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1 Introduction

Transcatheter intra-arterial therapies are image-
guided locoregional therapies mostly used in the
interventional radiology for the treatment of
patients with primary and metastatic tumours, most
commonly localized in the liver [1]. These thera-
pies include intra-arterial chemotherapy (IAC),
transarterial embolization (TAE), transarterial che-
moembolization (TACE) with or without drug-
eluting beads (DEBs), and radioembolization using
embolic particles loaded with a radioisotope, most
commonly Yttrium-90. The main goal of these
therapies is to cause an ischemic/hypoxic environ-
ment and, consequently, coagulative necrosis in the
tumour by delivering selectively chemotherapeutic
drugs to the tumour-feeding arteries. The antican-
cer effect of all embolization procedures is based
on terminal arterial blockade and subsequent
tumour ischemia. IAC consists of intra-arterial
infusion of the chemotherapeutic drugs by selec-
tive catheterization of the hepatic artery targeting
the delivery of high concentrations of chemo-
therapeutic drugs directly to the tumour. TACE
(with or without drug-eluting beads) combines
targeted chemotherapeutic drug delivery with
simultaneous embolization of the tumour-feed-
ing artery. Transarterial radioembolization inte-
grates delivery of internal radiation to the tumour
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with minimal embolic effect unlike other embo-
lization treatments. These therapies are accepted
treatment modalities for providing survival ben-
efit in selected patient populations. In this chap-
ter, we describe the rationale behind of IAC,
TAE, conventional transarterial chemoemboliza-
tion (¢cTACE), and transarterial chemoemboliza-
tion (TACE) with drug-eluting beads (DEBs)
and provide a review of the existing medical lit-
erature. Transarterial radioembolization is
beyond the scope of this chapter.

2 Intra-arterial Chemotherapy:
Rationale and Overview

IAC is a minimally invasive percutaneous image-
guided radiologic procedure with employing
angiographic catheter as a conduit to achieve a
higher local concentration of chemotherapeutic
agents to the targeted unresectable tumour with
fewer significant systemic side effects [2]. The
rationale for regional chemotherapy is to maxi-
mize drug concentrations and tumour drug uptake
in the target organ and minimize systemic toxicity
[3]. For successful IAC, several important princi-
ples regarding tumour biology, drug pharmacol-
ogy, and delivery systems must be fulfilled [4].
These concepts are that (1) locoregional delivery
of chemotherapeutic agent leads to increased
local concentration of the drug, (2) increased
locoregional concentration of the drug leads to
increased therapeutic response, and (3) locore-
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gional drug delivery leads to decreased systemic
exposure of the used drug. Several variations of
this technique are available, and no standard pro-
tocol has been uniformly adopted. Many centres
have differed in the choice and/or dose of the anti-
cancer agents used, treatment end points, and the
schedule and/or interval of retreatment.

3 Intra-arterial Chemotherapy:
Clinical Evidence of Safety
and Efficacy

The results of IAC have been studied most exten-
sively in patients with colorectal cancer and unre-
sectable liver metastases. The role of TAC outside
of metastatic colorectal cancer has been less
researched. Okusaka et al. [3] published findings
of the randomized phase III trial comparing TAC
and TACE for the treatment of patients with unre-
sectable HCC. In this prospective 161-patient
study, there was no significant difference when
the median overall survival time was compared
between these two therapies. IAC produced less
tumour necrosis than TACE, particularly in
tumours more than 3 cm. The important thing is
that the Barcelona Clinic Liver Cancer staging
classification and treatment schedule [5], a
worldwide used staging system for HCC man-
agement, does not include IAC in its algorithm of
the treatment options for HCC. Also, the
American Association for the Study of Liver
Disease practice guidelines [6] did not recom-
mend systemic or selective intra-arterial chemo-
therapy and warn not to use these treatment
methods as standard of care. However, in Japan,
TAC has traditionally been used to treat patients
with advanced HCC with vascular invasion or
multiple intrahepatic lesions or both [7].

4 Transarterial Embolization:
An Overview

TAE (also known as bland embolization) is a
minimally invasive image-guided procedure
performed with the aim to restrict the tumour’s

blood supply by delivering particles which do
not contain a chemotherapeutic or radioactive
agent. In the context of treating an HCC tumour
with TAE, polyvinyl alcohol particles or gela-
tin-based microspheres are used most com-
monly, although alcohol with ethiodized oil and
gelatin sponge has also been described [8].
Deficiency of arterial flow results in an isch-
emic/hypoxic environment and, consequently,
coagulative necrosis in the tumour. The embolic
agent can also potentially incite a localized
inflammatory reaction and focal angionecrosis
[9]. The therapeutic end point of TAE is the sta-
sis of flow in the arteries supplying the tumour
with pruning of the distal branches of the treated
artery. The targeted tumoral arterial supply is
interrupted with an embolic agent, most com-
monly microparticles ranging from 40 to
120 pm in size [10]. Depending on the disease
distribution within the liver, the treatment
approach can vary including lobar treatment for
multifocal disease or targeted segmental treat-
ment for unifocal disease [8]. The most com-
mon associated risk is that of postembolization
syndrome, the severity and duration of which
might be correlated with the degree of healthy
tissue ischemia and underlying liver function
[11]. The use of novel intraprocedural technol-
ogies such as cone-beam CT is utilized to
ensure complete tumoral coverage while avoid-
ing nontarget embolization [12]. TAE is
reserved for nonsurgical candidates with liver-
dominant disease. Studies have demonstrated
that HCC patients in stage B of the Barcelona
Clinic Liver Cancer staging classification sys-
tem derive the most benefit from this procedure
followed by stage C [13]. Patients in BCLC
stage A may undergo TAE to maintain eligibil-
ity for transplantation per the Milan and
University of California, San Francisco criteria
[14]. The contraindications for TAE include
decompensated cirrhosis (Child-Pugh B8 or
higher), significantly reduced portal venous
flow, creatinine clearance <30 mL/min, high
tumour burden, severe comorbidities, untreated
oesophageal varices, and elevated liver func-
tion markers [15].
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5 Transarterial Embolization:
Clinical Evidence of Safety
and Efficacy

