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Objective: To assess the two-year treatment outcomes of chemoembolization with drug-eluting embolics (DEE) for nodular 
hepatocellular carcinoma (HCC).
Materials and Methods: This study was a prospective, multicenter, registry-based, single-arm trial conducted at five 
university hospitals in Korea. Patients were recruited between May 2011 and April 2013, with a target population of 200. A 
DC Bead loaded with doxorubicin was used as the DEE agent. Patients were followed up for two years. Per-patient and per-
lesion tumor response analysis, per-patient overall survival (OS) and progression-free survival (PFS) analysis, and per-lesion 
tumor control analysis were performed.
Results: The final study population included 152 patients, with 207 target lesions for the per-lesion analysis. At one-month, 
six-month, one-year, and two-year per-patient assessments, complete response (CR) rates were 40.1%, 43.0%, 33.3%, and 
19.6%, respectively. The objective response (OR) rates were 91.4%, 55.4%, 35.1%, and 19.6%, respectively. The cumulative 
two-year OS rate was 79.7%. The cumulative two-year PFS rate was 22.4% and the median survival was 9.3 months. In 
multivariable analysis, the Child-Pugh score (p = 0.019) was an independent predictor of OS, and tumor multiplicity (p < 
0.001), tumor size (p = 0.020), and Child-Pugh score (p = 0.006) were independent predictors of PFS. In per-lesion analysis, 
one-month, six-month, one-year and two-year CR rates were 57.5%, 58.5%, 45.2%, and 33.3%, respectively, and the OR rates 
were 84.1%, 65.2%, 46.6%, and 33.3%, respectively. The cumulative two-year per-lesion tumor control rate was 36.2%, and 
the median time was 14.1 months. The Child-Pugh score (p < 0.001) was the only independent predictor of tumor control. 
Serious adverse events were reported in 11 patients (7.2%).
Conclusion: DEE chemoembolization for nodular HCCs in the Korean population showed acceptable survival, tumor response, 
and safety profiles after a two-year follow-up. Good liver function (Child-Pugh score A5) was a key predictor of per-patient 
OS, PFS, and per-lesion tumor control.
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INTRODUCTION

Chemoembolization has shown survival benefits in 
randomized controlled trials and is the most commonly 
chosen palliative option worldwide for the treatment 
of patients with hepatocellular carcinoma (HCC) [1-3]. 
However, the heterogeneity of this technique is considered 
a drawback for treatment [4,5]. Chemoembolization 
with drug-eluting embolics (DEE) was developed as an 
alternative to chemoembolization with ethiodized oil 
[6]. The technique is characterized by embolization with 
calibrated microspheres and the release of chemotherapeutic 
agents taken up by the microspheres in a more controlled 
manner over a longer period compared to the conventional 
technique [6-8]. This helps maximize the locoregional 
effect and minimize systemic adverse effects. 

Preclinical and early clinical studies on chemoembolization 
with DEE were carried out to prove this concept and reported 
good safety profiles [7-10]. Most of the prospective clinical 
studies showed that chemoembolization with DEE had better 
or comparable tolerability compared with conventional 
chemoembolization or bland embolization. However, it failed 
to show superiority in patient survival rates or treatment 
response, and conflicting results were reported regarding 

its efficacy [11-17]. We present two-year outcomes from 
a prospective multicenter registry-based trial on DEE 
chemoembolization in patients with nodular HCC in Korea. 
The primary purpose of this study was to assess patient 
survival and tumor response.

MATERIALS AND METHODS

This study was a prospective multicenter registry-
based single-arm clinical trial performed at five university 
hospitals in Korea. The target patient population was 200, 
and patients were recruited from May 2011 to April 2013. 
The key inclusion and exclusion criteria are listed in Table 
1. Institutional Review Board approval was obtained before 
the initiation of the study at each institution, and informed 
consent was obtained from all patients. The study was 
registered at ClinicalTrials.gov (ID code NCT01332669). 

