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Abstract: Transarterial chemoembolization (TACE) is the mainstay of treatment for patients with intermediate/ad-
vanced stage or unresectable hepatocellular carcinoma (HCC). Despite the palliative nature of TACE treatment,
embolizing the tumor feeding vessels and leading to progressive tumor necrosis, complete response (CR) after TACE
could still be observed in a certain population. Thus, this study aimed to investigate both the predictors for CR and
the long-term prognosis of the patients with CR after TACE. The study recruited new diagnosed HCC patients initially
treated with TACE from 2010 to 2013. Post TACE response was assessed by scheduled image studies according
to the modified Response Evaluation Criteria in Solid Tumors (mRECIST). Then, pre-TACE factors were compared
between patients with and without CR. After the first session of TACE, 22.3% of the 669 TACE treated patients
achieved CR. During a median of 26.6 months follow-up, patients with CR had better overall survival than those
without (median: 35.8 vs. 24.0 months, P<0.001). By multivariate logistic regression analysis, Child-Turcotte-Pugh
class B (OR: 0.419, P=0.005), tumor burden beyond up-to-7 criteria (OR: 0.118, P<0.001), bilobar tumor extent (OR:
0.236, P<0.001), higher alpha-fetoprotein (AFP) level (=20 ng/ml, OR: 0.614, P=0.039) and higher platelet counts
(>150 k/ul, OR: 0.482, P=0.002) were unfavorable predictors for CR after first TACE. In addition, macrovascular
invasion (HR: 3.113, P=0.001) and higher AFP levels (=15 ng/ml, HR: 2.601, P=0.007) were predictors for early
HCC recurrence whereas diabetes mellitus (DM) (HR: 2.166, P=0.006) was the only significant predictor for late
HCC recurrence in CR patients. In conclusion, more than one-fifth of HCC patients achieved CR after first TACE and
these patients had favorable prognosis. Furthermore, tailored post-TACE follow-up strategies shall be considered in
patients with different risk factors of early or late recurrence after CR.
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Introduction

Hepatocellular carcinoma (HCC), ranked the
fourth leading cause of cancer-related death in
the world, is an imperative global health issue
[1]. In spite of the rapid development of target
therapy and immunotherapy for patients with
advanced tumors (Barcelona Clinic Liver Cancer
(BCLC) stage C), transarterial chemoemboliza-
tion (TACE) remains the first-line treatment for
patients with intermediate tumor stages (BCLC
stage B) [2, 3].

Mounting evidence suggests that TACE impro-
ves the survival rates and the quality of life for

patients with unresectable HCC in contrast to
supportive treatment alone [4, 5]. The reported
median survival, however, ranges widely in the
literatures, from 6 months to 5 years, owing to
the heterogeneity of patients undergoing TACE
[6]. The majority of the prediction models for
TACE treatment efficacy are derived from We-
stern cohorts, in which the HCC etiologies are
different from those found by Asian studies
[7-10]. In spite of the palliative nature of TACE
treatment, a proportion of TACE treated HCC
patients do achieve complete response (CR)
from single or repeated TACE treatment ses-
sions. Thus, this study aims to describe the
characteristics of such CR populations, investi-
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gating the predictors for CR at first TACE as well
as factors correlated with early and late recur-
rence after CR.

Materials and methods
Patient selection

The study enrolled 1073 fresh diagnosed HCC
adult patients (>18 year-old) who treated by
conventional TACE or drug eluting bead (DEB)-
TACE in a single medical center between
January 2010 and December 2013. All these
patients’ HCC status were diagnosed by histol-
ogy or by dynamic computer tomography (CT)/
Magnetic resonance imaging (MRI) according
to EASL diagnostic criteria [11]. Patients with
prior treatments for HCC (N=71), down-staging
before resection (N=15), combined treatment
strategies (principally radiofrequency ablation
or Sorafenib, N=107), tumor rupture (N=28),
BCLC stage D (N=38), presence of an addition-
al primary malignancy apart from HCC (N=9)
and those lost to follow-up (N=136 patients)
were excluded. Host factors including age, gen-
der, cirrhotic status, liver function, tumor stag-
ing, pre-TACE biochemistry exams, along with
radiological response after the first session
of TACE, and subsequent follow-up, including
adverse events after TACE were documented.
Patients with segmental vein thrombosis were
included in the analysis because this is not
considered as an absolute contraindication for
TACE in most hospital and this at-risk popula-
tion has shown favorable survival rates with
TACE comparing to conservative treatment
[12].

