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Interventional Radiology (IR) has always been characterized by technical 
innovation. The expansive growth in devices and techniques has broadened 
the number of diseases amenable to treatment by minimally invasive means. 
In this context, embolization has become a major arm of current IR practice, 
with growing indications in diverse clinical scenarios. Its pivotal role has 
been widely accepted and recognized by surgeons and medical specialists.

In the field of hepatology, transarterial chemoembolization (TACE), which 
combines chemotherapy and embolization, is the standard treatment of BCLC 
stage B HCC, with a survival improvement compared to best supportive care, 
based upon a meta-analysis of five randomized clinical trials, and has there-
fore been included in international guidelines. TACE can also be used in 
BCLC stage A HCC patients when other treatments fail.

In modern oncology, the role of locoregional treatments to control tumor 
progression in liver-dominant disease has gained momentum. Transarterial 
treatments are always included in multidisciplinary team discussions for 
selected patients with cholangiocarcinoma and metastases from colorectal, 
neuroendocrine, and other primary neoplasms.

Over the past two decades, TACE has witnessed an increasing application 
because of a combination of the trend towards conservative treatments, 
advances in catheter technology, the introduction of new embolic agents, and 
refinements in digital imaging.

Improved discussion with clinicians and increased participation of IR spe-
cialists in multidisciplinary team discussions has further contributed to the 
worldwide applications of TACE. Procedure planning has become of para-
mount importance, backed by careful pre-procedural and intraprocedural 
imaging associated with 3D techniques, fusion imaging, and virtual reality.

The concepts and rationales vary for the different techniques; therefore, 
Interventional Specialists should use them appropriately, according to the 
patient’s clinical conditions, tumor stage, and the clinical evidence of the 
treatment they are about to apply.

The development of this textbook has been triggered by the evolving med-
ical and technical scenarios of interventional oncology, and by the perception 
that there was a need to take stock of the state-of-the-art of TACE.

The Editor of the book, Dr. Pierleone Lucatelli, from the University of 
Rome Sapienza, has put together a panel of internationally renowned experts, 
which will give the reader the big picture of TACE in the real world, together 
with a precise description of specific tools, techniques, and “how to” 
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suggestions. This book also reviews the main indications of TACE, along 
with the imaging techniques used to evaluate the results of the embolization 
procedure and to address further treatment.

A comprehensive understanding of the rationale and practical knowledge 
of these techniques will be essential to IR specialists who are encouraged to 
use this book as a reference for the optimal and safe use of TACE in different 
clinical and anatomical scenarios.

University of Rome Sapienza� Prof Mario Bezzi, 
Rome, Italy

Foreword
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Oncological Interventional Radiology, especially liver trans-catheter treat-
ments, represents the focus of our hospital daily clinical practice and main 
interest in research.

The idea of this project was born after having completed the Cirse Standard 
of Practice on transarterial chemoembolization, which gave me the possibil-
ity to build a network among the bigger European high-volume centers 
involved in liver TACE.

Thanks to this opportunity we have raised together the idea that something 
technical in the field of interventional oncology, in specific of transarterial 
chemoembolization, was missing: that is why we are here commenting on 
this book.

This book presents the best knowledge about TACE, till 2023, with a wide 
panel of European experts presenting their best practice. The target audience 
is represented by all diagnostic and Interventional Radiologist involved in 
liver catheter-based treatments, with all levels of expertise ranging from resi-
dent, fellow, to expert operators. In fact, each chapter was intended to deliver 
to the reader the most technical consideration, in a step-by-step guidance 
fashion, as well as tips and tricks in order to start, or upgrade, their practice 
in liver embolization.

Rome, Italy� Pierleone Lucatelli  

Preface
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1Rationale, Definition, and History 
of Transarterial 
Chemoembolization

Bianca Rocco, Valentina Camelo, Valeria Feliciangeli,  
Carlo Catalano, and Pierleone Lucatelli

Transarterial chemoembolization (TACE) is a 
minimally invasive technique used for the treat-
ment of liver’s malignancies, mostly hepatocel-
lular carcinoma (HCC). TACE allows 
administration of chemotherapy, carried in a mix-
ture with Lipiodol (conventional TACE, 
C-TACE), or by drug-eluting beads (drug-eluting 
microsphere, DEM-TACE) [1], directly into the 
liver tumor’s feeding vessels [2, 3]. TACE has 
been used in palliative treatments and unresect-
able HCC since the beginning of this century.

In 1929, the first vessel catheterization was 
performed by Werner Forssmann, a German sur-
geon, later described in his book Experiments on 
Myself. Memoirs of a Surgeon. Under local anes-
thesia, he catheterized—with a urethral cathe-
ter—his own antecubital vein and confirmed the 
tip of the catheter position in the right atrium 
with X-ray. In 1956, Werner Forssmann was 
awarded the Nobel Prize for Physiology or 
Medicine with André Cournand and Dickinson 
W. Richards [2].

Already in 1941, Farinas reported the first ret-
rograde aortography by a urethral catheter passed 

up into the aorta through a trocar inserted in the 
exposed femoral artery [3]. Artery catheteriza-
tion implied artery exposure, until in 1951, Pierce 
was the first to successfully attempt an aortogra-
phy by percutaneous femoral artery catheteriza-
tion, using a thin-walled polyethylene tube 
passing through a large-bore needle [4]. In these 
years, others started to employ a similar tech-
nique in order to catheterize the common carotid 
artery. The large-bore needle makes puncture dif-
ficult and limits its use to large arteries, also 
requiring larger holes than the catheter.

At Karolinska Sjukhuset, in April 1952, Dr. 
Sven-Ivar Seldinger (1921–1998), a Swedish 
radiologist from Mora Municipality, developed 
a safe and “simple” technique that allows safe 
access to the vascular system. The technique, 
later known as Seldinger Technique, permitted 
after percutaneous puncture to insert a catheter 
of the same size as the needle used into an 
artery [5] (Fig.  1.1). After this revolutionary 
development, endovascular techniques have 
evolved to treat several conditions affecting 
various organs.

B. Rocco · V. Camelo · V. Feliciangeli   
C. Catalano · P. Lucatelli (*) 
Vascular and Interventional Radiology Unit, 
Department of Radiological, Oncological, and 
Anatomo-Pathological Sciences, Sapienza University 
of Rome, Rome, Italy
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a b c

Fig. 1.1  Selective gastroepiploic (GE) and gastroduode-
nal arteriograms (Rösch J, Dotter CT, Brown MJ. Selective 
arterial embolization. A new method for control of acute 
gastrointestinal bleeding. Radiology. 1972 Feb). (a) 
Selective gastroepiploic arteriogram prior to epinephrine 
infusion shows extensive extravasation of contrast 
medium into the gastric antrum (arrows). (b) Selective 
gastroepiploic arteriogram after 20  min of epinephrine 

infusion and clot injection demonstrates extensive vaso-
constriction of the gastroepiploic artery (GE). Blood clot 
forms filling defects around the catheter in the gastroduo-
denal artery (arrows). (c) Selective gastroduodenal arte-
riogram 14 h after clot injection. The gastroepiploic artery 
(arrow) is occluded, with good filling of the pancreatic 
branches

1.1	� From 60 S to Late 70 S: 
From Diagnostic 
to Therapeutic 
Arteriography

Segmental catheterization of gastrointestinal 
arteries and radiological demonstration of 
bleeding were successfully reported in dogs in 
1963 by Nusbaum et al. [6]. Therapeutic arterial 
embolization was first applied in the manage-
ment of cerebral arteriovenous malformations 
through the use of tiny plastic pellets by 
Luessenhop et al. in 1965 [7]. In the early 1970s, 
arterial catheterization was used to arrest vari-
ceal bleeding in cirrhotic patients by arterial 
infusion of vasoconstrictors, like Pitressin, by 
Baum, Nusbaum, and Tumen [8–10]. Later, in 
1972, Rosch applied transarterial embolization 
for the management of acute bleeding of gastro-
intestinal tract. The method consists in infusion 
of vasopressin, injection of autologous clot 
marked by tantalum powder so as to be fluoro-
scopically visible [11] (Fig. 1.1).

Several case series were published in those 
years about transarterial embolization through 
infusion of vasopressin or injection of autologous 
clot, silastic pellets, muscle and fat fragments, 
isobutyl 2-cyanoacrylate, silicone rubber, and 

Gelfoam or by mechanical occlusion by means of 
balloon catheters [12]. Katzen et  al. in 1976 
reported a case series of 19 patients treated with 
transarterial embolization (by injection of 
Gelfoam or autologous clot), of which 11 with 
bleeding of the upper gastrointestinal tract and 8 
patients bleeding from other sites. Technical suc-
cess was achieved in all cases and none of these 
patients had consequential hemorrhages.

The first tumors treated with embolization 
were renal carcinomas: In 1973, the first 19 
patients were treated at the Karolinska Hospital 
in Stockholm by Almgard et al. [13] (Fig. 1.2). 
The embolization technique employed was the 
same already described 2 years earlier in an ani-
mal model by the same team: Muscle pieces were 
taken from the patients, finely minced and then 
suspended in a miscele of few milliliters of phys-
iological saline and contrast medium into the 
renal artery, after renal artery catheterization. 
None of the patients experienced major compli-
cations and shrinkage of tumor was observed in 
all cases.

In the 70 s, preoperative angiographies were 
routine and the most accurate method of diagno-
sis of liver tumors, used as well to assess the 
resectability and curability of the lesions. Finally, 
in the late 70  s, angiographers were becoming 

B. Rocco et al.
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Fig. 1.2  Selective renal angiography showing a large 
tumor in the lower pole of the left kidney in an 83-y.o. 
man (Almgard LE, Fernstrom I, Ljungqvist A. Treatment 
of Renal Adenocarcinoma by Embolic Occlusion of the 
Renal Circulation. Vol. 45, British Journal of Urology. 
1973)

more therapy-oriented and initial experiences in 
selective arterial liver embolization were 
described [14–17].

In 1973, Murray Lion et  al. reported their 
experience in hepatic artery ligation for the treat-
ment of 11 patients with liver secondary malig-
nancies [18]. In six patients, also infusion of 
5-fluorouracil in the portal vein was performed. 
None of the patients experienced liver failure, 
and many benefits, such as reduction of abdomi-
nal pain and weight gain, were achieved. 
Furthermore, liver biopsy performed after hepatic 
artery ligation demonstrated a reduction in the 
tumor size and extensive necrosis in the infused 
areas.

The fact that the hepatic artery occlusion is 
well tolerated was already known from the publi-
cation of Lucas et  al. [19] published in 1971. 
Between January 1963 and February 1969, 119 
patients with primary or secondary liver tumors 
were treated with infusion chemotherapy into the 
hepatic artery. Arterial access was obtained 
through a transbrachial catheterization, followed 
in 6–8 weeks by the permanent placement of a 
transabdominal catheter. The catheters were left 
in place for a very long and variable time, even 
more than 10  months. In 14 patients, complete 
hepatic artery occlusion occurred. However, the 

clinical course and hepatic function of these 
patients after the injection of the chemotherapeu-
tic agents (5-fluorouracil or 5-fluorodeoxyuridine) 
were not altered by the occlusion of the hepatic 
artery.

Taking everything to account, the occlusion 
was well tolerated, concluding that the liver has a 
predominant blood supply from the portal system; 
also, the collateral arteries nearby protect it from 
parenchymal necrosis. For these reasons, the inci-
dence of liver infarction is rare [20]. These results 
challenged the belief, established since 1933 by 
Graham and Cannell, that hepatic artery emboliza-
tion with bloodstream interruption was lethal for 
patients and must be avoided [21].

In 1974, Doyon et al. reported the first French 
embolization of hepatic artery for the treatment 
of malignant liver tumors, using gelatin as the 
embolization agent [22]. In the early 80 s, Chuang 
and Wallace [23] described safety and oncologi-
cal results of hepatic artery embolization per-
formed (72 procedures in patients with liver 
malignancies, both primary and secondary). 
Three types of embolization were performed: 
peripheral embolization with Gelfoam, proximal 
using coils and combined proximal and periph-
eral with coils and Gelfoam. The majority of the 
patients experienced postembolization syndrome 
and median survival time was 11.5 months.

1.2	� From Late 70 S: 
The Conventional TACE

First case series on embolization with drug and 
Gelfoam was published by Yamada et al. in 1977. 
The same group 6 years later reported their expe-
rience about 235 embolization procedures on 120 
patients with unresectable hepatoma. The 
embolic materials employed and administered 
after catheterization of the branch of the hepatic 
artery that fed the tumor were gelatin sponge 
block cut into 1–2 mm pieces and permeated with 
an antineoplastic agent (10 mg of mitomycin C or 
20  mg of Adriamycin) and contrast material 
(76% Urografin [meglumine and sodium diatri-
zoate]). In 75% of the cases, an objective tumor 

1  Rationale, Definition, and History of Transarterial Chemoembolization
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Fig. 1.3  Celiac 
angiogram of hepatoma 
before the injection of 
LUF (A, left) and plain 
film of the abdomen 
2 months after the 
injection of LUF (B, 
right), showing retention 
of the contrast medium 
in the regressed tumor 
(Nakakuma K, Tashiro 
S, Hiraoka T, Uemura K, 
Konno T, Miyauchi Y, 
Yokoyama I. Studies on 
anticancer treatment 
with an oily anticancer 
drug injected into the 
ligated feeding hepatic 
artery for liver cancer. 
Cancer. 1983)

reduction greater than at least half was obtained 
(far better than the rate (6%) obtained with 
hepatic artery infusion for hepatoma) and 1-year 
survival rate was 44% [24].

