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Abstract
Background/Aims: Whether single large hepatocellular carcinoma (SLHCC) is classified as 
Barcelona Clinic Liver Cancer (BCLC) stage A or B is still controversial. We aimed to compare 
the clinical manifestations, treatment modalities, and prognoses among patients with SLHCC 
and those in BCLC stage A and B. Methods: We enrolled 2,285 treatment-naive hepatocellular 
carcinoma (HCC) patients with BCLC stage A or B from October 2007 to December 2015. Fac-
tors in terms of prognoses were analyzed by multivariate analysis. Results: We enrolled 1,210, 
466, and 609 patients in a BCLC-A, SLHCC, and BCLC-B group, respectively. After a median 
follow-up duration of 21.2 months, 898 patients had died. The cumulative 5-year survival rates 
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were 57.0, 42.6, and 27.3% for patients in the BCLC-A, SLHCC, and BCLC-B groups, respective-
ly, which were significantly different (p < 0.001). Multivariate analysis indicated that the fol-
lowing independent risk factors were associated with poor prognosis: age > 65 years, alkaline 
phosphatase > 100 U/L, creatinine > 1.0 mg/dL, alpha-fetoprotein > 20 mg/mL, noncurative 
treatment, albumin-bilirubin (ALBI) grade, and HCC staging. Subgroup analysis also con-
firmed that patients in the SLHCC group had a survival rate intermediate to those in the BCLC-
A and BCLC-B groups. However, for patients in the SLHCC group and with ALBI grade 1, out-
comes were close to those in the BCLC-A group, especially in the setting of curative treatment. 
For those with ALBI grades 2 or 3, the prognoses were similar to those of the SLHCC and BCLC-
B groups. Conclusion: Patients in the SLHCC group had an overall survival rate intermediate 
to those of the BCLC-A and BCLC-B groups. It is suggested that the SLHCC group could be 
classified as occupying a different stage from the BCLC stages A and B. The ALBI grade could 
help to stratify SLHCC into a different prognostic group. However, the results need to be val-
idated externally in other regions of the world. © 2018 S. Karger AG, Basel

Introduction

Hepatocellular carcinoma (HCC) is the fifth most common malignancy and ranks as the 
second and sixth leading cause of cancer death in males and females, respectively. Worldwide 
approximately 700,000 people die of HCC annually [1]. The prognosis of patients with HCC 
has improved due to the promotion of HCC surveillance programs for high-risk groups, more 
cases being diagnosed and treated at early stages, and recent advances in treatments [2–4]. 
However, outcomes are still suboptimal. One recent study conducted in the United States 
showed that the 5-year overall survival (OS) rates for patients with liver cancer increased 
from 3% between 1975 and 1977 to 18% between 2004 and 2010 [5]. Evidence-based staging 
and management of HCC is the cornerstone in achieving an appropriate care in clinical practice 
and improving the prognosis of patients. The Barcelona Clinic Liver Cancer (BCLC) staging 
system is endorsed by the American Association for the Study of Liver Diseases (AASLD) and 
the European Association for the Study of the Liver (EASL) [6] and has been widely applied 
to guide the management of patients with HCC and to predict their prognoses [7, 8].

For patients with single large (> 5 cm in size) HCC (SLHCC) with good liver functional 
reserve and performance status and without vascular invasion, liver transplantation is not 
recommended, and local ablation therapies are applied less due to the large tumor burden. 
Instead, resection surgery or transarterial chemoembolization (TACE) may be the first-line 
treatment in this clinical setting [9]. However, their optimal staging and treatment modalities 
are not fully elucidated. The original version of the BCLC staging system, which was published 
in 1999, defined BCLC stage A HCC as single tumors, or two or three tumors < 3 cm, that were 
suitable for radical therapies. Thus, SLHCC is categorized as BCLC stage A in this setting [10]. 
Nevertheless, in 2002, Bruix and Llovet [11] remarked that “patients at an early stage are 
those who present asymptomatic single HCC ≤5 cm or up to 3 nodules ≤3 cm.” By this 
statement, SLHCC may be classified as BCLC stage B. Furthermore, according to the updated 
BCLC staging system (2010), “early stage HCC (BCLC A) classification consists of patients with 
single HCC or with up to three nodules < 3 cm,” and “intermediate stage (BCLC B) is formed 
by those patients with single large HCCs and those with multifocal disease who are asymp-
tomatic and do not present vascular invasion or extrahepatic spread.” By this definition, 
SLHCC may be stage A or stage B [12]. Several studies have been conducted to investigate the 
prognosis of patients with SLHCC to determine the most appropriate BCLC staging for SLHCC; 
however, the results are conflicting [13–17]. Therefore, the BCLC classification of SLHCC 
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remains controversial [18]. This may cause ambiguities in cancer registries and result in 
communication gaps among researchers and clinical studies.

The majority of patients with HCC have underlying advanced chronic liver disease or 
even portal hypertension [19], which could make the adoption of treatment strategies and 
the prediction of outcomes more complex. In addition to the tumor factors, the grade of liver 
function is also crucial in determining the outcomes of HCC patients, especially of those with 
early-stage tumor [20]. These factors should be carefully assessed at the time of HCC diag-
nosis to determine the appropriate treatment and to predict the prognosis. Among the assess-
ments of liver functional reserve, the albumin-bilirubin (ALBI) score, including both serum 
albumin and bilirubin levels, has been proposed and validated to provide a simple and 
objective method to predict the outcome of patients with HCC [21, 22]. However, the appli-
cation of the ALBI score in predicting the outcomes of patients with SLHCC has not yet been 
well studied. We hypothesized that liver functional reserve would determine the prognosis 
of patients with SLHCC and that ALBI may help to categorize SLHCC into a more suitable BCLC 
staging. To test these hypotheses, we analyzed a large cohort of HCC patients to compare the 
clinical manifestations, treatment modalities, and prognoses in patients with SLHCC and 
those in BCLC stage A and B. Using this analysis, we also aimed to identify the optimal BCLC 
staging of SLHCC.