Treatment procedure

In advance of the TACE, an angiography includ-
ing SMA, celiac trunk, common hepatic artery,
and tumor feeding vessel was employed to
evaluate the patency of portal vein, vascular
anatomy, and tumor vascularity. Throughout
the TACE, an emulsion of contrast medium (1
cc), lipoidol (4 cc), and adriamycin (20 mg) was
used, followed by gelatin sponge particle infu-
sion till stasis. Radiological assessment includ-
ing CT or MRI was arranged 4-12 weeks after
TACE treatment, and every 3 months after-
wards if no evidence of viable or recurrence
HCC. Repeated TACE was performed on-de-
mand when viable tumor was detected by
scheduled image study follow-up [13], provided
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there was no evidence of extrahepatic metas-
tases, major portal vein invasion, or deteriora-
tion in clinical conditions.

Definitions and assessment of treatment re-
sponses

For evaluation of tumor response, we adopted
modified Response Evaluation Criteria in Solid
Tumors (MRECIST) guidelines, where tumor re-
sponses were classified into four categories:
complete response (CR), partial response (PR),
stable disease (SD), and progressive disease
(PD) [14]. A lesion, showing arterial enhance-
ment and early wash-out in the dynamic CT or
MRI, was regarded as a viable portion of tumor,
while lesions with lipiodol or necrosis without
arterial enhancement were considered to be a
necrotic area. The tumor size was measured in
the equilibrium (delayed) phase of post con-
trasted CT images. CR was defined as the com-
plete disappearance of measurable lesions. PR
was defined as at least a 30% decrease from
the baseline sum of the longest diameter. PD
was defined as a 20% increase compared with
the baseline, and SD was defined as neither
sufficient decrease as PR nor sufficient incre-
ase as PD. The images were reviewed by two
independent radiologists to reduce the mis-
classifications. Overall survival (OS) was defin-
ed as the interval between the date of the first
session of TACE and the date of last follow-up
or death. Body weight loss was defined as re-
ducing 5% of initial body weight in last 6 mon-
ths [15]. To investigate the risk factors of recur-
rence at different time frame, early recurrence
was defined as initial recurrence within 1 year
following complete response while late recur-
rence was defined as recurrence occurred after
complete remission for 1 year.

Statistical analysis

The continuous variables with normal distribu-
tion were reported as mean * standard devia-
tion (SD) and compared by Student’s t test.
Those without normal distribution were report-
ed as median [Interquartile Range (IQR)] and
evaluated by Mann-Whitney U test. The cate-
gory variables were presented as percentage
and assessed by Chi-square test. Univariate
and multivariate logistic regression analyses
were applied for the predictors to CR after 1%
TACE. Kaplan-Meier method and Log-Rank test
were used for survival analysis. Cox regression
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Table 1. Baseline clinical characteristics of patients with complete response at first TACE

Variables Overall (N=669) Response (N=149) No response (N=520) P value
Age (years)* 62.5 (54.5-71.9) 62.5 (54.6-71.9) 62.5 (54.2-71.8) 0.811

Gender (male, %) 489 (73.1) 105 (70.5) 384 (73.8) 0.413

Body weight loss, n (%) 87 (13.0) 11 (6.8) 76 (14.6) 0.021

Virus/Alcoholic/Cryptogenic, n (%) 578/46/45 (86.4/6.9/6.7) 131/12/6 (87.9/8.1/4.0) 447/34/39 (86.0/6.5/7.5) 0.284

Anti-viral medication use, n (%) 225 (38.9) 55 (42.3) 170 (37.9) 0.369

BMI (Kg/m?)* 25.0 (22.6-27.8) 25.2 (22.9-28.6) 24.8 (22.6-27.7) 0.121

DM, n (%) 197 (29.7) 45 (30.2) 152 (29.2) 0.819

CTP class A/B, n (%) 543/126 (81.2/18.8) 131/18 (87.9/12.1) 412/108 (79.2/20.8) 0.017

BCLC stage 0/A/B/C, n (%) 31/140/206/292 22/62/18/47 9/78/188/245 <0.001

(4.6/20.9/30.8/43.6) (14.8/41.6/12.1/31.5) (1.7/15.0/36.2/47.1)

