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Abstract

Purpose Different types of drug-eluting beads have been
proposed for hepatocellular carcinoma (HCC) treatment,
but long-term results are not well known. We report safety,
efficacy and long-term overall survival of HCC patients not
amenable of curative therapies treated with transcatheter
arterial chemoembolization (TACE) using drug-eluting
beads sized 70-150 micron.

Materials and Methods This single-center retrospective
study included 125 patients with Barcelona Clinic Liver
Cancer stage A (80), B (45) and compensated cirrhosis.
TACE was executed injecting drug-elutings microparticles
loaded with 75 mg of Doxorubicine and was repeated in
patients with partial response or stable disease after one
month. Adverse events, response according to modified
Response Evaluation Criteria in Solid Tumors and overall
survival were assessed.

Results Chemoembolization with 70-150 micron beads
revealed an objective response rate of 88% according to
mRECIST criteria and complete response was 60%. After a
median follow-up of 53.3 months, overall survival was
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36.6 months. Data were censored at the date of liver
transplantation in 35 patients. 33 on 125 patients (26,4%)
experienced at least one adverse event. We recorded a total
of 102 adverse events and 18 were of a high grade (G3—
G4). 30 day mortality was 0%.

Conclusion Chemoembolization with very small particles
(70-150 pm) is an effective and safe treatment in unre-
sectable HCC both as a primary therapy or as bridge to
transplantation.

Keywords HCC - Chemoembolization - Drug eluting
beads - Survival analysis

Introduction

According to Barcelona Clinic Liver Cancer (BCLC)
staging system, transcatheter arterial chemoembolization
(TACE) is the recommended treatment for patients with
intermediate-stage hepatocellular carcinoma (HCC). Even
patients with a disease that can potentially be treated rad-
ically (early stage disease A) but who are not eligible for
surgery or ablation can benefit from TACE [1-9].

In a liver transplant perspective, TACE is effective as a
bridge therapy in order to keep eligibility or as a down-
staging therapy.

Transcatheter arterial chemoembolization with drug-
eluting beads (DEBTACE) uses embolic microparticles
able to bind chemotherapeutic agents via an ion exchange
mechanism.
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A wide range of beads diameters is available but which
one is the best in terms of effectiveness and safety is still a
matter of debate. Several scientific papers proved that
efficacy and safety of DEBTACE increases using smaller
beads, in particular 100-300 pm [10-12]. Interest in
developing very small beads (i.e., 40 pm or 70—150 pm) is
growing with the aim of increase drug penetration and
obtains a more homogeneous distribution in the nodule.
Different studies [6, 13, 14] have shown efficacy and safety
of very small beads for the treatment of HCC, but there is
currently a lack of data in the literature, especially
regarding long-term survival.

The purpose of this study is to evaluate long-term
overall survival (OS) of patients with unresectable and
nonablatable HCC treated with drug eluting beads sized
70-150 pm. The long-term clinical tolerability profile of
this treatment will also be evaluated.

Material and Methods

This was a single-center retrospective study. In order to
obtain a prolonged OS times, we considered only patients
who underwent DEBTACE with 70-150 pm particles from
May 2012 to June 2015. Each patient was discussed during
multidisciplinary meetings.

Inclusion criteria were: age > 18 years, diagnosis of
HCC obtained according to non-invasive radiological cri-
teria [15] or histology, early or intermediate stage HCC
according to BCLC not amenable to curative treatments or
HCC which failed/recurred after resection or ablation,
compensated cirrhosis with Child-Pugh (CP) score not
above B7, Performance Status score 0 according to Eastern
Cooperative Oncology Group [16] (PS-ECOG 0), adequate
clotting profile and adequate renal function.

Exclusion criteria were previous TACE treatments car-
ried out in the previous three years, main or segmental
portal vein thrombosis or extra-hepatic tumor spread.

Patients were premedicated with 20 mg of pantoprazole
(Pantorc, Takeda, Osaka, Japan), 8 mg of ondasentron
(Ondasentron, Hikma, Fervenga, Portugal) and 2 g of
cefazolin (Cefamizin, Pfizer, New York, NY, United
States); during the procedure 1 g of paracetamol (Parac-
etamolo, S.A.L.F. S.p.A., Bergamo, Italy) was
administered.

