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Abstract: Objective: To clarify the value of postoperative adjuvant transcatheter arterial chemoembolization (TACE) 
for resectable multiple hepatocellular carcinoma beyond the Milan criteria. Background: Patients with multiple HCC 
have been shown to have a worse survival after a partial hepatectomy (PH) because of the high incidence of intra-
hepatic tumor recurrence. Postoperative adjuvant TACE is an optional strategy for HCC patients with a high recur-
rence risk. Its effects and range of applications are debatable. Methods: This retrospective study enrolled 135 HCC 
patients with resectable multiple hepatocellular carcinoma beyond the Milan criteria, and those patients underwent 
a hepatectomy with/without postoperative adjuvant TACE from Jan. 2004 to Dec. 2008. The patients were divided 
to the PH cohort or the PH+TACE cohort. The prognosis measures were the disease-free survival (DFS) and overall 
survival (OS) from the date of treatment. Univariate and multivariate analyses were used to assess the prognostic 
factors associated with DFS and OS, using the Cox proportional hazards model. Results: The 1-, 2-, and 5-year 
DFS and OS for the PH+TACE group differed significantly from the PH group (p = 0.004, p = 0.002, respectively). 
Multivariate analysis revealed that the significant independent risk factors associated with the DFS and OS were 
postoperative TACE treatment (p = 0.002, p = 0.001, respectively) and the number of tumors (p = 0.006, p = 0.037, 
respectively). Conclusions: Our results show that postoperative adjuvant treatment resulted in delayed intrahepatic 
recurrence and better survival for patients with resectable multiple hepatocellular carcinoma beyond the Milan cri-
teria. Postoperative adjuvant TACE should be regarded as a common strategy for patients with resectable multiple 
HCC beyond the Milan criteria.
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Introduction

Hepatocellular carcinoma (HCC) is one of the 
most common malignancies globally and a 
common cause of cancer-related mortality, par-
ticularly in East Asian countries [1, 2]. Surgical 
resection, transplantation, and ablation are 
treatments that offer a high complete response 
rate and potential for cure [3]. The most com-
monly used curative therapy for HCC is a partial 
hepatectomy (PH), which has good results for 
small HCC [4]. However, the treatment for mul-
tiple HCC remains controversial.

The Barcelona Clinic Liver Cancer (BCLC) stag-
ing system is thought to offer the best stage 

classification and guidance for HCC treatment 
allocation [5, 6]. The Milan Criteria is used to 
determine patients for liver transplantation and 
yields positive results for a solitary HCC up to 5 
cm in size or for multiple HCC, up to 3 tumors of 
up to 3 cm in size for each tumor [7]. The BCLC 
staging system recommends transcatheter 
arterial chemoembolization (TACE) for interme-
diate-stage multiple HCC (BCLC stage B), which 
is beyond the Milan Criteria [6]. Most groups 
always restrict the indication for PH to patients 
with one tumor because multifocality is associ-
ated with high recurrence and impaired surviv-
al, particularly for multiple HCC. Recently, a ran-
domized comparative trial [8] has demonstrated 
that PH resulted in better prognosis than con-
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ventional TACE for patients with resectable 
multiple HCC beyond the Milan Criteria, while 
similar result has also been reported by previ-
ous retrospective studies [9, 10]. The high inci-
dence of intrahepatic tumor recurrence is 
showed to be the major challenge in improving 
the OS of multiple HCC patients [8, 11]. PH 
could be followed by other rational adjuvant 
therapies to address the micro-metastases left 
in the liver remnant, to prevent intrahepatic 
tumor recurrence and to improve the results of 
liver resection [8].

Transarterial chemoembolization (TACE) is a 
non-curative treatment that improves the sur-
vival of HCC patients [3]. Randomized con-
trolled trials demonstrates that the survival of 
patients with unresectable tumors is better 
after the administration of TACE than with con-
servative treatment [12]. However, the efficacy 
of TACE as adjuvant therapy following hepatec-
tomy remains controversial. Because of the 
problem of multiple HCC treatments and the 
debate regarding the role of postoperative adju-
vant TACE, we conducted this retrospective 
study to compare the prognosis of patients 
treated by PH+TACE or PH and to determine the 
role of postoperative adjuvant TACE for multiple 
HCC beyond the Milan criteria.

