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Hepatocellular carcinoma (HCC), one of the most common types of cancer in the 
world, mostly occurs as a result of the structural changes in the liver caused by 
cirrhosis. Orthotopic liver transplantation and surgical resection are potential cu-

rative treatment options in the early stage according to the Barcelona Clinic Liver Cancer 
(BCLC) staging system (1), but most HCC patients are beyond this stage at the time of di-
agnosis, and transarterial chemoembolization (TACE) is the standard of care in a palliative 
manner in the BCLC intermediate stage. Moreover, for patients ineligible for surgical resec-
tion or percutaneous ablation, TACE is considered to be a bridging treatment in transition 
to liver transplantation and a first-line treatment option in the early stage as well. Recently, 
drug-eluting beads (DEB) loaded with doxorubicin have been introduced and widely used 

PURPOSE 
We aimed to evaluate the effectiveness and safety of super-selective transarterial chemoemboli-
zation (TACE) with doxorubicin-loaded drug-eluting beads (DEB) sized 40–75 μm for hepatocel-
lular carcinoma (HCC) in early and intermediate stages according to Barcelona Clinic Liver Cancer 
(BCLC) staging system.

METHODS
This single-center retrospective study was conducted with 45 consecutive HCC patients treated 
by 72 sessions of DEB-TACE during the 2012–2017 period. Thirty-seven patients (82.2%) had sin-
gle tumor staged BCLC A and B (53.3% and 46.7%, respectively). All procedures were performed 
by super-selective approach using 1.7–2.0 F microcatheters. Cone beam CT was performed to 
detect all tumor-feeding arteries and assess the treatment results immediately. Dynamic MRI and 
laboratory tests were obtained at 1-month follow-up and every 3 months thereafter. Response 
to treatment according to modified Response Evaluation Criteria in Solid Tumors, demographic 
and clinical status, laboratory tests, time-to-event durations and rates, complications according 
to the National Cancer Institute Criteria for Adverse Events were evaluated.

RESULTS
A total of 45 patients (median age, 65.6 years;  range, 35–88 years; 33 men, 73.4%) were includ-
ed. Eight patients (17.7%) underwent liver transplantation after DEB-TACE, and 20 (44.4%) died 
during the follow-up period. Median follow-up was 22 months (range, 13–31), and 42 (93.3%) 
patients were followed up for more than 1 year. Overall complete response, partial response, and 
progressive disease rates were 53.3%, 33.3%, and 13.4% at one year and 22.2%, 26.7%, and 13.3% 
at three years, respectively. For target lesions, these rates were 60.0%, 26.7%, and 13.3% at one 
year and 28.9%, 6.7%, and 4.4% at three years, respectively. Median overall survival (OS) duration 
was 24 months (95% CI, 20.9–31.9 months). At one year and three years, OS rates were 71.0% 
and 44.4%, respectively. The only statistically significant relationship with OS was presence of 
chronic liver disease, which worsened the OS rate (P = 0.031). Time-to-progression (TTP) was 
23 months (95% CI, 15.1–40.0), and progression-free survival (PFS) was 28 months (95% CI, 6.2–
39.8). Post-embolization syndrome occurred in 10 patients (22.2%). Transient grade I/II bilirubin 
and aminotransferase elevation was observed in 26 (57.7%) and 18 (40%) patients, respectively.