Nakakuma et al. [25] were the first to report a 
selective and long-lasting retention of Lipiodol 
by the tumor in 1983. The team reported their 
experimental study on 77 rabbits and 6 adult 
patients with nonresectable liver cancer. The 
lobar hepatic artery where the tumor was located 
was ligated and then injected with Lipiodol Ultra 
Fluid (LUF). The oily contrast medium was 
found in all the branches of the injected artery. 
The X-ray films obtained immediately after 
detected the LUF in the vessels of the tumor and 
in the vessels of the normal parenchyma as well. 
After the third postoperative day to the seventh, 
the contrast gradually disappeared from the non-
tumoral areas of the liver but remained focused in 
the cancerous portions. LUF was observed in the 
tumor tissue until 16 months after the injection 
(Fig. 1.3).

At that time, drugs employed by intra-arterial 
infusion for the treatment of HCC were 
5-fluorouracil, Adriamycin, and mitomycin C 
separated or in combinations [26, 27]. Hirose 
et al. demonstrated that one administration of one 
of these chemotherapeutic by intra-arterial infu-

sion, was superior to any method of repeated sys-
temic administration [28]. These agents (Lipiodol 
and CHT) were consequently used in combina-
tion in transarterial therapies for HCC.

The name transcatheter arterial chemoemboli-
zation was used for the first time in the 80 s.

1.3	� From the 80 S: Degradable 
Starch Microsphere TACE

In 1982, Dakhil [29] published a pilot study 
about the intra-arterial administration of starch 
microspheres (40  μm in diameter), rapidly 
degraded by serum amylase, to five patients with 
primary and metastatic liver cancer. Authors 
determined that arterial blood flow through the 
liver could be temporarily blocked, enhancing 
regional uptake and catabolism and decreasing 
systemic exposure to simultaneously adminis-
tered hepatic arterial bischlorethylnitrosourea 
(BCNU).

Wollner et al. [30] in 1986 reported the results 
of a phase II trial about primary and metastatic 
liver cancer treated with hepatic arterial mitomy-
cin C admixed with degradable starch micro-
spheres (DSM). The oncological outcomes in 
those six patients were promising. A high 

B. Rocco et al.
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response rate was achieved also by Carr et  al. 
[31] in 1997, in the treatment of HCC with DSM 
TACE with doxorubicin and cisplatin in the treat-
ment of HCC.

Later in the years, a deeper understanding of 
tumor growth mechanism gave doubt about car-
cinogenesis and ischemic potential of c-TACE. In 
fact, Xin Li et al. displayed that TACE, by inter-
rupting blood flow to the tumor, induces necrosis 
but at the same time may create conditions that 
permit or even encourage angiogenesis and the 
reconstruction of blood supply of residual cancer 
tissue [32]. These lead to a reevaluation of 
degradable starch microsphere TACE, until its 
inclusion in CIRSE standards of practice on 
hepatic transarterial embolization [33].

1.4	� The 90 S–2000: Evidences 
on TACE

In the 90 s, a lively debate was made about the 
utility of chemoembolization in regard to overall 
survival. The French Group for study and treat-
ment for HCC published in 1995 [34] the results 
of a randomized trial where patients were ran-
domly assigned to receive either Lipiodol chemo-
embolization (70  mg of cisplatin, 10  ml of 
lipiodol, and gelatin sponge [Gelfoam] particles 
delivered through the hepatic artery) or conserva-
tive management, involving treatment of compli-
cations and pain. The study was stopped after a 
sequential analysis showed the lack of the 
expected benefit from chemoembolization. Until 
the early 2000s, when a systematic review of ran-
domized trials by Llovet et  al. [35] was pub-
lished, TACE had a limited role in the management 
of HCC. Llovet et al. in fact performed a meta-
analysis including 7 trials (545 patients) of 
patients undergoing TACE and 7 trials (898 
patients) treated with tamoxifen. Primary end-
points were overall survival and treatment 
response. Arterial embolization improved 2-year 
survival (odds ratio [OR], 0.53; 95% confidence 
interval [CI], 0.32–0.89; P = 0.017). Sensitivity 
analysis showed a significant benefit of chemo-

embolization (OR, 0.42; 95% CI, 0.20–0.88) but 
none with embolization alone (OR, 0.59; 95% 
CI, 0.29–1.20). Overall, treatment induced objec-
tive responses in 35% of patients (range, 16%–
61%), while tamoxifen showed no antitumoral 
effect and no survival benefits (OR, 0.64; 95% 
CI, 0.36–1.13; P = 0.13). This study finally set 
the grounds for TACE’s inclusion in several 
guidelines.

1.5	� From Early 2000: Drug-
Eluting Beads TACE

At the beginning of 2000, a novel embolization 
drug delivery system was proposed: the DC Bead 
(Biocompatibles UK Ltd.), a biocompatible, non-
resorbable hydrogel beads that can be loaded 
with anthracycline’s derivatives such as doxoru-
bicin [36].

In preclinical studies, Drug-Eluting Beads 
TACE (DEB-TACE) demonstrates a high tumor 
concentration of doxorubicin, avoiding its sig-
nificant passage into the systemic circulation 
with consequent less systemic toxicity. In fact, 
Lewis et al. [37] in 2006 reported the pathologic 
and pharmacokinetic findings from hepatic 
embolization in a porcine model comparing 
doxorubicin-eluting beads with bland emboliza-
tion. Hepatic embolization with DC Beads dem-
onstrated to be safe and well tolerated, with 
locoregional delivery of doxorubicin causing tar-
geted tissue damage with minimal systemic 
impact. Similar results were obtained in the same 
year by Hong et al. [38] in a rabbit model.

In 2007, Varela et al. [39] confirmed in the first 
clinical experience the findings demonstrated in 
the preclinical studies. In this study, Llovet group 
demonstrated the same efficacy of c-TACE and 
DEB-TACE, showing at the same time that DEB-
TACE prolongs the contact time between the can-
cer cells and the cytotoxic drug and reduces the 
concentration of chemotherapeutic in the serum 
(Fig. 1.4), potentially avoiding the onset of minor 
systemic effects like hematological toxicity, alo-
pecia, mucositis, and skin discoloration.

1  Rationale, Definition, and History of Transarterial Chemoembolization
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Fig. 1.4  Measurements of serum doxorubicin levels at 
different time points and AUC in DEB-TACE patients (a) 
and in the conventional TACE group (b). The AUC of 
group DEB-TACE is significantly lower than that 
observed in the conventional TACE, although the dose of 

doxorubicin was significantly higher in the DEB-TACE 
group. (Varela M, Real MI, Burrel M, Forner A, Sala M, 
Brunet M, et  al. Chemoembolization of hepatocellular 
carcinoma with drug eluting beads: Efficacy and doxoru-
bicin pharmacokinetics. Journal of Hepatology. 2007)

The Poon et al. [40] phase I/II trial published 
in 2007 also confirmed a low peak plasma doxo-
rubicin concentration and no systemic toxicity.

Malgari et al. [41] in the same year reported 
the efficacy of DEB-TACE in 42 patients with 
confirmed HCC. Patients underwent superselec-
tive DEB-TACE every 2 months, until cessation 
of flow was achieved. CT revealed complete 
response in 65% and localized residual enhance-
ment in 40% of cases. Also, in this study, disor-
ders of hepatic function were not observed post 
procedure, while a substantial reduction in feto-
protein levels was observed.

Drug-eluting beads were also used in metasta-
sis treatment. In 2008, de Baere et  al. [42] 
reported their experience in the DEB-TACE for 
gastropancreatic endocrine hepatic metastases in 
20 patients.

In another study of 2009 by Lammer et  al. 
[43], it was displayed that there wasn’t a statisti-
cally significant response rate, following the 
EASL criteria, in the TACE with loaded micro-
spheres group, compared to the Lipiodol TACE 
group (p = 0.11), but it has once again been con-

firmed that there was a significantly lower toxic-
ity of doxorubicin in the TACE with loaded 
microspheres group because of its lower serum 
concentration (p  =  0.0001). In addition, it has 
been proved that DEB-TACE offers a benefit to 
patients with more advanced disease.

1.6	� From 2008 to Nowadays

Irie et  al. in 2008 employed a micro-balloon 
microcatheter in order to optimize TACE onco-
logical performance, setting the ground for a new 
TACE technique: the balloon-occluded TACE 
(B-TACE). In fact, better Lipiodol deposition 
was allowed by inflating the micro-balloon, as it 
prevents proximal migration and leakage of 
embolization materials [44] as well as opens 
intrahepatic shunts that direct the arterial flow 
toward the tumor.

In 2019, Lucatelli et al. [45] described the effi-
cacy and safety of B-TACE performed with poly-
ethylene glycol epirubicin-loaded drug-eluting 
embolics in HCC patients. As mentioned previ-

B. Rocco et al.
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Fig. 1.5  A 56-year-old male with a single nodule of HCC 
with maximal diameter of 76  mm at II/III hepatic seg-
ments. Digital subtraction angiography (DSA) performed 
from the common hepatic artery (a) shows the hypervas-
cular structure of the HCC in the left lobe (arrow). 
Superselective DSA of the tumor with deflated balloon (b) 
and inflated balloon (c) (arrowhead); single fluoroscopy 
image after the embolization (d) (Lucatelli P, Ginnani 

Corradini L, de Rubeis G, Rocco B, Basilico F, Cannavale 
A, et  al. Balloon-Occluded Transcatheter Arterial 
Chemoembolization (b-TACE) for Hepatocellular 
Carcinoma Performed with Polyethylene-Glycol 
Epirubicin-Loaded Drug-Eluting Embolics: Safety and 
Preliminary Results. CardioVascular and Interventional 
Radiology. 2019)

ously, conventional TACE (c-TACE) has shown 
several limitations (procedure standardization, 
toxicity profile, pain), overcame by the introduc-
tion of drug-eluting microsphere transarterial 
chemoembolization (DEM-TACE). In this study, 
the efficacy of the combination of DEM-TACE 
with B-TACE was studied and it was proved that 
it is a safe procedure, associated with a high over-
all tumor response (Fig. 1.5).

Taking everything into account, it could be 
stated that TACE is a relatively new noninvasive 
technique that can be used for the treatment of 
liver malignancies, primaries and secondary, in 
order to increase overall survival. In the later years, 
several studies were made in order to improve its 
efficacy and reduce the side effects, as well as to 
enlarge the therapeutic field. Taking advantage of 
the intratumoral inflammation created by TACE 
with consequent expression of antigens usually 
hidden in the tumoral microenvironment [42], 
frontiers are open to combined treatment with tar-
geted immunotherapeutic drugs.
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Transarterial Chemoembolization 
(TACE): Indications

Laura Crocetti, Paola Scalise, Giulia Lorenzoni, 
and Elena Bozzi

2.1	� Introduction

Transarterial chemoembolization (TACE) repre-
sents the standard of care for intermediate-stage 
hepatocellular carcinoma (HCC) (BCLC stage B) 
[1]. In this stage, the main aim of TACE is to 
achieve high overall response (OR) while pre-
serving liver function, which both contribute to 
prolonging overall survival (OS) and allowing a 
good quality of life [2, 3]. However, the proper 
selection of patients is fundamental since the 
intermediate stage embraces a complex and inho-
mogeneous population of patients.

Since the positive findings of the first random-
ized controlled trials (RCTs) and metanalysis 
that finally demonstrated the positive impact of 
TACE on survival, it has been the aim of subse-
quent studies to refine patient selection and tech-
nical issues to further improve TACE results as a 
first-line therapy [4].

In addition, the other main role of TACE is in the 
setting of liver transplantation (LT): its role in 
reducing HCC progression as well as a bridge to LT 
has been well ascertained over the last few years [5].

In modern oncology, the role of locoregional 
treatments to control tumor progression in liver-
dominant disease has gained importance, and 
transarterial treatments are often taken into con-
sideration in multidisciplinary team discussion 
for selected patients with cholangiocarcinoma 
and colorectal, neuroendocrine, and other pri-
mary liver metastases [6].

In this chapter, indications for TACE in 
patients with HCC, as a first-line therapy, and in 
the pretransplant setting are described. Moreover, 
indications on how to select patients for non-
HCC indication are addressed.

2.2	� TACE for Intermediate- 
Stage HCC

According to the European Association for the 
Study of the Liver (EASL) guidelines, to the 
American Association for the Study of Liver 
Diseases (AASLD) guidelines and in the updated 
Barcelona Clinic Liver Cancer (BCLC) treatment 
algorithm, TACE is the current standard of care 
for intermediate-stage disease (BCLC B) [1, 7, 8] 
(Table 2.1).

The BCLC stage B includes patients with 
multinodular HCCs (more than 3 nodules, at least 
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one with diameter larger than 3 cm), without vas-
cular invasion or extrahepatic spread and with 
well-preserved liver function and performance 
status. Child-Pugh classification has been 
recently replaced with the concept of “preserved 
liver function,” a wider concept that includes 
albumin-bilirubin (ALBI) score, Child-Pugh and 
Mayo End-stage Liver Disease (MELD) [1]. 
Alpha-fetoprotein (AFP) concentration, regard-
less of rumor burden, may also impact prognosis 
and should be therefore included in a more com-
prehensive patient evaluation [9]. Patient perfor-
mance status evaluation should also be performed 
with caution as it may be difficult to differentiate 
when performance status impairment is related to 
liver dysfunction, which may or may not be 
related to tumor burden [1].

Patient population with HCC included in the 
intermediate stage may have very different tumor 
burden, which is the reason why the updated 
BCLC algorithm subdivides this stage in three 
further subgroups [1].

The first subgroup within BCLC B stage 
includes patients with well-defined HCC nodules 
who fit with extended liver transplant criteria 
according to the criteria of the institution [10]. 
The second subgroup includes patients without 
option for LT but who have preserved portal flow 
and defined tumor burden suggesting the feasibil-
ity of selective access to feeding tumor arteries. 
They are candidates for TACE [1] (Table 2.1).