Patients and Methods

Patients and Follow-Up
This cohort study was prospectively conducted and retrospectively analyzed. We enrolled 4,326 consec-

utive treatment-naive patients who fulfilled the diagnostic criteria of HCC by the AASLD consensus [23]. 
These were included in the cancer registration system at the Taipei Veterans General Hospital from October 
2007 to December 2015. All of the patients were followed up every 3 months until their last visit to the 
hospital, death, or July 16, 2016. All patients who were newly diagnosed with HCC at Taipei Veterans General 
Hospital were assessed to determine a diagnosis and treatment strategy in a multidisciplinary committee. 

Newly diagnosed HCC 4,326 patients
from 2007 to 2015

BCLC A or B
(n = 2,285)

BCLC-A group
(n = 1,210)

Single tumor 2–5 cm
or 2–3 nodules ≤3 cm

LT (n = 26)
Resection (n = 477)

RFA (n = 436)
TACE (n = 200)
Others (n = 71)

LT (n = 4)
Resection (n = 240)

RFA (n = 7)
TACE (n = 144)
Others (n = 71)

LT (n = 7)
Resection (n = 112)

RFA (n = 48)
TACE (n = 329)

Others (n = 113)

BCLC-B group
(n = 609)

2–3 nodules >3 cm
or >3 nodules

SLHCC group
(n = 466)

Single tumor >5 cm

Fig. 1. Study flowchart. BCLC, 
Barcelona Clinic Liver Cancer; 
HCC, hepatocellular carcinoma; 
LT, liver transplantation; RFA, ra-
diofrequency ablation; SLHCC, 
single large hepatocellular carci-
noma; TACE, transarterial che-
moembolization.
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The decision of treatment modality was shared with the patient and the physician by the multidisciplinary 
experts after discussing the risks, benefits, complications, and efficacies of the currently available treatments. 
The choice of treatment is mainly based on the stage of HCC, severity of the underlying liver disease, perfor-
mance status, availability of treatment resources, and clinical expertise by the AASLD and EASL guidelines 
[8]. All of the demographic characteristics, clinicopathology, treatments, and outcomes of the enrolled 
patients were prospectively collected in the database of our multidisciplinary committee.

A total of 2,285 patients with BCLC stage A or B HCC were enrolled for the final analysis after excluding 
patients without complete data for the BCLC stage and those in BCLC stage 0, C, or D (Fig. 1). The BCLC-A 
group was defined as patients having a single tumor 2–5 cm in size or two or three nodules ≤3 cm in size. 
The SLHCC group included patients with a single tumor > 5 cm in size. The BCLC-B group was defined as 
patients with two or three nodules > 3 cm in size or > 3 nodules. The number of patients was 1,210, 466, and 
609 in the BCLC-A, SLHCC, and BCLC-B group, respectively.

The numbers of patients undergoing curative treatment including liver transplantation, resection 
surgery, and radiofrequency ablation were 37, 829, and 491, respectively, and the numbers of patients 
undergoing noncurative treatment of TACE or other treatments (such as best supportive treatment, chemo-
therapy, sorafenib, radiotherapy, and chemoradiotherapy) were 673 and 255, respectively.

Biochemical and Serologic Markers
Serum hepatitis B virus surface antigen and hepatitis C virus antibody were tested by radioimmuno-

assay (Abbott Laboratories, North Chicago, IL, USA) and second-generation enzyme immunoassay (Abbott 
Laboratories). Serum biochemistry was measured using a Roche/Hitachi Modular Analytics System (Roche 
Diagnostics GmbH, Mannheim, Germany). Serum alpha-fetoprotein (AFP) level was tested using a radioim-
munoassay kit (Serono Diagnostic SA, Coinsins, Switzerland). The ALBI score was calculated using the 
formula (–0.085 × albumin in g/L) + (0.66 × log10bilirubin in μmol/L) [21]. ALBI grades were defined as grade 
1 (score ≤–2.60), grade 2 (score >–2.60 and ≤–1.39), and grade 3 (score >–1.39).

Statistical Analysis
The primary endpoint of this study was OS. This parameter was calculated from the diagnosis of HCC to 

death, the last visit, or loss to follow-up. The baseline characteristics and outcomes were selected according 
to the EASL guidelines [6]. Pearson χ2 analysis or the Fisher exact test was performed to compare categorical 
variables, and the Kruskal-Wallis test or the Mann-Whitney U test was applied to compare continuous vari-
ables between two or more patient groups. Cumulative OS rates were estimated using the Kaplan-Meier 
method and compared using the Cox proportional hazards model. In addition, we confirmed the assumption 
of proportional hazards using the log-minus-log plot of survival in a Cox regression analysis. Variables that 
reached statistical significance (p < 0.05) or came near statistical significance (p < 0.1) after univariate 
analysis underwent multivariate analysis via a forward stepwise Cox regression model. A two-tailed p value 
< 0.05 was considered to be statistically significant. All statistical analyses were performed using IBM SPSS 
Statistics for Windows, version 21.0 (IBM Corp., Armonk, NY, USA).

Results

Demographic Data
The baseline demographic characteristics of the enrolled patients are presented in Ta- 

ble 1. There were significant differences in the distribution of sex, serum biochemistry 
measures, viral factors, tumor factors, liver functional reserve (such as ALBI grade and 
presence of esophageal varices), and treatment modalities in the three patient groups.

OS of Patients in the BCLC-A, SLHCC, and BCLC-B Groups
After a median follow-up of 21.2 months (interquartile range 8.0–43.8 months), 898 

patients had died and 1,387 were still alive. The cumulative OS rates at 1, 3, and 5 years were 
89.2, 70.1, and 57.0% in the BCLC A group, 75.0, 54.5, and 42.6% in the SLHCC group, and 
66.3, 40.5, and 27.3% in the BCLC B group, respectively. Statistically significant differences in 
the OS rates were noted in the pairwise comparison across all three groups (all p < 0.001; 
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Fig. 2a), and the results were similar after excluding patients who underwent liver transplan-
tation (all p < 0.001; Fig. 2b).

We compared the prognoses among the three groups using subgroup analysis. In all 
subgroups except for female patients, the OS rates were significantly higher in the BCLC-A 
group than in the SLHCC group (Fig. 2c). Similarly, the OS rates were higher in the SLHCC 
group than in the BCLC-B group in all subgroups except for those with anti-hepatitis C virus 
positivity, with antiviral therapy, with presence of esophageal varices, or with a prothrombin 
time/international normalized ratio > 1.1 (Fig. 2d). The OS rates were significantly higher in 
the BCLC-A group than those in BCLC-B group in all the subgroups (Fig. 2e).