A S5F diagnostic angiographic catheter was inserted
through a transfemoral access. Selective catheterization of
tumor feeder arteries was performed as selectively as
possible using a coaxial 2.8F microcatheter (Progreat,
Terumo, Japan).

DEBTACE was performed injecting 2 mL of DCBeads
M1 70-150 um particles (Boston Scientific, Massachus-
sets, MA, United States) loaded with 75 mg of doxorubicin

(Adriblastina, Pfizer, New York, NY, USA) (DEBDOX),
without adjustment for body surface.

An attempt was made to treat all nodules in a super-
selective way but, if not possible, the treatment was per-
formed including up to a maximum of three segments.

If flow stagnation was not achieved after DEBDOX
injection, non-loaded microparticles of different size where
injected until stagnant blood flow lasting for three cardiac
cycles. This was accomplished by infusing Bead block
(Boston Scientific, Massachussets, MA, United States)
100-300 micron and eventually shifting to
300-500 micron.

The treatment strategy was conducted “on demand” by
means of one or more rounds each of which consists of one
or more sessions of debTACE. The round ends with the
achievement of complete radiological tumor response
(CR), best achievable response (i.e., partial response or
stable disease) or progressive disease (PD).

Patients were hospitalized and observed until discharge
for 48—72 h. Clinical evaluation and laboratory values were
recorded the day before and 24, 48 h, 7 days and 4 weeks
after DEBTACE, then every three months.

Adverse events were defined treatment-related if
occurred within 30 days from DEBTACE and were clas-
sified according to the Common Terminology Criteria for
Adverse Events 5.0 (CTCae) [17].

Radiological response was assessed by CT or MRI
4-6 weeks after treatment according to modified RECIST
criteria (mRECIST) [18] then every three months there-
after. For analytical purposes we have taken into account
the best radiological response of patients at the end of each
round of treatment since initial response is considered a
better predictor of survival [19].

Patients overall survival (OS) was computed from the
date of the first DEBTACE session to the day of death
censoring at the date of last follow-up for patients still alive
and censoring at the date of transplant for those
transplanted.

Statistical Analysis

Survival rates and curves were determined using Kaplan-
Meyer method and compared using nonparametric log-rank
test. Univariate analysis was performed on each variables
to examinate their influence on patient’s survival and
radiologic response and are reported with log-rank test for
categoric variables and Cox regression analysis for con-
tinuous variables.

Eventually, all variables found to be significant in uni-
variate analysis were included in Cox multivariate analysis
to identify independent predictors of outcome.

A conventional p value less than 0.05 was considered
significant.
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Table 1 Baseline demographics and tumor characteristic of study patients with results of the univariate statistical analysis

Characteristic Value Median OS in months (range) p value

Gender 0.38
Male 104 (83.2%) 32.9 (22.8-43)
Female 21 (16.8%) 33.6 (21.3-45.8)

Age 64 years (18-95) 0.7
< 70 years 65 (52%) 34.1 (19.2-49)
> 70 years 60 (48%) 32.9 (24.7-41.1)

Etiology 0.35
HCV 60 (48%) 37.2 (24.7-49.6)
HBV 23 (18.4%) 32.9 (12.6-53.2)
Potus 22 (17.6%) 29.8 (27.5-32.1)
NASH 20 (16%) 56.2 (31.1-74.1)

Liver lobes involved 0.9
Unilobar 92 (73.6%) 34.1 (25.1-43.1)
Bilobar 33 (26.4%) 30.2 (22.6-37.8)

Main nodule size 27 mm (8-140) 0.24
< 30 mm 74 (59.2%) 37.2 (27.3-47.1)
> 30 mm 51 (40.8%) 29.8 (22.8-36.8)

Tumor burden (sum of diameters) 44 mm 0.018
<75 mm 101 (80.8%) 37.2 (27.3-47.1)
> 75 mm 24 (19.2%) 15.5 (3.8-27.1)

