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Hepatectomy plus adjuvant transcatheter arterial
chemoembolization improves the survival rate of patients
with multicentric occurrence of hepatocellular carcinoma
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Abstract. The aim of the present study was to evaluate
the role of hepatectomy plus adjuvant transcatheter arterial
chemoembolization (TACE) in patients with multicentric
occurrence (MO) or intrahepatic metastases (IM) of hepa-
tocellular carcinoma (HCC). Patients with multifocal HCC
who underwent hepatic resection only (HR) or HR plus
adjuvant TACE (HRT) between January 2005 and December
2015 were divided into MO or IM groups. The patient char-
acteristics and outcomes were retrospectively analyzed. A
total of 103 patients (59 and 44 in the MO and IM groups,
respectively) were included in the analysis. The 1-, 3- and
5-year overall survival (OS) rates were 92.7, 76.8 and 56.8%
for the MO group, and 93.1, 41.6 and 18.5% for the IM
group, respectively (OS, P=0.001), and the 1-, 3- and 5-year
disease-free survival (DFS) rates were 84.1, 44.6 and 40.5%
for the MO group and 51.7,22.5 and 15.0% for the IM group,
respectively (DFS, P<0.001). In the subgroup analysis, the
overall survival were significantly better in the MO-HRT
group compared with those in the MO-HR group (P=0.019),
which was also observed between the IM-HRT and IM-HR
groups (P=0.132). Furthermore, the 1-, 3- and 5-year OS
demonstrated non-significant differences between patients
with <3 and =3 tumors in the MO-HR group (P=0.300), but
significantly reduced OS for patients with =3 tumors in the
IM-HR group compared with that for patients with <3 tumors
(P=0.132). In conclusion, surgical resection combined with
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adjuvant TACE may result in significantly increased survival
rates of patients with MO-HCC. Tumor number should not
be an absolute contradiction to hepatectomy in patients with
MO-HCC.

Introduction

Hepatocellular carcinoma (HCC) is a common malignancy
globally and the third most common cause of cancer-asso-
ciated mortality (1,2). Surgery has become the primary
treatment for HCC, with a 5-year overall survival (OS) rate
of 40-50% (3,4). Furthermore, >50% of patients with HCC
are initially diagnosed with multiple tumors (5), reducing the
probability of receiving successful treatment for cases that
exceed the Barcelona Clinic Liver Cancer (BCLC) staging
system for radical hepatectomy, due to its high recurrence
rate following surgery (6,7); however, a previous study
determined that not all patients with multinodular HCC
of an intermediate stage would experience poor long-term
survival following surgical resection (8). Multiple HCC
lesions may originate differently from multicentric occur-
rence (MO) or intrahepatic metastases (IM), which have
dissimilar outcomes (9). The origin of MO-HCC is different
from the primary lesion, while IM-HCC is derived from the
primary tumor. A number of methods and features are used
to differentiate MO-HCC from IM-HCC, including tumor
location, satellite tumors, growth from portal tumor emboli
or histological grading (10,11). In previous studies, patients
with MO-HCC were reported to have an improved outcome
compared with patients with IM-HCC following hepatec-
tomy (12,13); thus, determining the origin of multifocal
HCC may benefit the selection of patients for radical surgery.
Additionally, a number of studies also determined that
adjuvant transcatheter arterial chemoembolization (TACE)
may be beneficial in prolonging the survival of patients
with high-risk HCC, including those with larger size, multi-
nodular tumors and microvascular invasion (14-16); however,
the current literature does not indicate the type of multifocal
HCC that may benefit from adjuvant TACE. The present
study was conducted to investigate the survival benefits for
patients with MO-HCC or IM-HCC who underwent liver
resection and subsequent adjuvant TACE.
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Materials and methods

