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Purpose: To evaluate the safety and efficacy of drug-eluting bead transarterial chemoem
bolization (DEB-TACE) combined with oxaliplatin plus fluorouracil and leucovorin
(FOLFOX)-based hepatic arterial infusion chemotherapy (D-TACE-HAIC) for unresectable
large (5.1–10 cm) or huge (>10 cm) hepatocellular carcinoma (HCC).
Methods: This retrospective study evaluated consecutive patients with unresectable large or
huge HCC who underwent D-TACE-HAIC (D-TACE-HAIC group) or DEB-TACE (DEBTACE group) from January 2017 to December 2020. At imaging, tumor infiltrating appear
ance was classified into smooth tumor margin, non-smooth tumor margin, and macrovascular
invasion. Adverse events, objective response rate (ORR), progression-free survival (PFS),
and overall survival (OS) were compared between the two groups.
Results: A total of 133 patients (mean age, 53 years ± 12; 117 men) were included: 69
underwent D-TACE-HAIC and 64 underwent DEB-TACE. The patients who underwent
D-TACE-HAIC had higher ORR (71.0% vs 53.1%; P = 0.033), longer PFS (median, 9.3
vs 6.3 months; P = 0.005), and better OS (median, 19.0 vs 14.0 months; P = 0.008) than
those who underwent DEB-TACE. In subgroup analysis, patients with non-smooth tumor
margin (median, 20.8 vs 13.0 months; P = 0.031) or macrovascular invasion (median, 15.0 vs
11.0 months; P = 0.015) had significantly longer OS in D-TACE-HAIC group than in DEBTACE group; but in patients with smooth tumor margin, OS between the two groups was
similar (median, 37.0 vs 35.0 months; P = 0.458). DEB-TACE, non-smooth tumor margin,
and macrovascular invasion were independent prognostic factors for poor OS in uni- and
multivariable analyses. The incidence of grade 3/4 adverse events was not statistically
different between the two groups (37.7% vs 28.1%; P = 0.242).
Conclusion: D-TACE-HAIC was tolerable and led to better OS than DEB-TACE in patients
with large or huge HCC, especially in those with non-smooth tumor margin or macrovascular
invasion.
Keywords: liver cancer, high tumor burden, chemoembolization, drug-eluting beads, hepatic
arterial infusion chemotherapy, survival analysis

Introduction
The management of hepatocellular carcinomas (HCC) in patients with large (5.1–10 cm
in diameter) or huge (>10 cm in diameter) tumors who are not candidates for surgical
resection remains a major challenge.1 The large or huge HCC was usually unresectable
due to insufficient surgical margin, a residual liver volume estimated less than 30% after
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resection, or macrovascular invasion.2 The efficacy of conven
tional transarterial chemoembolization (c-TACE) using lipio
dol mixed with chemotherapeutics on large or huge HCC is
very limited, with poor objective response rate (ORR) of 16–
29%3,4 and overall survival (OS) of only 6.5–9.1 months.4,5
Different from c-TACE, TACE using drug-eluting beads
(DEB-TACE) can increase the intensity and duration of
tumor ischemic necrosis and deliver large amounts of che
motherapeutics to the tumor in a controlled and sustained
manner.6,7 For large or huge HCC, DEB-TACE may lead to
higher ORR3,8,9 and longer time to progression8,10 with an
improved tolerability9,11 when compared with c-TACE.
However, the OS of DEB-TACE in patients with large
or huge HCC is still not satisfactory, with a median OS of
only 13.0–16.0 months.12,13 One reason is that complete
embolization of HCC with large tumor burden by one
single procedure could cause serious embolization-related
adverse events (AEs), such as serious post-embolization
syndrome, liver/renal dysfunction, biliary injury, and liver
abscess,14,15 so DEB-TACE with multiple procedures is
recommended for large or huge HCC.16 However, the
residual arterial supply following each embolization may
contribute to the progression of residual tumor.17
Moreover, large or huge HCCs usually have multiple
collateral arterial supplies,18 vascular invasion,19 or arter
iovenous fistula,9 which directly affect the efficacy of
DEB-TACE.
Recently, several studies have shown that oxaliplatin
plus fluorouracil and leucovorin (FOLFOX)–based hepatic
arterial infusion chemotherapy (HAIC) could offer better
treatment responses and survival benefits than sorafenib or
c-TACE for large or huge HCC.20,21 HAIC directly deli
vers high concentration of chemotherapeutics into the
tumor to enhance drug exposure, which avoids emboliza
tion-related AEs. However, the efficacy of HAIC majorly
relies on the chemosensitivity of the tumor and drugs
lodged in the tumor for a short period of time and wash
out quickly.7 Different from HAIC, DEB-TACE can
embolize multiple tumor-feeding arteries and rapidly lead
to substantial ischemic tumor necrosis, and meanwhile
significantly prolongs the contact time between cancer
cells and chemotherapeutics.6,7,22 Thus, it seems that the
combination of DEB-TACE and HAIC (D-TACE-HAIC)
could make up the deficiency of DEB-TACE and HAIC to
yield an enhanced local anti-tumor effect and mild AEs,
especially in HCC with large tumor burden. Therefore, this
study aimed to compare the safety and efficacy of
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D-TACE-HAIC with DEB-TACE in patients with large
or huge HCC.