DEE Chemoembolization Procedure
Details of the DEE chemoembolization procedure were 

described in our previous report on the six-month outcome 
of this registry [18]. A vial of DEE (DC Bead, Biocompatibles 
UK) loaded with 70–75 mg of doxorubicin (Adriamycin, 
Ildong Pharmaceutical) was used. For a standard procedure, 

Table 1. Key Inclusion and Exclusion Criteria
Inclusion Criteria Exclusion Criteria

• Clinical or histological diagnosis of HCC (AASLD criteria)
•  Gross vascular invasion, bile duct invasion or extrahepatic 

metastasis on CT or MRI

•  Single nodular or multinodular HCC with at least one hypervascular 
measurable lesion on dynamic CT or MRI

• Tumor burden involving > 50% of the liver

• Not suitable for curative treatments or rejects such treatments
•  History of anti-cancer therapy for HCC, except hepatic resection 

performed more than a year earlier from registry
• ECOG performance status 0 or 1 • History of HCC rupture
• Child-Pugh score A5, A6 or B7 • History of biliary tract repair or endoscopic biliary treatment
• Laboratory criteria (within 2 weeks) • Refractory ascites or pleural fluid

- White blood cell count > 3000/mm3 •  Contraindications for hepatic embolization (hepatofugal blood 
flow, arteriovenous shunt)

- Platelet count > 5 x 104/mm3 • Hypersensitivity to doxorubicin
- Serum bilirubin level < 3.0 mg/dL • Contrast media allergy contraindicating angiography

- Serum AST and ALT level < 5-times of upper limit of normal
•  Acute or active diseases including refractory heart failure, angina 

pectoris or arrhythmia
- Serum creatinine level < 1.5 mg/dL • Myocardial infarction within 6 months
- Hemoglobin level > 8.0 g/dL • Chronic renal failure or end-stage renal disease

• Active bacterial or fungal infection
• Active hemorrhage of digestive system
• Uncontrolled other malignancies

AASLD = American Association for the Study of Liver Diseases, ALT = alanine transaminase, AST = aspartate transaminase, ECOG = Eastern 
Cooperative Oncology Group, HCC = hepatocellular carcinoma
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embolics of 100–300 µm in size were recommended. 
However, the choices of the actual amount of doxorubicin 
and embolic size were determined by operators considering 
specific patient and tumor characteristics. A superselective 
(segmental or subsegmental) approach was used whenever 
possible by using a small-bore microcatheter (2.0 to 2.4-
Fr). The recommended embolization endpoint was near stasis 
(the contrast column was clear within 2–5 heartbeats on 
the completion angiography). A treatment cycle consisted 
of different numbers of treatment sessions that required 
to cover all the viable tumors. Up to two vials of DEE were 
allowed for each session. In patients with a large tumor 
burden in whom two vials of DEE were insufficient, a separate 
split session was recommended at a two- to four-week 
interval to complete the cycle. 

Follow-Up Imaging and Repeated Procedures
Regular clinical follow-up was performed using laboratory 

and imaging studies. Tumor response assessment was 
performed with dynamic contrast-enhanced CT or MRI at 
one, three, and six months after the procedure and at 
three-month intervals thereafter. Repeated cycles of DEE 
chemoembolization were recommended in on-demand 
settings when there was a viable tumor on follow-up 
imaging. Conversion to other treatments or supportive 
care was permitted in the following situations: progressive 
disease (PD), failure to achieve objective response (OR) 
in the targeted tumor after at least two cycles of DEE 
chemoembolization, or clinical deterioration of the patient 
in terms of performance status or persistent hepatic 
decompensation.