Llovet et al. [13] reported that TAE confers sig-
nificant survival benefit compared to best sup-
portive care. Tsochatzis et al. [14] published
results from a meta-analysis of six randomized
controlled trials comparing TACE with TAE, and
none of them revealed significant differences in
overall survival. Lee et al. [15] summarized evi-
dence from three studies revealing no significant
differences in 3-year survival rates, adverse
events, or RECIST responses. Kluger et al. [16]
found that TAE patients were significantly less
likely to require retreatment before transplanta-
tion than TACE patients. Malagari et al. [17], in
the prospective randomized comparison of che-
moembolization with doxorubicin-eluting beads
and bland embolization with Bead Block (Boston
Scientific, Marlborough, MA) for HCC, found
significant improvement in time-to-progression
in the DEB-TACE group, but no change in over-
all survival.

Since induced ischemia from embolotherapy
could be the dominant contributor to tumour cell
death and bland embolization does spare the cost
of chemotherapy and its toxicity profile, TAE
should continue to be offered to appropriately
selected patients.

6 Transarterial
Chemoembolizations:
An Overview

TACE is a minimally invasive image-guided pro-
cedure performed with the aim to restrict a
tumour’s blood supply. According to the Society
of Interventional Radiology guidelines [18], che-
moembolization is currently defined as the infu-
sion of a mixture of chemotherapeutic agents
with or without iodized oil, followed by emboli-
zation with particles. During TACE, embolic par-
ticles with or without chemotherapeutic drugs are
injected through an angiographic catheter directly
into a tumour-feeding artery. There are two main
mechanisms enabling TACE in patients with

HCC. The carcinogenesis of HCC is a multistep
process that leads to a gradual shift in tumour
blood supply from predominantly portal to pre-
dominantly arterial circulation. Due to the pre-
dominately arterial feeding of HCC, transarterial
embolization interrupts the tumour’s blood sup-
ply and slows down or stops the growth of the
tumour [19]. Additionally, targeted administra-
tion of chemotherapeutic agents allows delivery
of a higher dose to the tumour’s tissue while
simultaneously reducing exposure for the liver
parenchyma. After transarterial embolization,
chemotherapeutic drugs are not washed out from
the occluded tumour’s vessels that results in a
higher concentration of drugs within the tumour
with a longer period of the exposure to the cyto-
toxic effect. An ischemic necrosis induced by
embolization causes a failure of the transmem-
brane pump, resulting in a greater absorption of
tumoricidal agents by the tumour cells. Thus, the
concentration of the agents within the tumour can
be 40 times greater than that of the surrounding
normal liver parenchyma [20]. As a consequence
of the above, TACE selectively targets the tumour
while normal liver is relatively preserved.
According to the Barcelona Clinic Liver Cancer
(BCLC) staging system [5], TACE is the first-line
treatment for intermediate-stage disease, which
includes asymptomatic patients with well-
preserved liver function and limited to liver large
or multifocal tumours and without macrovascular
invasion or extrahepatic spread. For these
patients, TACE is recognized as a treatment with
proven survival effect on survival [13, 21, 22].
The BCLC system also recommends a treatment
migration concept in that TACE should be used in
patients with early-stage HCC in whom the rec-
ommended treatments are not feasible or have
failed [5]. The use of TACE was also supported
by other staging systems such as the Chinese
University Prognostic Index [23], the Hong Kong
Liver Cancer staging system [24], and the
Japanese Integrated Staging scoring system [25].
There are two TACE techniques [1, 26], namely
conventional TACE (cTACE), which uses a mix-
ture of a chemotherapeutic agent with Lipiodol,
and TACE with DEBs (DEB-TACE) which will
be reviewed further separately.
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7 Critical Appraisal of Patient
Selection for TACE

Patient selection is crucial for the success of
TACE [26]. The exclusion of absolute contraindi-
cations should always be the first step in the
assessment  of  patient  suitability  for
TACE. Absolute and relative contraindications
include features of decompensated liver disease,
extensive bilobar tumour load and impaired
integrity of the portal vein, as well as untreated
large varices, huge tumour size, and severe
comorbidities [27, 28]. However, patients with
moderate to severe hepatic insufficiency can still
be treated with TACE if embolization is per-
formed segmentally or sub-segmentally, target-
ing a small volume of the liver. The presence of
segmental or sub-segmental portal vein invasion
is acceptable for cTACE if only injection of the
drug/Lipiodol emulsion without particulate
embolization is performed in the portion of the
liver parenchyma deprived of portal venous flow
and particulate embolization is delivered only
into the tumour-feeding arteries. This approach
ensures that non-tumoural liver tissue can still
rely on adequate arterial flow [29].