Patients and methods

Patients

This retrospective study examined the data col-
lected on patients diagnosed with HCC and 
treated by PH at Zhongshan Hospital, Fudan 
University between Jan. 2004 and Dec. 2008. 
The entry criteria included the following: 1) pri-
mary multiple HCC beyond the Milan criteria; 2) 
curative resection of tumor lesions; 3) no lymph 
node involvement; 4) no vascular invasion; and 
5) no distant metastasis. The exclusion criteria 
included the following: 1) accompaniment by 
other types of malignancies; 2) intrahepatic 
recurrence within two months after surgery, 
which ensured that postoperative adjuvant 
TACE was impossible; and 3) loss to follow-up.  
All the pathologic specimens were reviewed by 
at least 2 pathologists to confirm the diagnosis 
of HCC. The histologic grade of tumor cells dif-
ferentiation was assessed according to the 
Edmondson grading system, and the liver func-
tion stage was assigned using the Child-Pugh 
scoring system.

Postoperative TACE was performed approxi-
mately 1-2 months after the hepatic rese- 
ctions.

Clinicopathological factors potentially related 
to recurrence and survival were selected in this 
study on the basis of previous study [13], 
including age (≤ 53 or > 53, 53 years was the 
median age of HCC patients this study), gender 
(male or female), Child score (A or B), cirrhosis 
(yes or no), the total tumor diameter, the largest 
tumor diameter, the number of tumor nodules 
(2 or > 2), the presence of a tumor capsule (yes 
or no), the differentiation of tumor cells 
(Edmondson classification I/II or III/IV), and the 
preoperative laboratory values including the 
serum alanine aminotransferase concentration 
(ALT ≤ 75 U/L or > 75 U/L), serum a-fetoprotein 
concentration (AFP ≤ 400 ng/mL or > 400 ng/
mL), and serum γ-glutamyl transpeptidase con-
centration (GGT ≤ 50 U/L or > 50 U/L), using 
the upper limit of the normal values in our hos-
pital as the cutoff values for the laboratory 
parameters.

Follow-up

The patients were followed regularly in the out-
patient clinic and were monitored prospectively 
for recurrence according to a standard protocol 
that included serum AFP quantification and 
ultrasound or contrast CT images. The follow up 
occurred every 2 months during the first post-
operative year and at least every 3 to 6 months 
thereafter. The serum AFP, abdominal ultraso-
nograph and chest radiograph were monitored 
at each follow-up visit. A CT scan of the abdo-
men was performed every 6 months  [13]. The 
survival time was calculated from the date of 
surgery to the deadline for follow-up or date of 
death.

The diagnosis and treatment of recurrent 
tumors

In cases of suspected recurrent or metastatic 
lesions, further investigations consisting of 
computed tomography and/or hepatic angiog-
raphy were conducted. Necessary biopsies 
were performed, and the diagnosis of tumor 
recurrence was based on cytological/histologi-
cal evidence or on the non-invasive diagnostic 
criteria for HCC used by the EASL [6]. The num-
ber and the location of recurrent tumors were 
recorded at the time of the first diagnosis of 
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recurrence. The patients with recurrence were 
treated with curative and/or non-curative treat-
ments to improve survival. The curative thera-
pies considered included surgical resection, 
liver transplantation and percutaneous radio-
frequency ablation. The non-curative treat- 
ments included TACE, percutaneous ethanol 
injection (PEI), radiotherapy or systemic the- 
rapy.

