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ABSTRACT

Background: There is paucity of information concerning whether AFP change is
a predictor of prognosis for recurrent hepatocellular carcinoma (RHCC) patients after
trans-arterial chemoembolization (TACE).

Methods: A total of 177 RHCC patients who received TACE as first-line therapy
were retrospectively analyzed. The patients were classified into three groups
according to their pre-TACE and post-TACE AFP levels (group A: AFP decreased, group
B: AFP consistent normal, and group C: AFP increased). The recurrence to death
survival (RTDS) and overall survival (OS) were estimated by the Kaplan-Meier method,
and compared by the log-rank test. Multivariate analyses were performed to identify
prognostic factors for OS and RTDS.

Results: There was no significant difference among the three groups concerning
the baseline characteristics. The median overall survival (OS) was 74.5 months in
group A (95% confidence interval (CI): 63.5, 85.6), 64.0 months in group B (95% CI:
52.3, 75.7) and 29.0 months in group C (95% CI: 24.1, 33.9; P<0.001). The median
recurrence to death survival (RTDS) was 66.5 months (95% CI: 53.4, 79.6) in group
A, 50.4 months (95% CI: 39.5, 61.4) in group B and 17.7 months (95% CI: 13.4, 22.1;
P<0.001) in group C. Multivariate analysis revealed that tumor size at resection stage,
tumor number at recurrent stage, cycles of TACE, mRECIST response and AFP change
after TACE were significant independent risk factors for RTDS and OS.

Conclusions: AFP change could predict the prognoses of patients with RHCC
who received trans-arterial chemoembolization, which may help clinicians make
subsequent treatment decision.

INTRODUCTION death annually worldwide [4]. Hepatectomy has been
acknowledged as a curative treatment for hepatocellular

Hepatocellular carcinoma (HCC) is the fifth most carcinoma (HCC). However, recurrence rate after
lethal malignant cancer and the 2nd cause of cancer related hepatectomy could be 70% at postoperative 5 years [5].
death in the world with a still increasing incidence rate Till now, there is no established guideline addressing
[1-3]. China alone accounts for 51% of HCC related the management of recurrent hepatocellular carcinoma
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(RHCC). Repeated hepatectomy for intrahepatic RHCC
is widely recognized as the standard treatment modality.
However, only a minority of RHCC patients are amenable,
TACE remains the mainstay for unresectable RHCC [6—
8]. In order to improve the management of RHCC, it is
important to identify prognostic risk factors, especially
for RHCC patients who received TACE. Alpha fetoprotein
(AFP), a glycoprotein secreted by HCC in approximately
70% of HCC patients, has been routinely used in HCC
screening, diagnosis, surveillance, prognostic prediction,
as well as in the monitoring of post-treatment HCC
recurrence [9-13]. The reduction of AFP is thought
to indicate a good response to treatment [9, 14, 15].
However, whether AFP change after TACE can predict
prognosis of RHCC has not been investigated before. In
the present study, we tried to define a new AFP change
criteria, and evaluated its impact on overall survival
(OS) and recurrence to death survival (RTDS) of RHCC
patients.

RESULTS

Clinicopathologic characteristics

For the 784 BCLC A or B stage HCC patients
who underwent liver resection during our study period,
490 (62.5%) patients developed recurrence. A total
of 177 patients were qualified for the study. Details
about patient selection were shown in Figure 1. The
clinical backgrounds of HCC patients at resection and
recurrent stages were provided in Table 1 and Table 2,
respectively. There were 152 male (85.8%) and 25 female
(14.2%) patients with a median age of 50.5y (range
22.3-79.1y). 155 patients (87.6%) had liver cirrhosis.
Elevated AFP (>400 ng/mL) levels were found in 88
cases (49.7%). 54 patients (30.5%) had more than one
tumor in the liver. The enrolled patients were classified
into three groups: Group A: AFP decreased, Group B:
AFP consistent normal; and group C: AFP increased.
Significant differences in preoperative AFP level, pre-
TACE AFP level and age were observed among the three
groups (P < 0.05), whereas no significant difference was
observed in gender, tumor number, tumor size, liver
cirrhosis, differentiation, MVI, total bilirubin, albumin,
CREA, PT, WBC, PLT and recurrence free survival
(RFS) among 3 groups at resection stage or recurrence
stage. There was no significant difference concerning
the number of patients who received subsequent
therapy (radiofrequency ablation, liver resection, liver
transplantation, chemotherapy, radiotherapy, sorafenib)
after recurrence (Table 3).

OS according to AFP changes after hepatectomy

The 1-, 3-, and 5-y OS rates of the entire series were
84.2%, 54.4%, and 35.5%, respectively. The OS rates were

compared among the three groups of patients. The median
overall survival (OS) was 74.5 months in group A (95%
confidence interval (CI): 63.5, 85.6), 64.0 months in group
B (95% CI: 52.3, 75.7) and 29.0 months in group C (95%
CI: 24.1, 33.9). The 1-y OS rates of groups A, B, and C
were 98.0%, 93.0%, and 71.1%, respectively, and the 3-y
OS rates were 80.3%, 70.5%, and 31.1%. The 5-y OS rates
of groups A, B, and C were 64.3%, 51.1% and 10.4%.
P<0.001 (Figure 2).