Ascites, n (%) 127 (19.0) 20 (13.4) 107 (20.6) 0.049

NLR* 1.96 (1.37-2.96) 1.90 (1.33-2.86) 1.95(1.41-3.12) 0.136

PT (INR)* 1.2 (1.1-1.3) 1.2 (1.1-1.3) 1.2(1.1-1.3) 0.061

Total bilirubin (mg/dL)* 0.8 (0.5-1.2) 0.8 (0.5-1.1) 0.8 (0.5-1.2) 0.591

AST (U/L)* 52 (37-81) 48 (33-69) 55 (39-83) 0.028

ALT (U/L)* 39 (26-64) 37 (25-58) 43 (26-66) 0.290

Albumin (g/dL)* 3.59 (3.19-3.93) 3.68 (3.27-4.00) 3.56 (3.18-3.92) 0.464

AFP (ng/mL)* 41 (10-546) 18 (7-171) 46 (10-682) <0.001
Platelet (1000/uL)* 112 (77-180) 94 (65-144) 125 (81-192) <0.001
Creatinine (mg/dL)* 0.79 (0.66-0.96) 0.73 (0.59-0.92) 0.75 (0.61-0.95) 0.545

Sodium (mEgq/L)* 140 (138-142) 141 (138-142) 140 (137-142) 0.031

Tumor numbers, n (%) 228/228/213 94/42/13 134/186/200 <0.001
1/2&3/>3 (34.1/34.1/31.8) (63.1/28.2/8.7) (25.8/35.8/38.5)

Target lesion size (cm)* 3.5(2.0-6.2) 2.4 (1.6-3.5) 4.1 (2.4-7.4) <0.001
Within up-to-seven criteria, n (%) 370 (565.3) 136 (91.3) 234 (45.0) <0.001
Tumor extent unilobar, n (%) 388 (58.0) 122 (81.9) 266 (51.2) <0.001
Macrovascular invasion, n (%) 107 (16.0) 10 (6.7) 97 (18.7) <0.001
Fever, n (%) 205 (30.6) 30(20.1) 175 (33.7) 0.002

Mortality, n (%) 397 (59.3) 48 (32.2) 349 (67.1) <0.001
Follow-up time (months)* 26.6 (14.8-38.9) 35.8 (26.1-44.9) 24.0 (11.7-38.1) <0.001

*Demonstrated as median (IQR). Abbreviations: AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCLC,
Barcelona Clinic Liver Cancer; BMI, body mass index; CTP, Child-Turcotte-Pugh; DM, Diabetes mellitus; INR, international normalized ratio; NLR,

neutrophil-lymphocyte ratio; TACE, transarterial chemoembolization.

model was adopted for investigating the corre-
lation between baseline variables and time to
recurrence after CR. For predictors of early
recurrence, events occurred after one year
were censored. For predictors of late recur-
rence, those followed up less than one year or
those events occurred within one year from CR
were excluded from the analysis. A P-value
<0.05 was regarded as statistical significance.
The statistical analyses were computed by
SPSS version 20.0 (IBM, SPSS Inc. Chicago, IL).

Results
Patients’ characteristics

The baseline demography is shown in Table 1.
Among 669 patients, 489 (73.1%) were male
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and the median age was 62.5 (IQR: 54.5-71.9)
years. Most patients were diagnosed as BCLC
stage B and C (n=498, 74.4%) initially. The most
common etiology was chronic viral infection
(including HBV or HCV infection, n=578, 86.4%),
with 116 patients (17.3%) receiving antiviral
therapy prior to the first TACE and 109 patients
(16.3%) receiving adjuvant antiviral therapy. All
patients had preserved liver function with Child-
Turcotte-Pugh (CTP) class A or B and Eastern
Cooperative Oncology Group (ECOG) perfor-
mance status of O or 1. One hundred and seven
patients (16.0%) had tumor invasion to periph-
eral branches of their portal veins. The median
AFP level was 41 (IQR 10-546) ng/mL. The
median diameter of the largest HCC was 3.5
(IQR 2.0-6.2) cm. 456 patients (68.2%) had 3
or fewer tumors.

