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Purpose: The aim of this retrospective study was to evaluate the safety and efficacy of patients with hepatocellular carcinoma treated 
with drug-eluting bead with doxorubicin transarterial chemoembolization (DEBDOX-TACE) in Taiwan.
Patients and Methods: We retrospectively investigated 630 hepatocellular carcinoma patients who underwent DEBDOX-TACE in 
multiple institutions from 2011 to 2016 in Taiwan. Tumor response was assessed per modified response evaluation criteria in solid 
tumors, overall survival, and safety.
Results: This study included 630 patients who underwent DEBDOX-TACE, participants’ mean age was 66 years, 68.1% males and 
15.6% females. The mean doxorubicin dose administered via DEBDOX-TACE was 56 mg. Complete and partial response rates were 
14.6% and 49.2%, respectively, with a disease control rate of 84.6%. The median overall survival was 29.2 months. The most common 
post-embolization symptom was abdominal pain (22.4%). No hepatic encephalopathy and no procedure-related death were found.
Conclusion: Real-world data from Taiwan demonstrated that DEBDOX-TACE for hepatocellular carcinoma can achieve high tumor 
response rate with low adverse events.
Keywords: chemoembolization, DEBDOX, doxorubicin, liver cancer

Introduction
Hepatocellular carcinoma (HCC) is one of the major cancers. Worldwide, it ranks the 5th most common cancer and the 
3rd most common cause of cancer-related deaths.1 Taiwan has reported increasing incidence of HCC where it may have 
been due to increased awareness of reporting and better screening service.2,3 Liver cirrhosis is a major risk factor for 
HCC. The major etiologies are hepatitis B virus (HBV) or hepatitis C virus (HCV) infections. Fatty liver disease 
(alcoholic or non-alcoholic), obesity, diabetes, smoking, aflatoxin, family history and genetic factors are also listed as 
possible risk factors.2,4

Transarterial chemoembolization (TACE), disrupting the blood supply to the tumor thus inducing tumor ischemia, is 
the treatment of choice for patients with intermediate-stage Barcelona Clinic Liver Cancer (BCLC) stage B HCC.5 These 
patients are asymptomatic and have unresectable multinodular tumors with adequate preservation of liver function. 
Conventional TACE (cTACE) is performed by injecting a chemotherapeutic drug mixed with an embolic agent into the 
tumor feeding artery. The feeding artery is then embolized to obtain the synergistic effect of drug cytotoxic activity and 
ischemia.6,7 The outcome of cTACE was variable. The most probable reasons are that cTACE does not have a well- 
standardized procedure or protocol.6,8
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Drug-eluting bead (DC Bead, Boston Scientific, Massachusetts, USA) with doxorubicin (DEBDOX) represents 
the second generation of TACE where the liquid embolic agent is substituted with size calibrated hydrogel microsphere 
beads ranging from 70 to 700 µm that are biocompatible, hydrophilic, non-resorbable, and capable of loading 
chemotherapeutic agent, most commonly with doxorubicin in Taiwan.9–11 The landmark PRECISION V, multicenter 
randomized controlled trial (RCT) demonstrated that tumor response for DEBDOX-TACE significantly outperformed 
cTACE in the Eastern Cooperative Oncology Group (ECOG) 1, Child-Pugh B, bilobar, and recurrent disease subgroups. 
DEBDOX-TACE demonstrated a better safety profile with a significant decrease in serious liver-related adverse events 
and systemic side effects versus cTACE.12 This study paved the way for subsequent research with DEBDOX-TACE, 
where meta-analyses of these studies established the benefits of DEBDOX-TACE in improving survival, improved tumor 
response, while reducing adverse events.13–16 We published the multidisciplinary Taiwan consensus recommendations for 
the use of DEBDOX-TACE in HCC Treatment in 20189 to better guide the clinical application of this procedure. 
However, real-world large patient sample and long-term follow-up data remained lacking for HCC patients treated with 
DEBDOX-TACE.

The purpose of this retrospective study was to evaluate the safety and efficacy of DEBDOX-TACE treatment in HCC 
patients in Taiwan.