Selection of patients. A total of 871 patients with patholog-
ically-confirmed HCC underwent hepatectomy between
January 2005 and December 2015 in Hepatopancreatobiliary
Surgery Department I at the Peking University Cancer
Hospital and Institute (Beijing, China). The study design was
approved by the Ethical Review Board Committee of the
Beijing Cancer Hospital and Institute (Beijing, China). A total
of 107 patients (12.3%) were pathologically diagnosed with
multinodular HCC. A total of 4 patients were excluded. Finally,
103 patients were included in the present study, including
89 men and 14 women, with a median age of 57 years (range,
25-78 years). According to the aforementioned clinicopatho-
logical determination criteria, 59 cases were included in the
MO group and 44 cases were included in the IM group. In
the MO-HCC subgroup, 22 patients received hepatic resec-
tion (HR) only (MO-HR), and 37 patients received HR plus
adjuvant TACE (HRT) (MO-HRT). The pathological stage of
each nodular was reviewed and recorded in the resected speci-
mens by two senior pathologists in a blinded manner using
the Edmondson-Steiner staging method (6). The demographic,
surgical, pathological and survival data of all patients were
collected and analyzed. The inclusion criterion included the
multinodular lesions being pathologically confirmed as HCC.
The exclusion criteria included the following: i) Mixed HCC
or cholangiocellular carcinoma; ii) emergence of extrahepatic
metastasis; iii) no RO resection; and iv) existence of another
type of primary tumor.

Differentiation criteria for MO and IM of multinodular HCC.
A number of studies have examined the differences between
IM and MO (10-12,17). The differentiation criteria described
in the present study are based on the Liver Cancer Study Group
criteria (Japanese Society of HCC criteria) (18). IM-HCC is
defined based on the following: i) Tumor cases that appear to
have developed from or on the basis of portal tumor emboli;
ii) a large primary tumor with multiple satellite nodules; and
iii) all tumors are histologically similar. MO-HCC is defined
based on the following: i) Each tumor occurs separately
in a different hepatic segment; and ii) the multiple tumors
have different histological grading of well-differentiated
and moderately or poorly differentiated HCC (pathological
heterogeneity) (10,11,19).

Surgery. Tumor cases were confirmed using contrast-enhanced
computed tomography (CT) or magnetic resonance imaging
with vascular contrast agents. A number of patients were
also assessed using contrast-enhanced ultrasonography. Liver
function tests were performed prior to the surgery, including
tests for albumin, bilirubin, blood coagulation function and
15-min indocyanine green clearance. Only patients with
well-preserved liver function (Child-Pugh grade A) and good
performance status, with an estimated residual liver volume
>40%, underwent HR. Patients with hepatitis B infection were
treated with antiviral drugs at least 1 week prior to surgery.
Liver transections were primarily performed using the clamp
method with a Peng multifunctional operative dissector
[Hangzhou Shuyou Medical Instrument Co., Ltd., Hangzhou,
China; FDA catalog no. 510(K), K040780]. An intermittent
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Pringle maneuver was used during liver transection. Vascular
invasion was diagnosed if vascular involvement or tumor
invasion was confirmed by imaging or pathological studies.
Hepatic resection was performed using anatomical liver
resection or partial liver resection. Resection was considered
as major when =3 liver segments were removed and as minor
when <3 liver segments or partial liver parenchyma were
removed.

Postsurgical outcomes and follow-up. Postsurgical mortality
was defined as mortality within 30 days of surgery. Grade III
or higher adverse events were considered major complica-
tions, while Grade I-II adverse events were defined as minor
complications. Postsurgical hepatic insufficiency was defined
according to the International Study Group of Liver Surgery
consensus (20).

Contrast-enhanced CT or magnetic resonance imaging,
chest radiography, liver function tests and measurements
of serum a-fetoprotein levels were performed 4 weeks after
surgery, and every 3 months thereafter. Tumor recurrences
were treated with liver resection, radiofrequency ablation
or TACE. Only 13 patients did not receive the treatment
following recurrence due to a fast recurrence of the tumor
(within 3 months) or severe liver cirrhosis and liver failure.