Am J Cancer Res 2021;11(10):4956-4965



Predictors of complete response at first TACE

Exclusion criteria
*Double cancer history

Newly diagnosed HCC treated with TACE
(2010/01-2013/12) (N=1073)

*TACE for down-staging
«Lost follow-up after 15t TACE

*No CT/MRI follow up within 1-3

months after each TACE ‘
«Combination therapy

15t cycle TACE (N=669) |

«Tumor rupture
*BCLC stage D
*Non-treatment naive
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PD SD
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(N=220, 32.9%) (N=149, 22.3%)
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PD (N=53, 50.6%)
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= 3 cycle TACE (N=373)

|

|

CR within 2 years CR within 2 years
(N=5) (N=12)

CR within 2 years
(N=40)

Figure 1. Flowchart of patients admitted to our hospital for hepatocellular carcinoma and selection of the study.
TACE= transarterial chemoembolization, CT/MRI= computed tomography/magnetic resonance imaging, BCLC=
Barcelona Clinic Liver Cancer, PD= progressive disease, SD= stable disease, PR= partial response, CR= complete

response.

Initial and final response after first TACE ses-
sion

Figure 1 shows initial and final responses docu-
mented in patients from the first cycle of TACE
until after multiple repeated procedures. After
the first session of TACE, the number of patients
with CR, PR, SD, and PD was 149 (22.3%), 220
(32.9%), 126 (18.8%), and 174 (26.0%) respec-
tively. In 220 patients with PR at the first TACE,
72 (32.7%) patients eventually achieved CR. In
patients with SD at the first TACE, 19 (15.1%)
patients achieved CR later, while only 10 (5.7%)
patients with initial PD achieved CR ultimately.
Overall, the number of patients with CR rose
from 149 (22.3%) to 249 (37.2%) after repeat-
ed TACE sessions. The median interval between
the 15t cycle of TACE and first radiological evalu-
ation among CR, PD, PR groups were 65 days,
64 days, 72 days, and 70 days, respectively
(P=0.162). Figure 2 shows Kaplan-Meier curv-
es of overall survival (OS) for all patient respons-
es to the first TACE (A), for complete response
at the first TACE (B), and for final complete
response after repeated TACE sessions (C). The
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median OS was 35.8, 32.4, 26.0, and 12.6
months in patients with CR, PR, SD, and PD
respectively (Figure 2A). Patients who achieved
CR after the first TACE had much longer median
0OS than whose without (35.8 and 24.0 months,
P<0.001, Figure 2B). Patients who had CR after
repeated TACE sessions also had better prog-
noses and longer survival (median 0S: 37.7 and
20.0 months, P<0.001) (Figure 2C).

Predictive factors to achieve complete re-
sponse at the first TACE session

Since the patients achieving CR at the first
TACE tended to have the best survival, baseline
variables were evaluated to explore possible
factors correlated with achieving CR. By univari-
ate analysis, absence of bodyweight loss, CTP
class A, unilobar tumor extent, within up-to-7
criteria (combines the number of tumors and
the size of the largest tumor, with the sum being
no more than 7), lack of macrovascular inva-
sion, lower aspartate aminotransferase (AST)
to alanine aminotransferase (ALT) ratio (AAR),
lower AFP level, lower platelet counts, and ab-
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Figure 2. Shows Kaplan-Meier curves of overall survival (OS) according to the response at first TACE in overall
patients (A), complete response at 15t TACE (B), and final complete response after repeated TACE sessions (C) and
tumor recurrence after complete response at 1% TACE (D) (both P<0.001).

sence of fever after first TACE session were cor-
related with the CR after the first TACE. In the
multivariate analysis, CTP class B [Odds ratio
(OR): 0.419, P=0.005], beyond up-to-7 criteria
(OR: 0.118, P<0.001), bilobar tumors extent
(OR: 0.236, P<0.001), macrovascular invasion
(OR: 0.440, P<0.001), higher AFP level (>20
ng/ml, OR: 0.614, P=0.039) and higher plate-
let counts (=150 k/ul, OR: 0.482, P=0.002)
were unfavorable predictors for CR at the first
TACE session (Table 2).