Accepted absolute contraindications for TACE
are summarized as follows [19, 26-28]:

e Eastern Cooperative Oncology Group [30]
Patient Performance Status >1

e Decompensated liver cirrhosis (Child-Pugh
class B, score >8) with jaundice, clinically
significant hepatic encephalopathy, refractory
to treatment ascites, and/or hepatorenal
syndrome

e Impaired portal venous circulation due to por-
tal vein thrombosis or high portal hyperten-
sion with hepatofugal blood flow

* Extensive tumour involving both lobes of the
liver

* Main portal vein tumour thrombosis

e Untreatable intrahepatic arteriovenous fistula

e Impaired renal function

e Active systemic infection

e Uncorrectable bleeding disorder

e Previous shock related to contrast media

Accepted relative contraindications for TACE
are summarized as follows [19, 26-28]:

e Presence of oesophageal varices with high
risk of bleeding

e Tumour larger than 10 cm

e Severe comorbidities

e Incompetent papilla with aerobilia

e Biliary dilatation

8 Conventional Transarterial
Chemotherapy: An Overview

cTACE involves the imaging-guided intra-
arterial injection of a cytotoxic drug, such as
cisplatin, doxorubicin, epirubicin, idarubicin,
or mitomycin C, which is emulsified in the
Lipiodol, into tumour-feeding artery thorough
angiographic catheter. Lipiodol, also known as
ethiodized oil, is a poppy-seed oil used by
injection as a radiopaque contrast agent
(Lipiodol® Ultra-Fluid; Guerbet, Villepinte,
France). Intra-arterial injection of cytotoxic
drug is followed by intra-arterial injection of an
embolic agent, such as Gelfoam, polyvinyl
alcohol, or acrylic copolymer gelatin particles
[31]. During cTACE, Lipiodol carries and
delivers chemotherapeutic agents to the tumour
and causes embolization of the tumour micro-
circulation [32, 33]. cTACE is the current stan-
dard of care for large or multinodular tumours
isolated to the liver for patients with preserved
liver function and absence of portal vein inva-
sion [34]. cTACE use has been reported in
patients with more advanced HCC, such as
microvascular or macrovascular invasion, or
limited extrahepatic disease with adequately
preserved hepatic function [35]. cTACE is also
used in patients with early-stage HCC as a
bridge to liver transplantation or for patients
not eligible for liver transplantation, hepatic
resection, and ablation [5]. cTACE is the rec-
ommended standard of care for the treatment of
intermediate-stage HCC in most current inter-
national guidelines [34, 36]. A recent system-
atic review of cTACE efficacy that comprised a
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total of 10,108 HCC patients found that the
median overall survival was 19.4 months and
that the 5-year survival rate was 32.4% [37].
Despite these facts, some important limitations
remain. One of the issues of cTACE is the huge
heterogeneity of the techniques and schedules
used in clinical practice. Further differences
exist with regard to the selectivity of TACE
(lobar versus segmental versus super-selective),
which has been reported to be an important
determinant of procedure tolerance and efficacy
[38]. To deal with these limitations, a world-
wide expert panel published consensus techni-
cal recommendations in order to encourage
c¢TACE standardization [29].

The most important recommendations of the
worldwide expert panel [18] are summarized
below:

e Eastern European Oncology Group [30]

Patient Performance Status to be 0
e Multiphasic computed tomography (CT) or

dynamic contrast-enhanced magnetic reso-

nance imaging (MRI) of the liver as the pre-
ferred modalities for the treatment allocation
e Cone-beam CT use for the tumour visualiza-
tion, targeting, and assessment of treatment
completion
e Doxorubicin (50-75 mg/m?) or cisplatin (50—

100 mg/m?) as the most proven chemothera-

peutic agent
e Preparing water-in-oil emulsion (aqueous

chemotherapy droplets in internal phase and
Lipiodol in continuous external phase) to
improve tumour deposition
e Gelatine sponge use with 100-300 microns-
sized calibrated microspheres with the aim to
occlude distal vessels with preservation of
feeding segmental arteries

e Super-selective approach with microcatheter
for treating a single tumour or small number
of tumours

» Lipiodol opacification of the small arteriopor-
tal sinusoids as a predictive factor for tumour

response and local recurrence [39]

e Assessing tumour viability using the mRE-

CIST criteria [40]

e At least two cTACE procedures 2-8 weeks
apart in order to ensure a presence or absence
of the tumour response

9 Conventional TACE: Clinical
Evidence of Safety
and Efficacy

cTACE has been established as the standard treat-
ment for intermediate-stage HCC without portal
vein invasion in consequences of two randomized
controlled trial studies, which used either doxo-
rubicin [13] or cisplatin [21] mixed with Lipiodol.
These studies represent the only level 1 evidence
for intra-arterial therapies for HCC demonstrat-
ing the superiority of cTACE over best supportive
care. Regarding the safety of cTACE, symptoms
related to postembolization syndrome (fever,
nausea, and abdominal pain) may be observed in
up to 80% of patients and were generally mild,
transient, and manageable. The most common
complications included liver failure, cholecysti-
tis, gastrointestinal bleeding, ascites, and enceph-
alopathy. Treatment-related death rates varied
between 0% and 6% [41]. It is less likely to see
deteriorated quality of life after TACE [42]. A
multicentre prospective Asian cooperative study
on intermediate-stage HCC patients treated with
cTACE reported a median survival time and 1-
and 2-year survival rates of 3.1 year and 89.6 and
75.0%, respectively [43]. ¢TACE has been
reported in patients with more advanced HCC,
such as macrovascular invasion or limited extra-
hepatic disease with adequately preserved hepatic
function. In the prospective non-randomized
study, HCC patients with segmental or sub-
segmental portal vein invasion were treated with
cTACE or conservative care according to the
patient’s preference. The 12- and 24-month OS
rates for the cTACE and conservative groups
were 30.9%, 9.2%, and 3.8%, 0%, respectively
(p <0.001) [35]. In the USA, cTACE is also used
in patients with early-stage HCC as a bridge to
liver transplantation or when liver transplanta-
tion, hepatic resection, and image-guided abla-
tion are not possible [44].
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Transarterial
Chemoembolization
with Drug-Eluting Beads:
An Overview