Materials and Methods
Patient Selection
The study was designed as a retrospective, multicenter analysis of patient data from prospectively maintained databases. 
Patients were treated with DEBDOX-TACE in three Taiwan institutions, namely, National Taiwan University Hospital, 
National Cheng Kung University Hospital, and Taichung Veterans General Hospital from 2011 to 2016 with at least 12 
months of follow-up. Institutional review board approval was acquired before initiation of the study in each institution 
(Research Ethics Committee of the National Taiwan University Hospital, No: 201708028RINC; Institutional Review 
Board of National Cheng-Kung University Hospital, No: B-ER-106-166; Institutional Review Board of Taichung 
Veterans General Hospital, No: CE17306A). Informed patient consent was waived due to the retrospective nature of 
the study and all the data were existing medical records. All patient records were stored in the de-linked format. 
Passwords were required to open the databases. The waive was approved by the Research Ethics Committee or 
Institutional Review Board for each institution. All pre-treatment assessments including medical history, physical 
examination, laboratory evaluation, and imaging were completed for each patient.

The inclusion criteria were as follows: HCC diagnosed by pathology by non-invasive criteria according to American 
Association for the Study of Liver Diseases guidelines; and HCC patient at least 18 years old treated with at least one 
DEBDOX-TACE. The exclusion criteria were as follows: concurrent with any other cancer except non-melanomatous 
skin cancer; tumor invasion of the main portal vein, hepatic vein, or biliary duct, extrahepatic arterial supply to tumor; 
patient diagnosed with atypical HCC (eg infiltrative); concurrent antineoplastic treatment (i.e radiotherapy, radiofre-
quency ablation, sequential intra-arterial chemotherapy, sorafenib, etc.). Patients had received at least 2 consecutive 
sessions of TACE (at least 2 TACE at same admission, irrespective of cTACE or DEBDOX-TACE). There were lack of 
data before or after DEBDOX-TACE due to incomplete medical records. To reduce confounding factors, this study 
focused only on DC Bead. The study was registered at clinicaltrials.gov (ID code NCT03283956). The conduct of the 
study was in accordance with the World Medical Association Declaration of Helsinki.

DEBDOX-TACE Treatment Protocol
Treatment was based on the liver multidisciplinary board consensus and deemed to have unresectable disease by 
experienced hepatobiliary surgeons, subsequently performed by experienced interventional radiologists at the respective 
institutions. All patients received a standardized review of medical history, physical examination, laboratory and imaging 
examinations (either contrast-enhanced computer tomography (CE-CT) or contrast enhanced magnetic resonance ima-
ging (CE-MRI)) within 6 weeks pre-procedure. All patients should have received a standardized DEBDOX-TACE 
treatment. Detailed DEBDOX-TACE technique has been previously described by Chang et al.9 Segmental or lobar 
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DEBDOX-TACE was performed according to a local procedure with DC Bead of appropriate size, loaded with 50 to 
75 mg of doxorubicin per 2 mL DC Bead. The total dose of doxorubicin administered depends on tumor size and tumor 
number by the same embolization endpoint. Additional embolic agent (ex: bland microsphere, Lipiodol, gelfoam 
pledgets) would be used to achieve the embolization endpoint.

Data Collection, Follow-Up and Response Evaluation
Patient characteristics, medical history, baseline physical examination, laboratory and imaging examinations (either CE- 
CT or CE-MRI) were collected up to 12 months after DEBDOX-TACE. The tumor response was assessed at the first 
imaging follow-up after DEBDOX-TACE, usually 1–3 months after DEBDOX-TACE.

Response evaluation was assessed with the modified Response Evaluation Criteria in Solid Tumors (mRECIST). 
Complete response (CR) was defined as the disappearance of any intratumoral arterial enhancement in all target tumors. 
Partial response (PR) was defined as at least a 30% decrease in the sum of diameters of viable (enhancement in the arterial 
phase) target tumors, taking as reference the baseline sum of the diameters of target tumors. Stable disease (SD) was defined 
as any case that did not meet the definition of either PR or progressive disease (PD). PD was defined as an increase of at least 
20% in the sum of the diameters of viable (enhancing) target tumors, taking as reference the smallest sum of the diameters of 
viable (enhancing) target tumors recorded since treatment baseline.17,18 Disease control rate was the proportion of patients 
achieving CR and PR, and SD. Images were evaluated by an experienced IR at the respective institutions.