CONCLUSION
Super-selective DEB-TACE with doxorubicin-loaded beads sized 40–75 μm is an effective and safe 
treatment method with prolonged TTP and PFS in early and intermediate stages of HCC. Pres-
ence of chronic liver disease is the only significant factor that worsened OS ratios after DEB-TACE.
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for TACE. A recent meta-analysis showed 
the superiority of DEB-TACE to convention-
al TACE performed with lipiodol in terms of 
effectiveness and safety, but not in terms of 
tumor response and survival (2). However, 
randomized controlled trial of DEB-TACE vs. 
conventional chemoembolization for HCC 
showed equal effectiveness and safety of 
both methods, with the only advantage of 
DEB-TACE being less post-procedural ab-
dominal pain (3). Nevertheless, the size of 
the beads to be used is still controversial. It 
has been indicated in animal models that 
smaller beads permit deeper and more ho-
mogeneous penetration into the tumor and 
allow more permanent drug delivery, which 
generates distinct tumor necrosis (4). How-
ever, serious side effects such as hepatic 
failure, biliary duct injuries and pulmonary 
complications following TACE with small-
sized beads were reported (5–7). On the oth-
er hand, a recent study with a large cohort of 
patients has suggested that there is no cor-
relation between small beads and increased 
complication rates (8). In the past decade, a 
new generation of tightly calibrated DEBs 
with diameters of 40 μm, 75 μm, and 100 μm 
have been introduced. The aim of this study 
was to evaluate the effectiveness and safety 
of TACE with doxorubicin-loaded small DEBs 
sized 40–75 μm (TANDEM, Boston Scientific) 
in early and intermediate-stage HCC.

Methods
Study design and patient selection

All procedures were performed in ac-
cordance with the ethical standards of the 

Institutional Clinical Research Ethical Com-
mittee and with the 1964 Helsinki declara-
tion. This study has obtained approval from 
Institutional Clinical Research Ethical Com-
mittee (decision No 75 from March 2, 2018).

This was a single-institution retrospec-
tive study including 45 consecutive treat-
ment-naive HCC patients treated by 72 
sessions of DEB-TACE between April 2012 
and January 2017. Patients were evaluat-
ed and discussed at the multidisciplinary 
tumor board and were scheduled for the 
treatment with DEB-TACE after a signed 
informed consent form had been obtained 
from each patient.

The patients’ inclusion criteria were as fol-
lows: HCC diagnosis, histologically proven 
or in accordance with European Association 
for the Study of the Liver (EASL) guidelines 
(9), early or intermediate stage according to 
BCLC classification. Exclusion criteria were 
patients with any kind of previous treat-
ment for HCC, Eastern Cognitive Oncology 
Group (ECOG) performance status score 
(10) ≥1, decompensated cirrhosis (Child-
Pugh score ≥8), refractory ascites, enceph-
alopathy, hepatorenal syndrome, creatinine 
>2 mg/dL or creatinine clearance <30 mL/
min, severe coagulation disorder, portal or 
hepatic vein invasion, extrahepatic metas-
tases, and very large arteriovenous shunts 
not suitable for embolization.

DEB-TACE procedure
After common femoral artery puncture 

under ultrasound guidance and 5  F or 6  F 
sheath insertion, abdominal aortography, 
celiac and superior mesenteric artery an-
giographies were obtained for anatomic 
evaluation and to determine the treat-
ment strategy. Subsequent to targeted su-
per-selective catheterization, a maximum 
of 3 vials of microspheres sized 40–75 μm 
(TANDEM, Boston Scientific) loaded with 50 
mg of doxorubicin per one vial were inject-
ed according to tumor size and number of 
feeding arteries. For tumors less than 3 cm, 
40 μm sized microspheres were used, while 
for tumors greater than 3 cm, at first 40 μm 
and then 75 μm sized microspheres were 
injected. Saline was not used in the mixture 
to prevent catheter occlusion due to larger 
microspheres. Slow injection of the suspen-
sion at 1 cc/min was performed in order to 
saturate the tumor with mixture as much as 
possible. After achieving intense saturation 
according to non-contrast cone beam com-
puted tomography (CT) control images, the 
procedure was finalized. Standard medica-
tion protocol for TACE with intravenous in-

jections of 10 mg dexamethasone, 100 mg 
tramadol, 50 mg ranitidine, 1 g ceftriaxone 
and 8 mg ondansetron was administered 
just before and during the procedure. After 
clinical and liver function tests evaluation, 
patients were discharged within 24 hours 
and scheduled for the planned follow-up.