RTDS according to AFP changes after
recurrence

The 1-, 3-, and 5-y RTDS rates of the entire series
were 69.9%, 37.1%, and 28.5%, respectively. The median
survival time after recurrence was 66.5 months (95% CI:
53.4,79.6) in group A, 50.4 months (95% CI: 39.5, 61.4)
in group B and 17.7 months in group C (95% CI: 13.4,
22.1). The RTDS rate was higher in group A than in group
B and C (98.0%, 85.7% and 45.2% at 1 y and 63.4%,
57.6% and 11.5% at 3y, 54.0%, 44.4% and 4.8% at 5y
respectively, P<0.001 (Figure 3).

Intrahepatic lesions response

During the last follow-up, two experienced
board-certified radiologists evaluated the intrahepatic
lesions responses by using CT or MRI according to the
mRECIST assessment of HCC [16]. Tumor response was
assessed at 1 month after TACE. The intrahepatic lesions
control rate was calculated with the following equation:
DCR = (SD + PR + CR)/N, where SD is number of
patients with stable disease, PR is number of patients
with partial response, and CR is number of patients with
complete response. The intrahepatic lesions control rate
was 98.0% for group A, 55.8% for group B and 25.3%
for group C. The difference was significant among the
three groups (P<0.001, Table 4).

Independent predictors of RTDS

The results of the univariate and multivariate
analyses of the RTDS were illustrated in Table 5.
Univariate and multivariate analyses showed that tumor
size at resection stage (HR: 1.910, 95% CI: 1.180-3.092, P
=0.008), tumor number at recurrent stage (HR: 4.004, 95%
CI: 2.040-7.856, P<0.001), AFP change after TACE (HR:
1.650, 95% CI: 1.174-2.319, P=0.004), cycles of TACE
(HR: 0.899, 95% CI: 0.821-0.985, P=0.022), mRECIST
response (HR: 0.539, 95% CI1 0.319-0.912, P=0.021) were
independent predictors for RTDS.

Independent predictors for OS

The results of the univariate and multivariate
analyses of the OS were illustrated in Table 6. Univariate
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and multivariate analyses demonstrated that tumor size
at resection stage (HR: 1.949, 95% CI. 1.221-3.113,
P=0.005), tumor number at recurrent stage (HR: 3.650,
95% CI: 1.869-7.127, P<0.001), AFP change after TACE
(HR: 1.668, 95% CI: 1.204-2.311, P=0.002), cycles of
TACE (HR: 0.896, 95% CI: 0.822-0.976, P=0.012),
mRECIST response (HR: 0.540, 95% CI: 0.333-0.876,
P=0.012) were independent predictors for OS.

DISCUSSION

The treatment of RHCC remains controversial.
Treatment strategies for intrahepatic RHCC include
salvage liver transplantation, re-resection, trans-
arterial chemoembolization (TACE), and ablative
therapies. Liver transplantation and re-resection are
widely acknowledged as the most effective treatment
modality [6, 17, 18]. However, liver transplantation is
largely restricted by the donor shortage. Re-resection
is comprised by reduced liver volume, presence of
liver cirrhosis, the multifocal nature, location of the
tumor and high recurrence rate. The re-resection rate
for RHCC has been reported to be only 10% to 31%

490 RHCC patients

|

207 RHCC patients received
TACE as first line therapy

[6, 7]. Ablative therapies with percutaneous ethanol
injection (PEI) or radiofrequency ablation (RFA), has
been recognized as curative treatment in primary HCC.
It is only recommended to small HCC. TACE is a widely
used minimal invasive therapy with low mortality and
morbidity rates and less application restriction than
liver transplantation, resection and ablative therapy
[19]. Previous researches have shown that TACE can
provide similar benefit result to ablative therapies [20—
22]. However, there are diverse outcomes after TACE in
terms of treatment response and survival. Therefore, to
further improve the management of RHCC, it is crucial
to identify the risk factors associated with long-term
survival after TACE.

In 2005, Chen et al. first introduced the concept
of “‘AFP response’. AFP response was defined as a 50%
or greater reduction of AFP levels for 4 or more weeks
during treatment. They reported that serum AFP response
was independent prognostic factor for both progression-
free survival and overall survival, whereas radiographic
response was not [23]. Subsequently, this finding was
further validated in other modalities of treatments (such
as TACE, sorafenib, RFA). The baseline AFP levels

784 BCLC A or B stage primary HCC patients
underwent liver resection with negative

incisal margin

12 patients developed extra-hepatic metastasis

13 patients lost to follow-up within 1 month after TACE

4 patients had incomplete data

1 patient received hiver transplantation within 1 month after TACE

v
177 RHCC patients

AFP Decreasing (n=51)
AFP Stable-low (n=43)
AFP Increasing (n=83)

Figure 1: Flowchart of the process for patients’ selection.
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Table 1: Clinical backgrounds of HCC patients at the resection stage (n=177)

Variables Group A(n=51) Group B(n=43) Group C(n=83) P-value
Age (years) 51.8+13.1 54.4+11.7 46.4£11.7 0.020
Gender, male 40(78.4%) 40(93.0%) 72(86.7%) 0.123
TBIL, umol/L 17.5+£16.0 14.2+5.7 14.9+6.1 0.226
ALB, g/L 41.2+4.4 41.444.5 41.6+4.4 0.869
PT, s 12.2+1.7 11.7£1.2 15.64+26.8 0.437
WBC,x109/L 5.242.1 5.4+1.4 5.6£1.9 0.459
PLT*109/L 127.0+£59.5 142.6+64.4 143.7+£70.5 0.331
Tumor number 0.283