Materials and Methods
Patient Selection
We reviewed the electronic medical records of consecutive
patients with large (5.1–10 cm) or huge (>10 cm) unre
sectable HCC who were treated with D-TACE-HAIC
(D-TACE-HAIC group) or DEB-TACE alone (DEBTACE group) from January 2017 to December 2020 at
our institution. The DEB-TACE combined with HAIC was
approved by the institutional review board of the Second
Affiliated Hospital of Guangzhou Medical University
before being performed in clinical practice. Before these
patients underwent initial DEB-TACE, the attending phy
sician (K.Z., W.H., or Y.G.) recommended they choose
DEB-TACE alone or DEB-TACE combined with HAIC.
All patients were informed that DEB-TACE combined
with HAIC was an alternative treatment, and informed of
the potential toxicity. Final treatment decisions were made
by the patients. This retrospective study was approved by
the institutional review board and conducted in accordance
with the Declaration of Helsinki. Written informed consent
was obtained from every patient prior to treatment.
HCC was diagnosed according to the European
Association for the Study of Liver and American
Association for the study of Liver Disease guidelines.23
The inclusion criteria for the study population were as
follows: 1) the maximum lesion accessed larger than
5 cm on dynamic CT or MR images obtained within 7
days before treatment, 2) age between 18 and 75 years, 3)
Eastern Cooperative Oncology Group performance status
of 0 or 1, 4) Child–Pugh class A liver disease, and 5)
adequate organ function, with hemoglobin ≥8.5 g/dL,
white blood cell count ≥3.0 × 109/L, neutrophil count
≥1.5 × 109/L, platelet count ≥75 × 109/L, aspartate transa
minase and alanine transaminase ≤5 × upper limit of the
normal, and creatinine clearance rate of ≤1.5 × upper limit
of the normal. Patients were excluded from this study if
they 1) had tumor invasion in bilateral first-order portal
vein branch, the main trunk of portal vein, or inferior vena
cava; 2) had evidence of extrahepatic metastasis before
treatment; 3) had previously undergone sorafenib or len
vatinib therapy, systemic chemotherapy, HAIC, or TACE;
4) currently had or had a history of malignant tumors in
addition to HCC; 5) had severe medical comorbidities
including severe cardiopulmonary dysfunction and
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coagulation disorders (international normalized ratio
≥1.5); or 6) had a follow-up less than 3 months.

Imaging Assessments of HCC
Characteristics
All the dynamic CT or MR imaging analyses, including
tumor size, tumor number, tumor margin, macrovascular
invasion, and treatment response, were performed inde
pendently by two diagnostic radiologists who were blinded
to treatment allocation and clinical information (M.H. and
H.L., 21 and 18 years of experience in abdominal imaging,
respectively). When there was any ambiguity, the final
determination was made by consensus.
Tumor infiltrating appearance at imaging was classified
as smooth tumor margin, non-smooth tumor margin, and
macrovascular invasion. Macrovascular invasion was
defined as the presence of tumor thrombus in the first- or
lower-order portal vein branch or left, middle, or right
hepatic veins. For tumor without macrovascular invasion,
tumor margins on equilibrium phase images were divided
into two categories according to the previous studies24,25:
smooth tumor margin, defined as a nodular tumor with
a smooth tumor–normal liver interface in all axial, coronal,
and sagittal imaging planes; and non-smooth tumor mar
gin, defined as a nonnodular tumor in any imaging planes,
including focal or crescent extranodular extension protrud
ing into the nontumor parenchyma, multinodular conflu
ence appearance, and focal infiltrative margin.
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Bloomington, Indiana) or a 2.8-F microcatheter (Renegade
Hi-Flo Straight, Boston Scientific, Natick, MA; Progreat,
Terumo, Tokyo, Japan). During the embolization,
a microcatheter was inserted as super-selectively as possi
ble into tumor-feeding arteries, and suspension of DEB
was injected at a rate of 1–3 mL/min. In the case of
significant arterioportal or hepatic venous shunting, embo
lization of the shunt with polyvinyl alcohol was performed
before proceeding with DEB administration. If a tumor
blush remained following one vial of DEB, 1–2 vials of
300–500 µm Embosphere® beads (Biosphere Medical,
Roissy En, France) were injected to reduce blood flow.
To reduce the incidences of post-embolization syndrome
and liver toxicity, an embolization end point with arterial
flow stasis was not achieved in the first procedure, but
achieved in the second or third procedure according to
tumor burden and follow-up imaging.16
In the D-TACE-HAIC group, after chemoembolization,
the microcatheter was reserved at the proper/left/right
hepatic artery. After the patient returned to the ward, the
following FOLFOX-based regime was intra-arterially
administered through the microcatheter: oxaliplatin,
85 mg/m2 infusion for 2 hours; leucovorin, 400 mg/m2
infusion for 2 hours; and 5-FU, 400 mg/m2 bolus infusion
and then 2400 mg/m2 continuous infusion for 46 hours.
For patients who encountered vomiting during or after the
infusion, tropisetron 5 mg or palonosetron 0.25 mg was
used by intravenous injection.