Follow-up and response evaluation
Triphasic CT was the chosen modali-

ty for one patient due to claustrophobia, 
whereas all other patients were evaluated 
by dynamic contrast-enhanced magnetic 
resonance imaging (MRI) before and after 
DEB-TACE at one and three months and 
then at 3-month intervals. Clinical status 
and laboratory tests were obtained at the 
same scheduled intervals. Response as-
sessment of the treated tumors was con-
ducted on Modified Response Evaluation 
Criteria in Solid Tumors (mRECIST) (11) and, 
if viable tumor was detected, additional 
DEB-TACE procedure was made. Complete 
response (CR), partial response (PR), and 
progressive disease (PD) rates were calcu-
lated in percentages, in accordance with 
mRECIST criteria. Stable disease (SD) was 
not found in this data set. Radiological 
response rates were calculated as over-
all response, and target-based responses 
(the local response in the targeted tumor) 
were calculated separately in order to as-
sess the treatment success specifically. 
Single reader with 12-year experience in 
abdominopelvic CT and MRI blinded to 
the sequence of treatment conducted the 
radiological response analysis.

Safety analysis
The National Cancer Institute Common 

Terminology Criteria for Adverse Events 
(CCTAE) version 5.0 (12) was utilized to as-
sess toxicity; safety was evaluated imme-
diately after the procedure and at every 
scheduled follow-up. In the first month, 
patients were followed up in terms of 
post-embolization syndrome. For this pur-
pose, patients were questioned in concor-
dance with CCTAE chart about abdominal 
pain, loss of appetite, weakness, and fever. 
Also, patients were investigated for albu-
min, total bilirubin, aspartate aminotrans-
ferase, alanine aminotransferase values and 
international standardized ratio within one 
month after the treatment.

Statistical analysis
Normally distributed continuous vari-

ables were presented as mean and standard 
deviation, while not normally distributed 

Main points

• DEB-TACE with 40–75 μm beads in hepato-
cellular carcinoma (HCC) patients resulted in 
median overall survival rate of 24 months (95% 
CI, 21–32 months), with 1-year and 3-year sur-
vival rates of 71.0% and 44.4% respectively. 
These rates were better than the survival rates 
reported in a recently published prospective 
multicenter study and mildly better than the 
survival rates after conventional TACE with 
lipiodol, according to a recently published sys-
tematic review.

• Among studied demographic and clinical pa-
rameters of HCC patients, the only statistically 
significant relationship was found between 
the presence of chronic liver failure and overall 
survival after DEB-TACE with 40–75 μm beads.

• DEB-TACE with 40–75 μm beads is an effective 
and safe treatment method for patients with 
early and intermediate stage HCC.



variables were presented as median (min–
max). Categorical variables were expressed 
as numbers and percentages. The descrip-
tive statistics were used for demographic 
and clinical parameters. Treatment date was 
chosen for survival analyses and patients 
with liver transplantation after DEB-TACE 
were censored. The results were tested with 
the 95% confidence interval. Time-to-event 
analyses (overall survival [OS], time-to-pro-
gression [TTP], and progression-free surviv-
al [PFS]) were performed using Kaplan-Mei-
er method with log-rank test. Accepted P 
value for statistical significance was <0.05. 
Statistical analyses were performed with 
SPSS software version 18.0 (SPSS Inc.).

Results
Table 1 summarizes the patients’ demo-

graphic and clinical characteristics. Briefly, 
almost half of patients (53.3%) were hepa-
titis B virus infected while alcohol was the 
minor etiologic factor (4.4%). Thirty-three 
patients (60.0%) had chronic liver disease 
according to the clinical decision based on 
laboratory tests and pre-treatment CT and 
MRI findings such as parenchyma heteroge-
neity, irregular contours of the liver, shrink-
age of capsule, atrophy of the right lobe, hy-
pertrophy of the left and/or caudate lobe. 
Thirty-seven patients (82.2%) had single tu-
mor staged BCLC A and B (53.3% and 46.7%, 
respectively). All patients were in ECOG sta-
tus 0. Overall, 42 of 45 patients (93.3%) had 
over one year of follow-up.