Adjuvant TACE. Adjuvant TACE (2 cycles) was suggested to
all patients with multinodular HCC by the attending physician
~4 weeks after surgery, when the liver function had recov-
ered. Whether patients followed the recommendations of the
physician primarily depended on their socioeconomic status
or wishes; therefore, adjuvant TACE was not performed in
all patients, with those who refused receiving hepatic resec-
tion only. The Seldinger technique was performed to place a
hepatic arterial catheter into the proper hepatic artery via the
femoral artery, with the patient under local anesthesia. Hepatic
angiography or CT angiography was performed to detect any
notable tumor stains in the remnant liver. Oxaliplatin (150 mg)
and leucovorin (150 mg) were infused, and fluorouracil
(1,500 mg/m?) was continuously pumped (for 24 h) through
the catheter. The dosage was determined by the body surface
area and underlying liver function. At the 1-month follow-up,
a CT scan was obtained to determine the effects of TACE.

Study endpoints. The primary endpoint of the study was to
evaluate 1, 3 and 5-year OS and disease-free survival (DFS)
rates in the IM and MO groups. The secondary endpoint was to
evaluate the OS benefits and safety of hepatectomy plus post-
surgical adjuvant TACE. The tertiary endpoint was to identify
whether tumor number was a prognostic factor affecting the
staging and long-term outcomes of multinodular HCC.

Statistical analysis. Continuous variables are presented as
the mean =+ standard deviations or medians with interquartile
ranges, and discreet variables are presented as numbers with
percentages. Categorical variables were compared using
the ¥ test, and continuous variables were compared using
a Student's t-test or non-parametric Mann-Whitney U test.
Survival rates were obtained by the Kaplan-Meier method
and were compared using the log-rank test. OS and DFS
were calculated from the date of hepatectomy to the time of
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Figure 1. Study flowchart. HCC, hepatocellular carcinoma; TACE, transcatheter arterial chemoembolization; MO, multicentric occurrence; IM, intrahepatic

metastases; HR, hepatic resection; HRT, HR plus adjuvant TACE.

mortality/recurrence or the last time of follow-up. Variables
that were statistically significant in the univariate analysis
(P<0.05) were included in the multivariate analysis using a
Cox proportional hazards model. All patients were followed
up until mortality or until June 1, 2016. P<0.05 was considered
to indicate a statistically significant difference. The analysis
was performed using SPSS version 21.0 statistical software
(IBM Corp., Armonk, NY, USA).

Results

Grouping based on clinicopathological features. The flowchart
for the present study is depicted in Fig. 1. In total, 107 patients
with multinodular tumors who underwent liver resection with
or without adjuvant TACE were evaluated. A total of 4 patients
were excluded, including 3 patients with mixed HCC and
1 patient who received radiofrequency therapy prior to tumor
resection; subsequently, the tumor was pathologically demon-
strated to have undergone complete necrosis. None of the
patients were lost to follow-up, thus 103 patients were included
in the present study, including 89 men and 14 women, with
a median age of 57 years (range, 25-78 years). According to
the aforementioned clinicopathological determination criteria,
59 cases were included in the MO group and 44 cases were
included in the IM group for further analysis.

Clinicopathological and surgical features of the patients.
For further analysis, the clinicopathological variables of
the two groups were investigated (Table I). Tumor size (the

largest tumor in one patient) (P=0.008), portal tumor emboli
(P=0.031), pathological heterogeneity (P=0.002), location of
segment and satellite tumors (P<0.001) differed significantly
between the two groups. The surgical outcomes and post-
surgical treatments are presented in Table II. There were no
significant differences in surgical time, surgical blood loss or
type of surgery between the two groups. Surgical morbidities,
including hepatic insufficiency, ascites and biliary fistula, and
the proportion of patients receiving adjuvant therapy were also
similar between the two groups.

Survival analysis. The median duration of follow-up was
34 months (range, 5-123 months) for the MO group and
25 months (range, 3-49 months) for the IM group. The
Kaplan-Meier survival curves for the two groups are depicted
in Fig. 2. The 1-, 3- and 5-year OS rates were 92.7, 76.8 and
56.8%, respectively, for the MO group, and 93.1, 41.6 and
18.5%, respectively, for the IM group (P=0.001; Fig. 2A).
The 1-, 3- and 5-year DFS rates were 84.1, 44.6 and 40.5%,
respectively, for the MO group, and 51.7, 22.5 and 15.0%,
respectively, for the IM group (P<0.001; Fig. 2B). There was
a significant difference between the two groups in terms of
DFS and OS. Multivariate Cox proportional hazards regres-
sion analyses identified >2 tumors, no adjuvant TACE and
IM-HCC as independent prognostic factors for OS in patients
with multifocal HCC (Table IIT).