Follow-Up and Repeated Procedure
Procedures
Patients in both groups received the same procedure of
DEB-TACE, performed by K.Z., W.H., or Y.G. (30, 12,
and 10 years of experience performing TACE, respec
tively). Before begining the procedure, we prepared one
vial of CalliSpheres ® beads (Jiangsu Hengrui Medicine
Co. Ltd., Jiangsu, P.R. China) or DC bead®
(Biocompatibles, Farnham, Surrey, UK) with diameters
of 100–300 µm by extracting the supernatant, and then
mixing the beads and the solution of 60 mg pirarubicin
(ShenZhen Main Luck Pharmaceuticals Inc., ShenZhen, P.
R. China) for loading drugs. After loading drugs, all super
natant was extracted, and an equal quantity of nonionic
contrast diluted with saline was added to form 30 mL
suspension for injection. Before embolization, the location
of tumor-feeding arteries was determined by digitalsubtraction angiography of celiac trunk, superior mesen
teric artery, and phrenic artery, using a 5-F catheter (Cook,
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Follow-up of the patients was conducted at a 4-week inter
val after previous treatment. Patients with intrahepatic
residual viable tumor on follow-up CT or MR imaging
underwent repeated D-TACE-HAIC or DEB-TACE.
Treatment was discontinued in cases of failure to achieve
objective response in the targeted tumor after at least two
procedures. The emergence of new intrahepatic lesion
remoted from the targeted tumor, although representing
tumor progression, did not contraindicate further treatment
with D-TACE-HAIC or DEB-TACE. For the patients with
emergence of new intrahepatic lesion, D-TACE-HAIC or
DEB-TACE would be performed for the residual viable
primary tumor and the new intrahepatic lesion, but the
treatment would be discontinued if it failed to achieve
objective response. In cases of clinical or functional dete
rioration, treatment was discontinued in patients who have
clinical progression to ECOG performance status >2 or
who experience evolution to sustained hepatic
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decompensation or intolerable toxicity.16 Patients with
tumor progression might receive sorafenib/lenvatinib and/
or regional therapies, ie, TACE, microwave ablation,
radiofrequency ablation, or Iodine 125 seed implantation,
according to the attending physicians’ consensus.

progression or death was confirmed or the last follow-up
in censored data. OS was defined as the time from the
initial procedure until death or the last follow-up in cen
sored data.

Statistical Analyses
Outcomes
Adverse events related to treatment that occurred within 4
weeks after procedure were recorded, according to
National Cancer Institute Common Terminology Criteria
for Adverse Events, version 5.0.26
The best observed treatment responses were assessed
based on the dynamic CT or MR imaging, according to the
modified Response Evaluation Criteria in Solid Tumors.27
ORR was defined as the incidence of complete response
and partial response. Disease control rate (DCR) was
defined as the incidence of complete response, partial
response, and stable disease.
Progression-free survival (PFS) was defined as the time
from the initial procedure until the date when tumor

The Pearson χ2 test, correction of continuity, or Fisher’s
exact test was used to compare the categorical data of
baseline patient characteristics, adverse events, and treat
ment responses between the two groups, as appropriate.
The Mann–Whitney U-test was used to compare the quan
titative data of baseline patient characteristics between the
two groups. Curves of OS and PFS were determined by
the Kaplan–Meier method, and the Log rank test was used
for comparisons. Univariate analyses and multivariate ana
lyses of prognostic factors for OS and PFS were per
formed with Cox proportional hazard regression models.
Variables with a P value <0.10 in the univariate analysis
were included into the multivariate analysis. All tests were
2-sided, and P <0.05 was considered statistically

Figure 1 Flow diagram shows exclusion in patients with large or huge hepatocellular carcinoma (HCC).
Abbreviations: D-TACE-HAIC, drug-eluting bead transarterial chemoembolization combined with hepatic arterial infusion chemotherapy; DEB-TACE, drug-eluting bead
transarterial chemoembolization; HAIC, hepatic arterial infusion chemotherapy; c-TACE, conventional transarterial chemoembolization.
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Table 1 Baseline Patient Characteristics
Characteristic

Sex
Male
Female
Age (years), Median

Table 1 (Continued).

D-TACE-

DEB-

HAIC

TACE

Group (N =
69)

Group (N
= 64)

62 (89.9)

55 (85.9)

7 (10.1)

9 (14.1)

55 (44–62)

51 (42–62)

(IQR)
≤60

51 (73.9)

45 (70.3)

>60

18 (26.1)

19 (29.7)

BCLC stage

0.488

0.652
0.643

0.511

A

4 (5.8)

7 (10.9)

B
C

26 (37.7)
39 (56.5)

25 (39.1)
32 (50.0)

ECOG score
0

P value

TACE
Group (N

69)

= 64)

15 (21.7)

14 (21.9)

36.6 (33.0–
40.0)

37.7 (34.5–
40.2)

0.440

≥35

45 (65.2)

46 (71.9)

0.409

<35

24 (34.8)

18 (28.1)

Platelet (109/L), Median

198 (140–

189 (134–

0.662

(IQR)
≥100

267)
65 (85.5)

236)
55 (85.9)

0.109

4 (5.8)

9 (14.1)

>22
Albumin (g/dL), Median
(IQR)

Post treatmenta

52 (81.3)

14 (20.3)

12 (18.8)

Tumor size (cm), Median

10.4 (5.1–

9.7 (5.1–

(range)

22.0)

20.0)

34 (49.3)
35 (50.7)

36 (56.3)
28 (43.8)

0.421

≤3

39 (56.5)

41 (64.1)

0.375

>3

30 (43.5)

23 (35.9)

35 (50.7)
17 (24.6)

34 (53.1)
13 (20.3)

17 (24.6)

17 (26.6)

appearance
Smooth tumor margin

17 (24.6)

16 (25.0)

5.1–10
>10

DEB-

HAIC
Group (N =

<100

55 (79.7)

1

0.823

P value

D-TACE-

Characteristic

n = 46

n = 53

Locoregional therapy

11 (23.9)

9 (17.0)

Sorafenib/lenvatinib
Combination of

15 (32.6)
19 (41.3)