Multivariate Analysis of Independent Risk Factors Associated with Poor Prognosis
Since the ALBI scores were calculated using serum albumin and bilirubin levels, we 

applied two multivariate analysis models. In model 1, the ALBI grade was enrolled, but serum 
albumin and bilirubin levels were not entered into the multivariate analysis. In model 2, we 
selected serum albumin and bilirubin levels, but not the ALBI grade in the multivariate 
analysis.

As shown in Table 2, in model 1, age > 65 years, serum alkaline phosphatase levels  
> 100 U/L, creatinine levels > 1.0 mg/dL, AFP levels > 20 mg/mL, noncurative treatment, high- 
er ALBI grade, and HCC group were the independent risk factors associated with poor OS.

Table 1. Baseline demographics of the enrolled HCC patients

Variable BCLC A (n = 1,210) SLHCC (n = 466) BCLC B (n = 609) p

Patient demographics
Age, years 67 (57–75) 69 (57–79) 67 (58–76) 0.200
Male sex 882 (72.9%) 375 (80.5%) 460 (75.5%) 0.005

Serum biochemistry tests and liver function tests
Albumin, g/dL 3.90 (3.40–4.20) 3.80 (3.40–4.10) 3.60 (3.10–4.00) 0.787
Total bilirubin, mg/dL 0.77 (0.53–1.16) 0.73 (0.53–1.12) 0.80 (0.55–1.21) 0.554
Alanine aminotransferase, U/L1 39 (26–63) 42 (26–63) 47 (30–77) 0.074
Aspartate aminotransferase, U/L1 41 (28–68) 47 (32–86) 57 (38–94) <0.001
Creatinine, mg/dL1 0.92 (0.78–1.13) 0.94 (0.77–1.14) 0.94 (0.78–1.18) 0.421
Alkaline phosphatase, U/L1 80 (63–106) 96 (73–131.75) 108 (79–155) <0.001
Platelets, /mm3 131,000 

(86,000–177,000)
187,000 
(136,000–240,000)

143,000 
(101,000–210,000)

<0.001

PT/INR1 1.07 (1.01–1.14) 1.06 (1.01–1.11) 1.08 (1.03–1.17) 0.631

Viral factors
HBsAg (+/–)1 599/452 (57.0/43.0%) 228/203 (52.9/47.1%) 284/272 (51.1/48.9%) 0.058
Anti-hepatitis C virus (+/–)1 380/605 (38.6/61.4%) 84/336 (20/80%) 188/364 (34.1/64.5%) <0.001
Antiviral therapy (yes/no) 359/851 (29.7/70.3%) 54/412 (11.6/88.4%) 91/518 (14.9/85.1%) <0.001

Tumor factors
Tumor size, cm 2.8 (2.3–3.5) 8.0 (6.5–11.13) 5.10 (3.50–8.20) <0.001
Tumor number (single/multiple) 942/268 (77.9/22.1%) 466/0 (100/0%) 0/609 (0/100%) <0.001
Alpha-fetoprotein, ng/mL1 16.71 (5.53–89.11) 39.14 (5.23–1438.74) 62.50 (9.48–928.52) <0.001
EVs (+/–)1 215/908 (19.1/80.7%) 43/376 (10.3/89.7%) 96/429 (18.3/81.7%) <0.001
ALBI grade (1/2/3) 539/583/88 

(44.5/48.2/7.3%)
197/236/33 
(42.3/50.6/7.1%)

197/324/88 
(32.3/53.2/14.5%)

<0.001

Curative/noncurative treatment 939/271 (77.6/22.4%) 251/215 (53.9/46.1%) 167/442 (27.4/72.6%) <0.001

Continuous variables are expressed as median with 25th and 75th percentiles. ALBI, albumin-bilirubin; BCLC, Barcelona Clinic Liver 
Cancer; EVs, esophageal varices; HBsAg, hepatitis B virus surface antigen; HCC, hepatocellular carcinoma; PT/INR, prothrombin time/
international normalized ratio; SLHCC, single large hepatocellular carcinoma. 1 Missing data at the time of HCC diagnosis in this 
parameter.
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In model 2, age > 65 years, serum albumin levels ≤ 3.5 g/dL, bilirubin levels > 1.0 mg/dL, 
alkaline phosphatase levels > 100 U/L, creatinine levels > 1.0 mg/dL, AFP levels > 20 ng/mL, 
noncurative treatment, and HCC group were the risk factors predicting poor OS using multi-
variate analysis.

Comparison of Patients’ OS among the BCLC-A, SLHCC, and BCLC-B Groups Stratified by 
ALBI Grade and Treatment Modality
Since ALBI grade and treatment modalities were crucial in determining OS, we further 

investigated the impact of these two factors on the prognoses of HCC patients. Stratified by 
the ALBI grade, we observed significant differences in the OS rates using a pairwise comparison 
across patients with ALBI grade 1 among the three groups of patients (Fig. 3a). In patients 

96847260483624120

Follow-up, monthsa

BCLC A vs. SLHCC, p < 0.001
BCLC A vs. BCLC B, p < 0.001
SLHCC vs. BCLC B, p < 0.001

0

0.2

0.4

0.6

0.8

1.0

O
ve

ra
ll 

su
rv

iv
al

BCLC A (n = 1,210)

SLHCC
(n = 466)

BCLC B
(n = 609)

96847260483624120

Follow-up, months

BCLC A vs. SLHCC, p < 0.001
BCLC A vs. BCLC B, p < 0.001
SLHCC vs. BCLC B, p < 0.001

0

0.2

0.4

0.6

0.8

1.0

O
ve

ra
ll 

su
rv

iv
al

BCLC A (n = 1,184)

Exclusion of liver transplantation

SLHCC
(n = 462)

BCLC B
(n = 602)

b

Fig. 2. a Comparison of cumula-
tive OS rates among BCLC stage A, 
SLHCC, and BCLC stage B strati-
fied by HCC stage. b The same 
analysis after excluding patients 
who underwent liver transplanta-
tion. c–e Comparison of OS among 
the three groups of patients in 
stratified analysis by forest plot: 
BCLC stage A versus SLHCC (c), 
SLHCC versus BCLC stage B (d), 
and BCLC stage A versus stage B 
(e). AFP, alpha-fetoprotein; ALP, 
alkaline phosphatase; ALT, ala-
nine aminotransferase; AST, as-
partate aminotransferase; BCLC, 
Barcelona Clinic Liver Cancer; 
EVs, esophageal varices; HBsAg, 
hepatitis B virus surface antigen; 
HCC, hepatocellular carcinoma; 
HCV, hepatitis C virus; OS, overall 
survival; PT/INR, prothrombin 
time/international normalized ra- 
tio; SLHCC, single large hepatocel-
lular carcinoma.