1 32(62.7%) 33(76.7%) 58(69.9%)

2-3 15(29.4%) 7(16.3%) 14(16.9%)

>3 4(7.8%) 3(7.0%) 11(13.3%)
Tumor size, >5cm 32(62.7%) 25(58.1%) 64(77.1%) 0.056
MVI, positive 15(29.4%) 13(30.2%) 33(39.8%) 0.378
Differentiation, III-IV 16(31.4%) 8(18.6%) 31(37.3%) 0.098
Cirrhosis, presence 73(88.0%) 34(79.1%) 48(94.1%) 0.087
Preoperative AFP, >400 ng/ml 35(68.6%) 5(11.6%) 48(57.8%) <0.001

TBIL=total bilirubin; ALB=albumin; PT=prothrombin time; WBC=white blood cell; PLT=platelet; MVI= micro-vascular

invasion; AFP=a-fetoprotein.

were different in these studies, either higher than 200
ng/mL, 100 ng/ml, or 20 ng/ml. Other definitions of
AFP response or AFP change were applied with different
cut-offs of the reduction of AFP after treatment. For
example, AFP response or change were defined as AFP
reduction greater than 20%, 46% and 50% [24-28].
Therefore, a universal definition of AFP response or
AFP change to predict the prognosis after treatment
for various treatment modalities and different tumor
stage may be impossible. Although AFP change after
therapies has been proved to correlate the survival of
primary HCC patients. Little is known about its role in
RHCC. The AFP status of RHCC is unique, as it is not
always consistent with its initial stage [29]. Although the
AFP of resection stage is normal, it could be abnormal,
even high, and vice versa. In the present study, we did
not designate a certain baseline AFP level like previous
studies, but analyzed all the RHCC patients who
received TACE instead, regardless of their baseline AFP.
We used a novel criteria of AFP change and compared
the prognosis of three groups, which was significant
different from previous researches. We found for the
first time that the AFP change could predict prognosis

of RHCC patients who received TACE. In addition, our
study demonstrated that tumor size at resection stage,
tumor number at recurrent stage were also prognostic
factors of survival. These findings are consistent with
previous results [29]. However, in contrast to previous
findings, the present study suggest that pre-operative
and pre-TACE elevated AFP were not a predictor of
prognosis [30].

In the present study, we defined AFP decreased as
baseline AFP abnormal (>8 ng/ml) and AFP change <0
after TACE, AFP increased as post-TACE AFP >8 ng/ml
and AFP change >0, and AFP consist normal as both the
pre-TACE AFP and post-TACE are normal. This definition
may be better to predict survival of the RHCC patients
who received TACE than previous definitions. First, AFP
positivity only appear in approximately 70% of HCC
patients. In AFP normal HCC patients, the previous AFP
response criteria for predicting prognosis may not be
applicable. Second, AFP rapidly decline to normal range
after radical eradication of cancer cells and rise again after
recurrence. With regular and more frequent follow up,
RHCC:s are detected earlier than primary HCC. Patients
with baseline AFP>200 ng/ml or AFP>20 ng/ml were
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Table 2: Clinical backgrounds of HCC patients at the recurrent stage (n=177)

Variables Group A(n=51) Group B(n=43) Group C(n=83) P-value
Age (years) 51.8£13.1 55.4+11.8 472+ 11.9 0.001
Gender, male 40(78.4%) 40(93.0%) 72(86.7%) 0.123
TBIL, umol/L 14.6+6.3 14.5+6.6 16.1£7.2 0.306
ALB, g/L 41.3+4.6 43.1£3.9 41.5+5.5 0.151
ALT, TU/L 48.3+69.3 43.0+£27.1 48.0+£38.6 0.827
AST, IU/L 47.24+48.3 36.9£15.2 55.7£79.3 0.256
CREA, mmol/L 74.7£21.2 81.9+24.9 74.6x£16.4 0.124
PT, s 12.3+1.3 12.4+4.4 12.4+£1.1 0.989
WBC,x109/L 5.1+£2.1 5.0+£2.0 5.4+1.9 0.452
PLT,x109/L 116.3£58.1 117.4+66.6 126.5+59.8 0.591
Tumor size, >3cm 14(27.5%) 9(20.9%) 30(36.1%) 0.188
Tumor number, n>3 34(66.7%) 30(69.8%) 68(81.9%) 0.102
Pre-TACE AFP, positive 50(98.0%) 0(0.0%) 78(94.0%) <0.001
RFS, months 11.9+15.6 10.9+15.9 9.5£10.9 0.600
TACE cycles 3.2+3.0 32422 2.4+1.9 0.073

TBIL = total bilirubin; ALB = albumin; ALT = alanine aminotransferase; AST = aspartate aminotransferase; PT = prothrombin
time; CREA = creatinine; WBC = white blood cell; PLT = platelet; AFP = a-fetoprotein; RFS = recurrence free survival time;

TACE = trans-arterial chemoembolization.

only seen in a proportion of HCC patients. Therefore,
previous AFP response criteria was largely restricted for
its application in RHCC patients. In the present study,
we found that AFP increased group had the least survival
after TACE while the AFP decreased group had the best
survival after TACE, and the AFP consistent normal group
had the medium survival, which has not been reported
before.