21 (39.6)
19 (35.8)

1 (2.2)

4 (7.5)

0.451

sorafenib/lenvatinib and
0.662

Number of intrahepatic
tumors

locoregional therapy
Best supportive care

Notes: Except where indicated, data are numbers of patients, and data in parenth
eses are percentages. aOnly for patients who failed the treatment of D-TACE-HAIC
or DEB-TACE (n = 46 in the D-TACE-HAIC group and n = 53 in the DEB-TACE
group).
Abbreviations: BCLC, Barcelona Clinic Liver Cancer; ECOG, Eastern
Cooperative Oncology Group; D-TACE-HAIC, drug-eluting bead transarterial che
moembolization combined with hepatic arterial infusion chemotherapy; DEB-TACE,
drug-eluting bead transarterial chemoembolization; IQR, interquartile range;
HBsAg, hepatitis B surface antigen.

Portal vein invasion
No
Second- or lower-

0.835

significant. All statistical analyses were performed using
SPSS Statistics, version 22.0 (SPSS, Chicago, IL).

order branch
First-order branch
Tumor infiltrating
0.955

Non-smooth tumor

18 (26.1)

18 (28.1)

margin
Macrovascular invasion

34 (49.3)

30 (46.7)

Positive for HBsAg
No

4 (5.8)

6 (9.4)

65 (94.2)

58 (90.6)

α-Fetoprotein (ng/mL),

305 (17–

117 (11–

Median (IQR)

18,549)

1478)

36 (52.2)
33 (47.8)

39 (60.9)
25 (39.1)

0.309

15.6 (10.3–
21.2)

15.2 (10.4–
20.3)

0.662

54 (78.3)

50 (78.1)

0.985

Yes

≤400
>400
Total bilirubin (µmol/L),
Median (IQR)
≤22

0.651

0.435

(Continued)
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Results
Study Population
A total of 164 patients with unresectable large or huge HCC
who underwent D-TACE-HAIC or DEB-TACE were
assessed for eligibility during the study period. Thirty-one
patients were excluded because they met the exclusion
criteria (Figure 1). Finally, 133 patients were included in
this study (D-TACE-HAIC group, n = 69; DEB-TACE
group, n = 64). The baseline characteristics between the
two groups were not significantly different (Table 1). Huge
HCC had a higher proportion of a non-smooth tumor mar
gin or macrovascular invasion than large HCC (85.7% [54/
63] vs 65.7% [46/70], P = 0.008). Among 33 patients with
a smooth tumor margin, 72.7% (24/33) had a tumor 5.1–
10 cm but only 27.3% (9/33) had a tumor >10 cm.
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Table 2 Adverse Events in the Two Groups
Adverse Events

Overall incidence

Any Grade

Grade 3 or 4

D-TACE-HAIC
Group (N=69)

DEB-TACE
Group (N=64)

P value

D-TACE-HAIC
Group (N=69)

DEB-TACE
Group (N=64)

P value

65 (94.2)

57 (89.1)

0.282

26 (37.7)

18 (28.1)

0.242

Post-embolization
syndrome
Fever

41 (59.4)

36 (56.3)

0.711

5 (7.2)

3 (4.7)

0.799

Abdominal pain

42 (60.9)

30 (46.9)

0.106

13 (18.8)

6 (9.4)

0.119

Nausea/vomiting

24 (34.8)

12 (18.8)

0.038

6 (8.7)

2 (3.1)

0.177

Hypoalbuminemia
Hyperbilirubinemia

11 (15.9)
12 (17.4)

5 (7.8)
9 (14.1)

0.150
0.599

2 (2.9)
4 (5.8)

0
1 (1.6)

0.497
0.408

ALT elevation

22 (31.9)

13 (20.3)

0.130

6 (8.7)

4 (6.3)

0.837

AST elevation

12 (17.4)

10 (15.6)

0.784

4 (5.8)

3 (4.7)

>0.999

Anemia
Leukopenia

17 (24.6)
13 (18.8)

10 (15.6)
5 (7.8)

0.197
0.063

6 (8.7)
6 (8.7)

2 (3.1)
1 (1.6)

0.325
0.146

Neutropenia

14 (20.3)

5 (7.8)

0.040

5 (7.2)

2 (3.1)

0.500

Thrombocytopenia

20 (29.0)

8 (12.5)

0.020

8 (11.6)

2 (3.1)

0.128

Sensory neuropathy
Diarrhea

6 (8.7)
3 (4.3)

0
4 (6.3)

0.016
0.624

0
0

0
0

…
…

Fatigue

15 (21.7)

11 (17.2)

0.508

5 (7.2)

3 (4.7)

0.799

Creatinine increase
Acute heart failure

1 (1.6)
0

0
1 (1.6)

0.481
0.481

0
0

0
1 (1.6)

…
0.481

Liver abscess

2 (2.9)

3 (4.7)

0.932

2 (2.9)

3 (4.7)

0.932

Segmental bile duct
dilatation

3 (4.3)

5 (7.8)

0.635

0

0

…

Cholecystitis

4 (5.8)

4 (6.3)

>0.999

1 (1.6)

0

0.481

Ascites/ Pleural effusion
Gastrointestinal

4 (5.8)
2 (2.9)

2 (3.1)
3 (4.7)

0.746
0.932

0
2 (2.9)

1 (1.6)
3 (4.7)

0.481
0.932

0
3 (4.3)

1 (1.6)
2 (3.1)

0.481
>0.999

0
0

1 (1.6)
0

0.481
…

Liver dysfunction

Hematologic toxicity

hemorrhage
Pancreatitis
Groin hematoma

Note: Data are numbers of patients, and data in parentheses are percentages.
Abbreviations: D-TACE-HAIC, drug-eluting bead transarterial chemoembolization combined with hepatic arterial infusion chemotherapy; DEB-TACE, drug-eluting bead
transarterial chemoembolization.