(Figure continued on next pages.)

http://dx.doi.org/10.1159%2F000487407


341Liver Cancer 2018;7:335–358

Fang et al.: Single Large Hepatocellular Carcinoma

www.karger.com/lic
© 2018 S. Karger AG, BaselDOI: 10.1159/000487407

with ALBI grade 2 or 3, the patients in the BCLC-A group had significantly higher OS rates than 
those in the SLHCC or BCLC-B groups (Fig. 3b, c). However, the OS rates were comparable 
between the SLHCC group and the BCLC-B group.

When stratified by treatment modalities, patients who underwent curative treatment in 
the BCLC-B group had a significantly lower OS rate than those in the BCLC-A or SLHCC groups 
(Fig. 3d). The patients in the SLHCC group had a trend toward lower OS rates than those in 
the BCLC-A group, but this was not statistically significant (p = 0.055). For patients who 
underwent TACE or other treatment modalities, the BCLC-A group had a significantly higher 
OS rate than the SLHCC group or the BCLC-B group (Fig. 3e, f). However, the OS rates were 
similar between the SLHCC group and the BCLC-B group.

Subgroup

Age
 ≤65 years
 >65 years
Sex
 Male
 Female
HBsAg
 Positive
 Negative
Anti-HCV
 Positive
 Negative
Antiviral therapy
 Yes
 No
EVs
 With EVs
 Without EVs
Albumin
 >3.5 g/dL
 ≤3.5 g/dL
Bilirubin
 >1.0 mg/dL
 ≤1.0 mg/dL
ALT
 >40 U/L
 ≤40 U/L
AST
 >45 U/L
 ≤45 U/L
ALP
 >100 U/L
 ≤100 U/L
Creatinine
 >1.0 mg/dL
 ≤1.0 mg/dL
PT/INR
 >1.1
 ≤1.1
AFP
 >20 ng/mL
 ≤20 ng/mL
Tumor number
 Single
 Multiple

562
648

882
328

599
452

380
605

359
851

215
908

797
383

378
818

573
629

511
648

252
613

455
750

414
782

558
628

942
268

150
216

261
105

173
139

121
165

106
260

114
207

202
152

159
203

195
170

198
155

103
173

152
214

163
202

223
137

266
100

195
271

375
91

228
203

84
336

54
412

43
376

293
166

135
323

245
220

236
215

186
202

189
274

118
344

260
198

466
0

74
121

160
35

100
82

37
142

29
166

23
142

103
89

72
119

110
85

120
68

93
74

82
112

65
128

129
62

195
0

1.700 (1.286–2.247)
1.747 (1.398–2.184)

1.888 (1.550–2.299)
1.295 (0.883–1.900)

1.905 (1.489–2.438)
1.971 (1.574–2.468)

1.920 (1.327–2.777)
1.971 (1.574–2.468)

2.298 (1.524–3.467)
1.597 (1.314–1.941)

1.824 (1.162–2.864)
1.962 (1.584–2.429)

1.610 (1.270–2.042)
1.992 (1.532–2.590)

1.643 (1.243–2.172)
1.861 (1.483–2.334)

1.774 (1.403–2.242)
1.672 (1.289–2.170)

1.829 (1.457–2.296)
1.513 (1.138–2.013)

1.626 (1.227–2.155)
1.566 (1.192–2.057)

1.610 (1.231–2.108)
1.797 (1.429–2.259)

1.983 (1.486–2.646)
1.794 (1.437–2.240)

1.694 (1.363–2.105)
1.593 (1.180–2.151)

1.886 (1.567–2.269)

<0.001
<0.001

<0.001
0.185

<0.001
<0.001

0.001
<0.001

<0.001
<0.001

0.009
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
0.004

0.001
0.001

0.001
<0.001

<0.001
<0.001

<0.001
0.002

<0.001

BCLC-A
patients

SLHCC
patients Hazard ratio (95% CI) pDeaths Deaths

321c
2
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Interaction between ALBI Grade and Treatment Modalities in Determining HCC Prognosis
For patients with an ALBI grade 1 who underwent curative treatment, the OS rates were 

similar between the BCLC-A and the SLHCC group. Also, both groups has significantly higher 
OS rates than the BCLC-B group (Fig.  4a). However, for those with an ALBI grade 1 who 
underwent noncurative treatment, the OS rates were comparable across the three groups 
(Fig. 4b).

Regarding patients with ALBI grade 2 or 3, patients in the BCLC-A group had a signifi-
cantly higher OS rate than those in the BCLC-B group, irrespective of treatment modalities 
(Fig. 4c, d). Nevertheless, in the setting of curative treatment, patients in the BCLC-A group 
had a trend toward higher OS rates than those in the SLHCC group, although this was not 
statistically significant (p = 0.058). Regarding patients who underwent noncurative treatment, 

Subgroup
Age
 ≤65 years
 >65 years
Sex
 Male
 Female
HBsAg
 Positive
 Negative
Anti-HCV
 Positive
 Negative
Antiviral therapy
 Yes
 No
EVs
 With EVs
 Without EVs
Albumin
 >3.5 g/dL
 ≤3.5 g/dL
Bilirubin
 >1.0 mg/dL
 ≤1.0 mg/dL
ALT
 >40 U/L
 ≤40 U/L
AST
 >45 U/L
 ≤45 U/L
ALP
 >100 U/L
 ≤100 U/L
Creatinine
 >1.0 mg/dL
 ≤1.0 mg/dL
PT/INR
 >1.1
 ≤1.1
AFP
 >20 ng/mL
 ≤20 ng/mL
Tumor number
 Single
 Multiple