Analysis for tumor recurrence after complete
response at first TACE

Among 149 CR patients after first session of
TACE, 93 (62.4%) patients had tumor recur-
rence during follow-up (median time to recur-
rence: 13.1 (IQR 8.3-19.6) months). Most
patients (n=57, 61.3%) had local tumor recur-
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rence, followed by intra-hepatic distant metas-
tasis (n=44, 47.3%) and distant metastasis
(n=21, 22.6%), principally to the lung (n=14,
66.7%). Patients with tumor recurrence had an
overall worse prognosis, with median OS 45.2
vs. 54.6 months (log-rank test, P<0.001) (Fi-
gure 2D). The baseline demography of patients
with tumor recurrence are shown in Table 3. By
multivariate Cox regression analysis, only high-
er AFP level [>15 ng/ml, adjusted Hazard ratio
(@HR): 1.628, P=0.023] and macrovascular
invasion [aHR: 2.084, P=0.05] were the two
independent predictors for tumor recurrence
in 149 patients achieving complete response
after the first TACE session (Table 4). Consi-
dering the factors contributing to early (<1 year)
and late (>1 year) recurrence may be different,
cox regression analysis showed macrovascu-
lar invasion (HR: 3.113, P=0.001) and higher

Am J Cancer Res 2021;11(10):4956-4965



Predictors of complete response at first TACE

Table 2. Logistic regression of risk factors associated with complete response at first TACE

) ) Univariate Multivariate

Predictor Variables

OR 95% CI P value OR 95% Cl P value
Age (per year increase) 1.004 0.989-1.019 0.615
Male (vs. female) 0.845 0.565-1.264 0.413
Body weight loss (vs. no) 0.466 0.241-0.901 0.023 0.797 0.390-1.627 0.533
Viral hepatitis infection (vs. non-viral hepatitis) 1.189 0.685-2.063 0.539
DM (vs. no) 1.048 0.704-1.559 0.819
CTP class B (vs. A) 0.524 0.307-0.896 0.018 0.419 0.229-0.767 0.005
Beyond up-to-7 criteria (vs. within) 0.078 0.043-0.142 <0.001 0.118 0.060-0.230 <0.001
Bilobar tumor extent (vs. unilobar) 0.232 0.148-0.364 <0.001 0.236 0.147-0.379 <0.001
Macrovascular invasion (vs. no) 0.314 0.159-0.618 0.001 0.440 0.213-0.909 0.027
AAR>1.7 (vs. <1.7) 0.531 0.324-0.870 0.012 0.728 0.424-1.251 0.250
AFP>20 ng/ml (vs. <20 ng/ml) 0.525 0.342-0.805 0.003 0.614 0.386-0.975 0.039
Platelet>150 K/uL (vs. <150 K/uL) 0.423 0.278-0.644 <0.001 0.482 0.301-0.770 0.002
Fever after 1% TACE (vs. no) 0.497 0.320-0.772 0.002 0.650 0.404-1.045 0.075

Abbreviations: AAR, aspartate aminotransferase to alanine aminotransferase ratio; AFP, alpha-fetoprotein; CTP, Child-Turcotte-
Pugh; DM, diabetes mellitus; TACE, transarterial chemoembolization.

Table 3. Baseline clinical characteristics of patients with and without recurrence after first TACE