The median follow-up duration was 15.4 months
(range, 4.5–49.3) for the D-TACE-HAIC group and 12.5
months (range, 3.8–52.1) for the DEB-TACE group. All
patients underwent repeated procedures of D-TACE-HAIC
or DEB-TACE, with a mean of 2.6 (range, 2–4) and 3.2
(range, 2–5) procedures per patient in the D-TACE-HAIC
group and the DEB-TACE group, respectively.

Safety
Treatment-related AEs are shown in Table 2. No treat
ment-related mortality occurred. The overall incidence of
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AEs was similar between the D-TACE-HAIC group and
the DEB-TACE group (any grade: 94.2% vs 89.1%, P =
0.282; grade 3/4: 37.7% vs 28.1%, P = 0.242). The follow
ing AEs in any grade were more frequent in the D-TACEHAIC group than in the DEB-TACE group: nausea/vomit
ing (34.8% vs 18.8%, P = 0.038), neutropenia (20.3% vs
7.8%, P = 0.040), thrombocytopenia (29.0% vs 12.5%,
P = 0.020), and sensory neuropathy (8.7% vs 0, P =
0.016). However, incidences of all grade 3/4 AEs were
not significantly different between the two groups.
Treatment schedule was interrupted because of AEs in
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13.0% and 7.8% of patients, respectively, in the D-TACEHAIC group and the DEB-TACE group (P = 0.326).

Treatment Response
Tumor responses of the two groups are shown in Table 3. The
ORR and DCR for the D-TACE-HAIC group (Figure 2) were
71.0% and 94.2%, respectively, which were significantly
higher than the 53.1% and 79.7% observed in the DEBTACE group (P = 0.033 and P = 0.012, respectively).
Subgroup analysis revealed that ORR and DCR in patients
with non-smooth tumor margin or macrovascular invasion in
the D-TACE-HAIC group were 67.3% and 94.2%, respec
tively, which were significantly higher than the 41.7% and
75.0% in the DEB-TACE group (P = 0.010 and P = 0.007,
respectively). However, in patients with smooth tumor mar
gin, ORR and DCR between D-TACE-HAIC group and
DEB-TACE group were similar (82.4% vs 87.5%,
P >0.999; 94.1% vs 93.8%, P >0.999).

P = 0.005), non-smooth tumor margin (HR, 2.049; 95%
CI, 1.096–3.830; P = 0.025), and macrovascular invasion
(HR, 3.471; 95% CI, 1.902–6.335; P < 0.001) were inde
pendent prognostic factors for OS (Table 4).

Progression-Free Survival
During follow-up, 46 of 69 (66.7%) patients in the
D-TACE-HAIC group and 53 of 64 (82.8%) patients in
the DEB-TACE group experienced tumor progression. The
median PFS in D-TACE-HAIC group vs in DEB-TACE
group were 9.3 months (95% CI, 6.9–11.6) vs 6.3 months
(95% CI, 5.2–7.4), respectively (P = 0.005) (Figure 4A).
According to uni- and multivariate analysis, DEB-TACE
alone (HR, 2.000; 95% CI, 1.337–2.992; P = 0.001), tumor
size >10 cm (HR, 1.891; 95% CI, 1.236–2.894; P =
0.003), non-smooth tumor margin (HR, 1.922; 95% CI,
1.077–3.429; P = 0.027), and macrovascular invasion (HR,
1.938; 95% CI, 1.126–3.333; P = 0.017) were independent
prognostic factors for PFS (Table 5).

Overall Survival
During the follow-up period, 39 of 69 (56.5%) patients in
the D-TACE-HAIC group and 51 of 64 (79.7%) patients in
the DEB-TACE group died. The 1-, 2-, and 3-year OS
rates were 78.5%, 36.3%, and 27.7% (median OS, 19.0
months [95% CI, 15.0–22.9]), respectively, in the
D-TACE-HAIC group and 56.0%, 25.7%, and 11.3%
(median OS, 14.0 months [95% CI, 11.1–16.9]), respec
tively, in the DEB-TACE group (P = 0.008) (Figure 3A).
According to uni- and multivariate analysis, DEB-TACE
alone (HR, 2.081; 95% CI, 1.367–3.198; P = 0.001),
number of lesions >3 (HR, 1.934; 95% CI, 1.219–3.069;

Subgroup Analysis of OS and PFS
In patients with a non-smooth tumor margin or macro
vascular invasion, OS and PFS were significantly
improved in patients who received D-TACE-HAIC as
compared to those who underwent DEB-TACE: the
median OS was 20.8 months (95% CI, 15.7–25.9) vs
13.0 months (95% CI, 8.4–17.6) (P = 0.031) and the
median PFS was 10.9 months (95% CI, 9.1–12.7) vs 6.1
months (95% CI, 4.8–7.4) (P = 0.019) in patients with
non-smooth tumor margin; and the median OS was 15.0
months (95% CI, 12.4–17.5) vs 11.0 months (95% CI,

Table 3 Best Observed Treatment Responses
Entire Study Population

Group

Group (N

Group

(N=16)

=52)

(N=48)