A total of 72 sessions (average 1.6 per pa-
tient) were performed in order to achieve 
objective response. Most repeat TACE pro-
cedures (77.4%) were performed within the 
first 3 months depending on the results of 
control MRI studies, while in others (22.4%), 
procedures were performed at a later peri-
od due to development of local recurrence 
or new lesions. Twenty patients (44.4%) 
died during the follow-up period, includ-
ing two patients (4.4%) who died due to 
liver transplantation-related complications. 
Eight patients (17.7%) underwent liver 
transplantation after DEB-TACE and were 
therefore censored from time-to-event 
analyses. The median time from DEB-TACE 
to liver transplantation was 12 months 
(range, 4–24 months). Median follow-up of 
remaining patients was 22 months (range, 
1–49 months). Overall CR, PR, and PD rates 
were 53.3%, 33.3%, and 13.4% at 1 year 
and 22.2%, 26.7%, and 13.3% at 3 years, 
respectively. For target lesions, these rates 

were 60.0%, 26.7% and 13.3% at 1 year and 
28.9%, 6.7%, and 4.4% at 3 years, respec-
tively.

Table 2 summarizes the effects of clinical 
parameters on overall survival rate, and Fig-
ure shows the relationship between pres-
ence of chronic liver disease and overall 
survival after DEB-TACE. Median OS for all 
patients was 24 months (95% CI, 20.9–31.9 
months). OS rates at 1 year and 3 years were 
71.0% and 44.4%, respectively. The only 
statistically significant relationship with OS 
was presence of chronic liver disease, which 
worsened the OS rate. Median OS for pa-
tients with and without chronic liver disease 

was 18 months (range, 1–51 months) and 
36 months (range, 9–39 months), respec-
tively (P=0.031, hazard ratio 2.172) (Table 
2, Fig.). TTP duration was 23 months (95% 
CI, 15.1–40.0 months) and PFS duration was 
28 months (95% CI, 6.2–39.8 months) in this 
patient population.

Procedure-related mortality, major ad-
verse events, grade III/IV toxicity or biliary 
injury were not observed. Also, ascites, liver 
abscess or non-target liver necrosis were 
not detected on follow-up images. Nev-
ertheless, post-embolization syndrome (a 
complex of fever, nausea and/or vomiting, 
and pain) was encountered in 10 (23%) pa-
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Table 1. Demographic and clinical characteristics of the study population

Age (years), median (range) 65.6 (35–88)

Gender, n (%)

   Female 12 (26.6)

   Male 33 (73.4)

Etiology, n (%)

   HBV 24 (53.3)

   HCV 12 (26.7)

   Alcohol 2 (4.4)

   Cryptogenic 7 (15.6)

Post DEB-TACE transplantation history 8 (17.7)

BCLC stage, n (%)

   A 24 (53.3)

   B 21 (46.7)

a-fetoprotein level (IU/mL), n (%)

   <20 28 (62.2)

   20–400 12 (26.7)

   >400 5 (11.1)

Chronic liver disease, n (%)

   No 22 (40.0)

   Yes 33 (60.0)

Child-Pugh class, n (%)

   A 29 (52.8)

   B 26 (47.2)

Number of tumors, n (%)

   Single 37 (82.2)

   Multiple 8 (17.8)

Size of tumors (cm), n (%)

   <3 12 (4.6)

   3–5 26 (57.7)

   >5 17 (37.7)

