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Background: Recommended as the first-line treatment for advanced unresectable hepatocellular
carcinoma (HCC), sorafenib has been shown to prolong median overall survival (OS) for patents. However,
advanced HCC sees high heterogeneity across patient groups. Recently, a growing number of studies have
indicated surgical resection and transarterial chemoembolisation (TACE) to perform well in patients with
portal vein tumor thrombosis (PVTT). The aim of this study was to compare the outcomes of liver resection
and TACE and to identify prognostic factors related to OS for BCLC stage C patients with performance
status (PS) 1 who have a single tumor but no vascular invasion or extrahepatic spread.

Methods: A total of 323 consecutive patients in BCLC stage C with PS 1 who had only one tumor and no
vascular invasion or extrahepatic spread were enrolled in this retrospective study, regardless of tumor size.
Survival analyses were performed using the Kaplan-Meier analysis, and statistical differences between the
TACE and sorafenib groups were examined by the log-rank test. Univariate and multivariate Cox regression
analyses were performed to investigate the prognostic factors for OS.

Results: Based on the Kaplan-Meier curves, patients treated with surgical resection showed a better OS
than those who underwent TACE, with OS at 1, 3, and 5 years (85.7%, 48.8%, and 33.3% vs. 66.6%, 21.8%,
and 13.4%, respectively; log-rank P<0.001). Univariate and multivariate analyses demonstrated that tumor
size, albumin, bilirubin, Child-Pugh score, and treatment method were significant prognostic factors for OS.
According to the subgroup analyses based on tumor size, there were significant differences in OS among
overall subsets between patients who underwent hepatectomy and those who underwent TACE therapy.
Conclusions: Liver resection had a better prognostic performance than TACE and should be put forward
as an alternative treatment modality to TACE for BCLC stage C patients with PS 1 who have a single tumor

and no vascular invasion or extrahepatic spread.
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Introduction

Liver cancer ranks as the seventh most common primary
malignant tumor and is the third leading cause of cancer-
related mortality around the world (1). Hepatocellular
carcinoma (HCC) accounts for more than 90% of liver
cancer cases (2). The Barcelona Clinic Liver Cancer (BCLC)
staging system holds a prominent advantage for predicting
prognosis and has been widely adopted in clinical practice
for allocating treatment (3,4). On account of HCC’s
dormant and asymptomatic characteristics, a significant
proportion of patients are already at the advanced stage of
the disease by the time they receive their diagnosis and are
beyond the optimal indication for curative treatments such
as hepatectomy, liver transplantation, and radiofrequency
ablation (5).

Patients with symptomatic tumors [performance status
(PS), 1-2], vascular invasion, or extrahepatic spread who are
classified as BCLC stage C have a dismal prognosis, with
an expected median overall survival (OS) of 6-8 months (2).
Sorafenib, an orally administered multikinase inhibitor,
has been put forward as the first-line treatment for patients
with advanced unresectable HCC and has been shown to
prolong their median OS (6,7).

The BCLC staging classification recommends liver
resection and transarterial chemoembolisation (TACE) for
treating early- to intermediate-stage HCC patients (2). Both
treatments have been verified to improve survival outcomes,
particularly when they were received in combination with
other therapies including radiofrequency ablation, sorafenib
and stereotactic body radiation therapy in several studies
(8-10). With the development of treatment modalities
and perioperative management, aggressive therapies
(including but not limited to liver resection, TACE, and
radiofrequency ablation) are no longer contraindications,
instead offering alternative treatment options for patients
with advanced HCC (11,12). Notably, a growing number of
studies have advocated the application of liver resection and
TACE in patients with portal vein invasion (13,14).

Eastern Cooperative Oncology Group performance
status (ECOG-PS) is commonly used to stratify HCC stage
and to select appropriate treatment decisions for patients
in the BCLC system (15). Additionally, PS has been
demonstrated to be an independent prognostic indicator of
HCC patients at each stage who are undergoing different
treatment modalities (16-18).

Despite published studies having explored liver resection
and TACE in treating advanced HCC, whether liver
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resection is more beneficial than TACE for BCLC stage
C patients with PS 1 who are without vascular invasion or
extrahepatic spread has not yet been fully elucidated.

The present study aimed to compare the outcomes
of liver resection and TACE. In addition, we identified
prognostic factors related to OS for BCLC stage C patients
with PS 1 who had no vascular invasion or extrahepatic
spread.

Methods
Study design and participants

This study was conducted retrospectively and included
consecutive HCC patients who underwent liver resection
or TACE therapy at our department in the period from
January 2010 to December 2017. The inclusion criteria for
this study were as follows: (I) patients classified as BCLC
stage C with a single tumor; (II) no vascular invasion
or extrahepatic spread; (III) ECOG PS score 1; (IV) no
previous therapy for HCC. Patients who met any of the
following criteria were excluded from the study: (I) patients
with other uncontrolled ascites, hepatic encephalopathy,
or simultaneous malignancies of other system; (II) patients
with cardiopulmonary, renal, or cerebral dysfunction.