…
…

9
26

5
15

…
…

1

…

14

16

…

1
87.5

…
>0.999

3
67.3

12
41.7

…
0.010

93.8

>0.999

94.2

75.0

0.007

Group

Group

(N=64)

(N=17)
…
…

9
5

6
8

17

…

2

13
53.1

…
0.033

1
82.4

79.7

0.012

94.1

Group
(N=69)
CR
PR

18
31

11
23

SD

16

PD
ORR, %

4
71.0

DCR, %

94.2

P value

P value

DEBTACE

DEBTACE

DEBTACE

Non-Smooth Tumor Margin or
Macrovascular Invasion
D-TACEHAIC

D-TACEHAIC

D-TACEHAIC

Treatment
Response

Smooth Tumor Margin

P value

Notes: Except where indicated, data are numbers of patients. Objective response rate (ORR) = (CR + PR)/N, and disease control rate (DCR) = (CR + PR + SD)/N, where
CR is number of patients with complete response, PR is number of patients with partial response, SD is number of patients with stable disease, and N is total number of
patients.
Abbreviation: PD, progressive disease.
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Figure 2 A 69-year-old woman with a huge hepatocellular carcinoma (HCC) who underwent a combination therapy with drug-eluting bead transarterial chemoembolization
(DEB-TACE) and hepatic arterial infusion chemotherapy (HAIC). (A) Pretreatment dynamic CT demonstrated a HCC mass of 15.1 cm in diameter in the right lobe; (B)
digital-subtraction angiography (DSA) before embolization showed the tumor-feeding vessels derived from right hepatic artery and right phrenic artery (arrows), which were
then embolized by DEB and Embosphere® beads; (C) after embolization in the first DEB-TACE procedure, DSA showed that the tumor blush remained but significantly
reduced, and then the microcatheter was reserved at the right hepatic artery to perform hepatic arterial infusion chemotherapy; (D) dynamic CT images 31 days after
the second procedure of DEB-TACE and HAIC demonstrated shrinkage (12.5 cm in diameter) and complete necrosis of the targeted tumor and the patency of main trunk
and first-order branch of portal vein.

7.7–14.3) (P = 0.015) and the median PFS was 8.2
months (95% CI, 6.5–9.9) vs 4.7 months (95% CI,
3.6–5.8) (P = 0.016) in patients with macrovascular
invasion. However, in patients with a smooth tumor
margin, OS or PFS had no significant difference
between D-TACE-HAIC group and DEB-TACE group:
the median OS was 37.0 months (95% CI, 8.9–65.1) vs
35.0 months (95% CI, 14.2–55.8) (P = 0.458) and the
median PFS was 18.0 months (95% CI, 10.2–25.8) vs
13.4 months (95% CI, 2.8–24.0) (P = 0.540)
(Figures 3B–D and 4B–D).

Discussion
Our study showed that D-TACE-HAIC conferred
a significant survival benefit when compared with DEBTACE in patients with large or huge HCC. This may be
attributed to a higher ORR and DCR and a longer PFS in
patients who underwent D-TACE-HAIC than in those
who underwent DEB-TACE. Results of our study in the
DEB-TACE group were similar with those previously
reported in large or huge HCC undergoing DEB-TACE:
the median OS and PFS were 11.5–16.0 months and 6.6–
7.5 months, respectively.12,13,28 In our multivariate
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analyses, combining HAIC was an independent predictor
for both better OS and PFS. These results indicated that
D-TACE-HAIC had an advantage over DEB-TACE
alone for large or huge HCC: DEB-TACE causes sub
stantial tumor ischemic necrosis and sustained drug
release,6,7,22 while HAIC exposes the residual tumor
following embolization to high-concentration chemother
apeutics, and together lead to a better control of tumor.
The difficulty for DEB-TACE treating large or huge
HCC mainly lies in the decision of the degree of emboli
zation during per DEB-TACE procedure. In our study, we
intended to achieve a complete embolization in 2–3 DEBTACE procedures rather than in the first procedure, which
decreased the embolized extent per procedure and embo
lization-related AEs. In such scenarios, HAIC might play
an important role in controlling the residual tumor before
complete embolization was achieved.17 Besides, combin
ing HAIC did not increase the overall incidence of any
grade or grade 3/4 AEs on the basis of DEB-TACE.
Large or huge HCC is often found associated with
infiltrative pathological characteristics, ie, micro- or
macro-vascular invasion,19,29,30 which is usually presented
as a non-smooth tumor margin or macrovascular invasion
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Figure 3 Kaplan–Meier curves of overall survival for patients with large or huge hepatocellular carcinoma who underwent drug-eluting bead transarterial chemoemboliza
tion (DEB-TACE) plus hepatic arterial infusion chemotherapy (D-TACE-HAIC) or DEB-TACE. (A) Entire study population (D-TACE-HAIC group: n = 69, median survival =
19.0 months; DEB-TACE group: n = 64, median survival = 14.0 months; P = 0.008). (B) Patients with smooth tumor margin (D-TACE-HAIC group: n = 17, median survival =
37.0 months; DEB-TACE group: n = 16, median survival = 35.0 months; P = 0.458). (C) Patients with non-smooth tumor margin (D-TACE-HAIC group: n = 18, median
survival = 20.8 months; DEB-TACE group: n = 18, median survival = 13.0 months; P = 0.031). (D) Patients with macrovascular invasion (D-TACE-HAIC group: n = 34,
median survival = 15.0 months; DEB-TACE group: n = 30, median survival = 11.0 months; P = 0.015).

