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Purpose: To evaluate treatment response, survival and safety of a novel TACE using combination of ethanol-Lipiodol mixture and 
drug-eluting beads in patients with large unresectable HCC, single tumor >8 cm or multiple tumors with the largest tumor diameter 
>5 cm and total tumor diameter >10 cm.
Patients and Methods: Between June 2016 and February 2020, a total of 27 patients were enrolled in this retrospective cohort study. 
Treatment response was assessed at first month after the treatment; progression-free survival (PFS) and overall survival (OS) were 
evaluated. The prognostic factors associated with patient survival were statistically analyzed by the Cox regression model. Adverse 
events were recorded.
Results: The maximum diameter of the tumors ranged from 5 cm to 17 cm (mean 10.48 cm). The objective response and disease 
control rates were 56% and 78%, respectively, at 1-month follow-up. The median survival time was 15.9 months (95% CI, 9.03–34.76 
months). The OS rates were 76.9% at six months, 65.2% at one year and 44.8% at two years. AFP >400 ng/mL (p = 0.0306), 
maximum tumor size >10cm (p = 0.0240) were potential risk factors for OS. Regarding safety, major complications occurred in one 
patient (1/27, 3.7%), presenting with transient hepatic encephalopathy.
Conclusion: Combined DEB-TACE appeared to have favorable objective tumor response. It can be an effective treatment option for 
large unresectable HCC.
Keywords: hepatocellular carcinoma, transarterial chemoembolization, treatment response, prognosis

Introduction
Hepatocellular carcinoma (HCC) is the sixth common cancer but the third leading cause of cancer-related death 
worldwide, with almost 75% of all cases found in the Asia-Pacific region because of the high prevalence of chronic 
hepatitis B and C virus infection in this region.1,2 The 5-year overall survival (OS) rate has been reported to be 10%– 
18%, and is considerably shorter in cases of large HCCs that are >5 cm in size. The Barcelona Clinic of Liver Cancer 
(BCLC) algorithm is the most widely used staging system in HCC.3 Owing to the observed clinical heterogeneity of the 
intermediate stage BCLC-B, the updated 2022 version stratifies the BCLC-B into three groups of patients according to 
tumor burden and underlying liver function. It also highlights the concept of treatment stage migration. Patients can be 
eligible for transplantation in case of successful downstaging by TACE or switch to systemic therapy after TACE failure/ 
refractoriness or deterioration of liver function.

Many patients present with intermediate or advanced stages and thus are not candidates for curative treatment. For large 
HCC, more extended hepatectomy is required, and it is associated with a higher risk of postoperative morbidity and mortality. 
Inadequate hepatic reserve remains a great concern, especially in patients with chronic liver diseases. Transarterial 
chemoembolization (TACE) has been the de facto mainstay of treatment for unresectable HCC. Drug-eluting bead TACE 
(DEB-TACE) uses nonabsorbable microspheres loaded with chemotherapy drug to embolize the target tumor, and this new 
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device has shown encouraging results, with lower rates of systemic complications and greater efficacy in advanced stage or 
large tumors compared with conventional TACE (cTACE).4–6 Yet, it is often difficult to perform complete embolization for 
large hypervascular HCC in a single session because of the presence of abundant extrahepatic collateral arteries and dilated 
intratumoral vessels which pose a problem of insufficient beads. This may cause disease progression later owing to 
neoangiogenesis arising from the hypoxic environment of tumor blood vessels. Ethanol-Lipiodol mixture, a hybrid of 
bland embolization and chemical ablation, causes long-lasting occlusion of the arterioles and portal venules supplying the 
tumor.7,8 Lipiodol (ethiodized oil), which is selectively retained by HCC, may also act as a microembolic agent.

Herein, we demonstrated a combination therapy involving the administration of ethanol-Lipiodol mixture followed by 
DEB-TACE for treating large HCC. The clinical efficacy and adverse events were evaluated.

Materials and Methods
Study Population
This retrospective study was approved by the institutional review board of Kaohsiung Chang Gung Memorial Hospital 
(IRB No. 202201671B0). All patients provided written informed consent before treatment.

Between June 2016 and February 2020, we enrolled 27 patients. These patients had unresectable large HCC who 
received combined DEB-TACE as the initial treatment. The selection criteria were the presence of a single tumor >8 cm 
in size, or multiple tumors with the largest tumor diameter >5 cm and total tumor diameter >10 cm. Other eligibility 
criteria were as follows: Eastern Cooperative Oncology Group performance status of 0–1, no previous treatment for 
HCC, and well preserved hematologic and liver functions. Patients with lymph node and extrahepatic metastasis were 
excluded. Demographic, procedural, and follow-up data were collected. The diagnosis of HCC was based on the results 
of multiphase, contrast-enhanced computed tomography (CT) and/or magnetic resonance imaging (MRI) with or without 
positive alpha-fetoprotein (AFP) (>20 ng/mL).

