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Abstract

Introduction: The aim of this multicenter comparison of bal-
loon-occluded transarterial chemoembolization (B-TACE)
versus conventional TACE (cTACE) in treating hepatocellular
carcinoma (HCC) was to assess in which size range the 2 tech-
niques offered higher complete response (CR) and objective
response (OR) rates in a single session, and to evaluate the
possibility of using B-TACE to reduce the need for re-treat-
ment. Methods: 325 patients were retrospectively evaluat-
ed: 91 patientsin the B-TACE group (22 with cTACE [B-cTACE]
and 69 with drug-eluting microsphere TACE [B-DEM-TACE])
and 234 in the cTACE group. The results were compared ac-
cording to tumor size: (A) <30 mm, (B) 30-50 mm, and (C)

>50 mm; OR and CR rates after the first session and the num-
ber of TACE re-interventions within a 6-month period were
also evaluated using propensity score matching (PSM). Re-
sults: The best target ORs were very high (93.2%) and similar
between the 2 treatments both before (94.4% for cTACE and
90.1% for B-TACE) and after PSM (94.5% for cTACE and 90.1%;
p = 0.405), with slightly better results for the cTACE cohort
probably due to better cTACE effectiveness in smaller le-
sions. In lesions <30 mm, cTACE obtained a slightly higher
CR rate than B-TACE (61.9 vs. 56.3%, p = 0.680), whereas in
intermediate-sized HCCs (30-50 mm), B-TACE showed a sig-
nificant superiority in achieving a CR (72.3 vs. 54.1%, respec-
tively; p = 0.047). In larger lesions (>50 mm), cTACE and B-
TACE performed equally, with a poor CR rate (22.6 vs. 23.1%,
respectively; p = 1.000). These results were additionally con-
firmed using PSM. The patients treated with B-TACE had a
significantly lower re-treatment rate than the cTACE cohort
(12.1 vs. 26.9%, respectively; p = 0.005). B-cTACE and B-DEM-
TACE demonstrated similar ORs, with a slightly better CRrate
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for B-cTACE (68.2 vs. 56.5%, respectively; p = 0.456). Conclu-
sion: In HCCs of 30-50 mm, B-TACE should be preferred to
cTACE, whereas in smaller nodules (<30 mm), cTACE can suf-
fice in achieving a good CR rate. The statistically significant
lower re-treatment rate of the B-TACE cohort after a single
procedure reduced the risk of complications due to multiple
TACE, which could worsen the patient prognosis.

© 2021 The Author(s)
Published by S. Karger AG, Basel

Introduction

Transarterial chemoembolization (TACE) is the only
guideline-recommended global standard of care for in-
termediate-stage (stage B) hepatocellular carcinoma
(HCC) according to the Barcelona Clinic Liver Cancer
(BCLC) staging system; however, it is also used in the ear-
ly stage when ablation and resection are not indicated [1-
4]. In fact, it has been demonstrated that TACE is the
most common first treatment modality used in HCC pa-
tients, regardless of tumor stage. The BRIDGE study, an
international, large-scale longitudinal cohort study,
which included 18,031 patients in 14 countries, with the
aim of understanding the real-life management of HCC
patients, found that TACE was the most frequent treat-
ment in North America, Europe, China, and South Korea
and was used to treat nearly 50% of patients from stage 0
to stage D HCC in daily practice [5]. TACE was also the
most common second treatment for HCC after percuta-
neous ethanol injection/radiofrequency ablation in all re-
gions with the exception of North America where liver
transplant was more common. Based on the recent Euro-
pean Association for the Study of the Liver (EASL) guide-
lines [1], either conventional TACE (cTACE) or drug-
eluting microsphere TACE (DEM-TACE) can be uti-
lized, with the choice left to the physician.

A systematic review involving 101 articles from 1980
to 2013 [6] reported an objective response (OR: sum of
complete response (CR) and partial response needing re-
treatment) rate of only 52.5%. In the more recent series,
the OR rate increased to nearly 100% [7-9] due to techni-
cal refinements, such as the introduction of microcathe-
ters and to the advancement of technologies, such as cone
beam computed tomography (CT) with sophisticated
software for guidance of the procedures, allowing a more
selective approach to target lesions. It is well known that
superselective TACE, recently renamed “curative TACE”
[10], aims at achieving a CR and has significantly im-
proved overall survival (OS) compared to non-superse-
lective TACE (“non-curative TACE”) [11-14]. In a previ-
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ous series with histologic confirmation on explanted liv-
ers, the tumor necrosis rate was 75.1% for selective/
superselective cTACE and 52.8% for nonselective cTACE
(p = 0.002), with a complete necrosis rate of 53.8 versus
29.8% (p = 0.013), respectively, suggesting that tumor ne-
crosis was more frequently achieved over a significantly
wider range of lesions with selective/superselective
CTACE [15].