Safety Evaluation
Adverse Events (AEs) of DEBDOX-TACE were evaluated based on the incidence of Grade 3 and Grade 4 toxicities up 
to 8 weeks following the procedure, according to the National Cancer Institute’s Common Terminology Criteria for 
adverse events (CTCAE) Version 4.0319.

Statistical Analysis
Descriptive statistics were computed for categorical variables and means ± standard deviations or medians with 
interquartile ranges for continuous variables. For survival analysis, Kaplan-Meier was used. Tumor response and adverse 
events were tabulated in tables. All effects were considered significant at p < 0.05. Statistical analysis was performed 
using SAS Software (Version 9.4, SAS Institute, North Carolina, USA).

Results
Patient Population
A total of 630 adult patients who received DEBDOX-TACE were included in the final analysis. The mean age was 65.7 ± 
11.7 (range 54 to 77.4) years, among which were 429 (68.1%) males and 267 (15.6%) females. The numbers of BCLC 
stage 0, A, B, C, and D patients were 83 (13.2%), 452 (71.8%), 92 (14.6%), and 3 (0.48%), respectively. A total of 122 
patients (19.4%) had single lesion, 67 patients (10.7%) had 2 lesions, 58 patients (9.24%) had 3 lesions, and 381 patients 
(60.7%) had at least 4 lesions. The largest tumor size was 4.62 ± 3.57 cm. Among them, 106 patients were non-cirrhotic. 
Child-Pugh A including non-cirrhosis, and Child-Pugh B were numbered at 532 (84.4%), and 98 (15.6%) patients, 
respectively, with no patient with Child-Pugh C status. Other disease status, laboratory parameters, and patient 
characteristics are listed in Table 1.

DEBDOX-TACE Treatment
The mean doxorubicin dose delivered via DEBDOX-TACE was 56.1 ± 27.6 mg. A total of 588 patients (93.3%) had 
segmental embolization whilst 42 patients (6.67%) had lobar embolization. DC Bead sizes, 75–150 µm, 100–300 µm, 
300–500 µm, 500–700 µm, were used in 10 (1.7%), 256 (43.03%), 322 (54.1%), 7 (1.2%) patients, respectively (shown 
in Table 2).
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Treatment Responses and Overall Survival
Complete response was achieved in 92 (14.6%) patients, 310 (49.2%) attained PR, and 131 (20.8%) had SD. Disease 
control rate was 84.6%. The overall survival rate post DEBDOX-TACE was 82.5% at 1 year, 57.1% at 2 years, 42.4% at 
3 years, 34.3% at 4 years, and 26.5% at 5 years. The smaller tumor size and few tumor numbers had higher complete 

Table 1 Patients Characteristics

Parameters N=630

Age (Years) 66 (26~93)
Gender (n/%)

Male 429 (68.1%)

Female 201 (31.9%)
Blood Profile

Creatinine (mg/dL) 0.86 (0~13)

Hemoglobin (g/dL) 12.45 (4.97~18)
WBC (x109/L) 5.09 (1.6~16.4)

Platelet (x109/L) 124.5 (28~730)
Largest Tumor Size (cm) 3.4 (0.7~21.5)

BCLC Stage (n/%)

0 0 (0%)
A 83 (13.2%)

B 452 (71.8%)

C 92 (14.6%)
D 3 (0.48%)

Child-Pugh Stage (n/%)

A (including 106 non-cirrhosis) 532 (84.4%)
B 98 (15.6%)

Viral Etiology (n/%)

HBV 316 (50.2%)
HCV 267 (42.5%)

HBV + HCV 39 (6.2%)

Non HBV Non HCV 85 (13.5%)
Liver Function

Albumin (g/dL) 4 (2.2~5.5)

Bilirubin (mg/dL) 0.7 (0.1~6.15)
ALT (U/L) 42 (1.9~409)