HCC was diagnosed by contrast-enhanced magnetic
resonance imaging (MRI) and computed tomography (CT)
according to the guidelines of the American Association for
the Study of the Liver Disease or the European Association
for the Study of Liver disease (AASLD/EASL) (19,20).
Clinical, laboratory, and imaging data of enrolled patients
were collected from hospital database. Because of the study’s
retrospective nature, the requirement to obtain informed
consent was waived. This investigation was approved by
the Clinical Research Ethics Committee of the Tangdu
Hospital and performed in adherence with the Declaration
of Helsinki.

Treatment and follow-up

Hepatectomy was conducted via a subcostal incision on the
right side following general anesthesia being administered.
The perihepatic ligaments and adhesion tissue were
separated, before abdominal exploration was carried out.
The number, size, distribution, and invasion of adjacent
structures by liver tumors, as well as the relationship
between tumors and vessels, bile ducts, and other structures
were assessed using intraoperative ultrasound. Hepatic
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blood flow was blocked by applying the Pringle technique.
The hepatoduodenal ligament was then clamped using
a rubber tourniquet. According to the location, size, and
number of the tumors, the patients underwent either hepatic
lobectomy, hepatic segmentectomy, semi-hepatic resection,
or partial resection. Each of the procedures were conducted
in line with the standard methods recommended by the
guidelines. All nodules were removed before being sent to
the pathology department. All patients were followed up at
one month after hepatectomy, and then every three months
during the first year. Subsequently, patients were followed
up as appropriate every three to six months.

For the TACE procedure, the Seldinger technique was
used and a 4.1-French RC1 catheter was inserted into
the tumor feeding artery. Following this, the number,
location, size, and branches of the tumor feeding vessels
were carefully identified. Then, an injection comprising
10-20 mL iodized oil, gelfoam particles with 30-50 mg
doxorubicin, and 50-100 mg cisplatinum was administered
via the arterial branches. Patients underwent TACE therapy
every six weeks during the first year and every six to eight
weeks thereafter, depending on their liver function and
tumor necrosis.

Patients received routine examination at each follow-
up, which included physical examinations, blood tests
(serum a-fetoprotein level, serum biochemistry, and liver
biochemistry), and imaging examinations (chest X-ray,
abdominal ultrasonography, and abdominal CT or MRI).

Statistical analysis

OS was defined as the time from the date of liver resection
or TACE until death or the date of the last follow-up.
The last visit took place on January, 2019. Categorical
variables are expressed as frequencies, whereas continuous
variables are expressed as medians and interquartile range.
The baseline characteristics of enrolled patients in the two
groups were compared using the chi-square test, or for
categorical or continuous variables Fisher’s exact test and
Mann-Whitney U test were used, respectively. The Kaplan-
Meier method was used to performed survival analyses, and
the log-rank test was used to examine statistical differences
between the liver resection and TACE groups. The Cox
proportional hazards regression model was used to calculate
the hazard ratio (HR) for survival and the 95% confidence
intervals (CI) of prognostic factors for OS based on the
univariate and multivariate analyses. To avoid collinearity,
two multivariate models with stepwise methods were
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performed separately to select the independent prognostic
factors: model 1, including the baseline characteristics but
excluding the Child-Pugh score; and model 2, including
the Child-Pugh score and baseline characteristics without
albumin and bilirubin. Statistical significance was taken as a
two-sided P value <0.05 for all analyses. IBM SPSS software
version 23.0 (SPSS Inc., Chicago, IL, USA) was used for all
statistical analyses.

Results
Baseline characteristics

A total of 390 consecutive patients with BCLC stage C
HCC who met the inclusion criteria were enrolled in this
study. Of these, 204 and 186 patients comprised the liver
resection group and TACE group, respectively. Based
on the statistical analysis, no significant differences were
observed in the characteristics between the two groups.
The baseline demographic and clinical characteristics are
summarized in Tible 1.

Survival analyses of patients in the liver resection and

TACE groups

The last follow-up for all included patients took place in
October 2019. For those who underwent liver resection
therapy, 119 patients died during a median follow-up period
of 30.6 months. In TACE group, 71 patients died, while
the median follow-up reached 32.8 months. Based on the
Kaplan-Meier curves, the patients who underwent liver
resection showed a better OS than those who underwent
TACE, with OS of 83.2%, 60.8%, 33.3% vs. 66.6%, 25.2%,
13.4% at 1, 3 and 5 years, respectively (log-rank P<0.001;
Figure 1).