The third subgroup within BCLC B includes 
patients with diffuse, infiltrative, extensive HCC 
liver involvement. They do not benefit from 
TACE, and systemic therapy should be the rec-

ommended option, although there is no strict cut-
off when this is the case [11].

The Japanese Society of Hepatology (JSH) has 
recently endorsed criteria to define TACE unsuit-
ability/ineligibility, TACE impossible, and TACE 
failure [12]. TACE unsuitability/ineligibility gen-
erally refers to the following three conditions: (1) 
likely to develop TACE failure/refractoriness, (2) 
likely to become Child-Pugh class B liver func-
tion after TACE, and (3) unlikely to respond to 
TACE.  Patients likely to develop TACE failure/
refractoriness include those who do not meet the 
up-to-7 criteria in relation to tumor size and num-
ber of tumors. Patients prone to reduced liver 
function include those classified as ALBI grade 2 
as well as those who do not meet the up-to-7 cri-
teria (especially bilobar multifocal nodules). Even 
a single TACE session in a patient with ALBI 
grade 2 liver function may further reduce liver 
function, which makes the patient ineligible for 
systemic therapy with likely shortened 
OS. Therefore, TACE may be harmful for patients 
with these conditions. Finally, conditions unlikely 
to respond to TACE include HCCs with unencap-
sulated tumors and high incidence of microvascu-
lar invasion, such as the simple nodular type with 
extranodular growth, confluent multinodular type, 
massive type, infiltrative type, and diffuse type, in 
addition to poorly differentiated HCCs [12].

Patients are considered TACE impossible 
upon disappearance/devastation of the feeding 
artery due to repeated TACE and/or the develop-
ment of a parasitic feeding artery, which pre-
cludes selective catheterization. Patients whose 
liver function has worsened to Child-Pugh class 
C after repeated TACE are also considered TACE 
impossible. Patients with large arterioportal 
shunts or major vascular invasion such as main 
portal branches or portal trunk disease are also 
considered TACE impossible because of the risk 
of liver failure caused by TACE [12].

The availability of several lines of systemic 
therapy treatment makes it very important to stop 
performing TACE in case of nonresponse or pro-
gression, in order to not deteriorate liver function 
and prevent patients to receive systemic thera-
pies. In particular, JSH suggests that TACE 
should be stopped when two or more consecutive 
ineffective responses or progression of the dis-

Table 2.1  Summary of indications for TACE

HCC stage Indications
Early stage •  when first treatment options not 

feasible or failed
•  in nodules >3 cm and > 5 cm in 
combination with thermal ablation

Intermediate 
stage

•  multinodular HCC, preserved liver 
function, PS0, well-defined nodules, 
selective access possible, preserved 
portal flow

Bridging to 
LT

•  when time on the waiting list 
longer than 6 months

Downstaging 
to LT

•  aimed to downstage tumor burden 
within Milan criteria

PS performance status; LT liver transplantation

L. Crocetti et al.
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ease within the treated tumors (viable lesion 
>50%) are observed, even after changing the che-
motherapeutic agents and/or reanalysis of feed-
ing artery, on response evaluation CT/MRI after 
1–3  months following adequately performed 
selective TACE [12].

Despite a very long history, there is no stan-
dard technique regarding all aspects of the proce-
dure including drugs, embolic materials, and 
microcatheter selection. In the treatment of HCC, 
doxorubicin is the most used chemotherapeutic 
agent, although several other drugs are also used, 
including epirubicin, idarubicin, cisplatin, and 
mitomycin C. Concerning the embolic material, 
TACE has classically been performed with an 
emulsion of Lipiodol and chemotherapeutic 
drugs followed by Gelfoam (conventional 
TACE). In the late 2000s, drug-eluting beads 
(DEB) became available for clinical use and 
showed a better safety profile with lower sys-
temic drug-related toxicity, although without sig-
nificant added value on local tumor control over 
conventional TACE [1, 6, 7].

In this complex scenario, the role of the multi-
disciplinary team in individualizing treatment 
strategy is evident. It has been in fact demon-
strated that MDT discussion improves patient 
outcomes and that even when decision is taken in 
discordance with guidelines but in a patient-
tailored manner, the results may ultimately be 
equal to or even superior to those expected per 
tumor stage [13, 14].

2.3	� TACE for Non-intermediate-
Stage HCC

	1.	 In clinical practice, not all patients with early-
stage HCC are suitable for curative therapies, 
such as LT, surgical resection, or ablation due 
to several clinical factors, such as old age, 
hepatic dysfunction, tumor location, and 
comorbidities [7] (Table 2.1).

Despite having early-stage disease, this subset 
of patients could be good candidates for 
TACE. This treatment stage-migration strategy is 
well established and is recommended by interna-
tional guidelines [1, 7]; several studies have 

reported a high response rate and good outcomes 
after TACE in patients with early-stage HCC [6].

A particular subset of patients where TACE is 
often performed is in combination with thermal 
ablation in patients with HCC nodules larger than 
3 cm. Despite not included in current guidelines, 
the combination of TACE and radiofrequency 
ablation is associated with significantly higher 
overall survival and recurrence-free survival, 
than radiofrequency monotherapy, without a sig-
nificant difference in major complications [7] 
(Table 2.1).

There is not enough evidence in the literature 
to support the use of TACE for patients in the 
advanced stage, not even in cases with locally 
advanced disease such as segmental/sectorial 
portal vein invasion, where systemic therapies 
are presently indicated and radioembolization 
may be discussed as an option at MDT [7].

2.4	� TACE for Bridging 
and Downstaging HCC to LT

Patients with HCC are at high risk of list dropout 
due to tumor progression while waiting for LT. 
Bridging therapy is intended to prevent dropouts 
especially if the estimated waiting time is of 
≥6 months: in fact, approximately 22% of patients 
with HCC drop off the waiting list and patients 
who do not receive any bridging treatments have a 
1-year drop-out rate greater than 30% [5]. Several 
studies have shown that in patients who were 
bridged to liver transplantation by means of 
TACE, the drop-out rates were of 3%–9.3%, sig-
nificantly lower if compared to the ones of the 
pre-bridging therapy era [5] (Table 2.1).

The term downstaging describes treatment 
used to bring patients whose tumor burden is out-
side accepted criteria for transplantation to within 
acceptable criteria. Acceptable criteria are 
defined as those criteria achieving an expected 
survival after LT equal to patients who meet 
transplant criteria without downstaging [5]. 
According to EASL guidelines, patients are 
accepted as LT candidates when their HCC, pre-
senting at an intermediate/advanced stage, is suc-
cessfully down-staged to within the Milan criteria 
[7]. Patients with HCC initially exceeding Milan 
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criteria and down-staged with TACE can achieve 
post-transplant survival and HCC recurrence-free 
probability at 5 years similar to those of patients 
within Milan criteria [5, 15, 16] (Table 2.1).

Some concerns have been raised about possi-
ble impairment of liver function in cirrhotic 
patients treated with TACE, as well as the 
increased risk of postoperative hepatic artery 
complications in patients undergoing TACE 
before liver transplantation [17, 18]. On the con-
trary, two recent retrospective studies conducted 
in transplanted patients who were previously 
submitted to TACE showed that the incidence of 
hepatic artery thrombosis was quite similar in 
those who had or had not received TACE and 
TACE delivered before liver transplant did not 
affect complications, patient death, or graft fail-
ure after transplantation [19, 20].

When TACE is performed as a neoadjuvant 
therapy before LT, there is not enough data to 
establish if it is preferable to use conventional 
TACE (c-TACE) or DEB-TACE. A recent publi-
cation demonstrates that, compared to Lipiodol 
TACE, DEB-TACE is better tolerated, allowing 
for reduced hospitalization, and is associated 
with more durable local tumor control after 
complete radiological response. These features 
may be of specific importance if applied to a 
patient during a possibly long waiting period 
before LT [21].

2.5	� TACE for Liver-Dominant 
Primary Cholangiocellular 
and Metastatic Disease

TACE may be considered as a treatment option in 
selected patients with other primary tumors 
(intrahepatic cholangiocarcinoma, iCCA) or sec-
ondary tumors from colorectal and non-colorectal 
carcinomas (neuroendocrine, breast, thyroid can-
cer, melanoma and in oligometastatic disease 
controlled with systemic treatment), after discus-
sion in a dedicated multidisciplinary team. In 
these cases, careful pretreatment imaging is 
needed to confirm the liver only or oligometa-
static disease.

Indications for TACE in iCCA include surgi-
cally unresectable or inoperable liver tumors with 
liver-only disease [22].

In the setting of mCRC, patients with liver-
limited disease in whom the available chemother-
apeutic lines have failed, TACE may be also 
considered as a treatment option [23].

TACE can also be considered as an alternative 
therapy to surgical resection of liver metastasis in 
patients with NET and as an alternative to sys-
temic treatment in those patients with NETs with 
disease limited to the liver [24].

In all those specific settings, the choice of 
embolizing material and drug should be part of 
the multidisciplinary discussion according to 
liver functional reserve, tumor burden (selective 
access/lobar approach), molecular profiling of 
the disease, and previous response to cytotoxic 
drugs [6].
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3Access and Material

Stavros Spiliopoulos and Lazaros Reppas

3.1	� Access

TACE can be performed via common femoral 
or radial artery access, although brachial artery 
or distal transradial access can be also used 
[1–3]. A transradial access offers the benefit of 
immediate mobilization/ambulation with mini-
mal bleeding complications and less patient 
discomfort, and is advised in obese patients 
with hostile abdomen, those unable to lay flat 
for a long period of time, or those at high bleed-
ing risk [4, 5]. Both local anesthesia and single-
wall arterial access should be performed under 
ultrasound guidance to minimize pain, access 
attempts, and complications [6]. For all access 
types, standard 4–5 Fr x 10 cm sheaths can be 
used with the relative angiographic catheter 
diameter. Dedicated access kits with 21  G 
short-length puncture needles are recom-
mended for transradial access.

Preprocedural study of visceral arteries, vas-
cular anatomy, and tumor supply can minimize 
procedural time and decrease the risk of nontar-
geted embolization. Frequent anatomical varia-
tions such as right hepatic artery arising from the 

superior mesenteric artery (SMA) and left hepatic 
artery arising from the left gastric artery can be 
easily noted in preprocedural CTA imaging.

3.2	� Materials and Technique

Celiac axis and SMA are most frequently cathe-
terized from femoral access with 4- or 5-Fr 
Cobra, Simmons, or SOS angiographic catheters. 
For challenging catheterizations, Yashiro tip 
catheter can also be used. For celiac/SM artery 
catheterization from transradial access, MPA1, 
VANSCIE, vertebral, or headhunter angiographic 
catheters can be used.

5 Fr angiographic catheters demonstrate better 
steerability than the smaller 4Fr and could be 
used in challenging celiac or SMA catheteriza-
tions. An angled 0.035 hydrophilic guide wire is 
subsequently and carefully advanced distal into 
the right hepatic artery in order to advance the 
angiographic catheter in the common hepatic 
artery, distal to the origin of the gastroduodenal 
artery, for adequate support, when possible.

In cases of challenging anatomy with steep 
angulation and/or in cases in which the hepatic 
artery originates steeply from the proximal por-
tion of the celiac artery, after catheterization of 
the celiac trunk, the guidewire can be advanced 
within the splenic artery. Catheter is exchanged 
with an angled catheter (VANSCIE, vertebral, or 
similar) and the common hepatic artery can now 
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be catheterized by simultaneously injecting 
contrast, slowly retrieving and turning the angled 
catheter just at the origin of the celiac artery. 
Recently, the “side-hole technique” has also been 
proposed for challenging angulations, in which a 
side hole is created at the lesser curvature side of 
a 5-Fr Cobra catheter and a micro-wire with a 
microcatheter is subsequently advanced through 
the side hole [7]. Nevertheless, catheterizing just 
the ostium of the celiac artery with the mother 
catheter and using the microcatheter to advance 
within the feeding vessels always remain a valid 
option.

Standard or specifically designed for TACE 
microcatheters (length: 105–150  cm; diameter: 
2.0–2.8 Fr; 0.018-inch guidewire compatible) are 
usually required. Digital subtraction angiography 
(DSA) of the hepatic arteries should be per-
formed before selective catheterization to depict 
the target lesion(s) and document free antegrade 
flow of contrast media, confirming that the cath-
eter is not obstructing the flow. Intraprocedural 
imaging including 3D angiography with a rota-
tional flat panel detector (cone-beam CT, CBCT) 
or a combined MDCT angiography system is 
highly recommended as it has been correlated 
with less complications, increased technical suc-
cess, and optimization of clinical outcomes [8–
10]. Intraprocedural CBCT/MDCTA imaging 
enables accurate lesion detection, provides guid-
ance for catheterization, and offers intraproce-
dural treatment assessment and guidance, as in 
cases of incomplete tumor embolization, further 
feeders can be identified and catheterized [11, 
12]. For detailed CBCT advantages and clinical 
applications, refer to Chap. 5.

Superselective catheterization is highly rec-
ommended in cases of a single lesion or those 
with short number of lesions, and feeding arteries 
should be to minimize the risk of nontargeted 
embolization, increase the local concentration of 
chemotherapeutic agent within the tumor, and 
enhance optimization of clinical outcomes [13]. 
The materials used in a typical TACE procedure 
are described in Table 3.1.