195
271

375
91

228
203

84
336

54
412

43
376

293
166

135
323

245
220

236
215

186
202

189
274

118
344

260
198

466
0

74
121

160
35

100
82

37
142

29
166

23
142

103
89

72
119

110
85

120
68

93
74

82
112

65
128

129
62

195
0

274
334

460
149

281
259

187
347

91
518

96
429

316
282

217
384

361
247

381
199

271
208

251
354

253
352

348
193

0
609

144
193

255
82

152
145

98
199

60
277

62
206

137
191

124
206

199
137

227
94

170
99

140
193

140
234

230
95

0
337

1.573 (1.188–2.083)
1.510 (1.202–1.896)

1.458 (1.196–1.777)
1.773 (1.192–2.637)

1.396 (1.085–1.797)
1.651 (1.262–2.161)

1.168 (0.799–1.707)
1.541 (1.244–1.908)

1.520 (0.970–2.380)
1.507 (1.243–1.827)

1.053 (0.650–1.704)
1.444 (1.166–1.789)

1.346 (1.042–1.739)
1.429 (1.110–1.839)

1.365 (1.012–1.814)
1.574 (1.255–1.973)

1.397 (1.106–1.766)
1.648 (1.256–2.161)

1.276 (1.022–1.592)
1.697 (1.241–2.320)

1.423 (1.105–1.833)
1.474 (1.090–1.993)

1.616 (1.229–2.125)
1.443 (1.143–1.822)

1.128 (0.843–1.509)
1.597 (1.273–2.003)

1.404 (1.133–1.740)
1.647 (1.195–2.271)

0.002
<0.001

<0.001
0.005

0.010
<0.001

0.422
<0.001

0.067
<0.001

0.836
<0.001

0.023
0.006

0.041
<0.001

0.005
<0.001

0.031
0.001

0.006
0.012

0.001
0.002

0.417
0.002

0.002
0.002

SLHCC
patients

BCLC-B
patients Hazard ratio (95% CI) pDeaths Deaths

21d
2
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Subgroup
Age
 ≤65 years
 >65 years
Sex
 Male
 Female
HBsAg
 Positive
 Negative
Anti-HCV
 Positive
 Negative
Antiviral therapy
 Yes
 No
EVs
 With EVs
 Without EVs
Albumin
 >3.5 g/dL
 ≤3.5 g/dL
Bilirubin
 >1.0 mg/dL
 ≤1.0 mg/dL
ALT
 >40 U/L
 ≤40 U/L
AST
 >45 U/L
 ≤45 U/L
ALP
 >100 U/L
 ≤100 U/L
Creatinine
 >1.0 mg/dL
 ≤1.0 mg/dL
PT/INR
 >1.1
 ≤1.1
AFP
 >20 ng/mL
 ≤20 ng/mL
Tumor number
 Single
 Multiple

562
648

882
328

599
452

380
605

359
851

215
908

797
383

378
818

573
629

511
648

252
613

455
750

414
782

558
628

942
268

150
216

261
105

173
139

121
165

106
260

114
207

202
152

159
203

195
170

198
155

103
173

152
214

163
202

223
137

266
100

274
334

460
149

281
259

187
347

91
518

96
429

316
282

217
384

361
247

381
199

271
208

251
354

253
352

348
193

0
609

144
193

255
82

152
145

98
199

60
277

62
206

137
191

124
206

199
137

227
94

170
99

140
193

140
234

230
95

0
337

1.651 (1.472–1.852)
1.651 (1.497–1.820)

1.678 (1.539–1.831)
1.556 (1.346–1.799)

1.653 (1.482–1.844)
1.643 (1.464–1.845)

1.509 (1.320–1.725)
1.772 (1.598–1.965)

1.914 (1.629–2.249)
1.570 (1.442–1.709)

1.390 (1.189–1.625)
1.698 (1.542–1.871)

1.714 (1.539–1.910)
1.483 (1.330–1.654)

1.515 (1.345–1.706)
1.734 (1.573–1.912)

1.606 (1.453–1.774)
1.684 (1.504–1.886)

1.551 (1.409–1.708)
1.614 (1.419–1.835)

1.534 (1.356–1.736)
1.533 (1.354–1.736)

1.646 (1.466–1.849)
1.633 (1.481–1.800)

1.500 (1.343–1.675)
1.717 (1.552–1.900)

1.557 (1.420–1.708)
1.643 (1.441–1.875)

1.422 (1.271–1.590)

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001

BCLC-A
patients

BCLC-B
patients Hazard ratio (95% CI) pDeaths Deaths

21e
2

patients in the BCLC-A group had a significantly higher OS rate than those in the SLHCC group 
(p < 0.001). The OS rates were comparable between the SLHCC and the BCLC-B group, both 
in terms of curative and noncurative treatment.

Prognoses of Patients in the SLHCC Group
Subsequently, we analyzed the factors associated with poor prognosis in patients with 

SLHCC. When stratified by tumor size, patients with a tumor sized between 5 and 10 cm had 
a significantly higher OS rate than those with a tumor size > 10 cm, except for patients who 
underwent noncurative treatment modalities (Fig.  5). Moreover, patients who underwent 
curative treatment had a better OS than those who underwent noncurative treatment, irre-
spective of tumor size and ALBI grade (Fig. 6).
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As shown in Table 3, multivariate analysis disclosed that serum AFP > 20 mg/mL, tumor 
size > 10 cm, noncurative treatment, and higher ALBI grades were the independent risk 
factors associated with poor OS.

Comparison of OS between Resection Surgery and TACE in the SLHCC Group
We further compared the prognoses between resection surgery and TACE in the SLHCC 

group. Patients who underwent resection surgery had significantly higher OS rates than those 
who received TACE (p < 0.001; Fig. 7a), especially in the setting of tumor size between 5 and 
10 cm (p < 0.001; Fig. 7b). For patients with a tumor size > 10 cm, resection surgery had a 
trend toward a higher OS rate than TACE (p = 0.055; Fig. 7c).