Patients displaying a CR to initial TACE have signifi-
cantly longer OS, suggesting the importance of achieving
a CR in the initial TACE procedure [16]. Regrettably,
TACE does not achieve a radiological CR in a satisfactory
percentage of patients after a single session, and TACE
repetition is frequently necessary. Unfortunately, the re-
sponse rate decreases with additional TACE sessions as
compared with the response to the initial TACE session
[17, 18]. In addition, repeated TACE can increase mor-
bidity and mortality by means of TACE-induced risks,
such as deterioration of the liver function. It has been re-
ported that a non-CR after initial TACE is independently
associated with large and multiple tumors [10, 16]. The
size dependence of the achievement of a CR after TACE
has previously been proven in the medical literature re-
garding both radiology and pathology. The CR rate at 1-6
months after cTACE/DEM-TACE reported in previous
randomized control trials ranged from 45 to 68% [8], with
the highest numbers obtained in smaller lesions (<2 cm),
decreasing to 64% in nodules ranging from 2.1 to 5 cm,
and decreasing additionally to very low rates (25%) in le-
sions >5 cm [17].

To increase the rate of a CR, especially in large tumors,
combined treatments have been proposed. In HCCs
ranging from 3 to 5 cm, a combination of intra-arterial
therapy and ablation seems to provide benefits regarding
OS and recurrence-free survival, whereas the combina-
tion of TACE and antiangiogenic drugs in 4 trials failed
to demonstrate any clinical benefit [19].

Another effort to increase the rate of a CR in TACE was
the introduction of balloon-occluded TACE (B-TACE) in
2009 [20, 21]; the B-TACE procedure is performed using
aballoon microcatheter inflated within the tumor-feeding
arteries during selective/superselective TACE. The theo-
retical superiority of B-TACE is due to the hemodynamic
changes caused by the balloon inflation. In B-TACE, the
blocking effect of the proximal arteries decreases the bal-
loon-occluded arterial stump pressure (BOASP). The
drug-embolic mixture (Lipiodol®-based or beads) can
subsequently be forcefully introduced into the tumor ves-
sels and is more intensively administered, also filling the
arterioportal micro-anastomoses at the periphery of the
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Table 1. B-TACE patients coming from the different European centers

Hospital Patients treated, Patients followed up,
n (%) n (%)

IRCCS Azienda Ospedaliero-Universitaria di Bologna,* Italy 10 (10.4) 10 (11.0)

Gustave Roussy Cancer Center,* France 10 (10.4) 9(9.9)

Sapienza University of Rome, Italy 28 (29.2) 28 (30.8)

Erasme Hospital Brussels, Belgium 26 (27.1) 26 (28.6)

IRCCS De Bellis, Castellana Grotte, Bari, Italy 20 (20.8) 18 (19.8)

Hopital Croix Rousse Lyon, France 2(2.1) 0(0.0)

Overall 96 91

B-TACE, balloon-occluded transarterial chemoembolization. *Coordinating sites.

tumor [22]. This has been reported in cases in which the
BOASP is 64 mm Hg or less and in the absence of large
collateral arteries [21]. This allows for an enhanced thera-
peutic effect as compared with ¢cTACE [21, 23] and for a
better modified Response Evaluation Criteria in Solid Tu-
mors (mRECIST) response with higher rates of portal vein
visualization, indicating the enlargement of the area treat-
ed to include the drainage area (the site of microsatellites)
[22]. The present multicenter retrospective study is the
first large European comparative study of B-TACE versus
cTACE, which has the aim of investigating the size ranges
in which ¢cTACE and B-TACE could offer more benefits
in terms of CR rates after the first session, and exploring
a possible reduction in the need for re-treatment (accord-
ing to the on-demand treatment strategy).

Materials and Methods

This retrospective study complied with the principles of the
Declaration of Helsinki and subsequent amendments and was car-
ried out at tertiary liver care centers. Written informed consent for
each TACE procedure was obtained from all patients. All personal
data were blinded and anonymized in the general database. Insti-
tutional Review Board approval was not required as patients were
treated with approved diagnostic and therapeutic procedures ac-
cording to generally accepted standards of care and preliminarily
discussed in multidisciplinary tumor boards of each center.

Study Population

The B-TACE study population included 91 patients (179 nod-
ules) of 96 treated (5 were lost to follow-up), coming from 6 centers
(Table 1), enrolled consecutively during the current clinical prac-
tice between January 2015 and December 2019, affected by inter-
mediate-stage HCC (or early stage if not amenable to curative
treatments), who had undergone either Lipiodol®-based cTACE
or DEM-TACE. The control group included 234 patients (n = 445
nodules), taken from a historical institutional database and having
similar characteristics (demographic and disease), who underwent
selective/superselective cTACE using a conventional microcathe-
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ter (Table 2). To evaluate the effectiveness of the B-TACE and the
cTACE treatments according to tumor size, the patients were strat-
ified into 3 groups: (A) < 30 mm; (B) 30-50 mm; and (C) > 50 mm.
The responses after B-TACE, according to tumor size and the
number of required re-treatments, were then compared with those
obtained in the control group.

The inclusion criteria were a Child-Pugh score up to BS, a
BCLC stage up to B, and not being eligible for curative treatment
(surgical resection or percutaneous ablative treatment). Patients
presenting with a Child-Pugh class >B8, portal vein thrombosis
(defined as the complete or partial obstruction of blood flow in the
main or segmental portal branches due to a chronic, acute, or neo-
plastic thrombus in the vasal lumen), extrahepatic metastasis,
high-flow arterioportal or arteriovenous shunts, previous system-
ic treatment, platelet count <50,000, and bilirubin level >3 mg/dL
were considered to be unsuitable for the procedure. All treated le-
sions had previously been untreated.