Embolic agents should be delivered with the 
catheter tip beyond the origin of the gastroduode-
nal artery, the right gastric artery (usually arising 

from the proper hepatic artery), and the cystic 
artery (mainly arising from the right hepatic 
artery) to avoid nontargeted embolization of the 
bowel, stomach, and gallbladder, respectively. 
Once the catheter has been positioned at the 
desired feeding vessel and prior to the delivery of 
the embolic material, a superselective arterio-
gram (usually 8–10  ml total contrast volume, 
4–5  ml/sec rate, 800  psi) performed via the 
microcatheter confirms the correct position of the 
tip as well as the free antegrade flow of contrast 
media within the tumor but could also depict 
additional vessels that were not noted during the 
previous less selective angiograms. It is impor-
tant that free antegrade flow is demonstrated 
before infusion, and the physician should be able 
to visualize that both the macro- and the micro-
catheter are positioned within adequately sized 
vessels, as to avoid backflow and guarantee the 
delivery of the materials within the lesion. 
Available embolic agents typically used for 
TACE are presented in Table  3.2. Luer-lock 
syringes and female/male Luer-lock connections 
are recommended for safe infusion during DEB-
TACE while dedicated Lipiodol-resistant infu-
sion sets can be used for c-TACE.

In the presence of arterio-portal or arterio-
venous shunts, selective embolization is sug-
gested. Several embolization materials are 

Table 3.1  Recommended materials during a typical 
TACE procedure

1. �Study preprocedural CT (including detailed analysis 
of the vascular anatomy).

2. �Arterial access (US guided under local anesthesia): 
4/5 Fr sheath.

3. �Celiac axis catheterization and arteriogram (CBCT 
or MDCTA highly recommended).

• � 4- or 5-Fr catheter: Cobra Simmons/SOS (femoral 
access) or VANSCIE/vertebral/headhunter (radial 
access)

•  A 0.035 angled hydrophilic guidewire.
4. �Superselective catheterization of the feeder(s) and 

angiogram:
•  Microcatheter.
5. Embolization/drug delivery: See Table 3.2.
•  DEB-TACE.
•  C-TACE (Lipiodol/drug).
6. Hemostasis of vascular access:
•  4 Fr: Manual compression
•  5–6 Fr: Closure device.

S. Spiliopoulos and L. Reppas
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Table 3.2  Embolic agents typically used for TACE

c-TACE: Suspension of Lipiodol and chemotherapy 
drugs followed by Gelfoam or 100–300 μm embolic 
particles
DEB-TACE: Drug-eluting microsphere usually 
75 μm–300 μm:
•  DC/LC bead (BTG international, PA, USA).
• � Hepasphere/Quadrasphere (merit medical, UT, 

USA).
•  Tandem/Embozene (Boston Scientific, MA, USA).
•  LifePearl (Terumo medical, Japan).
Chemotherapy drugs:
• � HCC: Doxorubicin, epirubicin 75–150 mg per 

session/doxorubicin, epirubicin, cisplatin, and 
mitomycin for c-TACE.

Nonionic contrast medium: Usually 5–10 mL/liter of 
microspheres

available, and the choice should depend on the 
specific anatomical details and the experi-
ence of the physician. N-butyl-2-cyanoacrylate 
(glue) use has been mainly reported in the 
literature. The dilution of Lipiodol/ 
N-butyl-2-cyanoacrylate depends on the 
dimensions and hemodynamic characteristics 
of the shunt, and generally low-viscosity mix-
tures are used for high-flow, large shunts, 
while balloon occlusion techniques have been 
implemented in order to avoid nontargeted 
distal embolization [14, 15]. Coils and gelatin 
sponge (plain or soaked with ethanol) can also 
be used successfully in selected cases [16].

3.2.1	� Novel Anti-Reflux 
Microcatheters. Pressure-
Assisted Embolization

Although typical end-hole microcatheters are 
currently the standard of TACE therapy, novel- 
anti-reflux technology has been implemented, 
aiming in preventing retrograde flow and mini-
mize non-target delivery. This novel class of anti-
reflux microcatheters (also called “flow-directed” 
or “pressure-assisted” microcatheters) uses 
micro-balloons, valves, or dynamic flow obstruc-
tion technology to prevent backflow of the 
embolic material and enhance intratumoral deliv-
ery. Moreover, it has been proposed that pressure-
assisted embolization, enabled by anti-reflux 

microcatheters, results in reduced both extrahe-
patic and intrahepatic non target embolization, 
and therefore improves selective intra-tumor 
delivery, due to a significant reduction in the 
blood pressure occurring in the downstream ante-
grade vascular territory and flow redistribution 
via intra-hepatic collaterals. [17, 18]

Specifically, the Surefire® Infusion System 
(SIS; TriSalus Life Sciences, USA) is using a 
patented valve system that partially collapses 
with forward systolic arterial flow and expands 
with reversed diastolic flow avoiding reflux dur-
ing delivery. SIS is introduced through a 5F guid-
ing catheter with an inner diameter of 1.37 mm 
(0.054 inches) or greater and is available in 3.7 
Fr/3.4 Fr proximal distal tip/outer diameter and 
120 cm and 150 cm (SIS Radial) usable lengths. 
Also, two sizes are available (SIS 025M for ves-
sel between -2.0 and 4.0 mm and SIS 025L for 
vessels between -4.0 and 6.0 mm) [19–21]

The IsoFlow™ dual-balloon anti-reflux 
microcatheter (Vascular Designs Inc., USA) is 
equipped with two compliant balloons (can be 
inflated from 2 to 6 mm), positioned near the dis-
tal end of the catheter. Between the two balloons, 
there is a 10  mm long infusion segment (with 
multiple side holes). The IsoFlow™ microcathe-
ter has three lumens: one for balloons inflation, 
one for infusion through the side holes, and a 
third to accommodate the guidewire (0.014 inch). 
The IsoFlow™ catheter can be inserted via a 5-Fr 
guiding catheter, with a 0.056-inch inner diame-
ter. It is available in 150 cm length and a proxi-
mal/distal outer diameter of 3.5  F and 2.3  F, 
respectively, and can deliver embolic materials 
up to 300 μm [22].

The Occlusafe® Temporary Occlusion 
Balloon Catheter (Terumo, Japan) is a microcath-
eter equipped with a single balloon at the distal 
tip that can be inflated to occlude vessels measur-
ing from 1 mm to 4 mm (balloon inflation mini-
mum volume 0.02 mL and maximum volume 
0.10 mL). It is compatible with a 0.014-inch 
guidewire and available in 110 to 150 cm length. 
The proximal/distal outer diameter is 2.8 Fr and 
2.7 Fr, respectively.

Finally, the SeQure® Reflux Control 
Microcatheter (Guerbet, Princeton, USA) uses 
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Table 3.3  Commercially available anti-reflux catheters 
indicated for TACE

Brand name Technical characteristics
Surefire® precision 
infusion system (TriSalus 
life sciences, USA)

Expandable basket; 
requires specific 
angiographic catheters

IsoFlow™ microcatheter 
(vascular designs Inc., 
USA)

Dual-balloon technology

Occlusafe® temporary 
occlusion balloon catheter 
(Terumo, Japan)

Inflatable balloon

SeQure® reflux control 
microcatheter (Guerbet, 
USA)

Dynamic flow 
obstruction technology

side slits that generate a fluid barrier during 
infusion impeding reflux of the embolic mate-
rial. This flow dynamic technology is based on 
the fact that side slits measure <70 μm size and 
therefore allow the outflow of contrast media 
without passage of the embolic microspheres. It 
is compatible with 0.018- to 0.021-inch guide-
wires and available in 105 to 150 cm in lengths. 
The SeQure® microcatheter is available in 
proximal/distal outer diameters of 2.9/2.4 Fr, 
2.9/2.7 Fr, and 3.0/2.8 Fr, delivering embolic 
microspheres measuring 70–500  μm, 
70–500 μm, and 70–700 μm, respectively, but 
also 0.018-inch micro coils [23].

Commercially available anti-reflux micro-
catheters indicated for TACE procedures are 
summarized in Table 3.3.
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4Preprocedure Workup

Argirò Renato and Gasparrini Fulvio

TACE is an established treatment for patients 
with intermediate-stage HCC.

The development of new effective diagnostic 
procedures such as ultrasound, spiral CT, and 
MRI has led to improved preoperative patient 
selection and thus improved overall survival.

Correct patient selection and proper prepara-
tion of the procedure in each step play a central 
role in the success of the treatment and the final 
outcome.

In this chapter, we discuss the current man-
agement of patients with HCC undergoing TACE.

Particular emphasis is given to the diagnostic 
and clinical workup as it should be performed 
currently. Standard preprocedure workup and 
periprocedure patient management are also 
discussed.

4.1	� Preprocedure Workup

4.1.1	� Outpatient Examination

The outpatient visit is a key step in the pretreat-
ment workup. During the visit, the indications are 
assessed, the patient informed, and the treatment 

planned in every step, including additional labo-
ratory analyses and imaging studies.

Much has been written about patient selection 
and detailed coverage of this area is beyond the 
scope of this chapter. However, during outpatient 
visit, certain aspects of patient selection must be 
recognized, including Child-Pugh classification, 
extrahepatic involvement, liver tumor burden, 
serology values, and eventually portal vein 
patency.

Patients with extrahepatic metastasis may be 
candidates if hepatic tumor burden is predomi-
nant and is the main cause of symptoms.

Caution should be exercised in Child-Pugh 
class C patients as TACE is poorly tolerated in 
this group who are prone to hepatic failure. In 
patients with large hepatic tumor burden, the 
staging of treatment into two or more sessions 
might be necessary to avoid hepatic failure. In 
general, no more than 50% of liver volume should 
be embolized in a single procedure. Many physi-
cians will not treat tumors that are bigger than 
50% of total liver volume. Staged procedures are 
usually performed at least 2 weeks apart to allow 
patients to recover. More time may be needed in 
some patients to return to baseline.

In patients with elevated liver enzymes in 
addition to increased bilirubin levels, there is a 
propensity for hepatic failure and TACE may be 
contraindicated.

If the patient is judged to be suitable for treat-
ment, the outpatient clinic visit is the best moment 
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Table 4.1  ECOG performance status

Grade ECOG Performance Status
0 Fully active, able to carry on all pre-disease performance without restriction
1 Restricted in physically strenuous activity but ambulatory and able to carry out work of a light 

or sedentary nature, e.g., light housework, office work
2 Ambulatory and capable of all self-care but unable to carry out any work activities; up and 

about more than 50% of waking hours
3 Capable of only limited self-care; confined to bed or chair more than 50% of waking hours
4 Completely disabled; cannot carry on any self-care; totally confined to bed or chair
5 Dead

to inform the patient about the palliative, cura-
tive, or bridging nature of the procedure and its 
complications.

The patient needs to be carefully informed, 
orally and in writing, about:

•	 The various available management options, 
including observation, transarterial treatments 
or surgery, and their respective advantages and 
limitations

•	 The modalities of transarterial treatment and 
the necessary compliance during the 
procedure

•	 The potential complications, for example, 
accidental damage to the main hepatic artery, 
a rare risk, which can make transplant chal-
lenging and rarely impossible

•	 The expected decrease in nodule size, usually 
not associated with complete disappearance

•	 The possible regrowth over time with need of 
additional treatment or surgery.

•	 The need for long-term follow-up

Patients correctly informed of the treatment 
options, their potential efficacy and side effects, 
and the therapeutic alternatives will increase the 
probability that they will be compliant during the 
procedure and follow-up.

The outpatient visit should include an exhaus-
tive collection of the patient’s anamnesis, including 
concomitant diseases, prior surgeries or liver-
directed therapies, allergies, clotting disorders, rel-
evant comorbidities, and pregnancy status.

4.1.1.1	� ECOG Performance Status
The Eastern Cooperative Oncology Group 
(ECOG) Scale of Performance Status [1] 

(Table  4.1) use standard criteria for measuring 
how the disease impacts a patient’s daily living 
abilities. It describes a patient’s level of function-
ing in terms of their ability to care for themself, 
daily activity, and physical ability (walking, 
working, etc.).

It is also a way for physicians to track changes 
in a patient’s level of functioning as a result of 
treatment.

The ECOG Performance Status and the 
Karnofsky Performance Status [2] are two widely 
used methods to assess the functional status of a 
patient. Both scales have been in the public 
domain for many years as ways to classify a 
patient according to their functional impairment, 
compare the effectiveness of therapies, and assess 
the prognosis of a patient.

4.1.1.2	� Laboratory Test
A mandatory up-to-date liver function test should 
be performed within a week of the TACE given 
the risk of liver ischemia and failure from the 
procedure.

Lab analysis should include a comprehensive 
metabolic panel (CMP), platelets, INR, and 
tumor markers (AFP, CEA).

It is necessary at this point to focus on the 
hemorrhagic risk of cirrhotic patients and the 
most correct method of assessing it in order to 
avoid unnecessary testing.

The risk of periprocedural bleeding in patients 
with cirrhosis is variable and characteristics 
unique to cirrhosis, such as presence of advanced 
Child-Turcotte-Pugh cirrhosis or presence of 
acute-on-chronic liver failure, contribute greatly 
to bleeding risk [3]. Furthermore, other factors 
can enhance or modify procedural bleeding risk 
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in patients with cirrhosis, such as acute kidney 
injury [4].