Subgroup analysis by treatment method. Patients with
multifocal HCC were further classified according to whether
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Table I. Patient demographic and clinicopathological characteristics.

Characteristics MO-HCC (n=59) IM-HCC (n=44) P-value

Age, years 0.245
Mean + SD 57.05+8.39 54.84+10.81

Sex, n (%) 0.773
Male 50 (84.7) 39 (88.6)
Female 9(15.3) 5(11.4)

Albumin, g/l 0.529
Mean = SD 44 31+3.74 43.80+4 .44

Total bilirubin, gmol/l 0.991
Median (IQR) 14.80 (8.30) 14.80 (7.95)

Platelet count, x10%/1 0.736
Median (IQR) 126 (60) 130 (67.75)

Prothrombin time, s 0472
Median (IQR) 11.90 (1.30) 11.65 (1.15)

Liver cirrhosis, n (%) 1.000
Yes 57 (96.6) 42 (95.5)
No 2(34) 2(4.5)

Underlying hepatitis, n (%) 0.223
HBV 50 (84.7) 40 (90.9)
HCV 5(8.5) 0(0.0)
Both 3(.1) 2(4.5)
None 1(1.7) 2(4.5)

Tumor number, n (%) <0.001*
2 52 (88.1) 21 (47.7)
>2 7(11.9) 23 (52.3)

Tumor size (largest tumor), mm 0.008*
Median (IQR) 38.0 (38.0) 56.5 (43.0)

Tumor size (second largest tumor), mm 0.328
Median (IQR) 15.0 (20.0) 12.0 (15.0)

AFP, ng/ml 0.622
Median (IQR) 21.83 (306.95) 35.35 (686.17)

Microvascular invasion, n (%) 0.051
Yes 13 (22.0) 18 (40.9)
No 46 (78.0) 26 (59.1)

Portal tumor emboli, n (%) 0.031*
Yes 0(0.0) 49.1)
No 59 (100.0) 40 (90.9)

Edmonson grade, n 0.866
I 6 4
1I 37 30
111 16 10

Pathological heterogeneity, n (%) 0.002*
Yes 40 (81.6) 41 (93.2)
No 19 (18.4) 3(6.8)

Location of segment, n (%) <0.001*
Same 10 (16.9) 32 (72.7)
Different 49 (83.1) 12 (27.2)

Satellite tumors, n (%) <0.001*
Yes 58 (98.3) 22 (50.0)
No 1(1.7) 22 (50.0)

“P<0.05. MO, multicentric occurrence hepatocellular carcinoma; IM, intrahepatic metastases hepatocellular carcinoma; AFP, a-fetoprotein;

SD, standard deviation; IQR, interquartile range; HBV, hepatitis B virus; HCV, hepatitis C virus.
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Table II. Surgical and postsurgical treatment.

MO IM

Variables (n=59) (n=44)  P-value

Surgical time, min 0.393
Mean + SD 167.1£50.1 176.1+8.5

Surgical blood loss, ml 0.332
Median (IQR) 200 (300) 200 (287.5)

Type of surgery, n (%) 0.064
Minor 42 (71.2) 23 (52.3)

Major 17 (28.8) 21 (47.7)

Surgical morbidities, n (%)* 8 (13.55) 8 (18.2) 0.827
Hepatic insufficiency 5(8.5) 7 (15.9) 0.353
Biliary fistula 3.1 1(2.3) 0.634

Adjuvant TACE, n (%) 0.684
Yes 37(62.7) 25(56.8)

No 22 (37.3) 19 43.2)

*All patients experienced a Clavien-Dindo grade I-II complication;
no Grade III or higher complications or postsurgical mortality
occurred. MO, multicentric occurrence hepatocellular carcinoma;
IM, intrahepatic metastases hepatocellular carcinoma; TACE,
transcatheter arterial chemoembolization; SD, standard deviation;
IQR, interquartile range.