Pretreatment Investigations
Laboratory testing included blood count; biochemistry; coagulation; AFP assessment; hepatitis virus B and C serology; 
and serum levels of total bilirubin, alanine transaminase (ALT), aspartate transaminase (AST), and albumin. Moreover, 
HCC lesion number and size, and the presence of portal tumor thrombosis were recorded.9,10

Combined TACE Involving Ethanol-Lipiodol Mixture and DEB-TACE
A 4-F RH catheter was inserted into the common hepatic or superior mesenteric artery to assess vascular anatomy, tumor 
location and extent, and the patency of portal flow. We super-selectively catheterized into the distal feeding artery using 
a 2.2-F microcatheter (Progreat, Terumo). Before embolization, 5 mL lidocaine (100 mg) diluted with 5 mL normal 
saline was given for pain control. Then, ethanol-Lipiodol mixture (1:2 ratio) was infused through the microcatheter. The 
dose was determined by diameter and vascular supply of targeted HCC, generally 9–18 mL, and no more than 27 mL 
once. Subsequently, the microcatheter was withdrawn to a more proximal location followed by slow injection of 
HepaSphere microspheres (30–60/50–100 µm; Merit Medical) applied as carriers to load doxorubicin or epirubicin, 
with a total of one vial for each patient. Gelfoam cubes were optionally administered for further embolization until 
sufficient arterial flow stasis was achieved (Figures 1 and 2).

After TACE, patients were transferred to the hospital ward for overnight observation and management of possible 
post embolization syndrome (PES) or other complications.

Follow-Up After Combined DEB-TACE
A follow-up CT/MRI was performed 4–6 weeks after the procedure and then every 3–6 months. The need for subsequent 
therapies was decided when residual tumor, tumor growth, or a new tumor was noted. Repeated TACE was continued 
until disease progression or intolerance. Patients would be recommended to undergo alternative treatments such as 
radiotherapy, Sorafenib, immunotherapy or supportive care. The modified Response Evaluation Criteria in Solid Tumors 
were adapted to evaluate the therapeutic response, which was classified into complete remission (CR), partial remission 
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(PR), stable disease (SD), and progressive disease (PD), according to the European Association for the Study of the Liver 
criteria.11 Tumor measurements were performed by experienced abdominal radiologists. The final date of follow-up was 
August 31, 2022, based on which progression-free survival (PFS) and overall survival (OS) were calculated for 
prognostic analysis.

Statistical Analysis
Demographic and clinical features have been presented as either continuous numbers with means ± SDs or counts with 
proportions (percentages). Given the small sample size, Fisher’s exact test was applied to analyze tumor response 
between the subgroups. Survival rates were estimated using the Kaplan–Meier method. The Cox proportional hazards 
regression model was used to determine the factors associated with survival. Comparisons of pre- and post-treatment 
tumor size and liver function were evaluated by paired t-test. All statistics were analyzed using MedCalc Version 20.115 
(MedCalc Software Ltd, Belgium), and two-sided P-values <0.05 were considered statistically significant.

Results
Baseline Clinical Characteristics
There were 27 patients (20 men and 7 women), with a mean age of 66.53 ± 9.55 years and age range of 45–79 years. 
A total of 18 patients (66%) were hepatitis B and/or C carriers. The number of patients in Child-Pugh class A was 23 and 
in class B was 4. About half of the patients (13/27, 48%) had HCC with the largest diameter >10 cm, and 11 patients 
(41%) had a single HCC. Portal vein tumor thrombosis (PVTT) was observed in 7 patients (26%), and it was graded Vp1 

Figure 1 (A) 64-year-old male with two HCCs in S4 and S8 receiving combined ethanol-Lipiodol mixture and DEB-TACE. (A and B) The hepatic angiography before and 
after TACE procedure showed remarkable tumor reduction. (C and D) Follow up CT at 1 month showed dense Lipiodol deposition and complete response of the tumors. 
After successful downstaging, the patient underwent liver transplantation. The explant confirmed complete pathologic necrosis.
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(n = 3) or Vp2 (n = 4). The number of TACE sessions ranged from 1 to 4. Post-progression therapies included 
radiotherapy, Sorafenib and immunotherapy. The data are presented in Table 1.