AST (U/L) 55 (16~402)

ALBI grade
1 345 (54.8%)

2 272 (43.2%)

3 13 (2.0%)
Tumor Number

1 122 (19.4%)

2 67 (10.7%)
3 58 (9.2%)

≥4 381 (60.7%)

AFP (µg/L) (n/%)
<20 270 (43.5%)

20–400 198 (31.9%)

>400 153 (24.6%)

Note: Data presented as median (range) or count (%). 
Abbreviations: WBC, white blood cell; BCLC, Barcelona Clinic 
Liver Cancer; HBV, hepatitis B virus; HCV, hepatitis C virus; ALT, 
alanine aminotransferase; AST, aspartate aminotransferase; ALBI, 
albumin-bilirubin; AFP, alpha-fetoprotein.
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response rate (Table 3). For those patients (N = 385) with tumor burden beyond up-to-7, complete response was achieved 
in 59 (15.3%) patients, 79 (35.8%) attained PR, and 196 (50.9%) had SD. The objective tumor response was lower for 
tumor burden beyond up-to-7, but not reaching statistically significant difference. Regarding the bead size, there were 
only 10 patients received 70–150 µm size bead and only 7 patients received 500–700 µm size bead. Thus, we compared 
the tumor response only between 100 and 300 µm vs 300–500 µm beads. There was no statistical difference in the tumor 
response between these two groups. The median overall survival was 29.2 months (Figure 1).

Multivariate Analysis for Tumor Response and Overall Survival
To investigate the parameters used to predict tumor response and overall survival, multivariate logistic regression (for tumor 
response) and Cox regression (for overall survival) were performed. As shown in Table 4, male, tumor size, Barcelona Clinic 
Liver Cancer (BCLC) stage, serum albumin level, aspartate aminotransferase (AST), and alpha-fetoprotein (AFP) were 

Table 2 DEBDOX-TACE Treatment 
Characteristics

Parameters Patients (n/%)

Doxorubicin Dose (mg) 56.1 ± 27.6

Embolization

Lobar 42 (6.67%)
Segmental 588 (93.3%)

DC Bead Size (µm)

70–150 10 (1.7%)
100–300 256 (43.03%)

300–500 322 (54.1%)
500–700 7 (1.2%)

Note: Data presented as mean ± standard deviation, or 
count (%).

Table 3 Tumor Responses After DEBDOX-TACE Treatment 
According to Tumor Size and Tumor Number

Tumor size

<= 2 cm > 2 cm ~ > 5 cm ~ >10 cm
<= 5 cm_ <= 10 cm

CR 31 (22.8%) 53 (17.6%) 8 (5.8%) 0 (0.0%)

PR 66 (48.5%) 154 (51.2%) 70 (50.4%) 20 (37.0%)
SD 28 (20.6%) 53 (17.6%) 32 (23.0%) 18 (33.3%)

PD 7 (5.1%) 33 (11%) 22 (15.8%) 12 (22.2%)

Unknown 4 (2.9%) 8 (2.7%) 7 (5.0%) 4 (7.4%)
Total 136 301 139 54

Tumor number

1 2–3 >= 4

CR 26 (21.3%) 20 (16%) 46 (12.0%)
PR 42 (34.4%) 74 (59.2%) 194 (50.7%)

SD 30 (24.6%) 23 (18.4%) 78 (20.4%)

PD 14 (11.5%) 5 (4.0%) 55 (14.4%)
Unknown 10 (8.2%) 3 (2.4%) 10 (2.6%)

Total 122 125 383

Note: p < 0.0001, Chi-square test. 
Abbreviations: CR, complete response; PR, partial response; SD, stable disease; PD, 
progressive disease.
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predictors for tumor response. Age, hemoglobin, white blood cell count, BCLC Stage, AST, tumor number, and AFP level 
were predictors for overall survival.