There was no direct evidence that conven-
tional laboratory tests, including INR or PLT 
count, accurately predict bleeding risk in patients 
with cirrhosis, although in  vitro evidence sug-
gests that a PLT count >55,000/mL provides ade-
quate substrate for thrombin generation in 
patients with cirrhosis [5]. There is no direct 
clinical evidence supporting PLT count cutoff 
across various thresholds in predicting bleeding 
events. Viscoelastic tests (VETs) are an attractive 
alternative to traditional coagulation testing, as 
they are dynamic tests that measure clot forma-
tion, clot strength, and dissolution over time. 
VETs have the unique ability to parse out differ-
ent components of the coagulation system, PLTs, 
and fibrinolytic system and measure the effective 
contribution of each to clot formation. In patients 
with severe thrombocytopenia or coagulopathy 
undergoing high-risk procedures, decisions about 
prophylactic blood transfusions should include 
potential benefits and risks, such as transfusion 
reactions and alloimmunization. The threshold 
for severe thrombocytopenia or coagulopathy 
could not be clearly defined from the literature 
and remains a matter of clinical judgment. In 
many cases, clinical care of these patients should 
be managed in collaboration with an expert 
hematologist. The utility of PLT counts to predict 
bleeding in patients with cirrhosis is uncertain, 
and low PLT counts may reflect progression and 
severity of the underlying liver disease accompa-
nying portal hypertension, and hypersplenism to 
a greater extent than bleeding risk at baseline [6]. 
Despite this, PLTs are commonly transfused in 
patients with cirrhosis and thrombocytopenia 
before invasive procedures. This strategy poses 
some risk to patients, given the short half-life of 
the transfusions, cost, and the possibility of allo-
immunization and other adverse reactions.

4.1.1.3	� Imaging
Cross-sectional imaging is mandatory prior to 
TACE to localize liver tumors, to assess portal 
vein patency, to look for other comorbid condi-
tions such as bile duct obstruction (which must 
be decompressed prior to procedure), and to 

examine arterial anatomy for treatment 
planning.

The preparation of a patient for TACE includes 
high-quality triple-phase post-contrast CT to 
delineate the arterial anatomy and circulation to 
the tumor or magnetic resonance imaging (MRI) 
with liver-specific contrast agents.

Radiologists should understand the anatomy 
of the hepatic vasculature and confirm on con-
ventional angiograms the location of an artery or 
lesion seen at CT.  Embolization of the wrong 
branch due to lack of a correlated roadmap and 
lack of familiarity with variants of normal anat-
omy of liver vasculature can result in inadequate 
deposition of chemotherapeutic agents in the 
intended lesion or their unintended distribution. 
Furthermore, awareness of “mimickers” of seg-
mental branches of the hepatic artery might pre-
vent slow healing and complications such as 
ulceration of the cystic or gastric wall resulting 
from arterial embolization in these areas.

Hepatic artery anatomical variations are a 
common finding. According to publications, nor-
mal variant is encountered in 25–80% of indi-
viduals. One of the earliest publications regarding 
liver vascular anatomy belongs to Michels, who 
divided the variations into 10 variants [7].

According to publications, computed tomog-
raphy (CT) angiography is the most reliable non-
invasive tool to assess arterial anatomy of the 
liver. Vascular maps could be generated from the 
processed axial data using multiplanar reforma-
tions, maximum intensity projections, curved 
planar reformations, and volume-rendered tech-
nique reconstruction. A willing radiologist could 
perform the image post-processing to create a 3D 
reconstruction of the hepatic arteries, portal vein, 
and hepatic veins.

When the typical pattern of enhancement, 
consisting of late arterial hyperenhancement fol-
lowed by washout, is present in nodules larger 
than 1 cm, HCC can be safely diagnosed without 
the need for further investigation. However, HCC 
may show an atypical pattern of enhancement, 
either as an iso- or hypovascular lesion, or as a 
hypervascular lesion without washout.

Difficulties in the noninvasive diagnosis of 
HCC may arise not only because of its atypical 
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enhancement pattern but also because of a variety 
of morphological growth patterns, different his-
tological subtypes and intralesional complica-
tions, such as hemorrhage, necrosis, and cystic 
degeneration.

In these cases, MRI is the preferred diagnostic 
modality for the preoperative study of patients 
with HCC.

MRI has a higher sensitivity for the assess-
ment of the number and location of lesions; how-
ever, in the study by Piana et al. [8], MRI had a 
sensitivity of only 37.1% in the diagnosis of 
small HCC, and 78.8% in HCC larger than 3 cm, 
using this typical vascular criterion. A slightly 
higher sensitivity for the detection of small HCC 
was reported in the study by Forner et  al. [9] 
(61.7%), since these authors used not only the 
vascular profile as a diagnostic criterion but also 
T2-weighted hyperintensity. This compels the 
integration of more advanced MRI tools, such as 
hepatospecific contrast agents like gadoxetic 
acid, and diffusion-weighted imaging (DWI) into 
the study protocol. The additional value of these 
methods could be explained by the complexity of 
hepatocarcinogenesis, which includes changes 
not only in vascularity but also in architecture, 
cell density, hepatocyte function, and the number 
of Kupfer cells. Furthermore, previous studies 
have shown that HCC with gadoxetic acid uptake 
is a specific genetic subtype with less aggressive 
behavior and a better prognosis. In addition, eval-
uation of the hepatobiliary phase allows assess-
ment of the relationship of the cancer with the 
major biliary pathways.

Finally, MR has a greater sensitivity in differ-
entiating atypical forms of HCC and portal 
thrombosis, which are essential elements for cor-
rect therapeutic planning [10].

If present, portal vein thrombosis (PVT) does 
not represent a contraindication if there is ade-
quate collateral flow. The clinical impact of non-
tumoral PVT, however, is uncertain and likely 
reflects the progression of liver disease; whether 
PVT acts as a precipitant for worsening liver dis-
ease is debated. In patients with PVT who 
undergo TACE, outcomes might be worse, and 
PVT has been characterized as conveying an 
increased risk of early mortality [11]. Based on 

the current literature, there is no direct compara-
tive evidence regarding PVT treatment with anti-
coagulation and the effects on mortality and/or 
liver-related morbidity. Furthermore, published 
studies lack standard bleeding definitions and 
most did not distinguish portal hypertensive 
bleeding from other bleeding sources. However, 
despite the limitations, there is very low certainty 
evidence that using anticoagulation will promote 
recanalization and even decrease bleeding.

Importantly, the thrombus itself should not 
enhance. If enhancement is present, then this 
strongly suggests that the thrombus is not bland 
but rather represents tumor thrombus from 
HCC. The diagnosis can only reliably be made 
on portal venous phase contrast-enhanced stud-
ies. However, the differentiation between bland 
and tumor thrombus usually requires integrating 
multiple sequences and taking into account chro-
nicity of the thrombosis.

If the suspicion persists, F-FDG PET/CT 
including IV iodinated contrast media has dem-
onstrated a promising ability to differentiate 
between bland thrombus and malignant (tumor 
thrombus) portal vein thrombosis [12].

Portal involvement is automatically desig-
nated as a Barcelona-Clinic Liver Cancer (BCLC) 
advanced stage “C.” TACE is commonly used to 
treat patients with advanced HCC. Previous stud-
ies have demonstrated that TACE had better effi-
cacy than conservative treatment in HCC patients 
with portal vein tumor thrombosis (PVTT); how-
ever, the outcomes of TACE were poor and lim-
ited by potential adverse events, high costs, and 
reduced efficiency [13]. Meanwhile, portal vein 
wall invasion may lead to thrombi residue and 
high risk of postoperative recurrence. Tumor 
thrombus that extends to the main portal vein 
may lead to extremely poor prognosis due to the 
following reasons:

–– Portal hypertension due to tumor thrombus 
portal vein obstruction may lead to worse liver 
function or liver failure, esophageal variceal 
bleeding, and intractable ascites.

–– Extensive intrahepatic metastases due to the 
tumor cells spread along the portal vein may 
also contribute to the poor prognosis [14].
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The PVTT was graded by using the Shi’s clas-
sification [15]: tumor thrombus formation was 
found at microscopic examination, which was 
defined as Type I0; segmental branches of portal 
vein or above vein’s tumor thrombus, which was 
defined as Type I; right/left portal vein’s tumor 
thrombus, which was defined as Type II; the main 
portal vein trunk’s tumor thrombus, which was 
defined as Type III; and the superior mesenteric 
vein’s tumor thrombus, which was defined as 
Type IV.

4.1.1.4	� Echocardiogram
An echocardiogram is performed to assess the 
left ventricular function and to facilitate both 
patient selection and assess the impact of cyto-
toxins on the myocardium, especially if multiple 
sessions of treatment are being considered.

4.1.1.5	� Scores for Initial TACE
The intermediate BCLC group comprises a wide 
spectrum in terms of liver function and extent of 
tumor, and this may explain the large differences 
in survival reported for individual series.

Multiple studies have compared staging sys-
tems for their ability to predict the survival of 
patients treated with TACE, but there is no con-
sensus as to which is best. Scores for initial TACE 
are extensively explained in Chap. 10.

4.2	� Periprocedure Workup

4.2.1	� Medications

Before the procedure, patients should be well 
hydrated with intravenous (IV) fluids such as 
normal saline 250  cc/h  ×  4  h and then 
150 cc/h × 6 h. This is to reduce the risk of neph-
rotoxicity from iodinated contrast medium, 
tumor lysis syndrome, and dehydration due to a 
lack of fluid intake from postprocedure nausea or 
vomiting.

Due to the risk of infection and abscess forma-
tion, antibiotics for prophylaxis is a routine prac-
tice based on the local departmental or hospital 
rules. Antibiotics, when used, should cover gram-
positive, gram-negative, and anaerobic organ-

isms and are recommended for all high-risk 
patient groups such as diabetics, immunosup-
pressed, etc. Authors usually use cefoxitin 2 g IV.

If there is a history of biliary surgery, a more 
aggressive and longer course of antibiotics 
(10 days) is needed.

Other regimens that cover skin flora and 
gram-negative enterics are ceftriaxone 1  g, 
ampicillin/sulbactam (Unasyn) 1.5 g, vancomy-
cin (15  mg/kg) and gentamicin (5  mg/kg) for 
penicillin allergy and multiple regimens for 
patients without intact sphincter of Oddi as 
moxifloxacin 400 mg day x 20 days beginning 
regimen 3 days before procedure.Other medica-
tions useful in managing post-embolization syn-
drome and reducing pain and nausea are Zofran 
10  mg IV push (IVP), Reglan 1  mg IVP, or 
Decadron 10 mg IV.

4.2.2	� Patient Management 
and Monitoring

Standard monitoring during TACE should include 
pulse oximetry, ECG, and noninvasive blood 
pressure. Processed EEG devices may be useful 
to avoid excessive sedation but are not manda-
tory. A venous access is mandatory preferably at 
least 20  G, to allow for rapid IV infusion if 
needed, whereas in cases of patients with signifi-
cant coronary disease or other cardiac conditions 
such as congestive heart failure, the operator may 
want to consider the placement of an arterial line.

Table 4.2 summarizes the main equipment 
that the authors recommend should be present in 
an environment where TACE procedures are 
performed.

Patient comfort is central to safety during 
TACE. If patients are comfortable, they are more 
likely to remain still and follow breathing instruc-
tions during vessel navigation, decreasing risk of 
complications. When patients are sedated, a fine 
line exists between pain control and ability to fol-
low instructions during embolization. Optimally, 
patients should be sedated deep enough to be com-
fortable and experience a light sleep but light 
enough to follow breathing instructions for accu-
rate catheterization throughout the procedure. 
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Table 4.2  Minimum mandatory anesthesia equipment 
for TACE procedure

Airway management equipment:
Oxygen source with flowmeter (preferably wall-mount 
and with back-up system)
Nasal cannula (preferable with capnography 
capability) and nonrebreather mask
Bag valve mask and oropharyngeal airway
Second-generation supraglottic airway device (several 
measures) and equipment for emergent endotracheal 
intubation
Endotracheal tubes (several measures)
Laryngoscope blades and stylets
Monitoring system:
Pulse oximetry, ECG, noninvasive blood pressure
Temperature probe
Medications:
Sedatives (midazolam, propofol, dexmedetomidine, 
ketamine)
Opioids (fentanyl, remifentanil, morphine)
Neuromuscular blocking agent (succinylcholine, 
rocuronium, cisatracurium)
Antagonists (naloxone, flumazenil, neostigmine, 
sugammadex)
Basic drug for life support (atropine, ephedrine, 
epinephrine)
Other equipment:
Suction source and catheters
Automated infusion pump defibrillator with paddles

Hence, mild conscious sedation (e.g., midazolam 
1–3 mg intravenously) may be useful to keep the 
patient relaxed during the procedure and allow the 
operator to communicate during the procedure.

Many authors prefer to perform the procedure 
under general anesthesia. It avoids patients’ 
movements during the procedure and even 
achieves a controlled breath-hold that enhances 
the targeting of the tumor and decreases the risk 
of dissection or unintended out-target 
embolization.

In both cases, placement of a bladder Foley 
catheter to gravity is necessary.

It is essential to position patients appropri-
ately for safety and to spend time assessing 
patient comfort to ensure immobilization during 
the procedure. A comfortable, well-positioned 
patient will remain still during the procedure 
ensuring correct control of the embolization.

The patient should be placed in a supine posi-
tion with the apex of the patient’s head at the top 
of the operating bed.

Finally, sufficient space in the room should 
always be allocated to the anesthetist and all 
anesthesia equipment to facilitate emergency 
maneuvers.

Generally, after the procedure, all patients go 
to the unit after 2 h of supervision.

4.2.3	� Expert Nurse Team

Patient comfort is central to safety during TACE 
and nurses possess the ability to create a safe and 
comfortable environment for these patients. 
Thus, nurses have a role in the pre-, intra-, and 
postprocedural care of patients undergoing 
TACE.

Prior to the procedure, nurses should check all 
equipment for proper working order.

Heart rate, respiratory rate, and oxygen satu-
ration should be monitored continuously and 
blood pressure recorded at least every 5  min 
throughout the procedure.

Nurses should anticipate giving IV fluids and 
conscious sedation (usually with midazolam) as 
ordered. Optimally, patients should be sedated to 
relieve anxiety after the initial vital signs have 
been recorded and the sterile area is being 
prepped but prior to the local skin injection of 
lidocaine and vessel navigation.