Statistical methods

The continuous variables were expressed as 
the mean (± sd) or median (range), as approp- 
riate. The categorical variables were compared 
by the χ2 test or Fisher’s exact test, and the 
continuous variables by the student’s t-test. 
The p values of < 0.05 were considered signifi-
cant. Univariate survival analysis was per-
formed using the Kaplan-Meier method, and 
the significance of the difference between the 
groups was analyzed with the log-rank test. The 
relative prognostic significance of the variables 
in predicting OS and DFS was assessed by Cox 
proportional hazards regression models. The 
statistical analyses of the data were performed 
using SPSS 21 for Windows (SPSS, Chicago, IL).

Results

Patients

Among the HCC patients who underwent hepa-
tectomy at our department from Jan. 2004 to 
Dec. 2008, 135 patients were included our 

(81.48%) were diagnosed to be accompanied 
with cirrhosis (Table 1).

In the PH cohort, the number of tumours per 
patient was as follows: 2 lesions (n = 38), 3 
lesions (n = 14), 4 lesions (n = 4), 5 lesions (n = 
3), and 6 lesions (n = 2). The primary surgeries 
included left hepatectomies (n = 8), right hepa-
tectomies (n = 30), and 2-segment resections 
(n = 23). Of the 43 (70.49%) patients having 
recurrent HCC in the PH group, 5 patients 
underwent additional surgery, and 25 patients 
received TACE or/and PEI. 

Specifically, in the PH+TACE group, the distribu-
tion of the number of lesions was as follows: 2 
lesions (n = 45), 3 lesions (n = 19), 4 lesions (n 
= 8), and 6 lesions (n = 2). The primary surger-
ies included left hepatectomies (n = 5), right 
hepatectomies (n = 40), and 2-segment resec-
tions (n = 29). Of the 47 (63.51%) patients with 
recurrent HCC in this group, 6 patients under-
went additional surgery, which included live 
hepatectomy (n = 4), live transplantation (n = 
1), live hepatectomy + radiofrequency ablation 
(n = 1), 27 patients received TACE or/and PEI, 
and 1 patient received IFN-α treatment.

Follow-up

The deadline for follow-up was June 2013, at 
which time, 107 patients (79.26 %) had died. In 
the PH cohort, 48 patients succumbed to tumor 
related causes, and 7 patients succumbed to 
non tumor-related causes. In the PH+TACE 
cohort, 40 patients succumbed to tumor-relat-

Table 1. Clinical features

Character      istics PH (n = 61) PH+TACE 
(n = 74) p value

Age (years) (≤ 53/> 53) 26/35 41/33 0.461
Sex (male/female) 57/4 67/7 0.540
HBsAg (positive/negative) 58/3 68/6 0.460
Cirrhosis (positive/negative) 49/12 61/13 0.754
Child-Pugh classification (A/B) 56/5 70/4 0.518
AFP (ng/ml) ( ≤ 400/> 400) 37/24 47/27 0.733
GGT (≤ 50 U/L vs > 50 U/L) 10/51 19/55 0.191
ALT (U/L) (≤ 75 vs >75) 47/14 62/12 0.323
Tumor capsule (positive vs negative) 35/26 38/36 0.484
Tumor differentiation (I/II vs III/IV) 42/19 53/21 0.726
Total tumor diameter (cm) (mean ± sd) 5.54 ± 3.13 5.68 ± 2.83 0.127
tumor biggest diameter (cm) (mean ± sd) 8.26 ± 3.45 8.43 ± 3.46 0.773
Number of tumor (2/≥ 3) 38/23 45/29 0.860

study based on the inclu-
sion and exclusion criteria 
and those patients were 
divided into the PH cohort 
and the PH+TACE cohort. 
Our study included 74 
patients in the PH+TACE 
cohort and 61 patients in 
the PH cohort.

The baseline characteris-
tics were well matched 
between our two grou- 
ps. Among them, 126 
(93.33%) patients were 
positive for the hepatitis B 
surface antigen, and all 
the patients were nega-
tive for the hepatitis C 
antibody. 110 patients 
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ed causes, and 12 patients succumbed to non 
tumor-related causes. 