When stratified by liver functional reserve, resection surgery provided a significant 
survival benefit compared with TACE both in patients with ALBI grade 1 (p = 0.009; Fig. 7d) 
and in those with ALBI grade 2 or 3 (p < 0.001; Fig. 7e).

Table 2. Univariate and multivariate analysis of factors associated with poor OS in model 1

Variable Cases, n Univariate analysis Multivariate analysis

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

Age (>65/≤65 years) 1,254/1,031 1.367 (1.197–1.562) <0.001 1.230 (1.048–1.443) 0.011
Sex (female/male) 568/1,717 1.001 (0.860–1.165) 0.993
HBsAg (+/–) 1,111/927 0.870 (0.757–0.999) 0.049
Anti-HCV (+/–) 652/1,305 0.997 (0.858–1.159) 0.974
Antiviral therapy (no/yes) 1,781/504 1.249 (1.065–1.464) 0.006
EVs (with/without) 354/1,713 1.805 (1.531–2.123) <0.001
Albumin (≤3.5/>3.5 g/dL) 831/1,406 2.358 (2.062–2.695) <0.001
Bilirubin (>1.0/≤1.0 mg/dL) 730/1,525 1.758 (1.536–2.011) <0.001
ALT (>40/≤40 U/L) 1,179/1,096 1.150 (1.007–1.312) 0.038
AST (>45/≤45 U/L) 1,128/1,062 1.962 (1.708–2.254) <0.001
ALP (>100/≤100 U/L) 709/1,023 2.124 (1.833–2.462) <0.001 1.449 (1.234–1.703) <0.001
Creatinine (>1.0/≤1.0 mg/dL) 895/1,378 1.274 (1.1716–1.456) <0.001 1.417 (1.212–1.658) <0.001
PT/INR (>1.1/≤1.1) 785/1,478 1.729 (1.513–1.975) <0.001
Platelets (≤105/>105/mm3) 136/2,140 1.099 (0.836–1.443) 0.501
Multiple tumors (yes/no) 877/1,408 1.886 (1.654–2.151) <0.001
AFP (>20/≤20 ng/mL) 1,202/1,040 2.063 (1.794–2.374) <0.001 1.850 (1.574–2.174) <0.001
Noncurative/curative treatment 928/1,357 3.422 (2.991–3.914) <0.001 2.429 (2.047–2.884) <0.001
ALBI grade 1 933 1 1
ALBI grade 2 1,143 2.201 (1.892–2.559) <0.001 1.659 (1.389–1.981) <0.001
ALBI grade 3 209 4.385 (3.541–5.430) <0.001 3.233 (2.506–4.171) <0.001
BCLC-A group
SLHCC group
BCLC-B group

1,210
466
609

1
1.726 (1.451–2.054)
2.671 (2.302–3.099)

<0.001
<0.001

1
1.453 (1.190–1.776)
1.493 (1.235–1.804)

<0.001
<0.001

In model 1, the ALBI grade was enrolled, but albumin and bilirubin levels were not entered into the multivariate analysis. In model 
2, we selected albumin and bilirubin, but the ALBI grade was not enrolled in the multivariate analysis. Age >65 years (HR 1.214, 95% 
CI 1.038–1.419, p = 0.015), serum albumin levels ≤3.5 g/dL (HR 1.736, 95% CI 1.477–2.041, p < 0.001), bilirubin >1.0 mg/dL (HR 1.338, 
95% CI 1.135–1.577, p = 0.001), ALP >100 U/L (HR 1.478, 95% CI 1.255–1.741, p < 0.001), creatinine >1.0 mg/dL (HR 1.461, 95% CI 
1.245–1.714, p < 0.001), AFP >20 ng/mL (HR 1.887, 95% CI 1.603–2.222, p < 0.001), noncurative therapy (HR 2.420, 95% CI 2.035–
2.877, p < 0.001), and HCC group (SLHCC group, HR 1.384, 95% CI 1.131–1.694, p = 0.002; BCLC-B group, HR 1.497, 95% CI 1.235–1.814, 
p < 0.001) were the independent risk factors associated with poor OS. AFP, alpha-fetoprotein; ALBI, albumin-bilirubin; ALP, alkaline 
phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCLC, Barcelona Clinic Liver Cancer; CI, confidence 
interval; EVs, esophageal varices; HBsAg, hepatitis B virus surface antigen; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; HR, 
hazard ratio; OS, overall survival; PT/INR, prothrombin time/international normalized ratio.
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Fig. 3. Comparison of OS rates 
among the BCLC-A, SLHCC, and 
BCLC-B groups stratified by ALBI 
grade and treatment modality.  
a ALBI grade 1. b ALBI grade 2.  
c ALBI grade 3. d Curative treat-
ment. e TACE. f Other treatments. 
ALBI, albumin-bilirubin; BCLC, 
Barcelona Clinic Liver Cancer; OS, 
overall survival; SLHCC, single 
large hepatocellular carcinoma; 
TACE, transarterial chemoembo-
lization.

(Figure continued on next page.)
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Discussion

There are several major findings of this study. First, we analyzed a large cohort of patients 
with SLHCC to comprehensively investigate the impact of tumor size on HCC prognosis. It was 
demonstrated that patients with SLHCC had an intermediate OS rate to those in the A and B 
stages of BCLC. Second, the SLHCC group was a heterogeneous group that presented diverse 
clinical manifestations, treatment modalities, and outcomes. Our study further disclosed that 
ALBI grade and treatment modalities could help to stratify patients with SLHCC into different 
prognostic groups. Third, SLHCC patients who underwent curative treatment had a slightly 
lower OS rate than those in the BCLC-A group. Also, both had significantly better prognosis 
than patients in the BCLC-B group, especially in the setting of ALBI grade 1 (Fig. 3, 4). Fourth, 
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Fig. 4. Interaction between ALBI 
grade and treatment modalities  
in determining HCC prognosis.  
a ALBI grade 1 and curative treat-
ment. b ALBI grade 1 and noncu-
rative treatment. c ALBI grade  
2 or 3 and curative treatment.  
d ALBI grade 2 or 3 and noncura-
tive treatment. ALBI, albumin-bil-
irubin; BCLC, Barcelona Clinic 
Liver Cancer; HCC, hepatocellular 
carcinoma; SLHCC, single large 
hepatocellular carcinoma.