they underwent HR only or HRT. In the MO-HCC subgroup,
22 patients received HR only (MO-HR), and 37 patients
received HRT (MO-HRT). The Kaplan-Meier survival curves
for the patients are depicted in Fig. 3. The 1-, 3- and 5-year OS
rates were 97.1, 86.8 and 73.2%, respectively, for the MO-HRT
group, and 85.2, 60.1 and 28.0%, respectively, for the MO-HR
group (P=0.019; Fig. 3A), and there was a significant differ-
ence between the two groups. Multivariate Cox proportional
hazards regression analyses identified no adjuvant TACE
as an independent prognostic factor for OS in patients with
MO-HCC (Table IV). In the IM-HCC subgroup, 19 patients
received HR only (IM-HR), and 25 patients received HRT
(IM-HRT). The 1-, 3- and 5-year OS rates were 100.0,46.6 and
25.9%, respectively, for the IM-HRT group, and 84.2,38.3 and
25.5%, respectively, for the IM-HR group (P=0.132; Fig. 3B),
with no significant difference between the two groups.

Subgroup analysis by tumor number.In order to verify whether
tumor number is a prognostic factor affecting the staging and
treatment of multinodular HCC, the patients were classified
according to whether they had <3 or =3 tumors (Table V). The
Kaplan-Meier survival curves for the patients are depicted in
Fig. 4. In the MO-HCC subgroup, 52 patients had <3 tumors
and 7 patients had =3 tumors. The 1-, 3- and 5-year OS rates
were 100.0, 60.0 and 30.0%, respectively, for the MO-HCC
subgroup with <3 tumors, and 91.8, 78.7 and 59.8%, respec-
tively, for the MO-HCC subgroup with =3 tumors (P=0.300;
Fig. 4A). There was no significant difference between the two
groups. Additionally, 21 patients with IM-HCC had <3 tumors
and 23 patients with IM-HCC had =3 tumors. The 1-, 3- and
5-year OS rates were 95.2, 88.4 and 25.8%, respectively, for the
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IM-HCC subgroup with <3 tumors, and 86.5, 52.1 and 24.3%,
respectively, for patients with =3 tumors (P=0.022; Fig. 4B).
There was a significant difference between the two groups.

Discussion

Multifocal tumors are common in HCC (21,22). A previous
survey demonstrated that approximately half of all patients
with HCC are diagnosed with multiple lesions (23). Despite
advances in resection and ablation techniques, the recurrence
rate following initial treatment remains high, and the prognosis
of patients with multifocal HCC following surgical resection
is generally unfavorable (24,25). According to BCLC staging,
palliative treatment, including TACE, in the only appropriate
treatment option for the majority of patients with multifocal
HCC, with a median survival time of <20 months and a 5-year
survival rate of 6-20% (26).

Currently, it is accepted that multifocal HCC may be classi-
fied into two types: IM and MO (27,28). IM-HCC is primarily
considered as a metastatic lesion from the central tumor;
therefore, tumor cases are frequently at an advanced stage, and
the prognosis is generally unfavorable. By contrast, MO-HCC
tumors are derived independently from each other, resulting
in an improved prognosis compared with that of metastatic
disease. Therefore, it is important to distinguish between these
two tumor types. As early as the 1990s, surgeons distinguished
IM-HCC from MO-HCC primarily using clinicopathological
features (13,17,29). In the present study, patients were classi-
fied with multifocal HCC according to the Japanese Society
of HCC criteria, and it was determined that 57% were patients
with MO-HCC, which is similar to the results of a previous
study (13). Portal tumor emboli, pathological heterogeneity,
location of segments and satellite tumors differed significantly
between the two groups, which is consistent with the differen-
tiation criteria for IM and MO. Previously, a number of other
approaches have been developed to differentiate between these
two HCC types, including profiling of integrated hepatitis B
virus (HBV) DNA by polymerase chain reaction and southern
blotting, loss of heterozygosity analysis of specific micro-
satellite loci and next-generation sequencing (28,30,31). In a
previous study, seven candidate genes with notable differential
expression in 2 patients were selected and validation studies
were performed using paired tumor/non-tumor tissues from
174 patients with HBV-HCC. Subsequently, the expression
of threonine and tyrosine kinase was identified as a novel
adverse prognostic factor of HBV-HCC (28). Furthermore,
clinicopathological features are the most convenient method
to distinguish between the two types of multifocal HCC. Using
this criteria, it was determined that patients with MO-HCC
have an improved benefit (5-year OS rate of 56.8% and a DFS
rate of 40.5%) from liver resection compared with that of
patients with IM-HCC (5-year OS rate of 18.5% and a DFS
rate of 15.0%). Multivariate analyses identified IM-HCC
as an independent prognostic factor for OS in patients with
multifocal HCC. Additionally, surgery for IM and MO was
not associated with increased surgical time or blood loss.
All surgical morbidities were Clavien-Dindo grade I and II,
indicating that surgical resection for multinodular HCC is a
safe treatment option. This result is consistent with that of a
previous study (32).
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Table III. Univariate and multivariate Cox proportional hazards regression analyses of factors associated with overall survival of
patients (n=103) with multinodular hepatocellular carcinoma.