Number of nodules 2 nodules per patients 0.54
1 47 (37.6%) 40 (33.5-46.4)
2-3 57 (45.6%) 30.2 (23.5-36.8)
Multinodular 21 (16.8%) 27.4 (11.6-43.2)

Child-Pugh classification 0.0001
A 109 (87.2%) 38.2 (30.1-46.3)
B 16 (12.8%) 19.8 (18.9-20.7)

BCLC staging 0.005
A 80 (64%) 40.2 (30.8-49.6)
B 42 (33.6%) 28.2 (19.8-36.6)
C 3 (2.4%) 14.4 (3.3-32.2)

Ascites 0.99
Yes 118 (94.4%) 28.2 (0.5-55.9)
No 7 (5.6%) 33.6 (25.1-42.1)

Portal Hypertension 0.3
Yes 79 (63.2%) 28.3 (20.7-35.8)
No 46 (36.8%) 37.2 (28.0-46.4)

Diabetes 0.6
Yes 27 (21.6%) 27.4 (11.5-43.5)
No 98 (78.4%) 34.1 (24.7-43.5)

Bilirubin (mg/dL) 0.9 mg/dL (0.2-7.4) 0.01
<11 81 (64.8%) 40.2 (28.1-34.8)
> 1.1 44 (35.2%) 25 (16.6-33.4)

Albumin (g/dL) 4,1 g/dL (2.8-4.9) 0.013
> 4.1 74 (59.2%) 40 (30.5-49.5)
<4.1 51 (40.8%) 28.3 (21.8-34.8)
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Table 1 continued

Characteristic Value Median OS in months (range) p value
NLR 2.3 (0.2-11.7) 0.072
<2 47 (37.6%) 44.1 (28.9-59.2)
>2 78 (62.4%) 30.3 (23.6-36.9)
PLR 88.1 (0.5-363.3) 0.563
<113 85 (68%) 36.6 (28.7-51.3)
> 113 40 (32%) 19.6 (2.2-37.0)
AFP (ng/mL) 11.6 (0.7-61,011) 0.019
< 100 102 (82.2%) 36.6 (28.7-51.3)
> 100 22 (17.8%) 19.6 (2.2-37.0)
Meld-Na 8 (6-16) 0.001
<10 94 (75.2%) 40.2 (34.046.4)
> 10 31 (24.8%) 22.9 (16.6-29.2)

Data are expressed as median (range) or n (%) as appropriate. HCV: hepatitis C virus; HBV: hepatitis B virus; NASH: non-alcoholic
steatohepatitis; BCLC: Barcelona Cancer Liver Clinic; NLR: neutrophil to lymphocyte ratio; PLR: platelet to lymphocyte ratio; AFP: alpha-

fetoprotein; MELD-Na: Model for End-stage Liver Disease

All calculations were carried out using SPSS package
version 26 (IBM, Armonk, NY, United States).

Results

From the 142 consecutive patients with documented HCC,
125 were analyzed, while 17 were lost at follow-up. The
main baseline characteristics observed in the 125 patients
are summarized in Table 1.

All patients were asymptomatic (PS-ECOG 0) at time of
DEBTACE with a modest prevalence of BCLC A (64%)
compared to BCLC B (36%). Forty-three patients under-
went DEBTACE as a “neoadjuvant” or a “bridging to
transplant” scenario and were subsequently treated radi-
cally with liver resection (4 patients), thermoablation (4
patients) or orthotopic liver transplant (35 patients). Causes
of precluding curative treatments in patients in BCLC stage
A were a combination of comorbidities, portal hyperten-
sion or difficult tumor location.

Fifty-three patients (42,4%) had previous -curative
treatments for HCC such as surgery, thermoablation or
liver transplant but relapsed.

At baseline, the median number of nodules per patient
was 2 (2-10) with mean tumor burden of 44 mm
(8-207 mm), intended as sum of diameters. The baseline
median size of the main nodule was 27 mm (8—144 mm).

A total number of 311 DEBTACE procedures were
performed. The median number of treatments per patients
was 2 (1-8).