Hypoxia and tumor necrosis after therapy has
been shown to lead to AFP decrease after treatment
[24, 31]. Serum AFP increase was associated with
HCC progression [32], while AFP decrease may predict
advantageous therapeutic effect. AFP is secreted by HCC,
but also participate in the pathogenesis of HCC. There
are several mechanisms, including AFP promoting HCC
growth, proliferation, metastasis, preventing apoptosis
and escaping from immune surveillance [33-37]. And
AFP has also been reported to be a predictor of MVI [38].
Therefore, AFP may predict the aggressivity of HCC,
and which is plausible for AFP increased group and AFP
decreased group to have opposed survival. Our study
also demonstrated that the prognosis of AFP consistent
normal group was superior to the AFP increased group but
inferior to the AFP decreased group. Possible explanations

were that although AFP has also been shown to be a risk
factor which contribute to mortality and morbidity of
HCC and AFP negative HCCs have been reported to have
superior prognosis than AFP positive HCCs, the AFP
consistent normal HCCs were a mixture of HCCs which
did not secret AFP, and AFP secreting HCCs which AFP
were secreted at a low level by the time of recurrence
detection, and were also a mixture of HCCs of well and
bad responses to TACE.

In the present study, we also found that cycles
of TACE was also an independent prognostic factor to
long term survival for RHCC patients who received
TACE as first-line therapy. As TACE was not a curative
therapy for HCC, and according to a systematic review,
the objective response rate, defined as sum of complete
and partial response, was only 52.5% [39]. Therefore,
in order to enhance the efficacy of TACE, subsequent
therapies are paramount. If liver transplantation, re-
resection and ablative therapy are not feasible after
TACE, repeated TACE would be an important method to
improve survival.

Our study has some limitations. First, the study
was a retrospective study carried out in a single center,
and the sample size was relatively small. Second, in the
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Table 3: Subsequent therapies of 177 RHCC patients according to AFP change

Therapy Group A (n=51) Group B (n=43) Group C(n=83) P value

Any/none 16/35 14/29 28/55 0.960

RFA 3/48 3/40 5/78 0.972
Yes/no

Resection 4/47 5/38 7/76 0.788
Yes/no

Liver transplantation 2/49 1/42 5/78 0.620
Yes/no

chemo-, radiotherapy 2/49 1/42 2/81 0.854
Yes/no

Sorafenib 5/46 4/39 9/74 0.959
Yes/no

present study, we recruited BCLC A and BCLC B HCC
patients and excluded BCLC C stage HCC patients as
eligible BCLC-C stage patients were quite few in our
hospital and also by which it would be more convenient
to control confounding factors. Therefore, whether AFP
change can also predict the prognosis of BCLC C stage

HCC patients still needs further studies. Third, other
risk factors such as HBV-DNA level, tumor capsular
invasion, satellite nodules, were not analyzed in the
present study. Forth, the follow-up was relatively short.

In conclusion, AFP change was found to be a
reliable predictor for RHCC patients who received
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Figure 2: Relationship between AFP changes and OS of patients with RHCC after liver resection. The difference of OS

among the three groups was significant (log-rank test, P<0.001).
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Table 4: Intrahepatic lesions responses for the three groups according to mRECIST criteria

Intrahepatic lesions

Group A Group B Group C P value
responses
Total patients 51 43 83
Complete response 5 1 0
Partial response 39 18 7
Stable disease 6 5 14
Progressive disease 1 19 62
Disease control rate (%) 98.0 55.8 253 <0.001

Disease control rate (DCR) = (CR + PR+ SD)/N. PR=partial response. CR=complete response. SD= stable disease, N=177.

TACE as first-line treatment. AFP change is a simple,
rapid, reproducible, and operator-independent
measurement and AFP monitoring should be included as
part of regular follow-ups in HCC patients after surgery
and TACE, particularly for AFP-positive patients. It may
be beneficial for clinicians to detect early recurrence
and would help clinicians make subsequent treatment

decision. RHCC patients with increased AFP levels and
progression disease according to image after TACE
should receive additive therapies. Repeated TACE
is useful in improving long term survival when liver
transplantation, re-resection and ablative therapy are not
feasible for RHCC patients after TACE treatment.
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Figure 3: Relationship between AFP changes and RTDS of patients with RHCC after TACE. The difference of RTDS

among the three groups was significant (log-rank test, P<0.001).
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Table 5: Multivariate analysis of the risk factors for RTDS

Univariate Multivariate analysis
Variables
P value Hazard ratio 95%CI P value
Resection stage
Gender (male vs 0.669
female)
Tumor size (>5 vs 0.028 1.910 1.180-3.092 0.008
<Scm)
Tumor number (1,
2.3,53) 0.504
MVI (A vs P) 0.621
Liver cirrhosis
(Avs P) 0.344
Differentiation
(W. M. L) 0.744
Preoperative AFP
(>400 versus <400 0.541
ng/ml)
Recurrent stage
TBIL 0.134
ALT 0.681
AST 0.507
ALB 0.731
CREA 0.915
PT, s 0.433
WBC 0.614
PLT 0.662
Tumor size
(>3versus <3cm) 0.531
Tumor number(>3 <0.001 4.004 2.040-7.856 <0.001
versus <3)
Pre-TACE AFP (>8
vs <8 ng/ml) 0.541
RFS 0.447
AFP change <0.001 1.650 1.174-2.319 0.004
Cycles of TACE <0.001 0.899 0.821-0.985 0.022
mRECIST, DC <0.001 0.539 0.319-0.912 0.021
vs PD