Radiologic Tumor Response After Combined DEB-TACE
At 1 month after TACE, 4 patients (15%) showed CR, 11 (41%) showed PR, 6 (22%) showed SD, and 6 (22%) showed 
PD, as summarized in Table 2. Objective response (CR or PR) was achieved in 15 patients (54%). Figure 3 demonstrates 
the response of target lesions. There was significant reduction in viable tumor size after combined TACE (10.48 ± 3.34 vs 
6.43 ± 5.67, p = 0.0001). There were no significant differences between the responder (CR+PR) and non-responder (SD 
+PD) groups in terms of BCLC stage B or C, maximum tumor size, tumor number, and presence of PVTT (Table 3).

Overall Survival and Progression-Free Survival
During the follow-up period (0.7–72 months), 21 patients died and 6 remained alive, with a median OS of 15.9 months 
(95% CI, 9.03–34.76 months). Of these 6 patients who were alive, 3 underwent liver transplantation, 1 underwent right 
lobectomy, and 1 underwent left lobectomy. The OS rates at 6 months, 1 year, and 2 years after chemoembolization were 
76.9%, 65.2%, and 44.8%, respectively. Moreover, the PFS rates at 6 months, 1 year, and 2 years were 64.0%, 46.9%, 
and 40%, respectively (Figure 4).

Figure 2 A 63-year-old male receiving combined ethanol-Lipiodol mixture and DEB-TACE. (A) The initial CT image on arterial phase showed a large enhancing tumor 
measuring 11.15 cm in right lobe. (B) Common hepatic arteriography showed hypervascular tumor staining. (C) Angiogram after selective embolization of the tumor-feeding 
arteries showed complete devascularization of the tumor. (D) Follow up CT at 1 month showed Lipiodol deposition within the tumor.
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Factors Associated with Patient Survival
AFP level >400 ng/mL (hazard ratio [HR] 4.52; 95% CI, 1.15–17.79) and maximum tumor size >10 cm (HR 5.07; 
95% CI, 1.23–20.79) were potential risk factors for OS (Table 4). By contrast, neutrophil-to-lymphocyte ratio 
(NLR) >3 and PVTT were not related to survival in these TACE patients.

Table 1 Patient Demographic and Clinical Characteristics

N = 27

Age (y) 66.53 ± 9.55 (45–79)
Sex (M/F) 20/7

Etiology

HBV 13 (48)
HCV 3 (11)

HBV and HCV coinfection 2 (7)

Others 9 (34)
BCLC stage

B 19 (70)
C 8 (30)

Child-Pugh class

A 23 (85)
B 4 (15)

Maximum tumor size (cm) 10.48 ± 3.34 (5–17)

5–10 cm 14 (52)
>10 cm 13 (48)

Tumor number

Single 11 (41)
Multiple 16 (59)

AFP

<400 ng/mL 15 (56)
>400 ng/mL 12 (44)

PV tumor thrombosis

Yes; Vp1/Vp2 7 (26); 3/4
No 20 (74)

No. of TACE sessions 2.03 ± 1.01 (1–4)

Post-TACE therapies
Resection/liver transplantation 3/3

Radiotherapy 4

Soranifib 3
Immunotherapy (Lenvatinib, Nivolumab) 4

Note: Results are reported as mean ± SD (range) or number (%).

Table 2 Tumor Response of the 27 Patients 1 Month Following Combined 
DEB-TACE

Overall Response (%) Target Lesion Response (%)

mRECIST

CR 4 (15) 8 (30)
PR 11 (41) 8 (30)

SD 6 (22) 9 (33)

PD 6 (22) 2 (7)
ORR (CR+PR) 15 (56)

DCR (CR+PR+SD) 21 (78)

Abbreviations: CR, complete response; PR, partial response; SD, stable disease; PD, progressive 
disease; ORR, objective response rate; DCR, disease control rate.
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Complications
Post embolization syndrome, including fever, abdominal pain, and nausea/vomiting, developed in 22 of the 27 study 
patients (81.4%) and resolved without any treatment (Table 5). Chemoembolization-related major complications occurred 
in 1 patient (3.7%), with manifestation by transient hepatic encephalopathy. There was no in-hospital mortality. The 
albumin level and liver enzymes showed no significant changes at 1-month follow-up visit (Table 6).