TACE and B-TACE Technical Procedures

cTACE was carried out by selective catheterization of the he-
patic arteries feeding the lesions; in the majority of patients, super-
selective or selective TACE was carried out using a highly flexible
coaxial microcatheter (2.7-2.8 Fr Progreat™ Terumo or Renega-
de™ HI-FLO; Boston Scientific) passed through a 4 Fr catheter
previously placed in the hepatic artery. For selective TACE, the tip
of the microcatheter was placed into the hepatic arterial branch
afferent to the segment in which the tumor was located. In super-
selective TACE, the tip of the catheter was additionally advanced
into the subsegmental branches feeding the nodule. After the mi-
crocatheter placement, a mixture of epirubicin (Farmorubicina®;
Pfizer, Latina, Italy) and iodized oil (Lipiodol®; Guerbet, Milan,
Italy) was injected under fluoroscopic control, followed by embo-
lization using Spongel (Gelitaspongel®) particles until complete
blockage of the tumor-feeding vessels was achieved. The endpoint
of the Lipiodol®-epirubicin infusion was the beginning of portal
branch depiction.

The emulsion of epirubicin and Lipiodol® was mixed without
the interposition of contrast medium (“iodized oil suspension”),
as previously recommended [24], in all cases of the cTACE arm
and in 10/22 patients of the B-cTACE arm, whereas 12/22 of B-
cTACE arm were treated with a water-in-oil emulsion (droplets of
the internal phase containing drug in aqueous solution and con-
tinuous external phase of oily Lipiodol®), in line with previous
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Table 3. Baseline characteristics and comparison of responses between the 2 types of B-TACE treatment (Lipiodol-based or with DEM)

Total B-TACE Lipiodol-based ~ B-TACE with microspheres  p value
(B-cTACE) (B-DEM-TACE)
Patients, n 91 22 69
Gender, n (%)

Male 75 (82.4) 18 (81.8) 57 (82.6) 1.000
Female 16 (17.6) 4(18.2) 12 (17.4) :
Age, years, mean (range) 68 (40-91) 71 (44-88) 67 (40-91) 0.267°
No. of nodules, mean (range) 1.97 (1-9) 2.05 (1-9) 1.94 (1-7) 0.788P

Child-Pugh class at first TACE, n (%)
A 67 (73.6) 18 (81.8) 49 (71.0)
B 24 (26.4) 4(18.2) 20 (29.0) 0.411°
C 0 (0.0) 0 (0.0) 0 (0.0)
Maximum lesion diameter, mm, mean (range) 37 (9-159) 46 (9-159) 34 (13-92) 0.013b
Best target response, 7 (%)
CR 54 (59.3) 15 (68.2) 39 (56.5) 0.456¢
Partial response 28 (30.8) 6(27.3) 22 (31.9)
Stable disease 5 (5.5) 0(0.0) 5(7.2)
Progressive disease 4(4.4) 1(4.5) 3(4.3)
OR: CR + partial response 82 (90.1) 21 (95.5) 61 (88.4) 0.4474

cTACE, conventional transarterial chemoembolization; B-TACE, balloon-occluded transarterial chemoembolization; DEM-TACE,
drug-eluting microsphere transarterial chemoembolization; CR, complete response; OR, objective response. *Fisher’s exact test.
bStudent’s  test. Fisher’s exact test for CR versus others. “Fisher’s exact test for CR + partial response versus others.

standardization protocol [25]. The gelatin sponge particles had
been hand-cut, obtaining particles measuring approximately 1-1.5
mm, and had been mixed with a few milliliters of contrast media
and were then forcefully mixed using a pumping method between
2 syringes, until crushed into approximately 0.2-0.5 mm particles.
The mean chemotherapeutic agent dose administered per treat-
ment was approximately 40 mg of epirubicin (range, 20-75 mg),
and the mean Lipiodol® dose administered was approximately 8
mL (range, 4-15 mL).

The B-TACE procedure was performed using a balloon micro-
catheter (Occlusafe®; Terumo Europe NV, Leuven, Belgium), that
is, a 2.8 Fr microcatheter with an occlusion balloon on the tip. The
micro-balloon is made of compliant polyurethane and is 10 mm in
length. The diameter ranges from 1 to 4 mm, according to the vol-
ume injected. The micro-balloon catheter was inserted within a
standard 4 Fr angiographic catheter using a coaxial technique. The
balloon microcatheter works on a 0.014" platform; in this series, all
the procedures were performed using a hydrophilic guidewire. The
micro-balloon inflation was carried out with a solution of 1:4 of
contrast media/saline. The balloon was inflated to occlude the flow
and to obtain a drop in the BOASP. The BOASP was measured
before and after inflation of the balloon. The embolization was
then performed according to routine clinical practice as described
above.

Assessment of Tumor Radiological Response and Follow-Up

Patients underwent imaging assessment (quadriphasic CT or
dynamic magnetic resonance imaging) 1 month after TACE in or-
der to evaluate the radiological response according to the mRE-
CIST criteria [26], measuring the best target response observed in
the follow-up period of 6 months (at 1, 3, and 6 months) in accor-

The Best Size Range for B-TACE

dance with the current guidelines. The OR rate was considered to
be the percentage of patients with a CR or a partial response of the
target lesion(s) (maximum 2 lesions) obtained during the follow-
up period.