Univariate Multivariate analysis
Factor P-value HR (95% CI) P-value
Tumor number (2/>2) <0.001* 2.985 (1.425-6.251) 0.004*
Tumor size (<50/=50 mm) 0.215
AFP (<100/=100 ng/ml) 0.144
Microvascular invasion (no/yes) 0.102
Portal tumor emboli (no/yes) 0.639
Liver cirrhosis (no/yes) 0.652
MO/IM <0.001* 2.311 (1.087-4.914) 0.031*
Adjuvant TACE (no/yes) <0.001* 0.331 (0.163-0.676) 0.002*

“P<0.05. TACE, transcatheter arterial chemoembolization; AFP, a-fetoprotein; MO, multicentric occurrence hepatocellular carcinoma; IM,
intrahepatic metastases hepatocellular carcinoma; HR, hazard ratio; CI, confidence interval.
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Figure 2. (A) OS and (B) DFS of patients with MO or IM. (A) P=0.001 and (B) P<0.001 (log-rank test). OS, overall survival; DFS, disease-free survival; MO,
multicentric occurrence; IM, intrahepatic metastases.
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Figure 3. OS of (A) patients with MO and (B) patients with IM following treatment with HR or HRT. (A) P=0.019 and (B) P=0.132 (log-rank test). TACE,
transcatheter arterialV chemoembolization; MO, multicentric occurrence; IM, intrahepatic metastases; HR, hepatic resection; HRT, HR plus adjuvant TACE;

OS, overall survival.
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Table I'V. Univariate and multivariate Cox proportional hazards regression analyses of factors associated with overall survival of
patients (n=59) with multicentric occurrence hepatocellular carcinoma.

Univariate Multivariate analysis
Factor P-value HR (95% CI) P-value
Tumor number (2/>2) 0.264
Tumor size (<50/=50 mm) 0.307
AFP (<100/=100 ng/ml) 0371
Microvascular invasion (no/yes) 0.200
Liver cirrhosis (no/yes) 0.698
Adjuvant TACE (no/yes) 0.026° 0.300 (0.108-0.833) 0.021*
‘P<0.05. AFP, a-fetoprotein; TACE, transcatheter arterial chemoembolization; HR, hazard ratio; CI, confidence interval.
Table V. Subgroup analysis classified by tumor number.
Tumor number MO (n=59) IM (n=44) P-value
2 lesions 52 21 <0.001*
>2 lesions 7 23
3 lesions 5 8
4 lesions 1 6
5 lesions 1 8
6 lesions 0 1

*P<0.05. MO, multicentric occurrence hepatocellular carcinoma; IM, intrahepatic metastases hepatocellular carcinoma.
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Time after hepatecomy (months)
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Tumors23 19 16 11 7 2 2
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Figure 4. (A) OS of patients with MO with <3 or =3 tumors following treatment with HRT. (B) DFS of patients with IM with <3 or =3 tumors following
treatment with HRT. (A) P=0.300 and (B) P=0.022 (log-rank test). HRT, hepatic resection plus adjuvant transcatheter arterial chemoembolization; OS, overall
survival; DFS, disease-free survival, MO, multicentric occurrence; IM, intrahepatic metastases.