Variables Overall (N=149) Recurrence (N=93) No recurrence (N=56) P value
Age (years)* 62.5 (54.6-71.9) 62.5 (54.9-70.3) 62.5 (54.5-72.8) 0.697
Gender (male, %) 105 (70.5) 63 (67.7) 42 (75.0) 0.347
Body weight loss, n (%) 11 (6.8) 5(5.4) 6 (10.7) 0.227
Virus/Alcoholic/Cryptogenic, n (%) 131/12/6 (87.9/8.1/4.0) 84/5/4 (90.3/5.4/4.3) 47/7/2(83.9/12.5/3.6)  0.300
Anti-viral medication use, n (%) 55 (42.3) 37 (44.6) 18 (38.3) 0.486
BMI (Kg/m?)* 25.2 (22.9-28.6) 25.2 (23.8-28.6) 25.2 (22.6-28.9) 0.256
DM, n (%) 45 (30.2) 34 (36.6) 11 (19.6) 0.029
CTP class A/B, n (%) 131/18 (87.9/12.1) 85/8 (91.4/8.6) 46/10 (82.1/17.9) 0.093
BCLC stage 0/A/B/C, n (%) 22/62/18/47 12/38/12/31 10/24/6/16 0.800
(14.8/41.6/12.1/31.5) (12.9/40.9/12.9/33.3) (17.9/42.9/10.7/28.6)
AST (U/L)* 48 (33-69) 49 (37-70) 41 (29-69) 0.034
ALT (U/L)* 37 (25-58) 37 (26-71) 30 (23-44) 0.006
AFP (ng/mL)* 18 (7-171) 40 (11-267) 16 (6-502) 0.037
Platelet (1000/uL)* 94 (65-144) 100 (65-138) 89 (64-134) 0.046
Creatinine (mg/dL)* 0.73 (0.59-0.92) 0.75 (0.58-0.92) 0.72 (0.59-0.87) 0.952
Sodium (mEgq/L)* 141 (138-142) 141 (139-143) 141 (138-142) 0.581
Tumor numbers, n (%) 1/2&3/>3 94/42/13 56/29/8 38/13/5 0.573
(63.1/28.2/8.7) (60.2/31.2/8.6) (67.9/23.2/8.9)
Target lesion size (cm)* 2.4 (1.6-3.5) 2.6 (1.7-3.6) 2.0 (1.5-3.5) 0.044
Within up-to-seven criteria, n (%) 136 (91.3) 84 (90.3) 52 (92.9) 0.595
Tumor extent unilobar, n (%) 122 (81.9) 74 (79.6) 48 (85.7) 0.346
Macrovascular invasion, n (%) 10 (6.7) 8(8.6) 2(3.6) 0.235
Fever, n (%) 30(20.1) 17 (18.3) 13 (23.2) 0.467
Mortality, n (%) 48 (32.2) 39 (41.9) 9 (16.1) 0.001
Disease free interval (months)* 35.8 (26.1-44.9) 13.5(8.3-19.7) 35.0 (24.1-43.7) <0.001

*Demonstrated as median (IQR). Abbreviations: AFP, alpha-fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BCLC,
Barcelona Clinic Liver Cancer; BMI, body mass index; CTP, Child-Turcotte-Pugh; DM, Diabetes mellitus; INR, international normalized ratio; NLR,
neutrophil-lymphocyte ratio; TACE, transarterial chemoembolization.

AFP level (=15 ng/ml, HR: 2.601, P=0.007) recurrence (Supplementary Table 1), whereas
were the independent risk factors of early the comorbidity of diabetes mellitus (DM) (HR:
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Table 4. Cox regression of risk factors associated with recurrence in CR patients after first TACE

) ) Univariate Multivariate
Predictor Variables
HR 95% Cl P value HR 95% Cl P value
Age (per year increase) 0.997 0.979-1.015 0.721
Male (vs. female) 1.053 0.681-1.628 0.818
Body weight loss (vs. no) 0.744 0.302-1.833 0.521
Viral infection (vs. non-viral) 1.556  0.782-3.098 0.208
DM (vs. no) 1.425 0.933-2.178 0.101
CTP class B (vs. A) 0.741 0.384-1.430 0.372
Beyond up-to-7 criteria (vs. within) 1.455 0.735-2.923 0.277
Bilobar tumor extent (vs. unilobar) 1.415  0.853-2.345 0.179
Macrovascular invasion (vs. no) 2.264 1.091-4.700  0.028 2.084 1.000-4.345 0.050
AAR>1.7 (vs. <1.7) 0.703 0.374-1.319 0.272
AFP>15 ng/ml (vs. <15 ng/ml) 1.675 1.104-2.541 0.015 1.628 1.071-2.474 0.023
Platelet>150 K/uL (vs. <150 K/uL) 0.752 0.453-1.247 0.269
Fever after 15 TACE (vs. no) 0.622 0.364-1.062 0.081

Abbreviations: AAR, aspartate aminotransferase to alanine aminotransferase ratio; AFP, alpha-fetoprotein; CTP, Child-Turcotte-
Pugh; DM, diabetes mellitus; TACE, transarterial chemoembolization.

2.166, P=0.006) was the only risk factor asso-
ciated with late recurrence (Supplementary
Table 2).

Discussion

This study highlights the importance of CR after
the first TACE and identifies the independent
predictors for achieving CR as well as risk fac-
tors for HCC recurrence among CR patients
based on a large sample of TACE treated HCC
patients. TACE embolizes the tumor feeding
vessels, which majorly composed of hepatic
artery, and leads to tumor necrosis. Since HCC
may have several feeding vessels which can
hardly be all embolized by TACE, TACE has been
regarded as a palliative rather than curative
anti-cancer modality. However, earlier studies
have reported nearly 50% of the TACE patients
could achieve CR after their first session of
TACE [16, 17], which the CR rates are much
higher than that of 22.3% in the current study.
The possible reasons are our current study in-
cludes patients with segmental vein thrombo-
sis and 43.6% BCLC stage C patients. The grea-
ter tumor burden and deteriorated liver reserve
both known unfavorable factors for TACE
response.