A follow-up of 6 months was also considered for the re-treat-
ment needed for residual tumor or recurrences on target pretreat-
ed lesion(s). When viable hepatic nodules were detected on follow-
up CT/magnetic resonance imaging, on-demand TACE was per-
formed in the majority of cases as long as the liver function was
Child-Pugh A/B and a portal venous thrombus was not seen in the
lobar branch or main trunk.

Study Safety Outcomes

The study recorded the incidence of biological and clinical ad-
verse events (AEs) according to the CIRSE classification system
and Common Terminology Criteria for Adverse Events (CTCAE)
version 5.0 [27, 28] occurring within 30 days post-procedure,
based on information collected regarding the event. Post-emboli-
zation syndrome (PES) was defined as the onset of fever, nausea/
vomiting, and pain and was clinically evaluated during the pa-
tient’s hospital stay. The radiological safety evaluation carried out
at the 1-month follow-up included the detection of liver bile duct
injuries, such as segmental dilation or biloma formation, liver in-
farction in the non-tumoral parenchyma, and the appearance of
indirect imaging features of vascular damage.

Statistical Analysis

Data are presented as mean and range for the continuous vari-
ables, and as absolute numbers and percentages for the categorical
variables. A propensity score matching (PSM) procedure was sub-
sequently performed in a 1:1 ratio for age, gender, number of nod-
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Table 4. Best target response according to tumor dimensions before and after PSM

Before PSM, n (%)

After PSM, n (%)

total cTACE B-TACE p value total cTACE B-TACE  pvalue

Patients, n 325 234 91 182 91 91

CR 179 (55.1)  125(53.4) 54 (59.3) 0.385% 99 (54.4)  45(49.5)  54(59.3)  0.234%

Partial response 124 (382) 96 (41.0) 28 (30.8) 69(37.9)  41(45.1)  28(30.8)

Stable disease 7(2.2) 2(0.9) 5 (5.5) 5(2.7) 0 (0.0) 5(5.5)

Progressive disease 15 (4.6) 11 (4.7) 4(4.4) 9(4.9) 5(5.7) 4(4.4)

OR: CR + partial response 303 (93.2) 221(94.4) 82(90.1) 0.217° 168 (92.3) 86 (94.5) 82(90.1) 0.405°
Lesion diameter <30 mm 137 105 32 64 32 32

CR 83 (60.6) 65 (61.9) 18 (56.3) 0.680? 38 (59.4) 20 (62.5) 18 (56.3)  0.799*

Partial response 46 (33.6) 37(35.2) 9(28.1) 20 (31.3) 11 (34.4) 9(28.1)

Stable disease 5(3.6) 2(1.9) 3(9.4) 3(4.7) 0(0.0) 3(9.4)

Progressive disease 3(2.2) 1(1.0) 2(6.3) 3(4.7) 1(3.1) 2(6.3)

OR: CR + partial response 129 (94.2) 102 (97.1) 27 (84.4) 0.017° 129 (94.2) 31(96.9) 27 (84.4) 0.196°
Lesion diameter 30-50 mm 144 98 46 91 45 46

CR 86 (59.7) 53 (54.1) 33 (71.7) 0.047* 55 (60.4) 22 (48.9) 33(71.7)  0.033*

Partial response 49 (34.0) 39 (39.8) 10 (21.7) 32(35.2) 22 (48.9) 10 (21.7)

Stable disease 2(1.4) 0(0.0) 2 (4.3) 2(2.2) 0(0.0) 2(4.3)

Progressive disease 7 (4.9) 6(6.1) 1(2.1) 2(4.9) 1(2.2) 1(2.1)

OR: CR + partial response 135(93.8) 92(93.9) 43 (93.5) 1.000° 87(93.8) 44 (97.8) 43 (93.5) 0.617°
Lesion diameter >50 mm 44 31 13 27 14 13

CR 10 (22.7) 7 (22.6) 3(23.1) 1.000? 6(22.2) 3(21.4) 3(23.1) 1.000?

Partial response 29 (65.9) 20 (64.5) 9(69.2) 17 (63.0) 8 (57.1) 9(69.2)

Stable disease 0(0.0) 0 (0.0) 0(0.0) 0(0.0) 0(0.0) 0 (0.0)

Progressive disease 5(11.4) 4(12.9) 1(7.7) 4(14.8) 3(21.4) 1(7.7)

OR: CR + partial response 39 (88.6) 27 (87.1) 12 (92.3) 1.000P 23 (85.2) 11 (78.6) 12 (92.3) 0.596°

PSM, propensity score matching; cTACE, conventional transarterial chemoembolization; B-TACE, balloon-occluded transarterial
chemoembolization; CR, complete response; OR, objective response. “Fisher’s exact test for CR versus others. Fisher’s exact test for

complete + partial response versus others.

ules, and Child-Pugh score, with a match tolerance of 0.2 giving
priority to exact matches. Baseline patient characteristics and the
best target responses according to tumor size were analyzed before
and after the PSM, and AEs were evaluated in the PSM selected
population. The categorical variables were analyzed using the x?
test or the Fisher’s exact test as appropriate; the ordinal data were
compared using the Mann-Whitney U test. The continuous vari-
ables were compared using the Student’s ¢ test. All the tests were
2-tailed, and a p value of <0.05 was considered statistically signifi-
cant. All the statistical analyses were carried out using IBM SPSS
25.0 (SPSS Inc., Armonk, NY, USA).