Safety Evaluation
The most common post-embolization syndrome was abdominal pain (22.4%). Bacteremia (0.3%) and liver abscess 
(0.8%) were rare. No hepatic encephalopathy was noted. No procedure-related mortality was found (Table 5). 
Approximately 40% to 50% patients had elevated aminotransferase of any grade. However, grade 3 and above adverse 
events for alanine aminotransferase (ALT) and AST only, respectively, charted at 2.86% and 6.19%. Grade 3 and higher 
bilirubin elevation took place only in 1.3% of the studied subjects (Table 5). Patients of albumin-bilirubin (ABLI) grade 3 
had a higher probability of developing fever, loss of appetite, ascites, bacteremia, hepatic encephalopathy, and grade 3 
INR prolongation after DEBDOX-TACE. Among the study subjects, Child-Pugh scores increased in 16% and ALBI 
grade increased in 22.0% of the patients after DEBDOX-TACE. Only 4 subjects had significant decreased liver function 
(Child-Pugh scores increase >2 points) after DEBDOX-TACE (Table 6).

Discussion
Development of DEBDOX-TACE was used to advance the efficacy and safety of conventional drug chemoembolization, 
commonly associated with highly variable technique and clinical outcomes.6,8,20 The technique of DEBDOX-TACE 
using DC Bead allows higher and more sustained concentration of drugs to target tumor and minimizes systemic 
exposure to chemotherapy agents, which increases efficacy while reducing the potential for AEs.21 Over two decades 
of continuous effort in exploring DEBDOX-TACE efficacy and safety in treating HCC patients has now culminated in 
a bevy of promising state-of-the-art clinical data, in tandem with the ongoing spirited debate of the procedure against 
other available treatment modalities.

This study found that DEBDOX-TACE can achieve a commendable objective response rate (ORR) of 63.8%, of 
which there were 14.6% CR and 49.2% PR, comparable with previous studies reporting ORR of DEBDOX-TACE 
ranging from 52% to 94.4%.12,22 ORR achieved in this study was higher than that of Precision V’s (63.8% vs 52%).12 

However, in a recent study by Kang et al, where among 36 patients who received DEBDOX-TACE, ORR was 94.4%, 

Figure 1 Kaplan–Meier Survival curve of patients received DEBDOX-TACE treatment.
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with 69.4% CR and 25% PR. The higher ORR reported by Kang et al was probably attributed to the procedure of 
DEBDOX-TACE being done using smaller sized (70–150 µm) DC Bead M1 (Boston Scientific, Massachusetts, USA).22 

Our study demonstrated that the smaller tumor size and few tumor numbers had higher CR rate. No CR was found for 
tumor larger than 10 cm. High tumor burden, such as up-to-7 criteria,23,24 is presumed to have poor response to TACE. 
However, the CR rate to DEBDOX-TACE in our patients beyond up-to-7 was similar to that in patients within up-to-7. 
Hung et al recently proposed 7–11 criteria, not up-to-7 might be better to define high tumor burden.25 These data could 
provide reference for future patient selection for DEBDOX-TACE.

This study demonstrated a median overall survival of 29.2 months, substantially higher than reported by some 
studies.26,27 Kloeckner et al in their drug-eluting chemoembolization arm reported a median survival of 12.3 months.26 

Whilst median survival of 15 months was reported in the drug-eluting chemoembolization arm by Gomes et al, with 
higher doxorubicin dose than this study.27 Contrarily, higher survival than in our study was previously reported by Burrel 
et al with median survival of 40.2 months and 31.9 months respectively for BCLC A and B patients28. This was again 
demonstrated recently by Aliberti et al, where despite the fact that there were 45.8% patients with BCLC C stage, median 
survival was 42 months.29 Notably, these two papers had highly selected patients (ie 95% Child-Pugh A),28 and the use 
of smaller sized drug-eluting microspheres beads (70–150 µm).29

While there have been multiple systematic reviews and meta-analyses published to date in an effort to consolidate the 
available literature surrounding the superiority of DEBDOX-TACE, it is still controversial.13 A meta-analysis of 4 

Table 4 Multivariate Analysis for Parameters to Predict Tumor Response or Overall Survival