at imaging.24,31 In our study, huge HCC had a higher
proportion of non-smooth tumor margin or macrovascular
invasion than large HCC (85.7% vs 65.7%). In the pre
vious studies, outcomes were poor in HCC patients with
non-smooth tumor margin or macrovascular invasion who
underwent DEB-TACE.25,32 In our multivariate analyses,
non-smooth margin and macrovascular invasion were

Journal of Hepatocellular Carcinoma 2021:8

independent risk factors for both poor OS and PFS,
while tumor >10 cm independently predicted poor PFS.
Importantly, in patients with a non-smooth tumor
margin or macrovascular invasion, combining HAIC sig
nificantly improved the ORR and DCR, and the OS and
PFS were also increased significantly compared with the
DEB-TACE group. Intrahepatic metastasis occurs more
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Table 4 Analyses of Prognostic Factors for Overall Survival
Factor

Univariate Analysis

Multivariate Analysis

HR (95% CI)

P value

HR (95% CI)

P value

DEB-TACE alone

1.737 (1.144–2.637)

0.010

2.091 (1.367–3.198)

0.001

Male
>60 years

0.902 (0.479–1.698)
0.975 (0.613–1.548)

0.749
0.913

BCLC stage B

3.069 (0.943–9.987)

0.063

…

0.533

BCLC stage C
ECOG score = 1

6.268 (1.941–20.243)
1.745 (1.069–2.848)

0.002
0.026

…
…

0.615
0.821

Positive for HbsAg

1.237 (0.566–2.705)

0.594

Tumor size >10 cm
>3 lesions

1.706 (1.125–2.586)
2.363 (1.521–3.671)

0.012
<0.001

…
1.934 (1.219–3.069)

0.180
0.005

Second- or lower-order portal vein branch invasion

2.083 (1.198–3.621)

0.009

…

0.530

First-order portal vein branch invasion
Non-smooth tumor margin

3.023 (1.831–4.990)
2.280 (1.234–4.216)

<0.001
0.009

…
2.049 (1.096–3.830)

0.530
0.025

Macrovascular invasion

3.907 (2.195–6.953)

<0.001

3.471 (1.902–6.335)

<0.001

α-Fetoprotein >400 ng/mL
Total bilirubin >22 umol/L

1.057 (0.694–1.611)
1.291 (0.803–2.074)

0.797
0.292

Albumin <35 g/dL

1.223 (0.782–1.913)

0.377

Platelet <100×109/L
Sorafenib/lenvatinib (vs locoregional therapy) in post treatment

1.366 (0.725–2.573)
1.957 (1.028–3.724)

0.334
0.041

…

0.651

Combination of sorafenib/lenvatinib and locoregional therapy (vs

1.542 (0.818–2.908)

0.181

…

0.997

locoregional therapy) in post treatment
Best supportive care (vs locoregional therapy) in post treatment

1.998 (0.705–5.666)

0.193

…

0.197

Note: The uni- and multivariate analyses were performed using Cox proportional hazard regression model.
Abbreviations: HR, Hazard Ratio; CI, confidence interval; BCLC, Barcelona Clinic Liver Cancer; ECOG, Eastern Cooperative Oncology Group; DEB-TACE, drug-eluting
bead transarterial chemoembolization; HBsAg, hepatitis B surface antigen.

often in HCC patients with a non-smooth margin or
macrovascular invasion33 and HAIC was reported to
effectively decrease the occurrence of intrahepatic metas
tasis in these patients.34 This might be an important
reason why D-TACE-HAIC could improve the outcomes
in patients with a non-smooth tumor margin or macro
vascular invasion. By contrast, in HCC with a smooth
tumor margin, D-TACE-HAIC and DEB-TACE led to
a similar median OS (37.0 vs 35.0 months), consistent
with the median OS of 33.4–35.6 months for large noninfiltrative HCC undergoing DEB-TACE in previous
studies.10,11 In our study, patients with a smooth tumor
margin had a high proportion (72.7% [24/33]) of cases
with tumor size of 5.1–10 cm, and a similar ORR was
achieved in the two groups (82.4% vs 87.5%). These
results indicated that, for patients with a smooth tumor
margin and tumor size of 5.1–10 cm, DEB-TACE alone
might achieve an excellent efficacy and combining HAIC
may not benefit. Further study is necessary to confirm this
finding.
FOLFOX-based HAIC alone is also adopted in treating
large or huge HCC and recent studies reported a median
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OS and PFS of 13.9 and 5.9 months.20,21 These results
seem worse than the outcomes of the D-TACE-HAIC
group in our study (19.0 and 9.3 months). Two studies
focused on FOLFOX-based HAIC combined with c-
TACE35 or bland embolization (TAE)36 in intermediateadvanced stage HCC. The median PFS in these studies for
the entire treatment group and subgroup of macrovascular
invasion were 7.9–8.0 months and 4.2–6.5 months, respec
tively. It seems that our D-TACE-HAIC group led to better
PFS (9.3 and 8.2 months) than c-TACE+HAIC or TAE
+HAIC, even though patients in our study had a greater
tumor burden, which might be because DEB-TACE
offered superior anticancer activity as compared to
c-TACE or TAE.8,37 Besides, compared with c-TACE,
DEB-TACE causes substantially lower level of chemother
apeutics in the systemic circulation6,7 and provides
a standardized and repeatable procedure not available
with c-TACE.16 Thus, D-TACE-HAIC should be a more
appropriate treatment for large or huge HCC.
About half of the patients in our study had advanced
HCC. At the time when these patients received their pri
mary treatment, tyrosine kinase inhibitors (TKI) sorafenib
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Figure 4 Kaplan–Meier curves of progression-free survival (PFS) for patients with large or huge hepatocellular carcinoma who underwent drug-eluting bead transarterial
chemoembolization (DEB-TACE) plus hepatic arterial infusion chemotherapy (D-TACE-HAIC) or DEB-TACE. (A) Entire study population (D-TACE-HAIC group: n = 69,
median PFS = 9.3 months; DEB-TACE group: n = 64, median PFS = 6.3 months; P = 0.005). (B) Patients with smooth tumor margin (D-TACE-HAIC group: n = 17, median
PFS = 18.0 months; DEB-TACE group: n = 16, median PFS = 13.4 months; P = 0.540). (C) Patients with non-smooth tumor margin (D-TACE-HAIC group: n = 18, median PFS
= 10.9 months; DEB-TACE group: n = 18, median PFS = 6.1 months; P = 0.019). (D) Patients with macrovascular invasion (D-TACE-HAIC group: n = 34, median PFS = 8.2
months; DEB-TACE group: n = 30, median PFS = 4.7 months; P = 0.016).