10

DEB-TACE, a different transarterial drug delivery
technique, involves the intra-arterial injection of
DEBs loaded with various types of chemothera-
peutic agents [45]. DEBs are non-resorbable
embolic microspheres loaded with a chemothera-
peutic agent with the ability of slow drug release,
which should ensure high local and low systemic
drug concentrations. DEB-TACE was primarily
developed to enhance the delivery of the chemo-
therapeutic agent while minimizing systemic tox-
icity and to provide a standardized embolizing
effect. Commercialized DEBs are composed of
various hydrophilic ionic polymers that can bind
to anthracycline drugs via an ion exchange mech-
anism. Several microsphere diameters are avail-
able, ranging from 40 to 900 pm. The unique
properties of these beads, and therefore of this
transarterial drug delivery system, allow the fix-
ing drug doses and the ability to release the che-
motherapeutic agents in a sustained and controlled
manner. Different microspheres are available for
DEB-TACE. DC Bead (BTG International,
London, UK) is a relatively new drug delivery
embolization system comprising a range of hydro-
gel microspheres that are biocompatible, hydro-
philic, non-resorbable, and precisely calibrated.
DC Beads are available in four different ranges —

Fig. 1 (a) T2-weighted magnetic resonance imaging
demonstrated histologically proven hepatocellular carci-
noma in the right lobe of the liver in 73-year-old female
patient later treated with DEB-TACE using TANDEM
40 pm microspheres loaded with doxorubicin. (b)
Contrast-enhanced magnetic resonance imaging demon-

70-150 pm, 100-300 pm, 300-500 pm, and 500—
700 pm — with drug loadings varying from 5 to
45 mg/mL hydrated beads. HepaSphere
(MeritMedical, MA) is a biocompatible, non-
resorbable, expandable, and loadable micro-
sphere. The HepaSphere beads are available in a
range of sizes: 30-60 pm, 50-100 pm, 100-
150 pm, and 150-200 pm. TANDEM micro-
spheres (CeloNova Biosciences/Boston Scientific,
MA) (Fig. 1a—) are non-resorbable polymethac-
rylate hydrogel that are available in three sizes:
40 £ 10 pm, 75 £ 15 pm, and 100 £ 25 pm.
LifePearl (Terumo Corporation, Tokyo, Japan)
are polyethylene glycol embolization micro-
spheres that can be loaded with chemotherapeutic
agents (such as doxorubicin, irinotecan, idarubi-
cin, and epirubicin). LifePear]l microspheres offer
a wide range of drug loading options, enhanced
suspension characteristics, and tight calibration.
LifePearl microspheres are available in three
sizes: 100 £ 25 pm, 200 £ 50 pm, and 400 £ 50 pm.
DC Bead LUMI (BTG International, London,
UK) (Fig. 2a—e) is radiopaque, biocompatible,
non-resorbable hydrogel beads, produced from
polyvinyl alcohol-like conventional DC Bead, but
incorporating a tri-iodobenzyl radiopaque moiety
with a covalent bond. DC Bead LUMI is designed
to be inherently radiopaque and thus perfectly vis-
ible under X-ray-based imaging modalities, such
as CT, cone-beam CT, and fluoroscopy. DC Bead
LUMI s available in three size ranges: 70—150 pm,
100-300 pm, and 300-500 pm.

strated hypervascular hepatocellular carcinoma in the
same patient before treatment. (¢) Contrast-enhanced
magnetic resonance imaging demonstrated avascular and
shrunken tumour in the same patient 3 years after the
treatment. These findings were evaluated as complete
response according to mRECIST criteria
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Fig. 2 (a) T2-weighted fat saturated magnetic resonance
imaging demonstrated hepatocellular carcinoma in the
right lobe of the liver in a 69-year-old male patient later
treated with DEB-TACE using DC Bead LUMI
70-150 pm microspheres loaded with doxorubicin. (b)
Contrast-enhanced magnetic resonance imaging demon-
strated hypervascular hepatocellular carcinoma in the
same patient before treatment. (¢) Non-contrast computed
tomography performed the day after the treatment with
DC Bead LUMI demonstrated distribution of the radi-

11 Transarterial
Chemoembolization
with Drug-Eluting Beads:
Clinical Evidence of Safety
and Efficacy

Safety and efficacy of DEB-TACE have become
the object of a number of studies. Generally,
safety and efficacy of DEB-TACE were evaluated
by the randomized European Precision V phase 11
trial in 212 patients with predominately
intermediate-stage HCC [28], and a post hoc
comparison showed a significant reduction in
drug-related systemic and liver toxicity. Grosso
et al. [46] published initial results of a multicen-
tre trial that employed HepaSphere microspheres
loaded with doxorubicin or epirubicin to treat 50
patients with unresectable HCC. The technical
success was achieved in all cases, and no major

opaque microspheres within the tumour in the same
patient. (d) Non-contrast computed tomography per-
formed 1 week after the treatment with DC Bead LUMI
demonstrated distribution of the radiopaque microspheres
within the tumour in the same patient. (e) Control contrast-
enhanced magnetic resonance imaging demonstrated
avascular and shrunken tumour in the same patient
19 months after the treatment. These findings were evalu-
ated as complete response according to mRECIST
criteria