Tumor Response Overall Survival

OR 95% CI P value HR 95% CI P value

Age 1.013 1.002 1.025 0.023*

Gender

Male 0.613 0.398 0.945 0.027*

Female Ref

Hemoglobin (g/dL) 0.915 0.845 0.991 0.029*

WBC (x109/L) 1.139 1.056 1.229 0.001**

Largest Tumor Size (cm) 0.936 0.875 1.000 0.049*

BCLC Stage

A 3.249 1.409 7.493 0.006** 0.293 0.186 0.46 <0.001**
B 2.678 1.546 4.638 <0.001** 0.573 0.396 0.829 0.003**

C Ref Ref

Albumin (g/dL) 1.913 1.019 3.591 0.043*

AST (U/L) 0.997 0.993 1.002 0.028* 1.005 1.001 1.008 0.005**

Tumor Number
1 0.492 0.313 0.775 0.002**

2 0.407 0.254 0.654 <0.001**

3 0.533 0.343 0.828 0.005**
≥4 Ref

AFP (µg/L) (n/%)
<20 1.338 0.824 2.172 0.024* 0.464 0.337 0.638 <0.001**

20–400 0.593 0.431 0.817 0.001**

>400 Ref Ref

Notes: *p<0.05, **p<0.01. Tumor response is defined as complete response + partial response. 
Abbreviations: OR, odds ratio; HR, hazard ratio; CI, confidence interval; WBC, white blood cell; BCLC, Barcelona Clinic Liver Cancer; AST, aspartate aminotransferase; 
AFP, alpha-fetoprotein.
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randomized control trials and 8 observational studies, which included 1449 patients, alluded to the non-superiority of 
DEBDOX-TACE in terms of tumor response and survival.30 Conversely, a recent meta-analysis by Yang et al included 
17 retrospective studies, 3 prospective studies, and 8 randomized controlled trials suggested that DEBDOX-TACE is 
superior to both transarterial radioembolization and cTACE in terms of overall survival.13 The median overall survival 
was 19.4 months after cTACE, and the overall survival rate post cTACE was 70.3% at 1 year, 51.8% at 2 years, 40.4% at 
3 years, and 32.4% at 5 years.31 The median survival of patients with HCC after TACE treatment might be lower in Asia 

Table 6 Changes of Child-Pugh Score and ALBI Grade Post 
DEBDOX-TACE

Change of Child-Pugh Scores Patients (N=576)* (n/%)

Decreased 2 Points 8 (1.4%)
Decreased 1 Point 166 (28.8%)

No Change 310 (53.8%)

Increased 1 Point 73 (12.7%)
Increased 2 Points 15 (2.6%)

Increased 3 Points 3 (0.5%)

Increased 4 Points 1 (0.2%)

Change of ALBI grade Patients (N=578)** (n/%)

Decreased 1 grade 15 (2.6%)

No Change 436 (75.4%)
Increased 1grade 127 (22.0%)

Notes: *Post-DEBDOX-TACE Child-Pugh score were incomplete in 54 
patients. **Post-DEBDOX-TACE ALBI grade were incomplete in 52 patients. 
Abbreviations: DEBDOX, drug-eluting bead with doxorubicin; TACE, transar-
terial chemoembolization; ALBI, albumin-bilirubin.

Table 5 Adverse Events Up to 8 Weeks Post DEBDOX-TACE Treatment

Parameters (n/%) No AE AE Present Unknown

Post Embolization Syndrome
Abdominal Pain 489 (77.6%) 141 (22.4%)

Fever 497 (78. 9%) 133 (2.1%)

Loss of Appetite 422 (67.0%) 49 (7.8%) 159 (25.2%)
Nausea 557 (88.4%) 73 (11.6%)

Vomiting 578 (91.7%) 52 (8.3%)

Ascites 592 (94.0%) 36 (5.7%) 2 (0.3%)
Bacteremia 628 (99.7%) 2 (0.3%)

Hepatic Encephalopathy 627 (99.5%) 3 (0.5%)

Liver Abscess 625 (99.2%) 5 (0.8%)

Parameters (n/%) No AE < Grade 3 ≥ Grade 3 Unknown

(CTCAE 4.03)

Bilirubin 158 (25.1%) 355 (56.3%) 8 (1.3%) 109 (17.3%)