AFP=a-fetoprotein; A=absent; P=present; L=low differentiation; M=moderate differentiation; W =well differentiation;
MVI= microvascular invasion; TBIL=total bilirubin; ALT=alanine aminotransferase; AST= aspartate aminotransferase;
ALB=albumin; PT=prothrombin time; WBC=white blood cell; PLT=platelet; CI=confidence interval; RFS =recurrence free
survival time; TACE=trans-arterial chemoembolization; DC=disease control; PD=disease progression.
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Table 6: Multivariate analysis of the risk factors for OS

Univariate Multivariate analysis
Variables
P value Hazard ratio 95%CI P value
Resection stage
Gender (male vs 0.669
female)
Tumor size (>5 vs 0.028 1.949 1.221-3.113 0.005
<5cm)
Tumor number
(1,2:3,>3) 0.504
MVI (A vs P) 0.621
Liver cirrhosis
(Avs P) 0.344
Differentiation
(W. M. L) 0.744
Preoperative AFP
(>400 versus <400 0.541
ng/ml)
Recurrent stage
TBIL 0.134
ALB 0.731
ALT 0.681
AST 0.507
PT,s 0.433
WBC 0.614
CREA 0.915
PLT 0.662
Tumor size (>3versus
<3cm) 0.531
Tumor number (>3 <0.001 3.650 1.869-7.127 <0.001
versus <3)
Pre-TACE AFP (>8
vs <8 ng/ml) 0.541
RFS 0.447
AFP change <0.001 1.668 1.204-2.311 0.002
Cycles of TACE <0.001 0.896 0.822-0.976 0.012
mRECIST, DC vs PD <0.001 0.540 0.333-0.876 0.012

AFP=a-fetoprotein; A=absent; P=present; L=low differentiation; M=moderate differentiation; W =well differentiation;
MVI= microvascular invasion; TBIL=total bilirubin; ALT=alanine aminotransferase; AST= aspartate aminotransferase;
ALB=albumin; PT=prothrombin time; WBC=white blood cell; PLT=platelet; CI=confidence interval; RFS =recurrence free
survival time; TACE=trans-arterial chemoembolization; DC=disease control; PD=disease progression.
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MATERIALS AND METHODS

Patients

From Oct 2007 to May 2016, 784 BCLC A or B
stage primary HCC patients underwent liver resection for
HCC at the West China Hospital of Sichuan University.
Those patients who developed RHCC were identified from
our prospectively collected database. These patients with
RHCC who had TACE as first line therapy were further
identified for the study.

Patients who met the following criteria were
enrolled: (1) HCC who received curative resection for
primary tumor as described in our previous report; (2)
without macro-vascular invasion and extra-hepatic
metastasis; (3) pathologic report revealed negative incisal
edge; (4) regularly followed-up with AFP and imaging.
Excluding criteria include: (1) Patients with incomplete
clinical data; (2) lost to follow-up within 1 month after
TACE; (3) recurrence with extra-hepatic metastasis; (4)
received therapies other than TACE as first line therapy;
(5) received RFA, hepatectomy and liver transplantation
within 1 month after TACE.

Based on the above criteria, 30 patients were
excluded. Excluded patients were as follows: 12 patients
developed extra-hepatic metastasis, 13 patients lost
to follow-up in 1 month after TACE, 4 patients had
incomplete data, 1 patient received liver transplantation
within 1 month after TACE. Finally, a total of 177 patients
were enrolled into this study. Clinical variables, including
demographic data, complete blood counts, liver function
tests, AFP, and tumor features, including tumor number,
MVI, tumor differentiation, and maximum diameter,
cirrhosis background, were prospectively collected
and retrospectively reviewed. Diagnoses of HCC was
confirmed by postoperative histopathologic examination.
Microvascular invasion (MVI) was identified under a
light microscope by pathologists. HCC was histologically
classified using the Edmondson—Steiner classification.
The study was approved by the Ethics Committee of the
West China Hospital of Sichuan University.

Definition of AFP change

All pre-TACE AFP levels were taken within 5 days
before TACE. Post-TACE AFP was taken in the first
follow-up visit (1 month after TACE). AFP change was
calculated by post-TACE AFP minus pre-TACE AFP. If
the baseline pre-TACE AFP was positive (>8 ng/ml), and
the AFP change was <0, it was defined as AFP decreased,
if post-TACE AFP was positive (>8 ng/ml), and the AFP
change >0, it was defined as AFP increased. And if the
pre-TACE AFP and post-TACE AFP were both negative
(<8 ng/ml), it was defined as AFP consistent normal.