Discussion
Patients with a large HCC measuring ≥5 cm fall into the intermediate stage or stage B, according to the Barcelona Clinic 
Liver Cancer (BCLC) staging system, and are not amenable to curative treatment. TACE has been applied as a global 
standard of care for intermediate-stage HCC.12–15 In the current study, we introduced a new procedure using 
a combination of ethanol-Lipiodol mixture and DEB-TACE for large unresectable HCC. We enrolled BCLC-B and 
BCLC-C HCC patients who had a single tumor >8 cm or multiple tumors with the largest tumor diameter >5 cm and 
a total tumor diameter >10 cm. The combined DEB-TACE showed disease control rates of 78%, and the 1-year survival 
rate was 65.2%. Considering its safety and feasibility, it could be a preferred choice for large HCC control.

The therapeutic efficacy of transarterial ethanol ablation (TEA) with ethanol-Lipiodol mixture is determined by the 
embolization of tumor feeding arteries. In an animal experiment conducted by Kan et al, ethanol caused permanent embolization 
of both the hepatic artery and portal vein, and inhibited tumor growth by denaturing protein, causing vascular endothelial injury, 

Figure 3 Change in viable target lesion size after combined DEB-TACE.

Table 3 Subgroup Analysis of 1-Month Overall Response

CR+PR (N = 15) SD+PD (N = 12) P value

BCLC 1.0000

Stage B 11 8

Stage C 4 4
Maximum tumor size 1.0000

5–10 cm 8 6

>10 cm 7 6
Presence of PV tumor thrombus 0.6618

No 12 8
Yes 3 4

Tumor number 1.0000

Multiple 9 7
Single 6 5
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and causing platelet cohesion in tumors, without promoting collateral circulation.4 Cheung et al, in a 100-patient review, reported 
that a solitary HCC with a maximum diameter over 5 cm and multiple HCCs had 1-year survival rates of 75% and 63%, 
respectively, after TEA.5 In a randomized controlled trial by Yu et al comparing the effectiveness of TEA and TACE, TEA was 
associated with better tumor response in terms of CR at 3 months (70% vs 51%, P = 0.012), 6 months (73% vs 54%, P = 0.012), 
and 12 months (75% vs 59%, P = 0.031), and longer PFS. More recently, a study focused on large HCCs ≥10 cm revealed that 

Figure 4 Kaplan–Meier curves of (A) OS and (B) PFS in patients with unresectable HCC following combined DEB-TACE.

Table 4 Multivariate Cox Regression Analysis of Prognostic Factors for 
Overall Survival

Hazard Ratio 95% CI P value

AFP

<400 ng/mL 1.00

>400 ng/mL 4.52 1.15–17.79 0.0306
NLR

<3 1.00

>3 2.11 0.48–9.22 0.3181
Maximum tumor size

5–10 cm 1.00
>10 cm 5.07 1.23–20.79 0.0240

Presence of PV tumor thrombus

No 1.00
Yes 2.34 0.42–13.07 0.3312

Tumor number

Multiple 1.00
Single 0.87 0.19–3.93 0.8655

Albumin

<3.5 g/dL 1.00
>3.5 g/dL 0.57 0.11–2.92 0.5083

T-bil

<1.2 mg/dL 1.00
>1.2 mg/dL 2.15 0.30–15.34 0.4443

Tumor response

Non-CR 1.00
CR 0.10 0.0065–1.5721 0.1016
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TEA had better tumor response and survival outcomes as compared to TACE or transarterial radioembolization (TARE).16,17 In 
our new combination TACE, we used ethanol-Lipiodol mixture as the first embolizer for delivering ethanol diffuse into the HCC 
to destroy tumor cells and to devascularize tumor tissue. Hepasphere DEB-TACE was added to create an ischemic environment 
while keeping the cytotoxic agents in the tumors with sustained and slow release. We aim for complete occlusion of the blood 
supplying arteries of the tumor for better therapeutic effect.

The median survival duration of our 27 study patients was 15.90 months. The 1-year and 2-year survival rates were 
65.2% and 44.8%, respectively, which are quite similar to the rates reported by Wu et al in a TACE-sorafenib-thermal 
ablation group (68.2% and 40.9%, respectively).18 For HCCs measuring over 10 cm, Min et al compared survival after 
surgical resection and TACE, and the 1-year OS rates were 73.8% and 37.8%, respectively.19 Kim et al retrospectively 
evaluated 283 patients with large HCCs treated with TACE plus radiotherapy. The median OS duration with TACE plus 
radiotherapy was 15 months significantly better than that of TACE alone (8 months, p = 0.04).20 In our study, patients 
with complete control of large HCC (4/27, 15%) showed a longer survival, but the finding did not reach a statistical 
significance. Our results suggested that OS outcomes are highly dependent on subsequent aggressive surgical resection or 
liver transplantation. Similar results were seen in a retrospective analysis performed by Chen et al. Of the 110 patients 
with large/multifocal HCCs, patients who underwent TACE followed by resection were found to have improved OS 
compared to those who underwent TACE alone (OS duration: 47.00 ± 2.87 vs 20.00 ± 1.85 months), and the finding was 
statistically significant.21 Li et al also found that hepatic artery infusion chemotherapy more often downstaged patients to 
resection and ultimately prolonged overall survival compared with those treated with chemoembolization.22 This may be 
because HCC responsiveness to TACE indicates a favorable biology.23,24