complications were experienced. The authors
evaluated tumour response 1 and 6 months after
the procedure, observing an objective response
rate of 84 and 77.4%, respectively, at the first and
second follow-up time points. Therefore, they
concluded that DEB-TACE using HepaSphere is
a feasible, effective, and safe procedure. Malagari
et al. [47] reported similar promising midterm
outcomes using doxorubicin-loaded DC beads as
treatment of 3-10 cm HCCs in 71 patients.
Overall survival at 12, 18, 24, and 30 months was
97.05%, 94.1%, 91.1%, and 88.2%, respectively.
Sustained overall survival was seen in 66.2% of
patients. Despite postembolization syndrome
being observed in all patients, the rate of severe
procedure-related complications was just 4.2%.
Therefore, authors stated that DEB-TACE with
DC Bead is an effective and safe procedure in the
treatment of HCC with high rates of response and
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midterm survival. Spreafico et al. [48] reported a
study with the aim to evaluate the short-term
safety and efficacy of the 70-150 pm DC BeadM 1
loaded with doxorubicin in 45 patients with HCC
undergoing DEB-TACE as a primary therapy or
as a bridge to liver transplantation. The authors
reported an OR rate of 77.7% and a grade 3/4
adverse event rate as low as 1.5%. Moreover,
pathology demonstrated that 35% of the treated
nodules presented a coagulative necrosis area
larger than 90% of their volume. Thus, the
authors concluded that DEB-TACE with DC
BeadM1 is an effective and safe procedure, pro-
viding either tumour downstaging or necrosis.
Two different prospective studies that investi-
gated the potential role of DEB-TACE, experi-
encing the use of both HepaSphere 30-60 pm
[49] and TANDEM [50], reported good response
rates in both cases: the OR was 68.9% in the
HepaSphere study and 61.3% in the TANDEM
study. Recently, Greco et al. [51] achieved
encouraging results in terms of tumour response
using 40 pm Embozene TANDEM particles with
overall response of 72.6%. Richter et al. [52] in
the MIRACLE 1 prospective multicentre study
reported similar results using 75 pm Embozene
TANDEM particles with a higher overall response
as 95%. Balli et al. [53] demonstrated that super-
selective DEB-TACE with doxorubicin-loaded
beads sized 40-75 pm was an effective and safe
treatment method with prolonged time-to-
progression and progression-free survival in
early and intermediate stages of HCC. An analy-
sis concerning the particles size was performed
by Prajapati et al. [54] who retrospectively com-
pared the overall survival, efficacy, and safety of
small (100-300 pm) and large (300-500 and
500-700 pm) DEB-TACE beads in two groups of
patients with unresectable HCC. The authors
found that the use of 100-300-pm-sized particles
was linked with significantly higher survival rate
and lower complications than the employment of
300-500 and 500-700-pm-sized DEBs. In
another retrospective comparative study, Balli
et al. [55] reported a higher response rates, pro-
longed overall survival, and progression-free sur-
vival after DEB-TACE performed with

doxorubicin-loaded microspheres sized below
100 pm than in above 100 pm patient group. In
conclusion, these findings underline that imple-
mentation of DEB-TACE may be further
increased by the adoption of small particle sizes.

12 Comparison of Conventional
Transarterial
Chemoembolization

and Transarterial
Chemoembolization

with Drug-Eluting Beads

Both cTACE and DEB-TACE have been consid-
ered as the standard treatment for unresectable
HCC. DEB-TACE ensures the loaded chemother-
apeutic agent slowly releases to achieve a lower
systemic drug peak compared to cTACE [56].
DEB-TACE was expected to improve the perfor-
mance of conventional cTACE. Two retrospec-
tive studies [57, 58] have suggested the superiority
of DEB-TACE, whereas other comparative stud-
ies have not confirmed this superiority. Idilman
et al. [59] reported that no differences in survival
or side effects were observed between the cTACE
and DEB-TACE in their retrospective study. In a
large comparative study of Western HCC patients,
Facciorusso et al. [60] demonstrated that drug-
eluting bead chemoembolization with 100-
300 pm particles did not seem to improve survival
in comparison with conventional chemoemboli-
zation, which in turn provided better tumour
responses and time-to-progression. Moreover,
the randomized controlled trial of DEB-TACE
versus cTACE for HCC performed by
PRECISION Italia Study Group [61] showed that
adverse effect incidence and severity did not dif-
fer between the arms, except for post-procedural
pain, more frequent and severe after cTACE
(P <0.001). The 1- and 2-year survival rates were
86.2% and 56.8% after DEB-TACE and 83.5%
and 55.4% after cTACE (P = 0.949). Thus, the
authors stated that DEB-TACE and the cTACE
are equally effective and safe, with the only
advantage of DEB-TACE being less post-
procedural abdominal pain. Additionally, Karalli
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et al. [62], in their retrospective real-life analysis,
reported that DEB-TACE had better tolerability
compared to cTACE, but overall survival did not
differ between the two treatments. Zhang et al.
[63] also demonstrated that compared to cTACE,
DEB-TACE offered slightly better disease con-
trol rate and tolerability for HCC patients.
However, DEB-TACE does not provide higher
progression-free survival than cTACE.

Two meta-analyses [64, 65] and one system-
atic review [66] regarding comparability or supe-
riority of cTACE and DEB-TACE were recently
published. In the first meta-analysis performed
by Facciorusso et al. [64], 4 randomized con-
trolled trials and 8 observational studies with
1449 patients were evaluated. Non-significant
trends in favour of DEB-TACE were observed as
for 1-year (odds ratio: 0.76, 0.48—-1.21, p = 0.25),
2-year (odds ratio: 0.68, 0.42-1.12, p = 0.13),
and 3-year survival (odds ratio: 0.57, 0.32-1.01,
p = 0.06). Meta-analysis of plotted hazard ratios
confirmed this trend (hazard ratio: 0.86, 0.71—
1.03, p =0.10). Pooled data of objective response
showed no significant difference between cTACE
and DEB-TACE (odds ratio: 1.21, 0.69-2.12,
p=0.51). No statistically significant difference in
adverse events was registered (odds ratio: 0.85,
0.60-1.20, p = 0.36). Based on these results, the
authors stated that results of performed meta-
analysis stand for a non-superiority of DEB-
TACE with respect to cTACE in HCC patients. In
the second meta-analysis regarding comparabil-
ity of cTACE and DEB-TACE [65], no significant
difference was found in overall response at 3, 6,
9, and 12 months, complete response, partial
response, disease control rate, stable disease,
overall survival, and complications between
cTACE and DEB-TACE. The authors stated that
DEB-TACE had similar therapeutic effects to
those of cTACE. Furthermore, major complica-
tions in both therapies were similar; thus, the
authors concluded that superiority of DEB-TACE
over cTACE remains unclear, and further research
with high-quality evidence is needed. However,
in the recently published systematic review, Yang
et al. [66] evaluated the effects of DEB-TACE,
TARE, and cTACE in terms of overall survival,

tumour response, and complications. The authors
found that DEB-TACE had a better overall sur-
vival at 1 year (p = 0.006), 2 years (p = 0.046),
and 3 years (p = 0.035) when compared with
cTACE.