Seventy (22.5%) nodules were treated in a superselec-
tive manner, seventy-nine (25.4%) DEBTACE were

performed segmentally, eighty-eight (28.3%) were biseg-
mental and the remaining (23,8%) were performed on three
right segments or the whole left lobe.

Eighty-one (64.8%) patients underwent one round of
DEBTACE, thirty-six (28,8%) patients underwent two
rounds and eight (6.4%) patients underwent three or more
rounds.

Over a total of 311 DEBTACE sessions 33 on 125
patients (26,4%) experienced an adverse event. We recor-
ded a total of 102 adverse events and 18 were of a high
grade (G3-G4) according to CTCae v5.0 (Table 2). High-
grade adverse events were mostly related to altered labo-
ratory values: 10 was related to elevation of alanine or
aspartate aminotransferases, 1 was related to elevation of
bilirubin, 2 were cases of elevation of serum amylase with
pancreatitis related symptoms, 1 case was related to anemia
and 1 case was related to thrombocytopenia. One high
grade clinical adverse event that led to hospitalization was
a case of oesophageal varices bleeding 30 days after
treatment most likely related to the worsening of the portal
hypertension.

Two high grade adverse events were related to post-
embolic syndrome: one G3 post embolic epigastric pain
and one post embolic vomiting both requiring medical
therapy and observation. Adverse events are summarized in
Table 2.

Seventy-five patients experienced a CR (60%) and 36 a
PR (28.8%) accounting for 88.8% of objective response
rate (ORR). Since SD was obtained in 5 (4%) patients the
total disease control rate (DCR) reached 92.8%.

Over the follow-up period crossover to Sorafenib was
prescribed in 38 patients.
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Table 2 Adverse events occurring over 311 sessions of debTACE

G1/G2 %o G3/G4 %o

Clinical
Post embolic syndrome 16 5.1 2 0.6

Pain 9 2.9 1 0.3

Fever 5 1.6 0 0.0

Nausea/Vomiting 2 0.6 1 0.3
Bleeding 0 0.0 1 0.3
Ascites 1 0.3 0 0.0
Cholecistitis 1 0.3 0 0.0
Alopecia 1 0.3 0 0.0
Other
Atrial fibrillation 1 0.3 0 0.0
Hypertension 1 0.3 0 0.0
T wave abnormality 1 0.3 0 0.0
Ventricular arrhythmia 1 0.3 0 0.0
Laboratory
Hyperbilirubinemia 29 9.3 1 0.3
Hypertransaminasemia 31 10.0 10 3.2
Hyperamylasemia 1 0.3 2 0.6
Anemia 0 0.0 1 0.3
Thrombocytopenia 0 0.0 1 0.3
Total 84 83.2 18 16.8

After a median follow-up of 53.3 months (range
46.5-60.1 mo), 75 patients died and 35 underwent liver
transplantation.

The 1, 3, 5 year survival of our cohort was 90.7%, 48%
and 30.8% with a median overall survival (OS) of
36.6 months (95%CI: 25.96-41.24) (Fig. 1). The 1, 3,
5 year survival of the BCLC-A cohort was 97%, 55% and
39% with a median survival of 40.2 months. The 1, 3,
5 year survival of the BCLC-B cohort was 77%, 33% and
12% with a median survival of 28.6 months (Fig. 2).

79 patients had been treated upon progression disease
(PD) with a median time to PD of 21.5 months (range
2.1-60.9 mo).

For overall survival baseline categoric variables BCLC
and CP score met criteria for statistic significance at uni-
variate analysis and baseline continuous variables biliru-
bin < 1.1 mg/dL, albumin > 4.1 g/dL, MELD < 10
points, alfaphetoprotein < 100 ng/mL and tumor burden
(< 75 mm in sum) were significant for a better survival.

These variables were then included in a multivariate
analysis and a-fetoprotein (AFP), tumor burden and Child-
Pugh (CP) score resulted as independent predictors of
survival among our population.

Results of univariate and multivariate analysis are
summarized in Tables 1 and 3, respectively.
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Discussion

DEBTACE is widely accepted in clinical practice to treat
patients with liver-confined HCC, but current literature
lacks data about long-term results, especially regarding
small caliber DEB.