or lenvatinib were standard first-line treatment of
advanced HCC, and other TKIs (eg, regorafenib) and
immune checkpoint inhibitors (ICI) (eg, PD-1 inhibitors)
were post-line treatments. However, the efficacy of sora
fenib or lenvatinib alone for HCC was moderate,38,39
especially in the large or locally advanced HCC. In the
recent study, for large locally advanced HCC without
extrahepatic metastasis, locoregional treatment HAIC had

Journal of Hepatocellular Carcinoma 2021:8

an better efficacy than sorafenib.20 Moreover, it was
reported that lenvatinib treatment alone brought tumorrelated hemorrhages in large HCC.40 Actually, the TKIs
are usually used in combination with local treatment in
large or locally advanced HCC.41–43 In our study, for these
large and locally advanced HCC with no extrahepatic
metastasis, the primary treatment with locoregional treat
ment should be an appropriate treatment option. The
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Table 5 Analyses of Prognostic Factors for Progression-Free Survival
Factor

Univariate Analysis

Multivariate Analysis

HR (95% CI)

P value

HR (95% CI)

P value

DEB-TACE alone

1.748 (1.176–2.599)

0.006

2.000 (1.337–2.992)

0.001

Male
>60 years

0.748 (0.408–1.369)
0.693 (0.437–1.099)

0.346
0.119

BCLC stage B

3.067 (1.208–7.785)

0.018

…

0.129

BCLC stage C
ECOG score = 1

3.463 (1.375–8.722)
1.152 (0.697–1.904)

0.008
0.582

…

0.290

Positive for HbsAg

1.384 (0.640–2.997)

0.409

Tumor size >10 cm
>3 lesions

1.979 (1.321–2.965)
1.662 (1.107–2.495)

0.001
0.014

1.891 (1.236–2.894)
…

0.003
0.455

Second- or lower-order portal vein branch invasion

1.364 (0.813–2.290)

0.240

…

0.597

First-order portal vein branch invasion
Non-smooth tumor margin

1.736 (1.092–2.760)
1.940 (1.095–3.439)

0.020
0.023

…
1.922 (1.077–3.429)

0.597
0.027

Macrovascular invasion

2.182 (1.296–3.673)

0.003

1.938 (1.126–3.333)

0.017

α-Fetoprotein >400 ng/mL
Total bilirubin >22 µmol/L

1.064 (0.713–1.588)
1.270 (0.806–1.999)

0.761
0.303

Albumin <35 g/dL

0.939 (0.612–1.442)

0.774

Platelet <100×109/L

1.180 (0.629–2.212)

0.606

Note: The uni- and multivariate analyses were performed using Cox proportional hazard regression model.
Abbreviations: HR, Hazard Ratio; CI, confidence interval; BCLC, Barcelona Clinic Liver Cancer; ECOG, Eastern Cooperative Oncology Group; DEB-TACE, drug-eluting
bead transarterial chemoembolization; HBsAg, hepatitis B surface antigen.

patients with locally advanced large HCC were treated by
TKIs alone or in combination with ICIs or local treatment
when the primary treatment failed.
This study has several limitations. First, as a retrospective
study, the comparison of D-TACE-HAIC and DEB-TACE
might be subject to selection bias, and no matched pair
analysis between the two groups was performed because of
a relatively small sample of study population. However, we
conducted multivariate analyses and subgroup analyses to
make a correction for confounding factors. Second, the effi
cacy of D-TACE-HAIC for HCC >10 cm with a smooth
tumor margin remained unclear. Although the subgroup ana
lysis of patients with a smooth tumor margin showed similar
OS between D-TACE-HAIC and DEB-TACE group, among
these patients only 27% (9/33) had HCC >10 cm. Third, we
did not conduct direct comparison between D-TACE-HAIC
and HAIC. Instead, we compared the outcomes of D-TACEHAIC group in our study with those previously reported in
large or huge HCC undergoing HAIC alone and found that
there might be better outcomes for D-TACE-HAIC, which
needed conformation by further studies.
In conclusion, D-TACE-HAIC was tolerable and yielded
promising outcomes in patients with large or huge HCC.
These patients appeared to benefit from D-TACE-HAIC,
and have better treatment responses, PFS, and OS, in
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comparison to DEB-TACE, especially in those who had
a non-smooth tumor margin or macrovascular invasion.
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