Data Analysis
All the data were reviewed by three independent reviewers 

who did not participate in the trial execution.
The tumor response and survival assessment in this study 

consisted of two separate approaches: per-patient and per-
lesion analyses. Per-patient tumor response was determined 
using the modified Response Evaluation Criteria in Solid 
Tumors on CT or MRI [19]. Two representative tumors were 
selected as target lesions, and the others were classified 
as non-target lesions. Target lesions were selected based 
on their size (longer diameter) and suitability for repeated 
measurements. The overall response was determined by 
the change in the sum of the maximum diameter of the 
viable portion in target lesions, the overall change in non-
target lesions, and the presence of new lesions. The overall 

response was classified as complete response (CR), partial 
response (PR), stable disease (SD), or PD. The OR was 
defined as CR plus PR. When PD was present, the cause 
of progression was categorized as local tumor progression 
(LTP), intrahepatic distant recurrence (IDR), gross vascular 
invasion (VI), or extrahepatic distant metastasis (EDM). 
The responses of individual target lesions were analyzed in 
a per-lesion assessment. The same concepts and criteria 
were applied, and the response was determined as CR, PR, 
SD, PD, and OR based on the diameter change of the viable 
portion in each target lesion. Per-patient tumor response 
assessment was performed until the patient reached PD, 
or when the patient expired, was lost to follow-up, was 
referred to another institution, or underwent additional 
treatment other than DEE chemoembolization. In per-
lesion assessment, the same strategy was used, but the 
assessment was stopped only when the imaging study 
was no longer available, when the target lesion was in 
PD status, or when it was targeted by other treatment 
modalities, regardless of patient status. In the per-patient 
survival analysis, overall survival (OS), progression-free 
survival (PFS), and LTP-free survival were assessed. Patients 
who underwent liver transplantation during follow-up were 
excluded from the survival analysis at the time of surgery. 
For per-lesion analysis, per-lesion tumor control was 
assessed to determine the outcome of the target lesions. In 
this analysis, the event was defined as PD on a per-lesion 
tumor response assessment. 

Safety
For the two-year follow-up period, all medical events 

that were considered to be related to the procedure and 
the disease were recorded, including any symptoms or 
signs presented by the patient. During the post-procedure 
hospital stay, the presence of post-embolization syndrome 
(PES) was assessed. For hepatic complication assessment, 
clinical medical records and liver follow-up imaging studies 
were reviewed and searched for findings on the liver 
abscess, bile duct dilation, biloma, portal vein thrombosis, 
and liver infarction. Bile duct injury was defined as 
prominent when bile duct dilatation was observed in a 
segmental or wider distribution. Serious adverse events 
(SAEs) were defined as any event resulting in death, any 
immediate life-threatening condition, unscheduled hospital 
visits, prolonged hospitalization, permanent or significant 
disability, or incapacity. Prolonged hospitalization was 
defined as a length of stay longer than seven days. 



1661

Two-Year Multi-Center Outcome of TACE Using Drug-Eluting Embolics for HCC

https://doi.org/10.3348/kjr.2020.1117kjronline.org

Statistical Analysis
For per-patient tumor response assessment, patients 

were stratified by demographic and procedural variables. 
For per-lesion assessment, the target lesions were stratified 
by size. Their statistical significance was tested using the 
chi-squared test, Fisher’s exact test, or chi-squared test 
for trend. Subsequently, univariable and multivariable 
logistic regression analyses were performed. The OS, PFS, 
and LTP-free survival rates were analyzed using the same 
stratification variables. Kaplan-Meier survival analysis with 
a log-rank test was performed, and subsequent analysis 
with the Cox proportional hazards model was applied. 
To determine the correlation between per-lesion tumor 
response and demographic characteristics, the per-lesion 
tumor control rate of the target lesion was analyzed using 
Kaplan-Meier survival analysis with a log-rank test and 
Cox proportional hazards model. p < 0.05 was defined as 
statistically significant in all tests, and variables with p < 
0.10, in univariable analysis, were selected for multivariable 
regression analysis. Commercially available statistical 
packages were used (SPSS 22, IBM Corp.; MedCalc, version 
16.8, MedCalc Software).