Results

Patient Population

The demographic distribution and the patient charac-
teristics of the B-TACE and the cTACE patient cohorts
before and after PSM are shown in Table 2. In the B-
TACE group, 22 patients underwent B-cTACE and 69
were treated with B-DEM-TACE. In the cTACE treat-
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ments, a mean dose of 7.7 mL of Lipiodol® was injected
(range 2-15 mL) mixed with a mean epirubicin dose of
41.1 mg (range 17-100 mg). In the B-DEM-TACE pa-
tients, Life Pearls 100 pm loaded with an anthracycline
mean dose of 33.5 mg and Life Pearls 200 um with an an-
thracycline mean dose of 23.5 mg were injected. The
treatment duration of B-TACE and ¢TACE procedures
was similar.

Treatments and Tumor Response

The demographic characteristics and the type of treat-
ment performed under balloon occlusion (B-cTACE or
B-DEM-TACE) did not impact the response rates (Ta-
ble 3), although statistically nonsignificant better re-
sponses were observed in the B-cTACE cohort (68.2 vs.
56.5%, respectively; p = 0.456). In all 325 patients, regard-
less of the treatment arm, the best target ORs (Table 4)
were very high (93.2%) and were similar between the 2
treatments (94.4% for cTACE and 90.1% for B-TACE);
after PSM, these numbers were additionally confirmed
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(94.5% for cTACE and 90.1%; p = 0.405), with slightly
better results for cTACE.

On evaluation of the results of B-TACE across tumor
sizes (Table 4), in smaller lesions (<30 mm), before PSM,
¢TACE and B-TACE achieved similar CRs (61.9 and
56.3%, respectively; p = 0.680), and after PSM, these re-
sults were confirmed (62.5% for cTACE and 56.3% for
B-TACE; p = 0.799). Conversely, in the 30-50 mm size
range, both before and after PSM, the CR rates were sig-
nificantly higher in the B-TACE arm (71.7 vs. 54.1%, re-
spectively [p = 0.047], before PSM, and 71.7 vs. 48.9%,
respectively [p = 0.033], after PSM). In the larger lesions
(>50 mm), cTACE and B-TACE performed equally, with
very poor CRs in both arms (22.6% in cTACE and 23.1%
in B-TACE).

In the B-TACE patients, the BOASP with the micro-
balloon inflated was 64.1 + 27.7 mm Hg (minimum 33
mm Hg and maximum 220 mm Hg), while prior to infla-
tion, it was 120.5 + 36.5 mm Hg; therefore, the average
pressure drop was 56.4 + 19.6 mm Hg. No significant dif-
ferences were observed between a BOASP value < or >64
mm Hg as a cutoff point (the CR rate: 67.9 vs. 58.8%, re-
spectively; p = 0.749, and the OR rate: 100.0 vs. 88.2%,
respectively; p = 0.137).

By comparing the cTACE and the B-TACE cohorts,
the patients who underwent B-TACE had a significantly
lower re-treatment rate within the first 6 months as com-
pared to the patients who underwent cTACE (12.1 vs.
26.9%, respectively; p = 0.005) (Table 5). The AEs were
reported only in the PSM cohorts (Table 6) in order to
avoid selection biases. The AEs were similar between the
2 arms, with PES in 30.8% after cTACE and in 41.8% after
B-TACE, with a nonsignificant prevalence of abdominal
pain and nausea in the B-TACE patients, all of whom
were medically handled. All of these complications were
grade 1-2 according to CTCAE version 5. In terms of ra-
diological complications at 1 month, CT showed the de-
velopment of 2 asymptomatic abscesses (2/91 procedures
evaluated: 2.2%) in the B-TACE arm and 1 hepatic pseu-
doaneurysm (1.1%) in the B-TACE arm.

Discussion

In recent years, many attempts have been made to in-
crease TACE efficacy in terms of CR and OR, and to re-
duce the adverse effects on the non-cancerous liver pa-
renchyma by means of the extensive use of thin (2F/3F)
microcatheters [29, 30]. These efforts have increased the
OR to close to 100% and the CR up to over 60% [7, 8];

The Best Size Range for B-TACE

Table 5. Comparison of the number of re-treatments between
c¢TACE and B-TACE

Total cTACE B-TACE p value
Patients, n 325 234 91
Re-treatments, 7 (%) 74 (22.8) 63(26.9) 11(12.1) 0.005*

cTACE, conventional transarterial chemoembolization; B-
TACE, balloon-occluded transarterial chemoembolization. 2Fish-
er’s exact test.

these figures were also confirmed in the present study.
The best target ORs in the present series were very high
(93.2%) and were similar between the 2 treatments both
before (94.4% for cTACE; 90.1% for B-TACE) and after
PSM (94.5% for cTACE; 90.1%; p = 0.405), with slightly
better results for the cTACE arm, probably due to the bet-
ter cCTACE effectiveness in smaller lesions, having a ten-
dency to decrease in parallel with an increase in lesion
size.