In conclusion, despite the theoretical advan-
tages of DEB-TACE over cTACE, it is still con-
troversial as to whether DEB-TACE is superior to
cTACE in terms of efficacy. However, it seems
that DEB-TACE shows at least similar clinical
outcomes and less adverse events than
cTACE. Further organized prospective studies
are required to identify combination strategies
and to develop better treatment approaches for
patients with HCC.

13 Future Directions:
Transarterial
Chemoembolization
and Systemic Therapy
Combination

TACE has been established as the most widely
used therapeutic intervention for patients with
intermediate-stage HCC. Despite level 1 evi-
dence of survival benefit for TACE in BCLC
stage B, it remains a palliative treatment. This
may be explained by the hypoxic environment
created by the TACE procedure, which can
induce neoangiogenesis by stimulating vascular
endothelial growth factor and other angiogenic
pathways, promoting revascularization and
growth of residual viable tumour [5, 67]. In an
effort to address this problem, many studies have
been conducted combining TACE with systemic
anti-angiogenic  agents, most commonly
sorafenib (Nexavar; Bayer AG, Leverkusen,
Germany), based on its proven activity against
advanced HCC. The GIDEON trial [68] was an
observational registry of 3202 patients with HCC
of BCLCA, B, and C stages treated with sorafenib
alone or in combination with TACE. Adverse
events were reported in 2732 (85.3%) patients
overall, with no notable differences in the inci-
dence of adverse events, regardless of TACE
treatment  history. Overall survival was
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12.7 months in prior TACE patients, 9.2 months
in non-prior TACE patients, 21.6 months in con-
comitant TACE patients, and 9.7 months in non-
concomitant TACE patients. The authors stated
that the combination of TACE with sorafenib
appears to be a well-tolerated and viable thera-
peutic approach. The SPACE trial [69], a pro-
spective randomized phase II trial in patients
with BCLC stage B HCC, included 307 patients
allocated randomly to DEB-TACE with sorafenib
and DEB-TACE with placebo. There was no dif-
ference in TTP between the two arms (169 vs.
166 days in the sorafenib and placebo arms,
respectively, p = 0.072). Overall the trial had a
negative outcome with no impact on overall sur-
vival (p = 0.29). A further subgroup analysis
from the SPACE trial suggested that patients with
more advanced disease could benefit more than
those with intermediate-stage disease [70]. In a
phase III trial of TACE with sorafenib (TACE-2)
[71], 313 patients were randomized to sorafenib
or placebo with DEB-TACE 2-5 weeks later and
additional TACE on demand. This trial reported
no significant difference regarding a median
progression-free survival (7.9 vs. 7.8 months in
the sorafenib and placebo arms, respectively,
p = 0.94) and median overall survival (21.1 and
19.7 months in the sorafenib and placebo groups,
respectively, p = 0.57). In the phase III STAH
trial [72], 169 patients were randomized to
sorafenib alone or sorafenib combined with
cTACE within 7-21 days of randomization.
Compared with sorafenib alone, sorafenib com-
bined with cTACE did not improve overall sur-
vival in patients with advanced HCC. However,
sorafenib combined with cTACE significantly
improved time-to-progression, progression-free
survival, and tumour response rate. For combined
treatment and sorafenib alone, median time-to-
progression was 5.3 and 3.5 months, respectively
(p = 0.003); median progression-free survival
was 5.2 and 3.6 months, respectively (p = 0.01);
and median overall survival was 12.8 and
10.8 months, respectively (p = 0.290). The
authors stated that sorafenib alone remains the
first-line standard of care for patients with
advanced HCC. Kudo et al. [73], in the random-
ized, multicentre prospective TACTICS trial,

compared the efficacy and safety of TACE plus
sorafenib with TACE alone using a newly estab-
lished TACE-specific end point and pretreatment
of sorafenib before initial TACE. Patients in the
combination group received sorafenib 400 mg
once daily for 2-3 weeks before TACE, followed
by 800 mg once daily during on-demand cTACE
sessions until time to untreatable progression,
defined as untreatable tumour progression, tran-
sient deterioration to Child-Pugh C, or appear-
ance of vascular invasion/extrahepatic spread.
Median progression-free survival was signifi-
cantly longer in the TACE plus sorafenib than in
the TACE alone group (25.2 vs. 13.5 months;
p = 0.006). Overall survival was not analysed
because only 73.6% of overall survival events
were reached. Median time to untreatable pro-
gression (26.7 vs. 20.6 months; p = 0.02) was
also significantly longer in the TACE plus
sorafenib group. Overall survival at 1 year and
2 years in TACE plus sorafenib group and TACE
alone group were 96.2% and 82.7% and 77.2%
and 64.6%, respectively. The authors stated that
TACE plus sorafenib significantly improved
progression-free survival over TACE alone in
patients with unresectable HCC. Meta-analyses
[74, 75] of TACE in combination with sorafenib
have reported improved time-to-progression in
patients with a combination; however, the addi-
tion of sorafenib failed to improve significantly
in overall survival compared to TACE alone. In
conclusion, a number of clinical trials inquiring
addition of sorafenib to TACE did not demon-
strate any significant improvement of overall sur-
vival due to addition of sorafenib to TACE for
patients with intermediate-stage HCC.