RESULTS

Patients
Of the 200 registered patients, 48 were excluded from 

the analysis on central review as they did not meet all the 
inclusion criteria. The final study population was 152. The 
baseline characteristics of the patients are summarized in 
Table 2. The mean patient age was 61.4 years (range, 34–86 
years), and 82.2% were male. Most of the patients were 
in the Child-Pugh class A (n = 143, 94.1%). A total of 84 
(55.3%) patients had a single tumor, and 68 (44.7%) patients 
had multiple tumors. There were 11 (7.2%), 77 (50.7%), 26 
(17.1%), and 38 (25.0%) patients with Barcelona Clinic Liver 
Cancer (BCLC) stages 0, A, B, and C, respectively. 

There were 207 target tumors for per-lesion analysis, with 
a mean and median size of 3.2 cm (standard deviation: 
2.1 cm) and 2.5 cm (interquartile range: 1.7–3.6 cm), 
respectively. There were 63 tumors (30.4%) smaller than 
2 cm, 113 (54.6%) between 2–5 cm in size, and 31 (15.0%) 
larger than 5 cm. 

 
DEE Chemoembolization and Adjunctive Procedures

In the first DEE chemoembolization, DEE of 100–300 µm in 
size was used in 145 (95.4%) patients, and DEE of 300–500 

Table 2. Baseline Characteristics of 152 Patients
Variable Value

Sex 
Male 125 (82.2)
Female 27 (17.8)

Age, year* 61.4 ± 10.1
Cause of chronic liver disease

HBV 103 (67.8)
HCV 26 (17.1)
HBV + HCV 5 (3.3)
Non-viral 18 (11.8)

History of surgical HCC treatment 4 (2.6)
History of other malignancies 11 (7.2)
Child-Pugh score 

A5 105 (69.1)
A6 38 (25.0)
B7 9 (5.9)

ECOG performance status
0 114 (75.0)
1 38 (25.0)

Maximum tumor diameter, cm† 3.6 ± 2.2; 3.0 (2.2–4.5)
Sum of target lesion diameters, cm† 5.5 ± 7.0; 3.8 (2.6–5.9)
Number of tumors 

Single, cm 84 (55.3)
< 2 18 (11.8)
2–5 51 (33.6)
> 5 15 (9.9)

Multiple 68 (44.7)
Within Milan criteria 34 (22.4) 
Beyond Milan criteria 34 (22.4)

Bilobar disease 43 (28.3)
BCLC stage‡

0 11 (7.2)
A 77 (50.7)
B 26 (17.1)
C 38 (25.0)

Okuda stage
I 135 (88.8)
II 17 (11.2)

Modified UICC stage
I 18 (11.8)
II 78 (51.3)
III 56 (36.8)

Alpha fetoprotein level, ng/mL† 1100.7 ± 4573.7; 
17.3 (6.1–159.4)

≤ 20 78 (51.3)
> 20, ≤ 400 48 (31.6)
> 400 26 (17.1)

Values are number of patients and lesions with the percentage in 
parentheses unless specified otherwise. *Values are mean ± SD, 
†Values are mean ± SD; and median with interquartile range in 
parentheses, ‡BCLC stage A included all the patients with single 
tumor regardless of its size. BCLC = Barcelona Clinic Liver Cancer, 
HBV = hepatitis B virus, HCV = hepatitis C virus, ECOG = Eastern 
Cooperative Oncology Group, HCC = hepatocellular carcinoma, SD = 
standard deviation, UICC = Union for International Cancer Control
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µm in size was used in seven patients (4.6%). The delivered 
DEE amount was 1.02 ± 0.80, and the doxorubicin amount 
was 68.41 ± 53.88 mg. Additional bland embolization was 
performed in 27 (17.8%) patients because of the persistent 
vascular lake phenomenon after DEE delivery [20]. The 
embolic material for bland embolization was gelatin sponge 
particles in 18 patients, polyvinyl alcohol particles in seven 
patients, bland DC beads in one patient, and a mixture of 
N-butyl-2-cyanoacrylate and ethiodized oil in one patient. 
Extrahepatic collateral treatment was performed with DEE 
in seven (4.6%) patients and split treatment was performed 
in seven (4.6%) patients. The second cycle treatment was 
performed in 69 (45.4%) patients, the third cycle in 20 
(13.2%) patients, the fourth cycle in three (2.0%) patients, 
and the fifth cycle in one (0.7%) patients. During the 245 
cycles of treatment, extrahepatic collateral treatment was 
performed in 25 (10.2%) patients.

