe 
early recurrence in multivariate analysis.

In the era of multidisciplinary treatment, BCLC is clini-
cally useful because it shows target cases, treatment meth-
ods, and prognosis prediction [3], and it is also a useful 
guideline for recurrent HCC after hepatic resection. Repeat 
hepatic resection for recurrent HCC is also the treatment 
of choice for patients in whom recurrence has developed 
after a disease-free interval of 1 year or more and in whom 
the recurrent tumor has no portal invasion [28], but the 
indication of repeat hepatic resection is limited in patients 
with severe recurrence. In addition to surgery, there are 
treatment methods such as TACE and systemic therapy. 
TACE provides survival benefits with an expected over-
all median survival of 40 months or a 5-year survival of 
35% [29, 30], and has been recommended as the first-line 
treatment for BCLC-B HCC, but the prognosis of patients 
meeting beyond up-to-7 criteria is unsatisfactory [31]. 
Systemic therapy is recommended for patients with mul-
tiple intermediate-stage u-HCC classified using the beyond 

Table 3   Comparison of 
clinicopathological factors 
between the two groups 
classified by the sum of the risk 
factors for severe recurrence

Data are expressed as mean ± standard deviation or by number of patients (percentage), as appropriate
BMI body mass index, ICGR15 indocyanine green dye retention test at 15 min, ALBI albumin–bilirubin, 
TBS tumor burden score, AFP alpha-fetoprotein, DCP des-gamma-carboxy prothrombin, poor differentia-
tion poorly differentiated HCC, MVI macrovascular invasion

Variables Score 0 (n = 81) Score 1 (n = 65) Score 2/3 (n = 38) p-value

Host-related factor
Age 70.9 ± 9.0 71.3 ± 8.8 69.7 ± 7.5 0.67
Male/female 66 / 15 55 / 10 31 / 7 0.86
BMI (kg/m2) 23.9 ± 3.3 23.7 ± 3.0 22.7 ± 2.8 0.10
Albumin (g/dl) 4.3 ± 0.3 4.0 ± 0.3 3.7 ± 0.4  < 0.01
Platelet count (/µl) 15.8 ± 5.2 17.1 ± 6.0 20.7 ± 13.1  < 0.01
ICGR15 (%) 14.6 ± 5.9 17.9 ± 12.1 16.9 ± 7.5 0.07
Child–Pugh A/B 81/0 62 / 3 35 / 3 0.03
ALBI ½ 81 / 0 35 / 30 9 / 29  < 0.01
Liver cirrhosis (F3 + 4) 39 (48.2%) 30 (46.1%) 19 (50.0%) 0.69
Tumo-related factor
Tumor size (cm) 2.7 ± 1.1 4.6 ± 3.1 8.7 ± 3.7  < 0.01
Multiple tumor number 13 (16.0%) 17 (26.2%) 12 (31.6%)  < 0.01
TBS 3.14 ± 1.33 5.11 ± 3.16 8.87 ± 3.89  < 0.01
AFP (ng/ml) 242 ± 856 937 ± 4666 14,082 ± 47,999  < 0.01
DCP (mAU/ml) 237 ± 635 4971 ± 16,008 10,808 ± 29,592  < 0.01
Poor differentiation (+) 9 (11.1%) 12 (18.5%) 12 (31.6%) 0.02
MVI 0 (0%) 9 (13.9%) 20 (52.6%)  < 0.01
Operative procedures
Anatomical 31 (38.3%) 41 (63.1%) 35 (92.1%)  < 0.01
Operative time (min) 317 ± 101 351 ± 111 424 ± 91  < 0.01
Estimated blood loss (g) 116 ± 122 291 ± 379 735 ± 1227  < 0.01
Blood transfusion (+) 2 (2.5%) 3 (4.6%) 6 (16.2%) 0.02
Postoperative complications (+) 6 (7.4%) 11 (16.9%) 11 (28.9%)  < 0.01
Severe recurrence 5 (6.2%) 18 (27.7%) 26 (68.4%)  < 0.01
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the up-to-7 criteria as a TACE-unsuitable condition. In 
September 2020, atezolizumab plus bevacizumab treat-
ment (Atez/Bev) was approved as a new treatment to be 
administered with an immune checkpoint inhibitor and 
anti-VEGFR for u-HCC. An updated analysis showed that 
the median survival of the Atez/Bev arm was 19.2 months 
and PFS was 6.8 months [32]. Although the prognosis of 
u-HCC has been improved by systemic therapy, we would 
like to avoid such a severe recurrence in the early post-
operative period because surgical resection can induce 
impaired liver function and treatment after surgery is lim-
ited. Although HCC has a high recurrence rate, it is con-
troversial whether upfront hepatic resection is appropriate 
because of the high possibility of severe early recurrence; 
however, neoadjuvant treatment with embolization has 
shown negative results [33, 34]. In addition, the STORM 
trial, which randomized patients to sorafenib versus pla-
cebo after resection or ablation, showed no benefit in RFS 

[35]. There is no clear evidence for the efficacy of any of 
the adjuvant or neoadjuvant protocols.

Liver transplantation (LT) has been established as an 
acceptable therapy for small or few tumors associated with 
cirrhosis. However, the limited availability of donor organs 
hampers LT, especially deceased donor LT, in individual 
patients, especially because Child–Pugh class C patients 
without significant risk factors should be evaluated for liv-
ing donor LT; moreover, this procedure is covered by the 
government insurance in Japan. Although the Milan criteria 
have been used for a long time [6], the use of extended cri-
teria for LT, such as up-to-7 and UCSF, has been an active 
area of investigation [36, 37] but has not been indicated for 
patients with beyond up-to-7. TBS was recently reported to 
stratify the long-term outcomes of patients with HCC. In 
addition, TBS can accurately predict recurrence beyond the 
MC, which means that salvage transplantation is not recom-
mended [18, 19]. In this study, recurrence beyond up-to-7 
was a severe recurrence pattern that exceeded the MC, and 
TBS was a useful tool associated with severe recurrence.

Yoh et al. defined the resectability classification of HCC 
[38]. Borderline resectable (BR) HCC was defined as resect-
able HCC with MVI and/or ICG-Krem ≥ 0.03– < 0.05. The 
5-year survival rate of BR-HCC was 35.6%, exhibiting 
poorer OS compared with resectable HCC. To evaluate the 
risk of postoperative liver failure and tumor recurrence, liver 
function and tumor aggressiveness should be considered. It 
is desirable that the BR-HCC concept is examined at multi-
ple centers. Currently, upfront surgery is preferred for resect-
able HCC, but the definition of BR-HCC and the improve-
ment of prognosis through clinical trials are required.

In this retrospective analysis, we found that MVI, 
TBS > 4.70, and ALBI grade 2 can predict severe early 
recurrence after hepatic resection for HCC, and patients 
with these risk factors of HCC had a poor prognosis. These 
patients with severe early HCC recurrence should be defined 
as borderline resectable HCC.
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