Another systemic agent (bevacizumab; Roche
Diagnostics GmbH, Mannheim, Germany) was
tested in combination with TACE. Pinter et al.
[76], in a randomized phase II study investigating
the addition of bevacizumab to TACE, reported
no evidence of increased efficacy assessed by
radiological response rate. Smolka et al. [77], in
the study comparing TACE + bevacizumab to
TACE alone, reported that bevacizumab did not
change quantitative tumour response to
TACE. Briefly, the combination of TACE with
anti-angiogenic drugs has been disappointing in
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terms of survival outcomes; however, due to
potential safety, further studies are warranted in
patients with advanced HCC.

Future Directions:
Transarterial
Chemoembolization
and Immunotherapy
Combination

14

A substantial body of evidence supports the
development of immunotherapy to treat HCC. It
is logical to combine TACE therapy with check-
point inhibitors because the tumour burden will
be less than in patients with advanced disease;
checkpoint inhibitors will be administered in a
immunogenic environment with probability of
overcoming local tumour-mediated immune sup-
pression; and both TACE and checkpoint inhibi-
tors have been shown to stimulate immune
responses against HCC [78]. Experiments in
immunotherapy such immune checkpoint inhibi-
tors are also underway. Several combination
strategies of immunotherapies with thermal abla-
tions and cryoablation were investigated in vitro
and in animal models of HCC [79]. Recently,
Marinelli et al. [80] investigated the safety of
locoregional treatment (transarterial chemoem-
bolization or Yttrium-90 transarterial radioembo-
lization) combined with nivolumab for
intermediate and advanced hepatocellular carci-
noma (HCC). The authors reported that during a
median follow-up of 11.5 months (range, 1.8—
35.1), no grade III/TV adverse events attributable
to nivolumab were observed. In addition, there
were no nivolumab-related deaths, and 30-day
mortality after LRT was 0%. Thus, the authors
demonstrate that locoregional treatment per-
formed concomitantly with nivolumab immuno-
therapy had an acceptable safety profile in
patients with intermediate and advanced HCC. In
conclusion, current evidences suggest that the
combination of systemic treatments and TACE
seems to be a relatively safe option for treating
patients with advanced disease. More studies are
necessary to produce solid data over a longer
follow-up period.

15 Current Implementation
of Transarterial
Chemoembolization

in the Middle East Countries

We aimed to report a brief summary about the
TACE implementation in the Middle East coun-
tries based on literature screening from PubMed.
Indeed, it is not possible to describe all articles;
thus, only newest investigations from the last
5 years were included into this brief literature
review. Zaky et al. [81] evaluated the short-term
outcome of the decision, taken by the multidisci-
plinary tumour board for the treatment of HCC
patients with surgical resection, local ablative
therapy, cTACE, and palliative supportive care.
The authors found that the management of HCC
was better performed through a multidisciplinary
team decision, and cTACE has a success rate of
33.3%. El Sherbiny et al. [82] investigated
changes in Doppler parameters of portal pressure
after interventional management of HCC, includ-
ing TACE, and reported improved portal hyper-
tension parameters after TACE. The authors
recommended Doppler ultrasound use as a reli-
able and effective method of evaluation of portal
hypertension after TACE for HCC. Abdelmaksoud
et al. [83] evaluated the prognostic factors and
management in patients with HCC with portal
vein thrombosis. The authors reported a signifi-
cantly worse prognosis in patients with more than
two tumours, abdominal lymphadenopathy, and
serum bilirubin >2 mg/dL. Additionally, specific
treatment significantly increased survival com-
pared to patients left untreated (p = 0.027). Thus,
TACE was considered as a promising procedure
for unresectable portal vein thrombosis-
associated HCCs. Abdelaziz et al. [84] studied a
combined ablation techniques and assess survival
benefit comparing TACE with radiofrequency
versus TACE with microwave ablation tech-
niques. A higher tendency to provide complete
response rates after TACE with microwave abla-
tion comparing with TACE with radiofrequency
ablation was reported (p = 0.06). This was par-
ticularly evident with lesions sized 3-5 cm
(»p = 0.01). Rates of complications showed no
significant difference between the groups. The
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authors concluded that TACE with microwave
ablation led to better response rates with tumours
3-5 cm, with no difference in survival rates.
Moustafa et al. [85] reviewed the factors influ-
encing the development of an extrahepatic col-
lateral arterial blood supply to HCC and described
a systematic approach to enhance the ability to
predict the presence of extrahepatic collateral
arteries. They also describe the proper technique
for TACE of each extrahepatic collateral artery
and how to avoid potential technique-related
complications. Abdella et al. [86] assessed the
outcomes after TACE in patients with segmental
portal vein thrombosis regarding Child-Pugh
classification, radiological response, and 1-year
survival. TACE succeeded to achieve disease
control in 93.3%, 86.3%, 57.7%, and 44.4% of
patients after 1, 3, 6, and 12 months, respectively.
Post-TACE liver decompensation occurred in the
form of ascites in 30%, jaundice in 10%, and
hepatic encephalopathy in 3.3% within 1 month
of TACE. One-month survival after TACE was
100%, 3 months was 96.6%, 6 months was
86.6%, and 1 year was 60%. Mean overall sur-
vival of the included patients was 17 months (s.e.
= 1.59). The authors concluded that TACE seems
an alternative option for unrespectable HCC with
portal vein thrombosis in patients with preserved
liver function. Hassan et al. [87] evaluated the
frequency of regulatory T cells and serum levels
of IL-6 and IL-10 before and after TACE. HCC
patients had a significantly higher level of IL-6
and IL-10 when compared to the control group
(» =0.0002, p < 0.0001), respectively. However,
after treatment, there was an elevation in the lev-
els of IL-6 and IL 10 followed by a decrease to the
baseline levels. Patients with large tumours
(=5 cm) showed higher levels of both IL-6 and
IL-10 than those with smaller tumours. Moreover,
HCC patients showed a higher frequency of regu-
latory T cells in comparison with the controls
(p = 0.002). No significant correlation was
observed between the frequency of regulatory T
cells and IL-10 before and after treatment
(r = 0.38, p = 0.30). The authors concluded that
HCC patients have significantly higher levels of
IL-6 and IL-10 and a higher percentage of regula-
tory T cells than controls; the regulatory T-cell