During the two-year follow-up, the tumor response 
assessment protocol was terminated in 127 (83.6%) 
patients. The protocol was terminated due to PD in 82 
patients (64.6%). The remaining 45 (35.4%) patients 
were in a non-PD status, and the protocol was terminated 
for other reasons. The details of the tumor responses and 
clinical situations at the time of protocol termination 
are shown in Table 3. A total of 104 (81.9%) patients 
(74 [71.2%] in PD status and 30 [28.8%] in non-PD 
status) underwent additional treatment other than DEE 
chemoembolization. The most commonly chosen modality 
was conventional chemoembolization (n = 66, 63.5%). 
After conversion to second-line treatment, 77 patients 
underwent 159 cycles of conventional chemoembolization 
(1–7 cycles per patient). Forty patients underwent 47 cycles 
of radiofrequency ablation (1–3 cycles per patient), 15 
patients underwent 20 cycles of external beam radiation 

Table 3. Tumor Response and Clinical Situation at the Time of the Tumor Response Assessment Protocol Termination in 127 
Patients

Tumor Response
Overall 

CR PR SD Non-PD PD

All 127 9 (7.1) 33 (26.0) 3 (2.4) 45 (35.4) 82 (64.6)
Death 3 (2.4) 2 (22.2) 1 (3.0) 3 (6.7)
Follow-up loss or transfer 20 (15.7) 3 (33.3) 8 (24.2) 1 (33.3) 12 (26.7) 8 (9.8)
Other treatment 104 (81.9) 4 (44.4) 24 (72.7) 2 (66.7) 30 (66.7) 74 (90.2)

Conventional chemoembolization 66 (52.0) 1 (11.1) 12 (36.4) 1 (33.3) 14 (31.1) 52 (63.4)
+ Combination treatment 4 (3.1) 1 (11.1) 1 (3.0) 2 (4.4) 2 (2.4)

Radiofrequency ablation 23 (18.1) 1 (11.1) 9 (27.3) 10 (22.2) 13 (15.9)
Percutaneous ethanol injection 6 (4.7) 2 (6.1) 2 (4.4) 4 (4.9)
Liver transplantation 4 (3.2) 1 (11.1) 1 (2.2) 3 (3.7)
Resection 3 (2.4) 1 (11.1) 1 (3.0) 1 (33.3) 3 (6.7)
Intraarterial chemotherapy 2 (1.6) 2 (2.4)

Values are number of patients with the percentage in parentheses. CR = complete response, PD = progressive disease, PR = partial 
response, SD = stable disease 

Table 4. Tumor Responses
Numbers at Risk CR PR SD PD OR

Per-patient
1 month 152 61 (40.1) 78 (51.3) 10 (6.6) 3 (2.0)  139 (91.4)
6 month 121 52 (43.0) 15 (9.9) 1 (0.8) 53 (43.8) 67 (55.4)
1 year 111 37 (33.3) 2 (1.8) 1 (0.9) 71 (64.0) 39 (35.1)
2 year 107 21 (19.6) 0 (0) 0 (0) 86 (80.4) 21 (19.6)

Per-lesion
1 month 207 119 (57.5) 55 (26.6) 32 (15.5) 1 (0.5) 174 (84.1)
6 month 164 96 (58.5) 11 (67.1) 7 (4.3) 50 (30.5) 107 (65.2)
1 year 146 66 (45.2) 2 (1.4) 2 (1.4) 76 (52.1) 68 (46.6)
2 year 141 47 (33.3) 0 (0) 0 (0) 94 (66.7) 47 (33.3)

Values are number of patients with the percentage in parentheses. CR = complete response, OR = objective response, PD = progressive 
disease, PR = partial response, SD = stable disease
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therapy, nine patients underwent 10 cycles of percutaneous 
ethanol injection, and three patients underwent five cycles 
of intra-arterial chemotherapy. A total of nine and five 
patients underwent living-donor liver transplantation and 
resection, respectively. Ten patients received systemic 
chemotherapy, including sorafenib, in nine patients.