In current study, patients who achieved CR
after the first TACE have approximate median
OS to those sustained CR after repeated TACE
(35.8% vs. 37.7%). This phenomenon supports
the index predictive value of first TACE respon-
se on overall survival. Patients who showed a
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CR at first TACE session and no detected viable
tumor over at least two subsequent follow-ups
with 3 month intervals had a better prognosis
than those failed to achieve sustained CR
(median 0S: 35.3 months vs. 23.7 months,
P<0.001). In general, patients who achieved CR
immediately tended to have better preserved
liver function, tumor loads within the up to-sev-
en criteria, unilobar tumor extent, lower base-
line AFP level and platelet counts. Therefore, in
these patients, TACE is strongly indicated as
first line therapy.

Different from previous existing prediction
models which focus on predicting poor survi-
val after repeated sessions of TACE (e.g. HAP
(Hepatoma Arterial-embolization Prognostic)
score and STATE (Selection for transarterial
chemoembolization treatment) score [8, 9] or
on evaluating the risk of repeated TACE (e.g.
the ART (Assessment for Retreatment with
TACE) score and ABCR (AFP, BCLC, CTP, and re-
sponse) score [7, 10], the current study stren-
gthens the evidence that a considerable sub-
set of patients could benefit from CR after first
and repeated TACE. Patients with unfavorable
pre-TACE factors and fail to achieve CR after
the first TACE shall be considered to combine
other anti-cancer regimen such as target thera-
py orimmunotherapy to increase their response
rate or survival [18].

Interestingly, we found that patients with lower
pre-TACE platelet count having higher probabil-
ity of post-TACE complete response. Lee et al.
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reported that, in patients with early-stage HCC,
lower pretreatment platelet count is significant-
ly correlated with the lower incidence of extra-
hepatic metastasis [19]. This phenomenon is
supported by in vitro experiment that platelets
promote metastasis [20, 21]. It has been re-
ported that the inflammatory mediators relea-
sed by activated platelets promote leukocyte
migration into tissues [22]. We therefore sug-
gest that a higher platelet count is a negative
predictor in determining response after TACE.

Unlike surgical resection of tumor ablation
result in removal or coagulative necrosis of 0.5-
1.0 cm tumor free margin, TACE only affects
tumor itself which explain the high recurrence
rate of 62.4% among patients achieving CR in
our study during a median 13-month follow-up.
However, the recurrence rate in current study
was higher than those of 21%~43.3% in previ-
ous studies [23-26], which may be explained by
the different tumor etiology, tumor burden het-
erogeneity across different studies and relative
low antiviral therapy rate in our current TACE
cohort.

In the current study, the risk factors of early
HCC recurrence differed from that of late recur-
rence. Macrovascular invasion and pre-thera-
peutic AFP level were predictors of early HCC
recurrence after TACE, whereas DM was the
only risk factor of late HCC recurrence. As in
earlier studies [24-27], higher tumor burden is
associated with tumor recurrence. Macrova-
scular invasion and pre-therapeutic AFP are
correlated with the tumor burden along with its
invasiveness, which resulting in the early re-
currence after complete response by TACE.
However, comorbidity with DM, which was not
well addressed or reported in earlier research,
also correlated with a higher late recurrence
rate after achievement of CR at first TACE
(36.6% vs. 19.6%, P=0.029) in our patients. In
spite of the mounting epidemiology evidence
that diabetes mellitus is an independent risk
factor for HCC [28-30] and also a risk factor of
poor prognosis [31-33], the exact mechanism
between diabetes and its highly association
with hepatocarcinogenesis is not well under-
stood. Major dysregulations of insulin depen-
dent pathways [34], and hyperglycemia may
have direct carcinogenic effect via Wnt/beta-
catenin pathway [35] while adipokines includ-
ing tumor necrosis factor-alfa and interleukin-
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6 produced by adipose tissue contribute to
microenvironment facilitate the ongoing carci-
nogenesis [36, 37]. These findings suggest that
more frequent surveillance for early detection
of recurrence is required in CR patients with
high pre-TACE AFP level and macrovascular
invasion and also the stringent health educa-
tion and glycemic control may be helpful to alle-
viate the probability of late recurrence.