TACE

The Seldinger technique was used for the application
of TACE. Procedure was as follows: after local anesthesia,
the femoral artery was punctured, a catheter (Microferret;
Cool, Bloomington, IN, USA) was inserted through the
femoral artery and advanced toward the tumor-feeding
arteries with the help of a guidewire for selective
embolization, and TACE of the feeding arteries was
performed through further super-selective catheterization
as close to the tumor as possible. A mixture of doxorubicin
hydrochloride (Adriamycin; Ildong Co., Ltd., Seoul,
Korea) and an emulsion of iodized oil (Lipiodol;
Laboratorie Guerbet, Aulnay Sous Bois, France) was used
for chemoembolization. The dose of the embolization
agent was determined according to the tumor size, tumor
number, feeding vessels and liver function status. After
embolization, angiography was performed to determine
the extent of vascular occlusion and to assess the blood
flow in other arterial vessels. After the procedure, patients
were requested to put pressure on the entry site for half
an hour to ensure hemostasis. About 1 month after TACE,
an abdominal-enhanced CT was performed, and serum
AFP level was measured to determine if a subsequent
application of TACE was necessary and whether other
treatment modalities, such as liver resection, RFA, liver
transplantation, were feasible.

Follow-up

After liver resection, all patients were followed up
at the first, third, and sixth months in the first half year
after the operation, every 3 months during the subsequent
3 year, and every 6 months thereafter. Antiviral drugs
such as nucleoside acid analogs were administered to
the patients with positive HBV-DNA tests before or
after hepatectomy. Blood cell tests, liver function tests,
AFP measurements, HBV-DNA tests, and visceral
ultrasonography or computed tomography or magnetic
resonance imaging, and chest radiography were performed
in the follow-up examinations. Bone scintigraphy was
performed whenever HCC recurrence was suspected.
PET/CT was performed when RHCC was suspected but
contrast-enhanced abdominal ultrasound or CT or MRI,
chest image and bone scintigraphy were negative. The
diagnosis of intrahepatic RHCC was made when space
occupying lesion was found by contrast-enhanced CT or
MRI with typical wash-in/wash-out image feature. The
overall survival (OS) time was defined as the interval
between the operation and death or the last follow-up.
The recurrence to death time (RTDS) was defined as the
interval between HCC recurrence and death or the last
follow-up. The median follow-up was 41.2 months, and
the range was 2.8-103.4 months. The last follow-up date
was the end of December 2016.
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Statistical analysis

The continuous variables were expressed as the
mean + the standard deviation. The categorical variables
were presented as numbers (percentages). The categorical
variables were compared with chi-square or Fisher’s
exact tests, and the continuous variables were compared
with one-way ANOVA for normal distributed data and
Kruskal-wallis H test for abnormal distributed data.
Survival analysis was performed by using the Kaplane-
Meier method, and differences of OS and RTDS among
the three groups were compared with the log-rank test.
Independent risk factors for RTDS and OS were identified
with a Cox regression model using a forward stepwise
method. All statistical analyses were performed with
the SPSS 20.0 statistical software (Chicago, IL, USA).
Calculated P values were two-sided, and a P value <0.05
was considered statistically significant.
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recurrence to death survival; CI: confidence interval.

Authors’ contributions

T.F.W. proposed this study. C.H, X.Y.Z, C.L., PW.
collected and interpreted the data. L.N.Y, J.Y.Y and T.F.W.
performed hepatectomy, W.S.L performed TACE. C.H
analyzed the data and drafted the work.

ACKNOWLEDGMENTS

The authors thank the patients for their participation
in this study.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

FINANCIAL SUPPORT

This work was in part supported by grant from the
Scientific and Technological Support Project of Sichuan
Province 2016SZ0025 and 20155Z0049.

REFERENCES

1. Venook AP, Papandreou C, Furuse J, de Guevara LL. The
incidence and epidemiology of hepatocellular carcinoma: a
global and regional perspective. Oncologist. 2010; 15:5-13.

10.

11.

12.

13.

14.

Torre LA, Bray F, Siegel RL, Ferlay J, Lortet-Tieulent J,
Jemal A. Global cancer statistics, 2012. CA Cancer J Clin.
2015; 65:87-108.

Bruix J, Han KH, Gores G, Llovet JM, Mazzaferro V. Liver
cancer: approaching a personalized care. J Hepatol. 2015;
62:144-156.

Wang FS, Fan JG, Zhang Z, Gao B, Wang HY. The
global burden of liver disease: the major impact of China.
Hepatology. 2014; 60:2099-2108.

Forner A, Llovet JM, Bruix J. Hepatocellular carcinoma.
Lancet. 2012; 379:1245-1255.

Ho CM, Lee PH, Shau WY, Ho MC, Wu YM, Hu RH.
Survival in patients with recurrent hepatocellular carcinoma
after primary hepatectomy: comparative effectiveness of
treatment modalities. Surgery. 2012; 151:700-709.
Hirokawa F, Hayashi M, Miyamoto Y, Asakuma M,
Shimizu T, Komeda K, Inoue Y, Tanigawa N. Appropriate
treatment strategy for intrahepatic recurrence after curative
hepatectomy for hepatocellular carcinoma. J Gastrointest
Surg. 2011; 15:1182-1187.

Tralhao JG, Dagher I, Lino T, Roudie J, Franco D.
Treatment of tumour recurrence after resection of
hepatocellular carcinoma. Analysis of 97 consecutive
patients. Eur J Surg Oncol. 2007; 33:746-751.