Our multivariate analysis showed that AFP levels >400 ng/mL and maximum tumor size >10 cm were significant 
prognostic factors for patient survival, with HRs of 4.5279 (P = 0.0306) and 5.0751 (P = 0.0240), respectively. AFP has 
been widely adopted in the surveillance, diagnosis, and prognostic prediction of HCC, and a high AFP level is associated 
with a more aggressive behavior of HCC.25,26 Liu et al investigated patients with BCLC stage B treated with TACE and 
showed that median survival was better in AFP responders than in nonresponders (20 vs 12 months, P = 0.002).27 

Unsurprisingly, large tumor size (>10 cm) yielded worse treatment response and limited survival benefit of TACE. In 
a 302 patient cohort, Kim et al concluded that the use of TACE for the treatment of single huge HCC (>10 cm) remains 
questionable.28 Another study on 821 BCLC B patients treated with TACE, Kim et al proposed a new subclassification 
pushing the tumoral limits to the up to 11 criteria.29 According to the survival results of the new B3 class (median 

Table 6 Liver Function at Baseline and at Follow-Up Visit One 
Month After Embolization

Variable Pre-TACE Post-TACE P value

AST (IU/L) 85.96 ± 51.97 95.88 ± 99.61 0.4732

ALT (IU/L) 52.40 ± 30.31 68.96 ± 97.15 0.3030
T-bil (mg/dL) 1.08 ± 0.70 1.14 ± 0.83 0.6889

Alb (g/dL) 3.68 ± 0.52 3.48 ± 0.47 0.0633

Table 5 Adverse Events and Complications

Numbers

Minor
Fever 17

Abdominal pain 14

Nausea and/or vomiting 4
Major

Transient hepatic encephalopathy 1
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survival 11.3 months), TACE is not recommended in this new class. So far, TACE for patients with large HCC (>10 cm) 
remains a challenge.

The NLR, an inflammation-based score, has been investigated as a prognostic indicator in post-therapeutic recurrence and 
survival of patients with HCC, but it was not found to be predictive of survival in our study.30 PVTT is associated with a high 
recurrence rate and worse prognosis. The median 1- and 3-year OS rates after surgery were reported to be 52.8% and 23.4%, 
respectively, for those with main portal or 1st branch involvement.31 Previously, TACE was commonly contraindicated in 
cases of HCC with portal vein invasion. There is emerging evidence that TACE is safe and improves the outcome of selected 
patients with unresectable HCC, provided the collateral blood circulation around the obstructed PVTT is sufficient, but further 
data are needed to demonstrate the influence on OS. Silva et al included 13 studies with 1933 TACE patients having PVTT, 
and reported a 1-year survival rate of 29%.31 In our study, PVTT was not a significant prognostic factor for survival.

The safety issue of TACE in treating patients with large HCCs is of utmost importance. In our study, up to 81.4% of 
patients experienced PES, which can be related to extensive tumor necrosis. A major complication was seen in 1 Child- 
Pugh class B patient (3.7%), and this rate is slightly higher than the reported 3% in previous studies involving patients 
with smaller HCCs. A recent study involving patients with large HCCs of Child-Pugh class A treated with TEA, TACE, 
and TARE showed comparable results of PES compared with our data, while no major adverse event was observed.17 We 
believe that appropriate patient selection, based on careful assessment of hepatic reserve, is a key factor to lower the 
incidence of treatment-related adverse events.

The limitations of this study are a small sample size, nonrandomized controls, and a single-center design.

Conclusion
With the advancements of technologies and innovations in HCC treatment, several trials are exploring combinations of 
loco-regional and systemic therapies, which need to be tailored with better algorithms to fit the patient’s stage. Our novel 
combined DEB-TACE provides excellent local control as well as survival benefit in patients with large unresectable HCC.
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