HBV, hepatitis B virus; HCV, hepatitis C virus; DEB-TACE, transarterial chemoembolization with doxorubicin-loaded 
drug-eluting beads; BCLC, Barcelona Clinic Liver Cancer; ECOG, Eastern Cooperative Oncology Group.
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tients. The syndrome occurred within first 
2–3 days after TACE, subsided within 1–2 
weeks and was managed by medication in 
concordance with routine hospital practice. 
In addition, asymptomatic transient grade 
I/II (according to CCTAE classification) bili-
rubin and aminotransferase elevation after 
DEB-TACE was observed in 26 (57.7%) and 
18 (40.0%) patients, respectively. These el-
evations were not always accompanied by 
post-embolization syndrome. Manifesta-
tions of the syndrome were noted in some 
patients only after the first treatment and 
in some patients only after the second one. 
In these patients, elevated parameters re-
turned spontaneously to pre-intervention 
levels within one month.

Discussion
In the last few years, it has been indicat-

ed that DEB-TACE with smaller particles is 
more effective than larger ones, by allow-
ing beads to advance more distally into the 
tumor-feeding arteries and to elute higher 
doses of the chemotherapeutic agent (13, 
14). Distal embolization with smaller beads 
was reported in an in vivo model, resulting 
in more necrosis and better local response 
(15). Thus, theoretically, more distal embo-
lization with smaller beads provides perma-
nent anoxia/ischemia and tumor necrosis 
with better outcomes. Conversely, incom-
plete embolization of the tumor, which is 
more likely to be seen after TACE with larger 
beads, is a potential stimulator of neoan-
giogenic and antiapoptotic factors result-
ing in local recurrence (16).

We intended to assess the overall re-
sponse and target tumor-based response 
to DEB-TACE performed with smaller beads, 
to obtain more accurate and specific data 
on DEB-TACE outcome. Overall and target 
lesion-based sum of complete and partial 
response rates were both 86.7% for the first 
year, which were superior to recently pub-
lished studies (17, 18). In addition, at 3 years 
these rates were 35.7% and 26.7% for target 
lesion and overall assessment, respective-
ly. This study had longer median follow-up 
duration (22 months; range, 13–31 months) 
compared with the previously published 
studies using DEB-TACE with small particles. 
Our study exhibited 23 months of median 
TTP and 28 months of median PFS, which 
is better than in recently published studies 
(18, 19). In the present study, median overall 
survival rate was 24 months (95% CI, 21–32 
months), with 1-year and 3-year survival rates 

Table 2. Relationship between clinical parameters and overall survival in the study population*

Parameters Median (range), months SE P 

BCLC stage

   A 24 (4–51) 4.09 0.362

   B 32 (5–39) 17.24

Etiology

   HBV 36 (4–50) 3.64 0.183

   HCV 18 (5–51) 4.49

   Alcohol and cryptogenic 14 (1–38) 4.05

Chronic liver disease

   Yes 18 (1–51) 3.05 0.031

   No 36 (9–33) 3.09

Tumor size, cm

   <3 22 (8–50) 9.16 0.748

   3–5 24 (1–51) 5.36

   >5 32 (5–33) 21.58

α-fetoprotein value, IU/mL

   <20 24 (1–51) 7.38 0.815

   20–400 18 (5–38) 1.92

   >400 36 (6–33) 0.000

Child-Pugh class

   A 19 (5–48) 4.87 0.497

   B 15 (1–49) 287

SE, standard error; BCLC, Barcelona Clinic Liver Cancer; HBV, hepatitis B virus; HCV, hepatitis C virus.
*Kaplan-Meier survival analysis with log-rank test.

Figure. Kaplan-Meier survival analysis with log-rank test of relationship between overall survival and 
chronic liver disease presence (P = 0.031).
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of 71% and 44.4%, respectively. All these out-
comes revealed better results over a recently 
published prospective multicenter study (20) 
and mild superiority over lipiodol chemoem-
bolization according to recently published 
systematic review data with a median over-
all survival of 19.4 months, 70.3% 1-year and 
40.4% 3-year overall survival rates (21).