Survival

In the PH+TACE cohort, the 1-, 2-, and 5-year 
cumulative incidence of intrahepatic recur-
rence was 24.32%, 38.11%, and 63.61%, 
respectively. The corresponding figures for the 
PH cohort were 45.56%, 64.16%, and 76.18%, 
respectively. The PH+TACE cohort had signifi-
cantly different cumulative incidences of intra-
hepatic recurrence than did the PH cohort (log-
rank test, χ2 = 8.406, p = 0.004) (Figure 1A). 
Additionally, the cumulative incidence of intra-
hepatic recurrence was significantly different 
between the PH+TACE cohort and the PH cohort  
with 2 tumors (χ2 = 4.468, p = 0.035) (Figure 
1B) and for patients with more than 2 tumors 
(χ2 = 5.002, p = 0.025) (Figure 1C), respec- 
tively.

The 1-, 2-, and 5-year overall survival rates and 
median survival were, 72.13%, 52.46%, and 

19.41%, respectively, and 27.67 months (range 
3-85.80 months) in the PH cohort, which was 
significantly different from the OS and median 
survival rates in the PH+TACE cohort (87.83%, 
74.32%, and 39.86%), respectively, and 44.67 
months (range 5.03-98.89 months; χ2 = 9.435, 
p = 0.002, Figure 1D). The OS was significantly 
different between the PH+TACE group and the 
PH group with 2 tumors (χ2 = 4.950, p = 0.026) 
(Figure 1E) and for patients with more than 2 
tumors (χ2 = 4.904, p = 0.027) (Figure 1F).

Univariate analysis revealed the factors that 
significantly influenced the DFS and OS were 
the postoperative TACE treatment and the num-
ber of tumors. With multivariate analysis, the 
postoperative TACE treatment and the number 
of tumors were shown to be the significant DFS 
and OS factors (Tables 2 and 3). 

Discussion

Despite great treatment advances, the progno-
sis of HCC is poor, particularly for multiple-

Figure 1. Disease-Free Survival and Overall survival curves for PH+TACE and PH group. A. The PH+TACE group 
showed significantly better cumulative incidence of intrahepatic recurrence than the PH group (p = 0.004). B, C. 
cumulative incidence of intrahepatic recurrence curves for patients with 2 tumors (p = 0.035) and > 2 tumors (p = 
0.025) after PH with/without TACE. D. The PH+TACE group showed significantly better overall survival than the PH 
group (p = 0.002,). E, F. Overall survival curves for patients with 2 tumors (p = 0.026) and > 2 tumors (p = 0.027) 
after PH with/without TACE.
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tumor patients beyond the Milan Criteria. 
Retrospective and randomized studies have 
demonstrated that PH resulted in better sur-
vival than TACE for patients with resectable 
multiple HCC beyond the Milan Criteria [8-10]. 
However, patients with multiple tumors have a 
worse prognosis than those with a solitary 
tumor after surgery [3, 14]. The high recurrence 
rate in PH patients is the major impediment to 
improving survival.

Image-guided transcatheter treatments are 
based on selective intravascular delivery of 
drugs into the arterial vessels that nourish the 
tumor and are considered in patients with large 
cancers or multifocal disease that is not ame-
nable to curative treatments. The only option 
that has shown survival benefit is TACE, which 
combines an injection of chemotherapeutic 
agents with obstruction of the arterial blood 
supply [3, 15, 16]. Besides, researchers have 
also investigated whether the combination of 
TACE with molecular-targeted agents might 
delay tumor progression and improve survival 
[17, 18]. 

Although several studies have been conducted 
to clarify the role of postoperative TACE for 
HCC, its survival benefit remains controversial. 
Indeed, our previous study suggested that 
postoperative TACE could only provide survival 
benefit in HCC patients with risk factors for 
residual tumor [19]. Unfortunately, the role of 
postoperative TACE for resectable multiple HCC 
patients is still unconvincing. Besides, a ran-

domized controlled trial showed that hepatec-
tomy with adjuvant TACE, compared with hepa-
tectomy alone, efficaciously and safely im- 
proved the survival outcomes of Stage IIIA HCC 
patients. But the proportion of HCC cases with 
portal vein or hepatic vein invasion was 41.74% 
in that study [20], whereas our study focused 
on resectable multiple HCC without vein inva-
sion. Thus, the clinicopathological factors of 
HCC in the two studies were significantly 
different.