 
Tumor Response and Survival Analysis

The results of the two-year tumor response and survival 
analyses are summarized in Tables 4 and 5. Patients who 
were still undergoing DEE treatment and those for whom 
the protocol was terminated due to PD were included in the 
tumor response assessment. At the one-month, six-month, 
one-year and two-year assessments, the CR rates were 
40.1%, 43.0%, 33.3%, and 19.6%, respectively, and the OR 
rates were 91.4%, 55.4%, 35.1%, and 19.6%, respectively. 
The most common cause of PD was LTP in 52 patients 
(60.5%). The cause was IDR in 19 (22.1%) patients, IDR 
and LTP in 14 (16.3%) patients, and LTP, VI, and EDM in 
one (1.2%) patient. On multivariable logistic regression 
analysis, tumor multiplicity was the only independent 
predictor of CR at two years (p = 0.003). 

The results of the survival analysis are shown in Figure 
1. The cumulative two-year OS rate was 79.7%, and the 
Child-Pugh score (p = 0.019) was the only independent 
predictor in the multivariable analysis. The results of the 
stratified analysis are shown in Figure 2. The cumulative 
two-year PFS rate was 22.4% and the median survival was 
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size (p = 0.020), and Child-Pugh score (p = 0.006) were 
independent predictors. The results of PFS analysis stratified 
by Child-Pugh score and tumor multiplicity are shown in 
Figure 3. The cumulative two-year LTP-free survival rate 
was 28.8% and the median survival was 11.5 months, and 
tumor multiplicity (p = 0.007) and Child-Pugh score (p = 
0.002) were independent predictors. The results of LTP-free 
survival analysis stratified by Child-Pugh score and tumor 
multiplicity are shown in Figure 4.
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17.6%; p = 0.080). The cumulative two-year per-lesion 
tumor control rate was 36.2%, and the median time was 
14.1 months (Fig. 5A). In multivariable analysis, the Child-
Pugh score was the only independent predictor (p < 0.001), 
and the results of the stratified analysis are shown in Figure 
5B. There was no significant difference in per-lesion tumor 
control by tumor size. However, tumors in the 2–5 cm group 
showed better tumor control than those in the other groups 
(p = 0.125) (Fig. 5C). 

Safety
PES was reported after 164 of 245 treatment cycles 

(66.9%). SAEs were reported in 11 patients (7.2%). The 
causes were PES in five patients, biliary injury in four, 
a necessity for admission to control ascites in one, and 
cerebral infarction not related to disease or treatment in 
one. The prominent biliary injury was demonstrated on 
imaging in 30 patients (19.7%). 

DISCUSSION

This study was a prospective study with a relatively large 

patient population, and such investigations have seldom 
been performed in Asian countries. Results at one-year 
assessment showed CR and OR rates of 33.3% and 35.1%, 
respectively. These were comparable to previous reports 
with one-year CR rates of 20–48.9% and OR rates of 25.7–
55.3% [11,21]. The cumulative two-year CR rate was 19.6%, 
and such a long-term response assessment has seldom 
been reported previously. The cumulative two-year PFS 
rate was 22.4%, with a median survival of 9.3 months in 
the current study, which was comparable to the previously 
reported median PFS or time-to-progression of 9–13 months 
[11,13,15,21,22]. The cumulative two-year OS rate of 
79.7% was comparable to previous reports with 48–83.8% 
survival rates [11,13,14,23]. However, the outcomes of DEE 
chemoembolization for HCC are not suitable for head-to-
head comparisons due to varying study designs and patient 
demographics. 