A CR to the initial TACE is related to longer OS [16];
this highlights the importance of achieving a CR in the
initial TACE procedure. The CR rate is directly related to
a proper selection of patients, and the size and number of
the tumors; a prediction of responding and refractory pa-
tients and tumors is crucial for choosing the best initial
treatment to adopt. Large (>5 cm) and multiple (24) tu-
mors are independently associated with a non-CR after
initial TACE [10, 16]. Refractory tumors are those show-
ing incomplete necrosis after >2 consecutive TACE pro-
cedures or patients showing >2 consecutive new HCC in-
trahepaticlesions [10, 31]. According to the current EASL
guidelines, TACE should not be repeated when substan-
tial necrosis is not achieved after 2 rounds of treatment or
when follow-up treatment fails to induce marked necro-
sis at sites which have progressed after an initial tumor
response [1, 32]. The rationale for this reccommendation
is based on the experience that the OR rate decreases with
additional TACE sessions as compared with a response to
the initial TACE [17, 18]. Moreover, repeated TACE can
increase morbidity and mortality by means of TACE-in-
duced risks, such as deterioration of the liver function
[10].

The introduction of B-TACE by Irie et al. in 2009 had
the aim of additionally increasing the CR rate while re-
ducing the local residual/recurrence rate. The B-TACE
procedure is carried out using a balloon microcatheter
inflated within the tumor-feeding arteries during selec-
tive TACE [20, 21], which, by modifying the flow, in-
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Table 6. AEs in the PSM selected population

Patients population, cTACE, B-TACE, p
n (%) n (%) n (%) value
All patients 182 91 91
Clinical
PES 66 (36.3) 28(30.8) 38 (41.8)  0.165
Fever 15 (8.2) 10(11.0)  5(5.5) 0.281°
Vomiting 5(2.7) 1(1.1) 4(4.4) 0.368°
Nausea 11 (6.0) 2(2.2) 9(9.9) 0.058*
Abdominal pain 31(17.0) 11 (12.1)  20(22.0) 0.114*
Diarrhea 0(0.0) 0(0.0) 0(0.0) -
Fatigue 4(2.2) 4(4.4) 0(0.0) 0.1212
Biological
Increased ALT 7 (3.8) 3(3.3) 4(4.4) 1.000?
Liver function worsening (increase in Child-Pugh score of 22 points) 12 (6.6) 5(5.5) 7(7.7) 0.767%
Radiological
Liver abscess 2(1.1) 0(0.0) 2(2.2) 0.4972
Cholecystitis 1(0.5) 1(1.1) 0(0.0) 1.000?
Hematoma 1(0.5) 1(1.1) 0(0.0) 1.000?
Intrahepatic arterial pseudoaneurysm 1(0.5) 0(0.0) 1(1.1) 1.000?

AE, adverse event; PSM, propensity score matching; cTACE, conventional transarterial chemoembolization; B-TACE, balloon-oc-
cluded transarterial chemoembolization; PES, post-embolization syndrome. *Fisher’s exact test.

creases tumor coverage by the drug while preventing the
backflow of embolic material proximally.

Lipiodol®-based B-TACE has previously been con-
firmed to be safe and effective, achieving a higher drug
concentration within the tumor [22]. Several retrospec-
tive reports, obtained in small Asian cohorts, compared
results on patients treated with B-cTACE with a matched
cohort treated with cTACE and demonstrated an im-
proved therapeutic effect of B-TACE over cTACE [22, 23,
33-35]. This is the first European multicentric retrospec-
tive comparison of B-TACE, using either a Lipiodol®-
drug mixture or beads loaded with drugs, versus cTACE;
inclusion in the B-TACE arm of both B-cTACE (n = 22)
and B-DEM-TACE (n = 69) treatments represents a nov-
elty in the literature.

As expected, in the B-TACE arm, the type of treat-
ment, B-cTACE or B-DEM-TACE, did not significantly
impact the response rates. The equivalence in efficacy be-
tween cTACE and DEM-TACE has been demonstrated
in previous randomized control trials and meta-analyses
[8, 36-38]; therefore, it is not surprising that also under
balloon occlusion both treatments are almost equivalent
and are only tumor size-dependent.

However, a slightly better CR in the B-cTACE versus
B-DEM-TACE arm (68.2 vs. 56.5%, respectively; p =
0.456) has been observed, and this could have been due
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to the mean lesion diameter, which was significantly
larger in the B-cTACE arm (mean 46 vs. 34 mm; p =
0.013). Therefore, larger lesions (30-50 mm) as com-
pared to smaller lesions (<30 mm) play an important
role in achieving higher CR rates, thus additionally con-
firming the authors’ size-based global results on B-
TACE.