Univariate and multivariate analyses of OS

Based on the univariate analysis, tumor size, tumor number,
treatment method, albumin, bilirubin, and Child-Pugh
score were all factors associated with OS (P<0.05; Tuble 2).
These factors were included in the multivariate analysis
(Table 3). In multivariate model 1, tumor size (HR, 1.137;
95% CI, 1.099-1.177; P<0.001), bilirubin (HR, 1.044;
95% CI, 1.028-1.061; P<0.001), albumin (HR, 0.950; 95%
CI, 0.925-0.975; P<0.001), and treatment method (HR,
2.610; 95% CI, 1.935-3.521; P<0.001) were identified as
independent predictors of OS. In multivariate model 2,
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Table 1 The baseline characteristics of study patients

Variable LR group (n=204) TACE group (n=186) P value
Sex (M/F) 182/22 161/25 0.421
Age (years) 60 [48-68] 60 [48-69] 0.761
Age (<60/=60) 101/103 87/99 0.589
HBsAg (P/N) 178/26 165/21 0.659
ALT level (U/L) 38.8 (26.3-60.7) 445 (27.0-70.3) 0.183
AST level (U/L) 54.0 (43.0-73.0) 55.1 (36.0-80.0) 0.306
Albumin (g/L) 39.1 (36.3-42.6) 41.1 (35.5-44.0) 0.068
Bilirubin (umol/L) 13.5(10.4-17.8) 13.6 (10.5-17.9) 0.910
Platelet count (x10%L) 152.0 (103.5-213.5) 162.5 86.8-221.0) 0.726
Serum AFP level (=400/>400) 118/86 114/72 0.489
Child-Pugh Score (A5/A6) 144/60 128/58 0.704
Tumor size (cm) 7.9 (4.2-10.9) 8.2 (3.6-11.4) 0.825
BUN 5.3 (4.4-6.6) 5.7 (4.7-6.7) 0.271
Cr 69.8 (62.5-79.0) 68.0 (61.0-77.9) 0.291

TACE, transarterial chemoembolisation; AFP, alpha fetoprotein; ALBI, albumin-bilirubin; AST, aspartate aminotransferase; ALT, alanine
aminotransferase; PT, prothrombin time; SD, standard deviation.

100 ) ) Table 2 Univariate analysis of prognostic factors of overall survival
—— Liver resection
9 —— TACE Univariate Cox regression
= 75 Factors
g P<0.001 Hazard ratio (95% ClI) P value
P
§ oL Sex (male) 1.167 (0.755-1.804) 0.486
2
:_‘36 Age (=60 years) 0.967 (0.732-1.277) 0.811
€
3 2F Tumor size (cm) 1.135 (1.098-1.173) <0.001
AFP (400 ng/mL) 1.188 (0.892-1.583) 0.238
O 1 1 1 1 1
0 12 24 36 48 60 Albumin (g/L) 0.954 (0.929-0.980) 0.001
Time after treatment th
ime after treatment {months) Bilirubin (umol/L) 1.035(1.019-1.050)  <0.001
Figure l.Kaplan-Meler f:ur?fes for overall survival (OS). TACE, PLT (x10°/L) 0.999 (0.997-1.001) 0.118
transarterial chemoembolisation.
AST (units/L) 1.002 (0.998-1.004) 0.110
ALT (units/L) 1.002 (0.999-1.005) 0.128
the independent prognostic factors included tumor size Child-Pugh score 1.724 (1.290-2.305) <0.001
(HR, 1.144; 95% CI, 1.106-1.184; P<0.001), Child-Pugh 5 HBeA 0.841 (0.5201 33 0.462
iti . .529-1.335 .
score (HR, 1.951; 95% CI, 1.454-1.2.618; P<0.001), and ositive HBsAg ( )
treatment method (HR, 2.281; 95% CI, 1.709-3.046; BUN 1.020 (0.999-1.040) 0.053
P<0.001). Creatinine 0.994 (0.986-1.003) 0.205
Treatment method 2.126 (1.599-2.828) <0.001

Subgroup analysis

Tumor size was further stratified into three different groups
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AFP, alpha fetoprotein; PLT, platelets; AST, aspartate
aminotransferase; ALT, alanine aminotransferase; BUN, blood

urea nitrogen.
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Table 3 Multivariate analysis of prognostic factors of overall survival
Multivariate model 1 Multivariate model 2
Factors
Hazard ratio (95% Cl) P value Hazard ratio (95% ClI) P value