As DEE chemoembolization is a palliative local treatment 
modality, local tumor control is considered an important 
marker of efficiency. To investigate the efficiency of 
individual target tumors, a detailed per-lesion tumor 
response assessment was performed in the current study. 
Several reports have documented local responses after DEE 
chemoembolization, but direct per-lesion analysis with 
extended follow-up has not been well reported [13,21]. 
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Fig. 3. Kaplan-Meier curve of PFS subgroup analysis. Child-Pugh score (p = 0.006), tumor multiplicity (p < 0.001), and tumor size (p = 0.020) 
were independent predictors of the PFS. 
A. In Child-Pugh score A5 patients, the PFS rate at 2 year and median survival were 27.2% and 12.0 months, respectively, and in A6/B7 patients, 
they were 11.2% and 6.4 months, respectively. B. In patients with single tumors, the PFS rate at 2 year and median survival were 35.1% and 
16.8 months, respectively, and in patients with multiple tumors, they were 3.3% and 6.8 months, respectively. PFS = progression-free survival
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The cumulative two-year per-lesion CR rate was 33.3%, 
the tumor control rate was 36.2%, and the median tumor 
control time was 14.1 months. As tumor size is an important 
factor that determines disease stage and prognosis, per-

lesion analysis with size stratification was conducted 
[2,24,25]. The results of this study with per-patient and 
per-lesion approaches with efforts to exclude the effects of 
subsequent additional treatments showed that there is a 
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persistent deterioration of tumor response outcomes with 
longer follow-up, regardless of tumor size. These findings 
emphasize the importance of monitoring tumor response 
in the long term, even after reaching CR status. The tumor 
may remain stable for a while but can show progression 
after a longer follow-up period. There is another noteworthy 
finding in the per-lesion analysis with size stratification. 
The tumor response rate in tumors < 2 cm in size tended to 
be worse than that in larger ones, and this was beyond the 
usual expectation that smaller HCCs would have a better 
response to local treatment. A possible explanation is that 
DEE, due to its size and solid nature, cannot penetrate 
deeply into tiny tumor-supplying vessels in small tumors, 
and as a result, local outcomes are compromised.

The Child-Pugh score was one of the key predictors of 
tumor response and patient survival in the current study. 
Liver function is a well-known predictor of survival in 
patients with HCC and is also used in staging systems [24-
26]. However, a correlation between liver function and 
tumor response after chemoembolization has seldom been 
reported. So far, there is no sufficient explanation for this 
finding. Recently, a study on the effect of clinically relevant 
portal hypertension on the outcomes after conventional 
chemoembolization concluded that portal hypertension is 
associated with early LTP and disease progression, as well 
as poor long-term survival [27]. The authors suggested 
peribiliary plexus hypertrophy, which develops with the 
progression of chronic liver disease [28], as a possible 
mechanism of poor local tumor control in patients with 
portal hypertension, as the structure can act as collateral 
blood supply channel after embolization. In addition, the 
authors suggested severe vessel tortuosity associated with 
advanced liver disease and liver shrinkage, which prohibits 
selective catheterization of tumor-supplying vessels, as 
another reason for poor local tumor control in patients 
with portal hypertension. This mechanism could explain 
the findings of the current study, even though the findings 
are not exactly the same, as the studies share a common 
background of advanced liver disease.

The major limitation of the current study is that 
approximately one-third of the patients were excluded from 
the tumor response protocol in non-PD status, two-thirds 
of which were due to receiving treatments other than DEE 
chemoembolization. This finding is consistent with the 
study design in which the choice and application of second-
line treatment modality are not strictly controlled, with the 
ethical intention to not deprive patients of the opportunity 

to receive tailored treatment. From the liberal study design, 
results from the current study may reflect the real-world 
practice pattern in Korea, where physicians usually utilize 
various local non-surgical treatment modalities when 
responses do not reach ideal expectations. However, the 
aforementioned poor local outcomes in small tumors might 
have affected this frequent modality conversion.

In summary, DEE chemoembolization for nodular HCCs in 
the Korean population seems effective and safe even after 
a two-year follow-up. Good liver function (Child-Pugh score 
A5) was an important prognostic factor for per-patient OS, 
PFS, and per-lesion tumor control.
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