Nurses play a central part to improve out-
comes by being aware of their role in care of 
patients receiving TACE.
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5CBCT and Software

Gianluca De Rubeis, Gennaro Castiello, 
Maria Silvia Giuliani, Pascale Roberte Riu, 
Sebastiano Fabiano, and Roberto Cianni

5.1	� CBCT

5.1.1	� Introduction

Cone-beam computed tomography (CBCT) was 
developed in the early 80 s by the Biodynamics 
Research Unit at the Mayo Clinic for developing 
“high temporal resolution and synchronous vol-
ume scanning” [1]. Over the past 40 years, CBCT 
has evolved in two directions: aided interven-
tional radiology (IR) procedures and in oral/max-
illofacial radiology [2]. These two streams were 
developed for two different reasons, in particular, 
in the set of interventional radiology procedures, 
for the possibility to supply unique planning and 
prognostic information and, concerning oral/
maxillofacial radiology, for high-quality images, 
compact size, low cost, and low-ionizing radia-
tion [2].

Technically, images are produced by a rota-
tion of the x-ray source/detector over a fixed 
point, namely, the region of interest, with the 
same principle of standard computed tomogra-
phy (CT) [2, 3]. The principal difference between 
CBCT and CT is the geometry of the ionized 
radiation beam [3]. In particular, the configura-
tion of the x-ray source of CBCT is a pyramid 

(conic) shape; conversely, the one of CT is fan-
beam/spiral [3]. The general advantages of CBCT 
over CT are increased sharpness, reduced image 
distortion, and increased tube efficiency. In the 
field of IR, to these advantages is added the pos-
sibility of performing cross-sectional imaging 
directly in the angiographic suite. The main dis-
advantage is a reduction of contrast to noise ratio 
due to the presence of large amount of scattered 
radiation [3]. Four different vendors apply cone-
beam technology to C-arm directly in angio-
graphic suite: DynaCT (Siemens, Forchheim, 
Germany), XperCT (Phillips, Eindhoven, The 
Netherlands), LCI Cone-Beam CT (Canon 
Medical, Ōtawara, Japan), and Innova CT (GE 
Medical Systems, Waukesha, Wisconsin, USA) 
[4]. Over the years, several applications were 
developed for CBCT for aided interventional 
radiologists during procedures. In this section, 
we discuss the application of this relatively new 
technology into the field of transarterial chemo-
embolization (TACE].

5.1.2	� Technique Principles

The source of radiation is a flat panel made by 
amorphous silicon thin-film transistor [5]. In the 
case of CBCT in the field of IR and, more specifi-
cally, for the purpose of the chapter of liver 
embolization, the complex source/detector of 
radiation is equipped on an angiographic suite 
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that is able to rotate around the patients. During 
the rotation, the flat panel performs a great 
amount of projection around the region of inter-
est (e.g., the liver) with a rotation of 180° plus the 
angle of the flat panel reaching at least 200 
degrees [6–8]. The acquisition is performed in a 
pulsating way every 0.39–0.52° with a pitch of 
200–800 micron at 15–60 frames per second [7, 
9]. The multiple 2D images acquired are directly 
sent and processed to a 3D reconstruction sys-
tem. After that, using Parker weighting and cor-
rection methods, the 3D images are reconstructed 
[6, 9]. The flat panel rotates with phases of accel-
eration and deceleration [9]. Generally, tube volt-
age ranges from 90 kV to 120 kV with a copper 
filtration at 30–60  ms as frames rate and pulse 
width of 5.0  ms [4, 9]. The dimension of the 
detector is 30 × 40 cm with a spatial resolution of 
150  μm2 [10]. The resulting spatial resolution 
achievable is an isotropic voxel of 0.5 mm3 [9], 
which is comparable with clinical state-of-the-art 
computed tomography (0.5–0.625 mm) [11, 12]. 
This spatial resolution is sufficient for 3D isotro-
pic images with the possibility to manipulate the 
acquired volume in all geometrical planes. 
Images are reconstructed with filtered back pro-
jections [9].

5.1.3	� Patient Preparation

In the field of liver embolization assisted by 
CBCT, the flat panel should rotate over the liver. 
However, the liver is not in the isocenter of the 
human body. For this reason, the patient should 
be laterally (left) positioned to ensure that the 
isocenter of the CBCT acquisition is the liver [9]. 
All radiopaque objects should be carefully 
removed such as ECG leads and cables, pressure 
cuffs, etc. [9].

5.1.4	� Radiation Dose Principle 
and Concern

The radiation parameter taken into account for 
dosimetry in CBCT is the dose area product 
(DAP) [13]. DAP is defined as the amount of 

radiation dose administered to the skin surface in 
the region of interest, and it is measured in Gy × 
cm2 [13]. On average, the radiation dose per 
frame was 0.36 μGy [4]. Anyhow, Suzuki et al. 
[14], using Monte Carlo simulation, demon-
strated that the coefficient to calculate the effec-
tive dose is vendor-based. A state-of-the-art 
CBCT permits an abdomen scan using 3–10 mSv 
[6], which is comparable with a CT scan of the 
same region. Interestingly, for multiple CBCT 
acquisitions (e.g., dual-phase CBCT) with the 
C-arm rotating in both clockwise and counter-
clockwise directions, the radiation dose cannot 
be “simply” double due to different geometry and 
angle of incidence of the x-ray beam [15]. 
However, under the light of the general principle 
on radiation dose administration (as low as rea-
sonably achievable [ALARA] [16]), the use of 
“additional” CBCT for performing interventional 
radiology has been given some concerns. In fact, 
although CBCT is able to provide planning and 
prognostic additional information compared with 
traditional digital subtraction angiography 
(DSA)-assisted procedures, the dose adminis-
tered is significantly higher (increase of about 
34%) [6, 17]. However, the augment dose 
depends on the expertise of the operator ranging 
from +7.5% (expert) to +75% (novice) [17]. 
Thus, the ALARA-balance relies upon the value 
of added info given by CBCT and the “supple-
mentary” radiation dose administered.

5.1.5	� Application in Transarterial 
Chemoembolization

Several different technical variations of CBCT 
acquisition may be performed depending on 
angiographic catheter position, time of contrast 
media injection, and delayed time of the acquisi-
tion (see Table 5.1 for details).

5.1.5.1	� CBCT during Hepatic Artery 
Injection

When performing a proper liver arterial phase 
during CBCT, the diagnostic angiographic cath-
eter (4/5 Fr) should be positioned into the 
hepatic artery (proper or common) or in the 

G. De Rubeis et al.



33

Table 5.1  Protocols for different applications of CBCT

Amount (ml)/
rate of contrast 
(ml/s)

Delay of scan 
(s)

Vascular 
detection

Nodules 
detection Sensitivity Specificity

Prognostic 
value

Basal CBCT No End 
procedure

No No No No Yes

Arterial CBCT 12–64/4 2–6 Yes Yes 90% No Yes
Dual-phase 
CBCT

45/4 8 (arterial)/35 
(portal)

Yes Yes 98% 79% Yes

Portography 
CBCT

40/3 20 No Yes 93% No No

Perfusion 
CBCT

α α Yes Yes α α Yes°

CBCT cone-beam computed tomography; α since the acquisition is the same as dual-phase CBCT, the results are the 
same; ° diagnostic accuracy for residual is 79.66% (95% CI, 69.39–89.93%)

celiac trunk with an injection of 12–64  ml of 
contrast media with a delayed in acquisition of 
2–6 seconds with a flow rate of 4/5 ml/s [6, 18]. 
CBCT in arterial phase is generally performed 
to depict tumor’s vascularization and to detect 
target nodules [19]. More specifically from the 
side of tumor’s vascularization analysis, CBCT 
in the arterial phase allows subsegmental che-
moembolization without further angiographic 
studies in 84.9% of patients [20].

In addition, CBCT can identify adjunctive 
feeder vessels over DSA alone [21], with a pooled 
sensitivity for feeder’s detection of 93% (95% 
CI, 91–95%) and a pooled specificity of 89% 
(95% CI, 84–93%) [22].

About the tumor detection rate, the pooled 
sensitivity is 90% (95% CI, 82–95%), which 
decreases to 77% for small nodules (<1  cm) 
[22]. However, these results derive from a 
meta-analysis with a high degree of heteroge-
neity (p  =  0.001 for homogeneity Q test; 
I2  =  92%) [22]. Thus, the CBCT outperforms 
DSA for tumor detection with dimension >3 cm 
and the high-contrast resolution images and 3D 
reconstruction are helpful also for smaller nod-
ules [22].

5.1.5.2	� Dual-Phase CBCT
For dual-phase CBCT (DP-CBCT), the angio-
graphic catheter should be posed into the hepatic 
artery or celiac trunk with an injection of 
18–60 ml of a mix of 1/3 of contrast media and 

saline solution (for avoiding streak artifact) at 
4 ml/s flow rate [6, 23]. The injection should last 
at least 15 seconds for covering both vascular and 
tumor enhanced [24].

The first CBCT acquisition should start at 
8 seconds after the injection, followed by a sec-
ond acquisition at 35  seconds. This timing of 
acquisitions permits three different evaluations: 
in the arterial phase, liver vasculature mapping 
and tumor enhancement, whereas liver parenchy-
mal (“portal” phase) enhancement is evaluated in 
the portal phase one [24]. The major advantage of 
DP-CBCT over single arterial-phase CBCT is the 
possibility to characterize the nature of the hyper-
vascular focal lesion [24]. The arterial phase is 
able to detect the lesion (sensitivity), and its 
behavior on portal phase can classify the focal 
lesion (specificity) by applying the LI-RADS cri-
teria [19, 24, 25]. Using DP-CBCT, the sensitiv-
ity and specificity for hypervascular focality in 
the liver are 98% and 79%, respectively. In addi-
tion, the performance is sufficiently good also for 
the lesion <1  cm, which is a known dimension 
limit of multidetector computed tomography and 
magnetic resonance imaging with potential 
implication for treatment strategy [24, 26].

DP-CBCT performed after TACE can be use-
ful to predict the HCC response at 1-month MRI 
follow-up with an excellent degree of correlation 
(R = 0.89 for arterial phase and second R = 0.82 
for portal phase) [15]. Moreover, considering 
degradable starch microsphere procedures, which 
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consist in repeated procedures over fixed time, 
DP-CBCT may predict intraprocedural 1-month 
outcome by comparing the relative enhancement 
in two different acquisitions [27].

5.1.5.3	� CBCT without Contrast Media
CBCT without contrast media injection is gener-
ally performed after liver embolization procedure 
for assessing post-procedural outcome. The capa-
bility to observe the embolizing material after 
TACE depends on its nature (degradable starch 
microsphere vs Lipidiol vs drug-eluting micro-
sphere). In fact, only Lipidiol (Guerbet, France) 
and radiopaque beads (LC Bead LUMI; 
Biocompatibles UK, Farnham, England) are 
intrinsically hyperdense and can be visible on 
basal CBCT. On the contrary, the possibility to 
observe the results of the embolization performed 
with degradable starch microspheres and radio-
transparent beads relies upon their binding with 
contrast media [23, 28]. The evaluation of 
Lipiodol deposit on basal CBCT is able to predict 
1-month outcome and incomplete area of emboli-
zation [29, 30]. The accuracy for detecting viable 
nodules for CBCT after conventional TACE is 
0.816 (vs unenhanced CT of 0.841; p = 0.449), 
with a sensitivity of 80.5%, specificity of 74.2%, 
and positive (47.5%) and negative (92.9%) [22]. 
Suk et al. [31] demonstrated that marginal con-
trast saturation, evaluated in CBCT, is correlated 
with tumor response at 1 month in hepatocellular 
carcinoma (HCC). In addition, basal CBCT can 
identify the filling defects of tumor’s contrast 
material retention, allowing immediate treatment 
adjustment [28].

5.1.5.4	� CBCT during Portography
The angiographic catheter should be positioned 
into the superior mesenteric artery with an injec-
tion of 40 ml of contrast media with dilution at 
3 ml/s after the administration of 2.5 μg of pros-
taglandin E [32]. The CBCT starts 20 s after the 
injection of contrast media with 621 images 
acquired in 20  seconds with a rotation of 207° 
[32]. The physiological principle is based on the 
liver portal return consisting into the portal vein 
liver supply following the injection into the mes-
enteric artery. The HCC is relatively hypoen-

hanced compared with liver parenchyma [6]. The 
clue of CBCT portography is the sole detection 
of liver nodules with a sensitivity range from 
93.9% to 100% compared with MDCT [4, 24].

5.1.5.5	� CBCT Perfusion
CBCT perfusion is an “evolution” of DP-CBCT 
by post-processing subtracted mask images and 
DP-CBCT with a color-coded vendor-specific 
algorithm based on perfusion degree [33]. Several 
perfusion parameters can be derived, such as 
parenchymal blood volume (PBV) [34], PBV 
mean, and PBV max [33]. The theoretical advan-
tage is that perfusion imaging may overcome the 
limitation of DP-CBCT, concerning the evalua-
tion of post-procedural outcome, including con-
trast media heterogeneity or Lipidiol deposition 
(in case of conventional TACE) [33]. Syha et al. 
[34] demonstrated that PBV and PBV map can 
predict tumor response for all treated lesions. 
Moreover, PBV max and perfusion map indepen-
dently predict TACE outcome with a diagnostic 
accuracy of 79.66% (95% CI, 69.39–89.93%) 
[35]. In addition, the area under the curve, for 
tumor residual detection, of PBV max is 0.7523, 
with 80.8% sensitivity and 60.6% specificity 
[35]. However, this application of CBCT is still 
an initial research with little but promising body 
of evidence.