Treatment method 2.610 (1.935-3.521) <0.001 2.281 (1.709-3.046) <0.001
Albumin (g/L) 0.950 (0.925-0.975) <0.001 - -
Bilirubin (umol/L) 1.044 (1.028-1.061) <0.001 - -
Child-Pugh score - - 1.951 (1.454-2.618) <0.001
Tumor size (cm) 1.137 (1.099-1.177) <0.001 1.144 (1.106-1.184) <0.001
Table 4 Subgroup analyses of prognostic factors of overall survival
Variables N (liver resection/TACE) Median survival (liver resection vs. TACE) P value
Tumor size (cm)

<3 12/13 48.100+7.914 vs. 31.000+6.570 <0.001

3-5 67/47 43.700+11.804 vs. 16.500+1.767 <0.001

>5 125/126 19.500+4.127 vs. 12.000+2.129 <0.001

TACE, transarterial chemoembolisation.

to identify whether it influenced the efficacy of HR (Table 4).
For patients with a tumor size of <3 cm, those who
underwent liver resection showed a better OS than those
treated with TACE (log-rank P<0.001). For patients with a
tumor size of 3-5 cm, there was a significant difference in
OS between the two groups (log-rank P<0.001). Among the
patients with a tumor size of >5 c¢m, those who underwent
liver resection had a better OS than those treated with
TACE (log-rank P<0.001).

Discussion

In this retrospective study, we demonstrated that BCLC
stage C patients with PS 1 who had no vascular invasion or
extrahepatic spread who underwent liver resection had a
significantly better OS compared with similar patients who
underwent TACE therapy. Furthermore, treatment method
(liver resection vs. TACE) was an independent prognostic
indicator of better OS, while poorer OS was indicated by
the size and number of tumors.

As proposed by the Barcelona Clinic Liver Cancer
(BCLC) staging system, sorafenib is considered to be the
standard treatment option for HCC patients of BCLC stage
C. This is a diverse stage, which includes a wide range of
patients with single or multiple factors, such as symptomatic
tumors that have an adverse effect on PS (ECOG PS 1-2),
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vascular invasion (either segmental or portal invasion),
or extrahepatic spread (lymph node involvement or
metastases). Because of the considerable heterogeneity, a
diverse range of prognostic outcomes has been observed in
stage C patients under the treatment of sorafenib, for whom
OS is still unsatisfactory (21). Multiple previous studies
have suggested that patients with vascular invasion treated
by surgical resection or TACE showed a better survival
outcome compared with those treated with sorafenib (22).
In addition, liver resection has been shown to have better
efficacy than TACE in BCLC stage A patients, although
this has been controversial in previous reports, especially
regarding its benefits for patients with only one tumor
regardless of its size (2). Additionally, PS, which is applied
to assess patient’s capability of self-care, is deemed to be a
powerful predictive factor with respect to the OS of HCC
patients. Treatment modality is widely understood to be
highly related to OS in HCC patients. PS, to some extent,
can influence treatment decisions. To avoid confounding
factors, only patients who had a single tumor with PS 1 and
no vascular invasion or extrahepatic spread who underwent
liver resection or TACE were enrolled in the present study.
Our study showed that liver resection was more effective
than TACE in enhancing prognostic survival in these
patients.

Univariate and multivariate analyses were conducted
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to reveal the prognostic factors of OS. In line with the
findings of previous studies, patients with poor prognosis
were associated with high grade of ECOG PS. To avoid
collinearity in the multivariable analysis, albumin, bilirubin,
and the Child-Pugh score were entered into two different
Cox proportional hazards regression models. A relationship
was seen between patients with poorer prognosis and
larger tumor size and higher bilirubin level, while high
albumin level was regarded as an indicator of better OS.
Additionally, the different treatment methods became
significant independent predictors of OS. Subgroup
analysis revealed that both liver resection and TACE were
significantly related to OS across the entire subsets, with
surgical resection having a better prognostic performance
than TACE. This demonstrated that liver resection might
be a more effective treatment option for BCLC stage C
patients with PS 1 and no vascular invasion or extrahepatic
spread who have a single tumor, regardless its size.

However, several limitations of this study need to
be discussed. The primary limitation of this study is its
retrospective design, which could have introduced information
bias. All procedures and administration were conducted by
the same experienced team to ensure quality control and to
alleviate potential bias. Additionally, this study was carried
out at a single center and had a relatively small sample size,
which could reduce its representativeness. Further high-
quality prospective studies with large sample sizes are needed.
Finally, the majority of the patients in our study were Chinese
with hepatitis B infection as the cause of HCC, whereas the
etiologies of HCC in most Western countries are mainly
hepatitis C infection and alcoholic liver disease.

Conclusions

In conclusion, this retrospective study demonstrated that
liver resection could provide a better survival outcome
in comparison with TACE and should be suggested as
an alternative treatment modality for patients with PS 1
who have only a single tumor and no vascular invasion or
extrahepatic spread.
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