Scientific evidence shows that DEBTACE has a better
safety profile and greater efficacy in terms of local response
than conventional TACE, with non-inferior survival rates
[7, 20-25]. In particular, smaller particles reach the
pathologic microcirculation more deeply obtaining a better
occlusion of the tumor feeding vessels with increased
surface for drug release [26]. The uniform intratumoral
distribution achieved by smaller beads is associated with
higher necrosis rates as confirmed by pathologically studies
in animals and on explanted liver after transplant [27].

A number of clinical series have been published using
different kinds of very small drug eluting beads with solid
results in terms of safety and efficacy [13, 28-31].

In this retrospective study, we analyzed almost 6 years
of experience using very small particles 70-150 pum on 125
patients affected by liver-confined HCC not amenable of
curative treatments.

Datas about tumoral best response show interesting
results with 75 patients (60%) who achieved CR as best
response with a total ORR in 111 patients over 125
(88.8%).

In our study, after a median follow-up of 53.3 months,
OS for the entire cohort was 36.6 months. Fifty-three
patients (42,4%) were not treatment naive but relapsed
after previous curative treatments for HCC such as surgery,
thermoablation or liver transplant.

OS in our cohort may be influenced by the relevant
number of transplanted patients: censoring follow-up at the
liver transplant date occurred for 35 patients. Transplan-
tation occurred for early stage patients with a hypothetical
better survival than patients outside the transplant criteria.

Aliberti et al. [14] found a median overall survival of
42.0 months and a ORR slightly larger than ours (94.5% vs
94.0%). Our study confirms these datas providing that very
small beads are promising also in terms of OS.

Balli et al. [32] have compared DEBTACE using par-
ticles > 100 um (28 patients) vs particles < 100 pm (30
patients). After 24 months of median follow-up, they found
an OS of 10 and 32 months, respectively, without reaching
statistical significance in the two cohorts.

In terms of safety, DEBTACE with very small particles
is well tolerated and present a low incidence of adverse
effects in our series. Similar findings were obtained in the
safety study on microspheres smaller than 100 microns,
reported by Malagari et al. [12, 30], Richter et al. [13] as
well as Greco et al. [33]. Deipolyi et al. [34] in their
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Fig. 1 Overall survival of the whole cohort

comparison between 70-150 microns and 100-300 mi-
crons sized microspheres showed that 70-150 microns
sized microspheres caused more hepatobiliary side effects
but in their report DEBTACE procedures were performed
non-selectively in 69% of patients.

We found baseline AFP, tumor burden and CP score
acting as independent predictive features of OS on multi-
variate analysis. A patient with a compensated liver func-
tion (Child—Pugh score A), AFP level < 100 ng/mL and a
tumor baseline burden (sum of the maximum diameter of
HCC nodules) < 75 mm is significantly associated with
longer survival in our cohort.

The main limitations of the study are the retrospective
nature and non-comparative design. Other limitations of the
study include a relatively small number of patients, that 57%
of patients were treatment-naive, the nature of a single-
center study. Prospective studies with randomized allocation
to different DEB particle sizes or formulations and stratifi-
cation by baseline patient or tumor characteristics, could
help to identify subgroups of patients who would gain the
most benefit from chemoembolization with small DEB.

In conclusion, this paper shows that DEBTACE with
very small particles (70-150 um) is an effective and safe
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Fig. 2 Overall survival of the whole cohort according to BCLC score. BCLC: Barcelona Clinic Liver Cancer

Table 3 Result of multivariate analysis on significant variables at
univariate analysis

HR 95% CI p-value
Child—pugh score
A 1 - -
B 4.424 2.07-9.43 < 0.001
Tumor burden > 75 mm 2.24 1.31-3.82 0.003
AFP > 100 ng/mL 2.24 1.20-4.19 0.011

CI: confidence interval; AFP: alpha-fetoprotein; HR: hazard ratio

treatment in unresectable HCC both as a primary therapy or
in a bridge to transplant scenario.
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