(Figure continued on next page.)
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for patients with SLHCC, curative treatment could provide a higher OS rate than noncurative 
treatment, irrespective of the tumor size and the degree of liver functional reserve. These 
results indicated that curative treatment was recommended as a first-line therapy for patients 
with SLHCC if they were not contraindicated.

In our cohort, the 5-year OS rate of patients with SLHCC was 42.6%. This was consistent 
with the findings of previous studies, which reported patients with SLHCC to have lower 
5-year OS rates (36.8–42.9%) than those with BCLC stage A HCC (55.4–58.6%) [16, 17]. Our 
study further demonstrated that SLHCC patients had an intermediate OS rate between those 
in the BCLC stages A and B. These findings were confirmed by multivariate analysis and most 
of the subgroup analyses. Therefore, categorizing SLHCC as a distinct and independent group 
from BCLC stage A and B may be sensible in the future.
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Fig. 5. Comparison of OS rates be-
tween patients with a tumor size 
between 5 and 10 cm and those 
with a tumor size > 10 cm in the 
SLHCC group stratified by treat-
ment modalities. a All patients  
(p = 0.001). b Patients with cura-
tive treatment (p = 0.012). c Pa-
tients with noncurative treatment 
(p = 0.127). OS, overall survival; 
SLHCC, single large hepatocellu-
lar carcinoma.
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Fig. 6. Comparison of OS rates be-
tween patients with curative 
treatment and those with noncu-
rative treatment in the SLHCC 
group stratified by tumor size and 
ALBI grade. a All patients (p < 
0.001). b Tumor size between 5 
and 10 cm (p < 0.001). c Tumor 
size > 10 cm (p < 0.001). d ALBI 
grade 1 (p = 0.001). e ALBI grade 
2 or 3 (p < 0.001). ALBI, albumin-
bilirubin; OS, overall survival;  
SLHCC, single large hepatocellu-
lar carcinoma.

(Figure continued on next page.)
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We also showed that age, ALBI grade, serum AFP levels, treatment modalities, and HCC 
group were important predictors of outcomes for HCC patients. This was consistent with the 
results from previous studies in which patient factors (such as age and performance status) 
[24, 25], tumor factors (size and number of tumors, vascular invasion, serum AFP level) [26, 
27], field factors in the background liver (grade of hepatic inflammation, degree of steatosis, 
stage of fibrosis, portal hypertension, viral replication) [28–33], and treatment modalities 
determined the outcomes of HCC patients [9, 34, 35].

Microvascular invasion (MVI) is an important determinant for HCC recurrence and prog-
nosis [26, 36]. However, MVI could not be diagnosed before liver resection or transplantation. 
It is critical to search for a surrogate for MVI at the time of HCC diagnosis. Previous studies 
reported that an increase in tumor size was closely associated with a higher MVI rate in HCC 
patients [13]. Consequently, in 1996, Mazzaferro et al. [37] proposed the Milan criteria (single 
tumor ≤5 cm or up to three nodules each ≤3 cm in size and without major vascular invasion) 
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as the selection guideline of the indication for liver transplantation in HCC patients. By 
meeting the Milan criteria, 5-year survival rates are > 70% and tumor recurrence rates are  
< 15%. Therefore, the Milan criteria have been integrated into the BCLC staging system [8]. 
However, tumor size is not taken into account for staging in the 7th American Joint Committee 
on Cancer (AJCC) staging systems. This concept was based on several studies which showed 
that tumor size was not an independent risk factor for long-term survival and tumor recur-
rence after curative resection of single HCC. Instead, tumor biology and underlying liver 
disease were better prognostic factors than tumor size [36].

Nevertheless, most of these studies enrolled patients with well-preserved liver function 
who was feasible for resection. Several recent studies demonstrated that tumor size was one 
of the most important prognostic factors for single HCC, and the rationale for its omission in 
the BCLC and 7th AJCC staging system has been challenged [13–17, 38]. Consequently, tumor 
size is integrated into other HCC staging systems, including the Hong Kong Liver Cancer 
staging system with a cu-off set at 5 cm [39]. Our study also validated that patients with 
SLHCC had poorer outcomes than those in the BCLC stage A. These results confirm the crucial 
prognostic role of tumor size in HCC patients.

Approximately 80% of patients with HCC have cirrhosis. The degree of liver functional 
reserve is crucial in determining the treatment modality and affects the OS in HCC patients. 
Lower albumin levels imply dysfunction of liver synthesis and a higher risk of ascites 
formation in patients with cirrhosis. Moreover, serum albumin and bilirubin levels are the 
most critical factors to predict hepatic adverse events in cirrhotic patients. Recently, a new 
prognostic score, the ALBI score, has been validated as an objective, inexpensive, and feasible 

Table 3. Univariate and multivariate analysis of factors associated with poor overall survival for SLHCC group

Variable Cases, n Univariate analysis Multivariate analysis

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

Age (>65/≤65 years) 271/195 1.379 (1.032–1.842) 0.030
Sex (female/male) 91/375 0.807 (0.560–1.164) 0.252
HBsAg (+/–) 228/203 1.043 (0.778–1.397) 0.782
Anti-HCV (+/–) 84/336 1.155 (0.803–1.658) 0.438
Antiviral therapy (no/yes) 412/54 0.845 (0.569–1.255) 0.405
EVs (with/without) 43/376 2.114 (1.359–3.289) 0.001
Albumin (≤3.5/>3.5 g/dL) 166/293 2.309 (1.736–3.077) <0.001
Bilirubin (>1.0/≤1.0 mg/dL) 135/323 1.756 (1.310–2.355) <0.001
ALT (>40/≤40 U/L) 245/220 1.185 (0.892–1.573) 0.241
AST (>45/≤45 U/L) 236/215 2.067 (1.534–2.786) <0.001
ALP (>100/≤100 U/L) 186/202 1.870 (1.376–2.542) <0.001
Creatinine (>1.0/≤1.0 mg/dL) 189/274 1.139 (0.856–1.515) 0.371
PT/INR (>1.1/≤1.1) 118/344 1.959 (1.450–2.646) <0.001
Platelets (≤105/>105/mm3) 10/455 1.439 (0.591–3.497) 0.423
AFP (>20/≤20 ng/mL) 260/198 2.003 (1.478–2.713) <0.001 2.223 (1.530–3.231) <0.001
Tumor size (>10/≤10 cm) 144/322 1.644 (1.227–2.203) 0.001 1.592 (1.111–2.280) 0.011
Noncurative/curative treatment 215/251 3.412 (2.538–4.587) <0.001 2.789 (1.932–4.026) <0.001
ALBI grade 1 197 1 1
ALBI grade 2 236 2.672 (1.926–3.706) <0.001 2.279 (1.529–3.399) <0.001
ALBI grade 3 33 7.155 (4.422–11.576) <0.001 7.478 (4.128–13.546) <0.001