Of the patients with HCC, ~70% experience recurrence
within 5 years; therefore, reducing the rate of postsurgical
recurrence is a key factor in prolonging long-term survival
in patients with HCC (33,34). Currently, the accepted method
for reducing the recurrence rate of cancer following surgery
is adjuvant therapy; however, adjuvant TACE therapy is not
recommended for HCC following radical surgery according to

the previous guidelines (6,7), as not all patients benefit from it.
Previously, a number of studies indicated that adjuvant post-
surgical TACE can reduce the postsurgical recurrence rate in
high-risk patients with HCC (35-38). Although a randomized
controlled trial indicated that postsurgical adjuvant therapy
had a minimal effect on outcomes, it was probable that patients
with early-stage HCC were included in the study (39). In the
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present study, it was determined that adjuvant TACE was an
independent prognostic factor for OS in patients with multifocal
HCC; however, it remains unknown if the MO and IM groups
can benefit from adjuvant TACE therapy following surgery.
A further subgroup analysis demonstrated that postsurgical
adjuvant TACE significantly prolonged long-term survival in
patients with MO-HCC; however, OS was not significantly
prolonged in patients with IM-HCC who underwent adjuvant
TACE. Based on these results, patients with MO-HCC should
be actively treated with adjuvant TACE to maximize the
benefit of surgery. By contrast, since the prognosis of patients
with IM-HCC was significantly worse following hepatectomy,
postsurgical adjuvant TACE did not result in the same survival
benefit for patients with IM-HCC as it did for patients with
MO-HCC. Thus, adjuvant TACE may be more beneficial for
patients with MO-HCC.

Until now, the BCLC staging system and American
Association for the Study of Liver Disease/European
Association for the Study of the Liver guidelines classified
patients with >3 tumors as stage B (6,7). TACE is recommended
for these patients as the first-line treatment; however, in the
present study, it was determined that the prognosis of patients
with MO-HCC with =3 tumors was not worse compared with
that of patients with <3 tumors following hepatectomy. For the
patients with IM-HCC, an increased tumor number indicated
a worse prognosis. A previous study demonstrated that the
long-term survival rate of patients with MO-HCC following
surgical resection was similar to that of patients with single
lesions (10). Furthermore, another study indicated that resec-
tion may be the treatment of choice for HCC even if patients
have >4 tumors (40). It is probable that single lesions in
MO-HCC originate independently from each other with early
stage grading; therefore, even if >3 tumors are present, surgical
resection is suitable for these patients. However, the lesions are
metastases from one lesion in IM-HCC, which are similar to
distant metastasis; therefore, an increased number of tumors
is indicative of a later stage. Although the study sample was
small, the present results indicated that HCC staging should
not rely on tumor status alone, and that IM and MO carcino-
genesis should also be taken into account. Furthermore, tumor
number should not be the primary factor considered when
selecting the MO-HCC treatment.

There are a number of limitations to the present study.
Firstly, since multinodular HCC with >3 tumors or with
2 tumors, 1 of which is >3 cm, are classified as BCLC stage B,
it was controversial to perform surgery. Thus, a limited
number of these patients were included in the study, although
no less than the number included in previous studies (12,13).
Larger cohort studies may be necessary to confirm the
results. Secondly, the patients included in the present study
were patients with HCC in China, and 92.2% of patients had
HBV-associated HCC. In western countries, the most common
causes of HCC are hepatitis C and alcohol (6). The different
etiologies may cause HCC origin differences, and thus affect
the ratio of IM and MO. To confirm the conclusions of the
present study, further multicenter perspective studies should
be performed with a larger cohort.

In conclusion, the present data demonstrated that patients
with MO-HCC benefit from HRT, while the same treatment
has a minimal effect on the survival of patients with IM-HCC.
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Accordingly, liver resection plus TACE is recommended
for MO-HCC, and TACE, targeted drugs or other palliative
treatment should be considered for IM-HCC. Prospective
multicenter studies with a larger sample are required in the
future to further confirm the present results.
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