5.1.5.6	� Potential Clinical Implication 
of CBCT

All systems for staging take into account two 
aspects of liver disease: the number of nodules 
and the underlying hepatic disease [26, 36, 37]. 
Based on this evidence, the possibility to detect 
more HCC may impact clinical decisions [22]. 
For example, Lucatelli et  al. [24] demonstrated 
that 3/54 (5.5%) of occult HCC >1  cm were 
depicted in the other hepatic lobe with respect to 
the target lesion, which may dramatically change 
the management of the patients (e.g., hepatic 
lobectomy). Furthermore, the presence of occult 
nodules have a potential impact also in the trans-
plantation setting. In fact, all transplantation cri-
teria [38] are based on the numbers of 
HCC. Therefore, the possibility to detect occult 
HCC may change the approach to the manage-
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ment of the patient and to the inclusion in the 
transplantation list. Anyhow, at the moment, no 
studies compared the treatment outcome or trans-
plantation survival in patients with and without 
occult HCC.

5.2	� Software Guidance

5.2.1	� Introduction

In recent years, several vendors started producing 
software for tumor’s feeder detection [39–41], 
such as EmboGuide (Philips Healthcare, Best, 
The Netherlands), syngo Embolization Guidance 
(Siemens, Forchheim, Germany), and Flight Plan 
for Liver (GE Healthcare, Waukesha, WI, USA).

5.2.2	� Applications

According to a meta-analysis [42], the applica-
tion of the embolization-aided software mostly 
evaluated hepatocellular carcinoma (98.6%) 
while the remaining on neuroendocrine and 
metastasis.

In general, the reported sensitivity for feeder 
detection ranges from 86% (127/147) to 97.1% 
(66/68) [42]. More specifically, software were 
compared both with DSA and CBCT with a 
sensitivity for feeder vessels of 60.5% (95% CI, 
38.4–82.5%) and 75.7% (95% CI, 64.0–87.3%), 
respectively. To the authors’ knowledge, there is 
no direct comparison between embolization-
aided softwares. However, single studies were 
conducted vs DSA and CBCT.  In particular, 
EmboGuide has a sensitivity of 95.6% vs DSA 
(56.5%) and 86% vs CBCT (86%) [43, 44], and 
Flight Plan for Liver has a sensitivity of 92.7% vs 
DSA (85.3%) and 87.7–93% vs CBCT (71.8–
81%) [40].

Only two studies compare intraprocedural 
impact of embolization-aided software. 
However, the results of these studies are not 
homogeneous. The study by Cornelis et al. dem-
onstrated reduction of the dose-area product 
(149.75  Gy*cm2 vs 227.8  Gy*cm2; p  =  0.05) 
between “traditional” TACE and embolization-

aided software without reduction of the number 
of DSA and fluoroscopy time [39]. On the con-
trary, Yao et al. [45] demonstrated more super-
selective embolization (60% vs 49%), less 
number of DSA (2.6  ±  0.8 vs 3.4  ±  0.7; 
P < 0.001), shorter fluoroscopy time (4.1 ± 2.6 
vs 7.1 ± 4.2 minutes; P < 0.001), and increased 
DAP (134 [95% CI, 92–181] Gy·cm2 vs 97 [95% 
CI, 75–140] Gy·cm2; P = 0.048).

In a recent communication, Soliman et  al. 
[46] suggested a new improvement for 
embolization-aided software. In fact, although 
the current software helps to map the vascula-
ture of the tumor, a simulation of the distribu-
tion of chemoembolization material during a 
real injection is still a matter of research. In 
other words, since the clue of TACE is not to 
reach the tumor but to inject the mixture of 
chemo drugs and the embolizing material 
directly into the lesion without other nontarget 
embolization, this new embolization-aided 
software allows to simulate a virtual injection 
and its effect. Liver ASSIST V.I. (GE 
Healthcare, Chicago, Illinois) [46] allows to 
simulate the injection from the tip of the cath-
eter to assess the correct final position, provid-
ing a more detailed tumor-vasculature map 
system. Moreover, Ortiz et  al. [47] demon-
strated an adjunctive use of Liver ASSIST V.I. 
by superimposing the map with the follow-up 
cross-sectional imaging to discover the feeder 
vessel of the residual tumor.

5.2.2.1	� Conclusion
CBCT and modern software are able to help 
interventional radiologists during TACE proce-
dures. Although TACE could be performed 
without the assistance of CBCT and emboliza-
tion-aided software, both these tools may add 
significant benefit to the procedure. In particu-
lar, CBCT, independent from contrast injection 
and time of acquisition, amplified the success of 
the procedure by including feeder and tumor 
detection and prognostic factors. Moreover, 
embolization-aided software helps to determine 
tumor vasculature map.

In the future, the TACE 2.0 procedure will 
encompass pre-embolization CBCT for tumor 
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and feeder detection, embolization-aided soft-
ware for vasculature map, and post-procedural 
CBCT for prognostic factor.
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6Conventional TACE (cTACE)

Alberta Cappelli, Rita Golfieri, Violante Mulas, 
Antonio De Cinque, and Cristina Mosconi

6.1	� HCC

6.1.1	� Conventional TACE in HCC: 
Technique and Standardised 
Protocol

6.1.1.1	� Haemodynamics in the Liver 
and HCC

Knowledge of the liver and HCC haemodynam-
ics is important in performing TACE procedures 
safely and effectively.

In a normal liver, two major branches arise 
from the terminal hepatic artery: (1) the peribili-
ary vascular plexus (PBP), which terminates 
within the portal tract and supplies the bile duct, 
the portal tract interstitium and the portal vein 
wall (portal vein vasa vasorum), and (2) an iso-
lated artery, which supplies the liver paren-
chyma without penetrating the portal vein or 
bile duct [1].

The majority of the terminal hepatic arterioles 
connect with the PBP, and blood from the PBP 

directly drains into the portal venules and hepatic 
sinusoids.

A possible complication after TACE is bile 
duct injury, having an incidence that is usually 
high in the normal liver as compared with the cir-
rhotic liver due to the greater hypertrophy of the 
PBP in the cirrhotic liver [2–3].

The refractoriness of a tumour after TACE in 
the bare area of the liver is due to communication 
between the isolated artery and the hepatic cap-
sular and arterial plexus, as well as with the 
extrahepatic arteries, such as the internal mam-
mary and inferior phrenic arteries [4].

Intersegmental collaterals can also develop 
following TACE promoting tumour recurrence.

In hypervascular HCC, the intranodular arte-
rial supply increases rapidly and the intranodular 
portal supply decreases gradually; therefore, 
overt HCC is predominantly supplied by arterial 
blood [5].

However, some HCCs are still partially sup-
plied by portal blood and by tumours invading the 
surrounding liver through capsular/extracapsular 
invasion, mainly located in the periphery of the 
tumour as well as by microsatellite lesions [6, 7].

Tumour invasion occludes the hepatic veins 
surrounding HCC so that the tumour blood 
drains into the peritumoural area through the 
portal vein remnant in the capsule; this is the 
feature defined as “corona enhancement” on 
computed tomography (CT) during hepatic arte-
riography (CTHA) [8, 9].
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6.1.1.2	� Conventional TACE (cTACE) 
Protocol

Conventional TACE (cTACE) was first applied in 
the early 1980s in Japan and was widely adopted 
worldwide after evidence of its superiority over 
the best supportive care for intermediate-stage 
HCC without PVTT had been proven in two ran-
domised control trials (RCTs) [10, 11]. In these 
two trials, cTACE consisted of the intra-arterial 
injection of doxorubicin [10] or cisplatinum [11] 
mixed with Lipiodol® (Lipiodol® Ultra-Fluid, 
Guerbet Laboratories, Roissy, France), followed 
by the administration of an embolic agent.

6.1.1.3	� Chemotherapeutic Agents
Treatment is generally based on the intra-arterial 
injection of a cytotoxic drug, such as an anthracy-
cline (doxorubicin, epirubicin), mitomycin C, 
cisplatin or idarubicin alone, or a combination of 
doxorubicin and cisplatin. Chemotherapy drugs 
are emulsified in the oily radio-opaque agent 
Lipiodol® and followed by the injection of an 
embolic agent, such as gelatin sponges (Gelita® 
Medical), polyvinyl alcohol particles (PVAs) or 
microspheres in order to induce complete stasis 
(Fig. 6.1a–d).

Data from the literature have reported that the 
ideal dose of chemotherapeutic agents should be 
10–70  mg for doxorubicin and 10–120  mg for 
cisplatin per session [12, 13].

There are no standardised criteria to deter-
mine the optimal dosage of chemotherapeutic 
agents; some authors refer to the patient’s body 
surface area (BSA), weight, tumour burden or 
bilirubin level, and some use a fixed dose. One to 
three chemotherapeutics are usually used in 
cTACE, although the value of adding the drug to 
the embolic agent is still controversial [10, 
14–16].

The few RCTs published in the literature 
have failed to show significant differences in OS 
between the different drugs (doxorubicin, cispl-
atin or epirubicin) and different dosages [17–
18]. Marelli et al. [12] demonstrated that there 
was no superiority of any single chemothera-
peutic agent over any other agent, or for mono-
drug chemotherapy versus combination 
chemotherapy. Some retrospective studies have 

shown the superiority of cisplatin over doxoru-
bicin/epirubicin in terms of OS [19–21], 
although a prospective study did not demon-
strate any advantage of one over the other [22]. 
Moreover, cisplatin may induce renal toxicity, 
thrombocytopenia, hepatic failure and hyper-
sensitivity reactions, generally having an 
increased risk based on the number of treat-
ments [23].

Miriplatin is a lipophilic platinum chemother-
apeutic that is available only in Japan [24]. 
Nowadays, miriplatin is mainly used in balloon-
occluded TACE due to its association with less 
arterial damage [25].

No adequate scientific evidence has been 
reported regarding the value of switching the 
chemotherapeutics in HCC nonresponders back 
to the initial form of cTACE [22, 24, 26].

Lipiodol® (Lipiodol® Ultra-Fluid, Guerbet 
Laboratories, Roissy, France) is an iodinated 
ethyl ester of poppy seed oil, first used as oily 
contrast medium for lymphangiographic studies. 
It was used for the first time in 1974 [27] and 
became popular in the early 1980s with the 
increased use of cTACE.  Lipiodol® was intro-
duced as a drug carrier [28–30]. Thanks to its 
ability to remain inside the tumour for a long 
period of time [30] and therefore to enhance the 
anti-tumoural effects of the drug. Lipiodol® has a 
preferential accumulation and longer retention in 
the target hypervascularised lesions rather than in 
the normal liver, and selectively remains in 
tumour nodules for several weeks to over a year.

In the normal liver parenchyma, Lipiodol® 
accumulates in the portal venules using arterio-
portal shunts, and it is gradually released into the 
systemic circulation via the hepatic sinusoids or 
undergoes phagocytosis by Kupffer cells [29, 
30]. The absence of Kupffer cells inside the 
hypervascularised tumours enhances the so-
called siphoning effect, resulting in embolic 
effects on smaller vessels [31].

Moreover, Lipiodol® circulates beyond the 
tumour-feeding arteries into the distal portal 
branches through the peribiliary capillary plexus 
and the drainage route, resulting in a temporary 
embolic effect on both the hepatic artery and the 
portal branches [30, 32–34]. The ability of 
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Fig. 6.1  cTACE protocol and therapeutic agents. (a) 
Farmorubicin® and (b) Lipiodol® packages. (c) Image 
showing the emulsion of the chemotherapeutic with 

Lipiodol®. (d) Embolic agents. Sponge (Gelita® 
Medical). Abbreviations: cTACE, conventional transarte-
rial chemoembolisation

iodised oil to pass through the arterial communi-
cation network and the neighbouring hepatic 
arterial branches and/or extrahepatic arteries 
allows identifying the occult feeding arteries and 
may prevent the arterial collateral supply to the 
tumour [35, 36].

The maximum dose of Lipiodol recommended 
for one cTACE procedure is generally 10 mL in 
Japan and 15 mL in Western countries [37].

Another major advantage of Lipiodol® is its 
radio-opacity that makes it capable of being visu-
alised in the vascular bed during treatment in order 
to control the delivery of the treatment by continu-
ous visualisation of the therapeutic agents until the 
tumour vascular bed is saturated and stasis is 
obtained in the most peripheral branches. 
Miyayama et al. [7] demonstrated that visualisa-
tion of the small peripheral portal branches around 
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the tumour with Lipiodol® is a predictive factor 
for tumour response to treatment and for a lower 
rate of local recurrence and complete necrosis of 
the tumour and of its satellite nodules.

Miyayama [34] recently demonstrated a rela-
tionship between the grades of portal vein visu-
alisation with Lipiodol® and local tumour 
recurrence. The authors classified three grades of 
portal vein visualisation during the procedure: 
grade 0, no visualisation; grade 1, visualisation 
adjacent to the tumour and grade 2, visualisation 
in the entire area target, reporting local recur-
rence rates in the grade 2 group significantly 
lower than those in the grades 1 and 0 groups 
(p < 0.0485 and p < 0.0001, respectively).

Another advantage of using Lipiodol® is 
detecting the intratumoural uptake on a post-
procedure CT scan in order to evaluate the 
response so as to predict OS.

Even though the use of Lipiodol® in TACE 
has been challenged, at present, strong evidence 
has confirmed the efficacy of the use of 
Lipiodol®, and it is still widely adopted in 
cTACE protocols [12].

Two types of iodised oil emulsion can be pre-
pared: water-in-oil emulsion (WOE) and oil-in-
water emulsion (OWE). The former has stronger 
embolic effects than the latter [38].