In the B-TACE arm, the present OR results of 90.1%
in the B-DEM-TACE arm were in line with the best re-
sponses in the literature and parallel to those of 3 recent
small series on B-DEM-TACE. In a series of 22 patients
treated with B-DEM-TACE, Lucatelli et al. [39] reported
an OR rate 0f 90.9-76.5% at 1 and 3-6 months, and Gold-
man et al. [40] reported an OR rate of 93.3% after B-
DEM-TACE in 26 patients. The results of both these au-
thors were slightly higher than those of Bucalau et al. [41]
who reported a 1-month OR rate of 74.3% in a prospec-
tive study of B-DEM-TACE on 24 patients. These num-
bers were far higher than those preliminarily reported by
other authors [35, 42-44] after B-TACE using a miripla-
tin-Lipiodol® mixture (ORs of 63.6, 59.6, 57.1, and 56.3%,
respectively). However, the entire B-TACE population,
regardless of the type of emulsion injected, had a signifi-
cantly lower re-treatment rate within the first 6 months
as compared to patients undergoing cTACE (12.1 vs.
26.9%, respectively; p = 0.005).
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Fig. 1. Pretreatment CT: a 36-mm HCC is seen in segment IV (a, b), highly hypervascular in the arterial phase
(@), rapid washout in the portal phase (b) with a corona enhancement in the late phase (c) (arrows); (d) pretreat-
ment angiogram and cone beam CT (e, f) during balloon inflation; B-TACE treatment with Lipiodol®-epirubicin
injection during balloon inflation (arrow) filling the arterioportal anastomosis in the drainage area (g); final an-
giographic control (h); follow-up CT at 1 month (precontrast (i) and arterial (j) phase) showing a size reduction
to 24 mm, a dense distribution of Lipiodol®, also including a daughter nodule in the drainage area (arrow) (i, j);
follow-up CT at 6 months: an additional decrease in size to 22 mm, no viable tumor (k, I). HCC, hepatocellular
carcinoma; CT, computed tomography; B-TACE, balloon-occluded transarterial chemoembolization.

The size-based analysis of the best target responses in
the present study demonstrated similar, or even slightly
better, CR rates of cTACE before and after PSM (61.9%
before and 62.5% after PSM) when compared to B-TACE
(CR56.3%) in smaller nodules (<3 cm). This could be due
to the property of Lipiodol®, as recently pointed out in a
preclinical review of animal studies [45], to accumulate in
portal venules, sinusoids, and the peribiliary plexus after
arterial injection of oil-in-water and water-in-oil emul-
sions [25, 26]. Oil droplets larger than sinusoids (5-8 pm)
blocked the sinusoids, stopping or reducing intratumoral
blood flow; oil droplets smaller than sinusoids (1-3 pm)
circulated into the border tumor vasculature. Therefore,
in smaller tumors (<3 cm), cTACE achieves high rates of
CR since both tumor and microsatellites can be treated,
as microsatellites are strictly adjacent to the tumor bor-
der. In fact, several studies have addressed the linear cor-
relation between tumor size and the microvascular inva-
sion of HCC cells and microsatellites. Tsai et al. [46]
showed an increased incidence in microvascular invasion
proportional to tumor size; 40.5% in patients with a tu-
mor <2 c¢m, 49.6% in patients with a tumor 2-4 cm, and
58.1% in patients with a tumor 4-6 cm in dimension. Es-
naola et al. [47] found the frequency of microvascular in-

The Best Size Range for B-TACE

vasion to be 25, 31, and 50% for tumors <2, 2—-4, and >4
cm in their greatest dimension, respectively. The study of
Sasaki et al. [48] on microsatellitosis in patients with
HCCs <5 cm demonstrated that tumor size and distance
to the microsatellite were significantly correlated. In tu-
mors <2.5 cm, the microsatellites were located within 5
mm, and in tumors >25 mm, the microsatellites were lo-
cated at a distance >5 mm. The OS rate of patients with a
microsatellite distance of >5 mm was lower than that of
patients with a microsatellite distance <5 mm. In fact, it
has previously been demonstrated [17] that lesions rang-
ing 3-5 cm were the worst responding to cTACE; this
could be related to a failure in treating microsatellites.
Since B-TACE, due to the hemodynamic changes de-
scribed, can enlarge the area treated around the tumor to
include the drainage area, it was hypothesized that its su-
periority in achieving significantly higher CR rates than
cTACE in the 30-50 mm size range in the present study
could have been due to the potential of also treating the
drainage area of tumors, site of satellite nodules even far
from the primary tumor, in the same session.

The present experience demonstrated a significant su-
periority of B-TACE over ¢cTACE in treating HCCs of
intermediate size (30-50 mm), with significantly higher
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CR rates both before and after PSM (71.7% vs. cTACE
54.1% [p = 0.047] and 48.9%, [p = 0.033] respectively).
The benefit of obtaining this result in only one session
means the possibility of avoiding TACE re-treatment or
combined treatments.

The present study proved that in patients undergoing
B-TACE, a benefit in terms of re-treatment rates when
compared to cTACE with standard microcatheters (12.1
vs. 26.9%, respectively; p = 0.005) was obtained due to the
lower rate of residual tumor, regardless of the size of the
lesion. In several previous papers, cTACE has been re-
ported as achieving radiological CR and complete necro-
sis at histology of between 53.8 and 68%, respectively, in
small tumors (<20-30 mm) [15, 17, 49, 50]; in the present
study, cTACE achieved very high CRs in the <30 mm size
range (61.9% before and 62.5% after PSM). Therefore,
cTACE was confirmed to be an effective treatment for the
size range <30 mm. Lipiodol® is still consistently used in
TACE procedures in both Eastern and Western coun-
tries, owing to its following 2 properties. First, Lipiodol®
obstructs the thinner feeding arteries and the accompa-
nying portal veins through the peribiliary arterial plexus,
in which stasis is better maintained after embolization.
Second, a dose of Lipiodol® drains from the tumor via the
sinusoids to the peritumoral portal vessels and deposits
into the surrounding parenchyma, which usually hosts
satellite nodules (shown in Fig. 1), and areas of extracap-
sular invasion, which are also fed by the portal venous
flow [29, 51, 52]. In cases in which there was marked vi-
sualization of the portal vein in the area surrounding the
embolized area after the injection of Lipiodol®, massive
peritumoral necrosis was more frequently observed [17,
53]. Infarction of the tumor and of the surrounding pa-
renchyma should occur, a process called “medical seg-
mentectomy” [54], which also results in blockage of the
development of new collaterals around the tumor. There-
fore, complete tumor necrosis cannot be achieved when
only the arterial flow is embolized [55].