Shen JY, Li C, Wen TF, Yan LN, Li B, Wang WT, Yang JY,
Xu MQ. Alpha fetoprotein changes predict hepatocellular
carcinoma survival beyond the Milan criteria after
hepatectomy. J Surg Res. 2016; 209:102-111.

Lee YK, Kim SU, Kim DY, Ahn SH, Lee KH, Lee DY, Han
KH, Chon CY, Park JY. Prognostic value of a-fetoprotein
and des-y-carboxy prothrombin responses in patients
with hepatocellular carcinoma treated with transarterial
chemoembolization. BMC Cancer. 2013; 13:5.

El-Serag HB, Marrero JA, Rudolph L, Reddy KR.
Diagnosis and treatment of hepatocellular carcinoma.
Gastroenterology. 2008; 134:1752-1763.

Benson AB 3rd, Bekaii-Saab T, Ben-Josef E, Blumgart
L, Clary BM, Curley SA, Davila R, Earle CC, Ensminger
WD, Gibbs JF, Laheru D, Langnas AN, Mulvihill SJ, et
al. Hepatobiliary cancers. Clinical practice guidelines in
oncology. J Natl Compr Canc Netw. 2006; 4:728-750.
Siripongsakun S, Wei SH, Lin S, Chen J, Raman SS,
Sayre J, Tong MJ, Lu DS. Evaluation of alpha-fetoprotein
in detecting hepatocellular carcinoma recurrence after
radiofrequency ablation. J Gastroenterol Hepatol. 2014;
29:157-164.

Jeong Y, Yoon SM, Han S, Shim JH, Kim KM, Lim YS,
Lee HC, Kim SY, Park JH, Lee SW, Ahn SD, Choi EK,
Kim JH. Propensity score matching analysis of changes
in alpha-fetoprotein levels after combined radiotherapy
and transarterial chemoembolization for hepatocellular
carcinoma with portal vein tumor thrombus. PLoS One.
2015; 10:e0135298.

www.impactjournals.com/oncotarget

85609

Oncotarget



16.

17.

19.

20.

21.

22.

23.

24.

25.

Xu XS, Qu K, Liu C, Zhang YL, Liu J, Song YZ, Zhang
P, Liu SN, Chang HL. Highlights for alpha-fetoprotein
in determining prognosis and treatment monitoring for
hepatocellular carcinoma. World J Gastroenterol. 2012;
18:7242-7250.

Lencioni R, Llovet JM. Modified RECIST (mRECIST)
assessment for hepatocellular carcinoma. Semin Liver Dis.
2010; 30:52-60.

Yamashita Y, Yoshida Y, Kurihara T, Itoh S, Harimoto N,
Ikegami T, Yoshizumi T, Uchiyama H, Shirabe K, Machara
Y. Clinical management of recurrent hepatocellular
carcinomaSurgical results for recurrent hepatocellular
carcinoma after curative hepatectomy: repeat hepatectomy
versus salvage living donor liver transplantation. Liver
Transpl. 2015; 21:961-968.

Lee PH, Lin WJ, Tsang YM, Hu RH, Sheu JC, Lai MY,
Hsu HC, May W, Lee CS. Clinical management of recurrent
hepatocellular carcinoma. Ann Surg. 1995; 222:670-676.

Choi JW, Park JY, Ahn SH, Yoon KT, Ko HK, Lee DY, Lee
JT, Kim KS, Choi JS, Han KH, Chon CY, Kim DY. Efficacy
and safety of transarterial chemoembolization in recurrent
hepatocellular carcinoma after curative surgical resection.
Am J Clin Oncol. 2009; 32:564-569.

Koh PS, Chan AC, Cheung TT, Chok KS, Dai WC, Poon
RT, Lo CM. Efficacy of radiofrequency ablation compared
with transarterial chemoembolization for the treatment of
recurrent hepatocellular carcinoma: a comparative survival
analysis. HPB (Oxford). 2016; 18:72-78.

JinYJ, Lee JW, Lee OH, Chung HJ, Kim Y, Lee JI, Cho
SG, Jeon YS, Lee KY, Ahn SI, Shin WY. Transarterial
chemoembolization versus surgery/radiofrequency ablation
for recurrent hepatocellular carcinoma with or without
microvascular invasion. J Gastroenterol Hepatol. 2014;
29:1056-1064.

Kim SS, Kang TW, Song KD, Cho SK, Lee MW, Rhim
H, Sinn DH, Jung SH. Radiofrequency ablation and
transarterial chemoembolisation as first-line treatment for
recurrent hepatocellular carcinoma or isolated intrahepatic
recurrent hepatocellular carcinoma in transplanted livers.
Clin Radiol. 2017; 72:141-149.

Chen LT, Liu TW, Chao Y, Shiah HS, Chang JY, Juang
SH, Chen SC, Chuang TR, Chin YH, Whang-Peng J.
alpha-fetoprotein response predicts survival benefits of
thalidomide in advanced hepatocellular carcinoma. Aliment
Pharmacol Ther. 2005; 22:217-226.