There are some limitations in our study. First,
we did not further evaluate the comparative
effectiveness of conventional TACE and DEB-
TACE. As unproven survival benefit DEB-TACE
has, compared with conventional TACE, such
treatment might have better response rate and
less systemic toxicities [38]. Second, the stu-
dy was conducted in a retrospective cohort
and another study group (internal and external)
might be necessary to validate our findings.

In conclusion, although TACE has been sug-
gested as a palliative therapy for patients with
unresectable HCC, more than one-fifth of the
TACE HCC patients achieve complete response
after first TACE. Patients with preserved CTP
score, lower pre-TACE AFP level, lower platelet
count, tumor burden within the up-to-seven cri-
teria, and unilobar tumor are more inclined to
achieve CR. However, half of these CR patients
encounter HCC recurrence, especially those
with DM and/or higher pre-TACE AFP level. It
is therefore possible that combination with an-
other anticancer modality might reduce HCC
recurrence rate in patients with otherwise fa-
vorable predictors who have DM or higher pre-
TACE AFP level. Suitable treatment combina-
tions may also improve TACE efficacy in patients
with less favorable indicators, allowing them to
achieve CR after TACE.
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Supplementary Table 1. Cox regression of risk factors associated with early recurrence after first

TACE
) ) Univariate Multivariate
Predictor Variables
HR 95% Cl P value HR 95% Cl P value
Age (per year increase) 1.001  0.973-1.029 0.947
Male (vs. female) 0.791  0.398-1.575 0.791
Body weight loss (vs. no) 0.658 0.159-2.723 0.563
Viral infection (vs. non-viral) 1.983 0.613-6.418 0.253
DM (vs. no) 0.784 0.394-1.560 0.488
CTP class B (vs. A) 1.124 0.473-2.667 0.791
Beyond up-to-7 criteria (vs. within) 1.606 0.631-4.088 0.320
Bilobar tumor extent (vs. unilobar) 1.268 0.607-2.650 0.528
Macrovascular invasion (vs. no) 3.627 1.605-8.196  0.002 3.113 1.368-7.085 0.001
AAR>1.7 (vs. <1.7) 0.604 0.228-1.793 0.396
AFP>15 ng/ml (vs. <15 ng/ml) 2.788 1.400-5.551  0.004 2.601 1.300-4.204  0.007
Platelet>150 K/uL (vs. <150 K/uL) 0.557 0.235-1.422 0.184
Fever after 15 TACE (vs. no) 0.640 0.270-1.519 0.311

Abbreviations: AAR, aspartate aminotransferase to alanine aminotransferase ratio; AFP, alpha-fetoprotein; CTP, Child-Turcotte-
Pugh; DM, diabetes mellitus; TACE, transarterial chemoembolization.

Supplementary Table 2. Cox regression of risk factors associated with late recurrence after first TACE

. . Univariate

Predictor Variables

HR 95% CI P value
Age (per year increase) 0.997 0.973-1.022 0.841
Male (vs. female) 1.257 0.711-2.223 0.432
Body weight loss (vs. no) 0.792 0.247-2.548 0.721
Viral infection (vs. non-viral) 1.380 0.588-3.238 0.460
DM (vs. no) 2.166 1.243-3.774 0.006
CTP class B (vs. A) 0.544 0.196-1.511 0.243
Beyond up-to-7 criteria (vs. within) 1.274 0.456-3.563 0.644
Bilobar tumor extent (vs. unilobar) 1.512 0.756-3.024 0.242
Macrovascular invasion (vs. no) 0.619 0.085-4.501 0.636
AAR>1.7 (vs. <1.7) 0.778 0.332-1.836 0.564
AFP=15 ng/ml (vs. <15 ng/ml) 1.244 0.718-2.157 0.436
Platelet>150 K/uL (vs. <150 K/uL) 0.992 0.527-1.867 0.979
Fever after 15 TACE (vs. no) 0.675 0.342-1.333 0.258

Abbreviations: AAR, aspartate aminotransferase to alanine aminotransferase ratio; AFP, alpha-fetoprotein; CTP, Child-Turcotte-
Pugh; DM, diabetes mellitus; TACE, transarterial chemoembolization.