levels were altered after chemoembolization; and
IL-6 have a potential in reflecting the patient’s
condition after treatment, thus helping in moni-
toring therapy. Khalid et al. [88] investigated the
prognostic value of the albumin-bilirubin grade
in patients undergoing TACE for unresectable
HCC. The mean duration of survival at the last
follow-up was of 12.1 = 12.14 months (range
1-49). Univariate analysis showed serum albu-
min (p = 0.003), serum bilirubin (p = 0.018),
Child-Pugh score (p = 0.019), albumin-bilirubin
grade (p = 0.001), and presence of varices
(p = 0.04) to be the main predictors of 6-month
survival after TACE. On Cox analysis, only ALBI
score (p = 0.038) showed statistical significant
association. The authors concluded that albumin-
bilirubin grade may serve as a surrogate marker
in predicting the prognosis of HCC patients
undergoing TACE. Hassan et al. [89] evaluated
the role of diffusion-weighted magnetic reso-
nance imaging in the detection of residual HCC
after DEB-TACE. Diffusion-weighted magnetic
resonance imaging had a sensitivity of 77.1%, a
specificity of 60.7%, a positive predictive value
of 71.05%, and a negative predictive value of
68%. The difference between the malignant and
benign groups’ ADC variables was statistically
significant (p < 0.003). The ROC curve showed
that the area under the curve is C = 0.718 with
SE = 0.069 and 95% confidence interval from
0.548 to 0.852. The authors concluded that
diffusion-weighted magnetic resonance imaging
has limited diagnostic value in the assessment of
viable tumour tissue after DEB-TACE in cases of
HCC. Balli et al. [53] evaluated the effectiveness
and safety of super-selective TACE with
doxorubicin-loaded DEB sized 40-75 pm for
HCC in early and intermediate stages according
to BCLC staging system. 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 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,
respectively. Median overall survival duration
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was 24 months (95% CI, 20.9-31.9 months). At
1 year and 3 years, overall survival rates were
71.0% and 44.4%, respectively. The only statisti-
cally significant relationship with overall survival
was presence of chronic liver disease, which
worsened the overall survival rate (p = 0.031).
Time-to-progression was 23 months (95% CI,
15.1-40.0), and progression-free survival was
28 months (95% CI, 6.2-39.8). Postembolization
syndrome occurred in ten patients (22.2%).
Transient grade I/IT bilirubin and aminotransfer-
ase elevation was observed in 26 (57.7%) and 18
(40%) patients, respectively. The authors stated
that super-selective DEB-TACE with
doxorubicin-loaded beads sized 40-75 pm is an
effective and safe treatment method with pro-
longed time-to-progression and progression-free
survival in early and intermediate stages of
HCC. Presence of chronic liver disease is the
only significant factor that worsened overall sur-
vival ratios after DEB-TACE. Balli et al. [55]
compared the efficacy and safety of super-
selective DEB-TACE with doxorubicin-loaded
microspheres sized below and above 100 microns
for treatment of HCC. Although statistically
insignificant, median overall survival (19 months
vs. 32 months, p=0.190) and median progression-
free survival (13 months vs. 20 months (p =0.574)
were longer, and 1-3-year objective response
rates (7.40% vs. 23.33%, p = 0.330) were higher
in above-100-microns group than in below-100-
microns group, respectively. No mortality or
major complications were observed. Grade I/II
adverse events were detected in all patients.
Transient elevations in liver function tests
(grade III adverse events) were similar in both
groups (3.57% vs. 3.33%; p = 0.980). The
authors concluded that super-selective DEB-
TACE with doxorubicin-loaded microspheres
sized <100 microns is an effective and safe
method for the HCC treatment. Objective
response rates are higher and survival durations
are longer after DEB-TACE is performed with
doxorubicin-loaded microspheres sized below
100 microns. Farid et al. [90] measured serum
vascular endothelial growth factor levels before
and after cTACE versus DEB-TACE and evalu-
ated its efficacy in predicting response to ther-

apy and tumour recurrence. Vascular endothelial
growth factor level was higher than baseline
after cTACE (p < 0.001) and DEB-TACE
(p = 0.004). It was also significantly higher in
patients with progressive disease (p < 0.001).
Vascular endothelial growth factor level at cut-
off values of 97.3, 149.8, and 104.1 pg/mL
could discriminate disease progression from
treatment success with area under ROC curves
of 0.806, 0.775, and 0.771, respectively. The
sensitivity was 88.9%, 88.9%, and 77.8% and
specificity was 62.5%, 64.6%, and 66.7%,
respectively. However, no relation to tumour
recurrence in complete response group could be
detected after 1 year. The authors concluded that
vascular endothelial growth factor serum levels
may predict response to therapy in patients
treated by DEB-TACE or cTACE, but it has no
relation to tumour recurrence.

This brief literature review demonstrates that
various technical, methodological, clinical, and
prognostic aspects regarding TACE in HCC are
under investigation in the Middle East countries.
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