Memon K, Kulik L, Lewandowski RJ, Wang E, Ryu RK,
Riaz A, Nikolaidis P, Miller FH, Yaghmai V, Baker T,
Abecassis M, Benson AB 3rd, Mulcahy MF, et al. Alpha-
fetoprotein response correlates with EASL response and
survival in solitary hepatocellular carcinoma treated with
transarterial therapies: a subgroup analysis. J Hepatol. 2012;
56:1112-1120.

Lee S, Kim BK, Kim SU, Park JY, Kim do Y, Ahn SH,
Han KH. Early alpha-fetoprotein response predicts survival

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

in patients with advanced hepatocellular carcinoma treated
with sorafenib. J Hepatocell Carcinoma. 2015; 2:39-47.

Kao WY, Chiou YY, Hung HH, Su CW, Chou YH, Wu JC,
Huo TI, Huang YH, Wu WC, Lin HC, Lee SD. Serum alpha-
fetoprotein response can predict prognosis in hepatocellular
carcinoma patients undergoing radiofrequency ablation
therapy. Clin Radiol. 2012; 67:429-436.

Shao YY, Lin ZZ, Hsu C, Shen YC, Hsu CH, Cheng
AL. Early alpha-fetoprotein response predicts treatment
efficacy of antiangiogenic systemic therapy in patients
with advanced hepatocellular carcinoma. Cancer. 2010;
116:4590-4596.

Liu L, Zhao Y, Jia J, Chen H, Bai W, Yang M, Yin Z, He C,
Zhang L, Guo W, Niu J, Yuan J, Cai H, et al. The prognostic
value of alpha-fetoprotein response for advanced-stage
hepatocellular carcinoma treated with sorafenib combined
with transarterial chemoembolization. Sci Rep. 2016;
6:19851.

Liu G, Wang K, LiJ, Xia Y, Lu L, Wan X, Yan Z, Shi L, Lau
WY, Wu M, Shen F. Changes in serum alpha fetoprotein in
patients with recurrent hepatocellular carcinoma following
hepatectomy. J Gastroenterol Hepatol. 2015; 30:1405-1411.
Wang Y, Chen Y, Ge N, Zhang L, Xie X, Zhang J, Chen R,
Wang Y, Zhang B, Xia J, Gan Y, Ren Z, Ye S. Prognostic
significance of alpha-fetoprotein status in the outcome of
hepatocellular carcinoma after treatment of transarterial
chemoembolization. Ann Surg Oncol. 2012; 19:3540-3546.
Mazure NM, Chauvet C, Bois-Joyeux B, Bernard
MA, Nacer-Cherif H, Danan JL. Repression of alpha-
fetoprotein gene expression under hypoxic conditions
in human hepatoma cells: characterization of a negative
hypoxia response element that mediates opposite effects of
hypoxia inducible factor-1 and c-Myc. Cancer Res. 2002;
62:1158-1165.

Nakazawa T, Hidaka H, Takada J, Okuwaki Y, Tanaka Y,
Watanabe M, Shibuya A, Minamino T, Kokubu S, Koizumi
W. Early increase in alpha-fetoprotein for predicting
unfavorable clinical outcomes in patients with advanced
hepatocellular carcinoma treated with sorafenib. Eur J
Gastroenterol Hepatol. 2013; 25:683-689.

Li MS, Li PF, He SP, Du GG, Li G. The promoting
molecular mechanism of alpha-fetoprotein on the growth of
human hepatoma Bel7402 cell line. World J Gastroenterol.
2002; 8:469-475.

Li MS, Li PF, Chen Q, Du GG, Li G. Alpha-fetoprotein
stimulated the expression of some oncogenes in human
hepatocellular carcinoma Bel 7402 cells. World J

Gastroenterol. 2004; 10:819-824.

Mizejewski GJ. Does alpha-fetoprotein contribute to
the mortality and morbidity of human hepatocellular
carcinoma? A commentary. J Hepatocell Carcinoma. 2016;
3:37-40.

Mitsuhashi N, Kobayashi S, Doki T, Kimura F, Shimizu
H, Yoshidome H, Ohtsuka M, Kato A, Yoshitomi H,

WWw

.impactjournals.com/oncotarget

85610

Oncotarget



37.

Nozawa S, Furukawa K, Takeuchi D, Suda K, et al.
Clinical significance of alpha-fetoprotein: involvement in
proliferation, angiogenesis, and apoptosis of hepatocellular
carcinoma. J Gastroenterol Hepatol. 2008; 23:¢189-197.
Li MS, Ma QL, Chen Q, Liu XH, Li PF, Du GG, Li G.
Alpha-fetoprotein triggers hepatoma cells escaping from
immune surveillance through altering the expression of Fas/
FasL and tumor necrosis factor related apoptosis-inducing
ligand and its receptor of lymphocytes and liver cancer
cells. World J Gastroenterol. 2005; 11:2564-2569.

38.

39.

Fan LF, Zhao WC, Yang N, Yang GS. Alpha-fetoprotein:
the predictor of microvascular invasion in solitary small
hepatocellular carcinoma and criterion for anatomic or non-
anatomic hepatic resection. Hepatogastroenterology. 2013;
60:825-836.

Lencioni R, de Baere T, Soulen MC, Rilling WS,
Geschwind JF. Lipiodol transarterial chemoembolization for

hepatocellular carcinoma: a systematic review of efficacy
and safety data. Hepatology. 2016; 64:106-116.

www.impactjournals.com/oncotarget

85611

Oncotarget