The primary concern regarding chemo-
embolization with small beads in HCC is 
safety, especially in terms of pulmonary 
embolization, tumor rupture, and biliary 
damage, despite the fact that it is more 
effective than TACE with larger beads (17). 
In this study, no biliary damage after pro-
cedure was recorded, however, 26 patients 
(57.7%) experienced transient bilirubin 
elevation within 1 month after procedure, 
and among them, 5 patients (11.1%) had 
elevated bilirubin level >2 mg/dL, but with-
in the grade II toxicity criteria according 
to CCTAE classification. Only one patient 
(2.22%), who was in Child-Pugh class B7 
before DEB-TACE, was diagnosed with liver 
decompensation after the treatment, and 
she is still alive 2 years after the procedure. 
Transient increase of transaminase levels af-
ter procedure was detected in 40% (n=18) 
of the patients during first month after the 
treatment. These changes were interpret-
ed as grade I/II adverse events. No tumor 
rupture or clinically significant pulmonary 
side effect were detected in this study. No 
non-target embolization or systemic doxo-
rubicin-related toxicity was encountered 
in this study. However, TACE with larger 
beads has revealed major complications 
including mortality, possibly because of 
non-target embolization which is unlikely 
with small beads (22, 23). The reason why 
smaller microspheres are more effective is 
based on the idea that these microspheres 
can reach to the more distal part of the ar-
teries feeding the tumor, providing a per-
manent super-selective occlusion of the 
tumor-feeding arteries. On the other hand, 
large microspheres cause earlier stasis as 
they block the more proximal segments 
of the tumor-feeding arteries. On the con-
trary, smaller microspheres do not cause 
early stasis as they go further distally to the 
tumor-feeding arteries, and consequently 
drugs can be delivered directly into the tar-
get tumor. Moreover, grade III or IV adverse 
events were not observed in our treated 
patients and all patients were discharged 
within 24 hours after treatment. Ten pa-
tients (22.2%) experienced mild symptoms 

of postembolization syndrome which was 
easily managed by medication (antiemetic 
and analgesic drugs such as granisetron 2 
mg/day, metoclopramide 10 mg tid, di-
clofenac 50 mg tid orally). The incidence 
of postembolization syndrome was low-
er compared with the other studies using 
larger beads, and slightly higher compared 
with a recently published study on DEB-
TACE performed with microspheres sized 
40 μm (18). In long-term follow-up, no sign 
of myelosuppression or alopecia was noted.

Consequently, statistically significant re-
lations were found between presence of 
chronic liver failure and overall survival. No 
significant correlation was found between 
overall survival and other investigated fac-
tors. However, this could be because of the 
limited number of enrolled patients. 

There are some limitations of the study. 
First, this was a retrospective study with a 
relatively small number of patients. Sam-
ple size was not calculated due to the ret-
rospective design of this study. In addition, 
non-comparative design of the study is an-
other significant limitation. In fact, there are 
few studies assessing safety and efficacy of 
DEB-TACE with beads smaller than 100 μm, 
which supports the idea of studying the use 
of small beads in HCC in terms of safety and 
efficacy. However, the number of patients in 
our study was comparable with other studies 
on this subject and the follow-up period was 
much longer than in previously published 
studies. Second, in this study 82% of the 
patients had only a single session of treat-
ment, which makes it difficult to compare 
results from studies of patients with different 
clinical characteristics. Another important 
limitation is that radiological response anal-
ysis was made by single radiologist, though 
blinded to the sequence of treatment, and 
intraobserver variability was not evaluated.

In conclusion, TACE with drug-eluting 
beads sized 40–75 μm and loaded with 
doxorubicin is an effective and safe treat-
ment method with long durations of TTP 
and PFS in early and intermediate stages of 
HCC. Presence of chronic liver disease was 
the only significant factor to worsen the 
overall survival ratio after DEB-TACE.
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