The recurrence rate reported in the literature increases
with tumor size, that is, 20, 27, and 67% in tumors <2,
2.1-5, and >5 cm, respectively [17]. Incomplete TACE
induces hypoxic and chemotherapeutic stress on HCC
cells, and the surviving hypoxic tumors frequently change
to sarcomatous or mixed hepatocholangiocellular pheno-
types; in addition, it stimulates the vascular endothelial
growth factor, which additionally promotes tumor pro-
gression [56-59]. It is thought that these factors consti-
tute the basis for the development of TACE refractori-
ness. In patients with local tumor progression after an
initial TACE, the frequency of intrahepatic distant recur-
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rence is significantly higher as compared with those pa-
tients with no local tumor progression [60]. A previous
paper [9] has demonstrated that after cTACE of single
nodules, the most statistically significant predictor of a
CR was a tumor diameter >3 cm (achieving a CR in 65 vs.
30% in nodules <3 cm) or that equal to or >5 cm, obtain-
ing a CR 92 vs. 3% of patients, respectively.

The safety of B-TACE was also acceptable, with no in-
traprocedural complications in 100% of patients. Severe
AEs were rare and were analogous between the B-TACE
and the cTACE arms, with a prevalence of PES such as
nausea (9.9%) and abdominal pain (22.2%) of the B-
TACE patients (Table 6), possibly related to the higher
drug infusion and absorption in the tumor, as has already
been demonstrated [22]. However, each aspect of the PES
had a lower incidence compared with the literature re-
garding B-TACE with miriplatin [34, 61] and parallel the
data from the 3 recent papers on B-DEM-TACE [39-41].
The first paper from Bucalau et al. [41] specifically de-
scribed the safety results of B-DEM-TACE in a prospec-
tive study of 24 patients. B-DEM-TACE was shown to be
safe, since they reported clinical grade 1/2 toxicities (0%
>grade 2) in 25.7% of patients, with abdominal pain being
the most frequent complication (17.1%). No 30-day mor-
talities or liver decompensation were observed. Another
paper on B-TACE from Lucatelli et al. [39], after B-DEM-
TACE in a series of 22 patients, reported that laboratory
test modifications were all grade 1. AEs occurred in 4/24
(17%): pseudo-aneurysm of the feeder (grade 3), liver ab-
scess (grade 2), and 2 asymptomatic segmentary biliary
tree dilatations (grade 2). PES occurred in 8/24 (33%). A
further paper from Goldman et al. [40] in 26 patients (13
treated with B-DEM-TACE) reported the procedure as
safe, with laboratory test modifications all of grade 1.
There were no major AEs and 1 minor AE; 1 patient’s
follow-up imaging demonstrated left portal vein throm-
bosis and a small liver infarct.

The present study had 3 limitations. The first was re-
lated to the retrospective analysis of the data collection,
which included a wide range of lesion dimensions; this
was however overcome by the PSM performed both on
patients’ demographics and on the subgrouping of lesions
according to size. The second limitation may have de-
rived from the inclusion of 2 different types of B-TACE
procedures (B-cTACE and B-DEM-TACE): however,
this can represent a novelty of the study and further con-
firmed the equivalence of the clinical results of both
methods, as already demonstrated in non-balloon-oc-
cluded TACE. The third can be due to the different meth-
ods of emulsion of epirubicin and Lipiodol®: all cases of
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cTACE arm were performed injecting an iodized oil sus-
pension, whereas about half of B-cTACE arm were treat-
ed with a water-in-oil emulsion. To confirm these prom-
ising retrospective matched cohort results, future multi-
centric randomized controlled trials are needed, focusing
on specific and clinically relevant outcomes, and compar-
ing results of B-cTACE to B-DEM-TACE in larger sam-
ple population.

Conclusion

Given the importance of selecting the proper treat-
ment for HCC and the well-known size dependency of
response to TACE, the present study demonstrated that
in small lesions (<30 mm), cTACE can suffice since it per-
forms very well, with similar rates of CRs when compared
to B-TACE. Instead, in lesions between 30 and 50 mm,
B-TACE should be chosen since it outperformed cTACE
in CR. Therefore, this could be the best lesion range to
most benefit from the use of B-TACE. In lesions >50 mm,
B-TACE and cTACE perform equally, but with a very low
CRrates in the range of 22-23%; in this size range, a com-
bination strategy is warranted. Moreover, regardless of
the dimensional range, patients undergoing B-TACE had
a benefit in terms of lower re-treatment rates when com-
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