Our study retrospectively analyzed the clinical 
data of 135 cases of multiple HCC; one patient 
group underwent PH plus postoperative adju-
vant TACE, whereas one group underwent PH 
without postoperative adjuvant TACE. This ret-
rospective study showed PH plus postoperative 
TACE to be superior to PH as a routine proce-
dure for resectable multiple HCC beyond the 
Milan Criteria. PH surgery could be sequentially 
treated with postoperative TACE, which was 
attempted to eradicate the residual tumors. 
Postoperative adjuvant TACE delayed 1-, 2- and 
5-year recurrence and improved the overall sur-
vival rates of resectable multiple HCC beyond 
the Milan Criteria. Consistent with previous 
reports [21, 22] most of patients with recur-
rence were treated with subsequent multidisci-
plinary aggressive treatments which are dem-
onstrated to play a significant role in obtaining 
good OS.

The number of tumors, which predicts the 
degree of intrahepatic spread, is an indepen-

Table 2. Univariate and multivariate analysis of prognostic factors of DFS

Variable
Univariate Multivariate

χ2 value (Log-rank) p value HR (95% Cl) p value
Treatment (PH+TACE vs PH) 8.406 0.004 0.333-0.777 0.002
Number of tumor (> 2 vs 2) 6.237 0.013 1.185-2.788 0.006
The biggest tumor diameter (cm) (≤ 5 vs > 5) 0.357 0.550 - n.a.
Total tumor diameter (cm) (≤ 8 vs > 8) 0.001 0.981 - n.a.
Cirrhosis (positive vs negative) 0.487 0.485 - n.a.
Age (years) (≤ 53 vs > 53) 1.840 0.175 0.506-1.164 0.213
ALT (U/L) (≤ 75 vs > 75) 0.015 0.903 - n.a.
GGT (≤ 50 U/L vs > 50 U/L) 0.786 0.375 - n.a.
AFP (ng/ml) (≤ 400 vs > 400) 0.023 0.879 - n.a.
Tumor capsule (positive vs negative) 0.225 0.635 - n.a.
Tumor differentiation (III/IV vs I/II) 1.599 0.206 - n.a.
Tumor location (same vs different) 0.177 0.674 - n.a.
n.a. not applicable.
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dent risk factor of HCC [10, 23-25]. Although 
more than one-half of our patients had two 
tumors, the recurrence and OS rates were sig-
nificantly different between the PH cohort and 
the PH+TACE cohort, no matter what the num-
ber of tumors. Consistent with some previous 
reports [10, 25], in the multivariate analysis, we 
identified the number of tumors as an indepen-
dent risk factor associated with the DFS and 
OS of these HCC patients.

However, our study did not show that the Child-
Pugh liver functional status was a significant 
prognostic factor of DFS and OS for the multiple 
HCC patients beyond the Milan criteria. The 
small sample size might explain this result. 
There are only 9 (6.67%) patients having Child-
Pugh B. In addition, most patients (124/135, 
91.85%) in our series were male, resulting in 
the analysis of the gender influence on the 
recurrence and OS rates being unauthentic, 
which is a limitation of this study. Additionally, 
our results should be further confirmed by mul-
ticenter-randomized comparative trials.

In conclusion, postoperative adjuvant TACE 
could delay tumor recurrence and improve the 
survival of patients with resectable multiple 
HCC beyond the Milan Criteria. Postoperative 
adjuvant TACE and the number of tumors were 
showed to be independent risk factors of the 
DFS and OS for this cohort. Postoperative adju-
vant TACE should be regarded as a common 
strategy to achieve good outcomes in patients 
with resectable multiple HCC beyond the Milan 
criteria.
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