ALT 199 (31.6%) 304 (48.3%) 18 (2.9%) 109 (17.3%)

AST 208 (33.0%) 273 (43.3%) 39 (6.2%) 110 (17.5%)
Cr 350 (55.6%) 142 (22.5%) 0 (0.0%) 138 (21.9%)

INR 467 (74.1%) 18 (2.9%) 0 (0.0%) 145 (23.0%)

Abbreviations: AE, adverse event; CTCAE, Common Terminology Criteria for Adverse Events; ALT, alanine aminotransferase; 
AST, aspartate aminotransferase; Cr, creatinine; INR, international normalized ratio.
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patients, 6.3–11.5 months.32 Our patients had slightly longer median overall survival and one-year survival rate compared 
with the historical data after cTACE. However, we did not collect cTACE patients in the present study. Thus, we could 
not conclude that DEBDOX-TACE had the survival superiority.

Given the heterogeneity of publications, caution needs to be exercised when conducting cross-trial comparisons and 
subsequently drawing definitive conclusions. However, taken all these data together, there is evidence suggesting that 
DEBDOX-TACE, is effective in patients with advanced stage disease with improved tumor response, disease control, and 
survival benefit, to which our results from real-life setting were in concordance with those findings. These results infer 
that proper patient selection such as those with Child–Pugh B and ECOG 1 disease,7,12 and usage of smaller sized drug 
eluting microsphere beads may achieve better treatment outcomes with DEBDOX-TACE.22,33,34 The ALBI grade has 
been claimed to be better for evaluating the underlying liver function than Child-Pugh score because it was 
a reproducible and objective measure.35 High baseline ALBI grade was associated with poorer prognosis in patients 
with HCC undergoing TACE therapy.36 Our multi-variate analysis did not find ALBI grade was an independent predictor 
for tumor response or overall survival. This might be partially explained by the low percentage (2%) of ALBI grade 3 in 
our patient cohort.

There was approximately one fourth of patients with post-embolization syndrome reported in this study. Relevant 
symptoms occurrence was comparable to the Precision V DC Bead arm: abdominal pain (22.4% vs 21.5%), nausea 
(11.6% vs 16.1%), and vomiting (8.3% vs 10.5%).37 This result could be attributed to the fact that the chemistry of the 
DC Bead matrix, as demonstrated by Hagan et al21 where it has slower drug release in vitro and a lower plasma Cmax in 
animal pharmacokinetic study, suggested gradual loco-regional exposure to chemotherapeutic agents. However, it has not 
established whether this difference is substantial to translate into clinically meaningful differences in lowering post- 
embolization syndrome and AEs.38 Furthermore, post-embolization syndrome may represent a reaction to treatment 
instead of a reflection of true AEs.34 Hepatobiliary injury is a well-identified complication associated with DEBDOX- 
TACE.22,39 The overall incidence of hepatobiliary serious adverse events was as low as 10.3%. No hepatic encephalo-
pathy and no procedure-related death were found in this study. These findings were comparable to literatures where 
DEBDOX-TACE was found to be associated with a significantly lower post-embolization syndrome and AEs.22,40,41 As 
current standard of care progresses towards super-selective, application of smaller drug-eluting microsphere beads, 
maximizing chemotherapeutic delivery to tumor via DEBDOX-TACE while sparing normal liver parenchyma, coupled 
with improvement in angiographic technology (eg C-arm mounted cone-beam CT), could potentially enhance local tumor 
control and further reduce the severity of post-embolization syndrome and AEs.42

This study had several limitations. The first is selection bias in this retrospective study design. Specifically, the lack of 
a comparative arm with other embolization modalities, to which no meaningful comparator inference can be made. 
Finally, while the sample size in this study was of reasonable number, larger data sample will enable better powering of 
the study to make conclusions about the outcomes.

Conclusion
In conclusion, we found that DEBDOX-TACE achieved high treatment response and few adverse events. Further well- 
designed randomized control studies are warranted to validate our observations. Overall, these findings further augment 
the burgeoning real-world clinical evidence for the case of DEBDOX-TACE in patients with HCC.
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