AFP, alpha-fetoprotein; ALBI, albumin-bilirubin; ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate amino-
transferase; CI, confidence interval; EVs, esophageal varices; HBsAg, hepatitis B virus surface antigen; HCV, hepatitis C virus; HR, hazard 
ratio; PT/INR, prothrombin time/international normalized ratio; SLHCC, single large hepatocellular carcinoma.
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Fig. 7. Comparison of OS rates be-
tween patients who underwent 
resection surgery and TACE in the 
SLHCC group stratified by tumor 
size and ALBI grade. a All patients 
(p < 0.001). b Tumor size between 
5 and 10 cm (p < 0.001). c Tumor 
size > 10 cm (p = 0.055). d ALBI 
grade 1 (p = 0.009). e ALBI grade 
2 or 3 (p < 0.001). ALBI, albumin-
bilirubin; OS, overall survival;  
SLHCC, single large hepatocellu-
lar carcinoma; TACE, transarteri-
al chemoembolization.

(Figure continued on next page.)
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biomarker for liver function estimation and a reliable prognostic predictor across different 
BCLC stages and treatments for HCC [20, 21, 40–43]. In our cohort, we performed two multi-
variate analysis models to assess the independent risk factors predicting poor OS. In model 
1, it demonstrated that ALBI grade was correlated to poor prognosis in HCC patients. In 
model 2, when the ALBI grade was not enrolled, its two major determinants (serum albumin 
and bilirubin levels) were the independent risk factors associated with poorer OS. These 
results indicated that ALBI grade had an excellent discriminative ability to predict the prog-
noses of HCC patients.

Current HCC management guidelines recommend liver transplantation, resection 
surgery, and local ablation therapies as the first-line curative treatment modalities in patients 
with BCLC stage A HCC [8]. For patients with BCLC stage B, TACE is the recommended 
treatment. However, the most suitable staging and treatment for SLHCC have not yet been 
fully elucidated. In our study, SLHCC patients who had ALBI grade 1 had a slightly lower OS 
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rate than those with BCLC stage A, especially those who underwent curative therapies. 
However, for those with poorer liver function reserve (ALBI grade 2 or 3), the prognoses 
were similar between patients with SLHCC and those with BCLC stage B HCC. Similarly, 
patients with SLHCC had an OS rate closer to BCLC stage A than BCLC stage B when they 
underwent curative therapy, while the prognoses were comparable between SLHCC and 
BCLC stage B when they received noncurative therapy. These data suggest that ALBI grade 
and treatment modalities could further help to stratify SLHCC into different prognostic 
groups. In brief, the prognoses of patients with SLHCC will be close to those with BCLC stage 
A when they have a relatively well-preserved liver function feasible for curative therapy, 
while their outcomes will be similar to those of patients in BCLC stage B when they have ALBI 
grade 2 or 3.

Regarding treatment, several previous studies have showed that patients with SLHCC 
who underwent resection had better prognoses than those who underwent TACE [44–46]. 
However, these results might have some biases due to several important confounding factors 
that affect prognoses. These include liver functional reserves, which existed in patients who 
underwent resection and TACE. In the present cohort, treatment modality was still an 
important prognostic factor for patients with SLHCC after adjusting for the confounding 
factors by multivariate analysis and subgroup analysis stratified by tumor size and liver func-
tional reserve. It is suggested that curative treatment, especially resection surgery, could 
serve as a first-line treatment modality for SLHCC if it is not contraindicated.

There are some limitations to this study. First, we included HCC patients from a single 
tertiary center. The data should be validated externally in other regions of the world in which 
the selection of treatment modalities, the quality of technical skills, and the supportive 
systems for patients might vary substantially. Second, interobserver bias may exist in the 
amount of ascites and the degree of hepatic encephalopathy for Child-Pugh scoring. This is an 
important parameter of the BCLC staging system. Third, this is a retrospective study, and the 
choice of curative or noncurative treatment was primarily based on the physician’s judgment 
and recommendation for a substantial number of patients with SLHCC. Thus, selection bias 
could not be completely avoided. Although the long-term prognoses of patients undergoing 
different therapies were not all equal, we categorized treatment modalities as curative and 
noncurative therapies due to the relatively small number of patients treated with some ther-
apies, such as liver transplantation and radiofrequency ablation in the SLHCC group. Never-
theless, we compared the outcomes between resection surgery and TACE, the most common 
curative and noncurative treatments for SLHCC, respectively. It was shown that resection 
surgery could provide a survival benefit compared with TACE in most of the subgroups, 
except in the setting of tumor size > 10 cm (p = 0.055), which might be due to the small number 
of patients in this very large tumor group. Further large-scale studies are warranted to 
compare the prognosis between resection surgery and TACE for patients with a very large 
solitary HCC. Fourth, since among the patients with an ALBI grade 3 in the SLHCC group, only 
7 and 10 patients underwent resection surgery and TACE, respectively, we could not assess 
the long-term prognoses between resection and TACE in such patients. Further prospective 
studies are needed to elucidate this issue. Fifth, there were substantial differences in demo-
graphic characteristics, especially liver functional reserve, among patients in the three groups. 
Confounding differences might make evaluating the true impact of tumor size on post-
treatment prognoses difficult.

In conclusion, patients with SLHCC are suggested to be assigned to an independent group, 
different from BCLC stage A and B. ALBI grade could help to stratify SLHCC into different prog-
nostic subgroups. In addition, curative treatment modality provided a better prognosis than 
noncurative therapy, regardless of tumor stage.
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