Kiyoyuki et al. [39] have evaluated the isch-
emic effects of arterial embolisation between two 
different embolic agents: 75  μm microspheres 
and pure WOE. The authors found significant dif-
ferences in the percentage of the necrotic areas in 
the tumour and the complete response (CR) ratio 
between the two groups. The mean percentage of 
the necrotic ratios were 99.9% in the WOE group 
and 87.6% in the microsphere group. Furthermore, 
the necrotic ratio in the WOE group was signifi-
cantly higher than that in the microsphere group 
(p = 0.029). The CR rate in the WOE group was 
significantly higher than that in the microsphere 
group (p  =  0.041). The WOE showed stronger 
anti-tumoural effects, thanks to its ability to 
occlude both the tumour-feeding artery and the 
portal vein.

In general, preparation of the cTACE mixture 
involves two different modalities, either the WOE 
technique, which consists of using the chemo-

therapeutic agent diluted with an aqueous solu-
tion (or contrast media) and then mixed with 
Lipiodol®, or the chemotherapeutic-in-oil (CiO) 
technique in which the final emulsion contains 
the drug mixed directly in Lipiodol® [38, 40]. To 
better standardise the procedure, some points 
should be clarified: what happens when the num-
ber of mixes changes, what happens to the emul-
sions over time and what are the intra- and 
inter-operator variabilities in the preparation of 
emulsions using different methods. Renzulli 
et al. [41] investigated the chemical and physical 
characteristics, and the behaviour over time of 
emulsions for cTACE, and assessed intra- and 
inter-operator variabilities in the preparation pro-
cesses. The authors demonstrated that the mean 
droplet diameter decreased non-significantly 
when the number of pumping exchanges 
increased; however, it increased significantly 
over time for both WOE and CiO.  It was well 
proven that after remixing the mixture, the drop-
lets returned to their initial diameters without any 
significant differences in the intra- and inter-
operator variabilities (P > 0.01). The study con-
cluded that any interventional radiologist, 
regardless of their experience, can prepare these 
mixtures, making the procedure standardisable.

6.1.1.4	� Embolic Agents
No consensus exists regarding the most appropri-
ate embolic agents. In general, the optimal 
embolic agent (among gelatin sponges (Gelita® 
Medical), PVA particles and microspheres, steel 
coils, autologous blood clots and degradable 
starch microspheres) depends on its ability to 
embolise the peripheral arteries as much as pos-
sible to both stop the hepatic arterial flow and to 
prevent the development of collateral feeding 
vessels to the tumour. Gelatin sponges are the 
most widely used embolic agent in cTACE; they 
have the advantage of inducing temporary occlu-
sion, making sequential treatment possible [42]. 
By adding arterial occlusion with gelatin sponges 
after the injection of Lipiodol®, both the hepatic 
artery and the portal vein are embolised, leading 
to potential liver damage. Therefore, selective 
catheterisation is mandatory in order to minimise 
liver toxicity during cTACE.
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6.2	� Conventional TACE (cTACE) 
Technique: 
Superselective TACE

6.2.1	� Limitation of TACE 
and Necessity 
for Curative TACE

As a consequence of what has been described 
above, there are two possible causes of local 
tumour recurrence after TACE, namely:

	1.	 The portal blood supply to HCC via the portal 
venules and hepatic sinusoids induced by the 
inversion of the portal flow due to the block-
age of the arterial flow.

	2.	 The arterial collateral supply to HCC from 
the extrahepatic arteries by means of commu-
nication between the hepatic capsular arterial 
plexus and the isolated artery described above.

In order to be curative, the above two factors 
can be acted upon to reduce the local tumour 
recurrence after TACE.

It has been well demonstrated that a CR after 
the initial TACE is the most robust predictor of 
long-term survival [43].

A non-effective TACE frequently induces a 
change in the tumour, making it more aggressive, 
i.e., a sarcomatous appearance or a mixed hepa-
tocholangiocellular phenotype [44, 45].

Moreover, the hypoxia induced by TACE 
stimulates the vascular endothelial growth factor 
(VEGF) production by the residual tumour cells 
that, in turn, could promote tumour progression 
[46, 47].

As a consequence, it is mandatory to occlude 
each tumour feeder; as a general rule, the main 
tumour-feeding artery should be embolised at the 

end of the procedure since the retention of iodised 
oil and contrast material may hide other small 
feeders. Moreover, the embolic agents may flow 
back through the minor feeding arteries [48].

Another fundamental rule is to first embolise 
the feeding branch of the extrahepatic artery 
when present since the extrahepatic arterial blood 
flow immediately increases when the hepatic 
arterial flow is occluded [49].

Concerning cTACE, Yamakado et  al. [50] 
have also reported that technique has an impact 
on patient survival. In HCC patients with nodules 
≤7  cm and with ≤5 lesions, the prognosis of 
patients who underwent selective/superselective 
cTACE was significantly better than that of 
patients treated with non-selective cTACE 
(p = 0.033).

As a consequence, superselective cTACE is 
strongly recommended for patients with Child-
Pugh scores of 5–8 and HCC nodules ≤7 cm and 
with ≤5 lesions.

On the other hand, for tumours >7 cm but with 
≤3 lesions, stepwise superselective cTACE is 
also performed with a curative purpose [48, 51].

The authors reported a 5-year survival rate of 
23.1% in large HCCs >10  cm (mean, 
130 ± 27.6 mm [range, 101–193], single nodule 
[n = 12], 2–9 nodules [n = 6, mean, 4.2 ± 2.6] 
and 10 nodules [n  =  7, including 2 with 50 
tumours], with vascular invasion [n = 5]) and of 
38.9% with <3 lesions; cTACE of the extrahe-
patic collateral arteries was required in 84% of 
patients.

Another possible option could be a bland 
embolisation with gelatin sponge particles fol-
lowed by cTACE for large HCCs in order to 
safely embolise the tumour [52]. This indicates 
that cTACE is also effective for localised large 
HCCs (Fig. 6.2a–h).
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Fig. 6.2  (a, b) Pretreatment CT: a 20-mm HCC is seen in 
segment VII, highly hypervascular in the arterial phase (a) 
and rapid washout in the portal phase (b). (c) Pretreatment 
angiogram showing no visualisation of the nodule from 
the proper hepatic artery. (d) The angiogram performed in 
the right inferior phrenic artery showing the main feeding 
artery contributing to perfusion of the nodule. (e–f) 
Images showing the selective angiographic study per-
formed in the distal vessel of the inferior phrenic artery 

after chemotherapy mixture injection showing (f) com-
plete stasis of the arterial flow through the vessels feeding 
the nodule, maintaining the flow into the proximal trunk 
of the phrenic artery. (g, h) Axial (g) and coronal MPR (h) 
cone-beam CT angiogram showing the superselective 
uptake of the Lipiodol® by the target HCC. Abbreviations: 
CT computed tomography; HCC hepatocellular carci-
noma; MPR multiplanar reformation
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6.3	� Conventional TACE 
in Intrahepatic 
Cholangiocarcinoma (ICC)

Intrahepatic cholangiocarcinoma (ICC) is a rela-
tively rare biliary adenocarcinoma; however. Its 
incidence rate has significantly increased over the 
last several decades and accounts for 10–20% of 
all primary liver cancers [53].

The prognosis of patients has also changed, 
thanks to the advanced diagnostic and treatment 
approach to this disease. Surgical intervention is 
possible at the time of diagnosis in approximately 
54–70% of patients [53, 54]. The prognosis for 
these patients is poor with a reported median sur-
vival of 5–8 months.

While incidence is increasing and more risk 
factors are being discovered, additional effort is 
needed to improve outcomes of this unfortunate 
disease.

Management strategies include multidisci-
plinary treatments, taking into account new drugs 
for systemic chemotherapy and targeted intra-
arterial and surgical therapies. Liver transplanta-
tion is becoming a therapeutic option in certain 
selected cases.

Systemic chemotherapy traditionally has a 
poor response, and a variety of intra-arterial ther-
apies (IATs) have been explored.

Therefore, the role of IAT is increasingly 
being investigated in ICC patients.

Referrals to centres of excellence and enrol-
ment in novel clinical trials are recommended for 
patients with unresectable or recurrent ICC.

This chapter discusses the role of cTACE in 
the treatment of ICC.

6.3.1	� Background

Conventional TACE is the most commonly used 
intra-arterial technique for unresectable ICC.  The 
protocol is the same as for other cancers, and due to 
the main central location of ICC within the liver, 
angiographic evaluation of both the right and the left 
hepatic arteries is required to ensure selective treat-
ment of the tumour-feeding vessels (Fig.  6.3a–e).  
The most commonly used drug combination con-
sists of doxorubicin, cisplatin and mitomycin C; 
however, gemcitabine has also been used [55, 56]. 
In general, cTACE is well tolerated by the patients, 
and no major adverse events have been reported.

g h

Fig. 6.2  (continued)
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Fig. 6.3  (a, b) Pretreatment CT: a single nodule of ICC is 
seen in the left lobe with peripheral enhancement in the 
arterial phase and necrotic central area (a) and progressive 
filling in the portal phase (b). (c) Pretreatment angiogram 
showing nodule feeding from the left distal hepatic artery. 

(d) The angiogram performed after superselective cTACE 
showing the complete segmentary exclusion of the target 
lesion from the vascularisation. (e) Axial cone-beam CT 
angiogram showing the superselective uptake of the 
Lipiodol® into the target ICC
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6.3.2	� Clinical Evidence and Tumour 
Response

Few prospective studies have investigated the 
clinical outcomes in ICC treated with cTACE; the 
majority of the retrospective studies did not use a 
standardised procedure protocol. However, data 
from the literature have reported a potential sur-
vival benefit, a median OS of 9.1  months, in 
patients with unresectable ICC [57, 58]. 
Moreover, the combination of gemcitabine and 
cisplatin has been reported to have shown better 
survival than gemcitabine alone (13.8 vs. 
6.3 months, P < 0.001). Another chemotherapeu-
tic agent commonly used for cTACE is mitomy-
cin C; in a retrospective survival analysis that 
involved 15 patients, the median OS was 
16.3 months (95% CI, 9.4–32.5 months) [59].

A more recent retrospective study analysed 
the survival benefits among all available thera-
peutic options for ICC. About 32 (11.7%) out of 
273 patients with ICC without extrahepatic dis-
ease underwent TACE with mitomycin C (n = 29) 
or doxorubicin-eluting beads (n = 3). The median 
OS was 11 months as compared to 28 months of 
the surgical patients; however, it should be noted 
that there were significant variations in the 
median OS of patients with positive lymph node 
status (N1; 9 months) or a positive resection mar-
gin (R+; 11 months). The authors concluded that 
surgery did not show a significant survival benefit 
for those patients with R+ or N1 as compared to 
those treated with TACE [60].

Another study carried out by Park et al. [61] 
compared cTACE in 72 unresectable ICC patients 
with 83 patients undergoing symptomatic sup-
portive therapy. The median OS in the TACE 
group was significantly better than that in the 
supportive therapy group (12.2  months vs. 
3.3 months, respectively, P < 0.001). Moreover, 
according to the RECIST criteria, patients who 
were responders to TACE reported a significantly 
higher median OS as compared to those who 
were nonresponders (22 months vs. 10.9 months, 
respectively, P = 0.0001).

Regarding the use of cTACE with different 
drug combinations as an adjuvant therapy after 

radical surgery, the median OS in the adjuvant 
cTACE group was 12  months as compared to 
5 months in the only surgery group, even though 
cTACE did not delay the recurrence of the dis-
ease [62].

More recently, Yang et al. [63] investigated the 
combination of TACE with microwave ablation 
therapy in 26 patients with advanced ICC.

The authors reported a complete ablation in 
36 out of 39 lesions (92.3%) without major 
complications, and a reported median OS of 
19.5  months and a PFS of 6.2  months (range, 
3–12 months).

Therefore, combination therapy should be 
considered to be a safe and feasible alternative, 
even though no matched pair analysis with a con-
trol group was carried out.

Regarding the few available prospective trials, 
in 2012, Vogl et al. [64] reported a median OS of 
13 months in 115 patients with unresectable ICC 
who had undergone cTACE from the first treat-
ment without differences in the drug regimens.

Other studies have reported a median OS 
ranging from 20 to 23 months from the time of 
diagnosis and almost 15  months from the first 
cTACE.  Patients with prior chemotherapy had 
significantly prolonged survival as compared to 
those who had received cTACE only [65, 66].

When comparing TACE with Yittrium-90 
radioembolisation (Y90-RE) and RFA in 55 
patients with unresectable ICC and a good PS 
(median ECOG 1), as regards local tumour con-
trol, TACE had the best tumour response for pro-
gressive disease (PD) and Y90-RE had the best 
PR. The median OS of all patients was 16 months 
from first treatment and 33.1 months from diag-
nosis [67].

Yittrium-90 radioembolisation was, for the 
most part, performed in multinodular disease 
whereas TACE was performed in single lesions 
without PVTT.  The most aggressive ICCs 
required additional systemic chemotherapy.

One of the independent factors influencing OS 
was the objective tumour response (liver only) 
with almost 30  months for CR and PR, and 
9.3  months for stable disease (SD) and PD 
(P = 0.005). Ongoing prospective studies include 
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Table 6.1  Current level of evidence for the treatment of intrahepatic cholangiocarcinoma with conventional transcath-
eter arterial chemoembolisation (cTACE). Abbreviations: OS overall survival; mo. months; N/A not available

Author Patients
Line of 
therapy

Drug agent 
used

Embolic agent 
used ORR PFS (months) OS (months)

Hunt (1990) 19 FL FU DSM n.r. n.r. 13
Sanz Altamira 
(1997)

40 FL FU, MITO Ethiodized oil, 
Gelfoam

n.r. n.r. 10

Tellez (1998) 30 SL CDDP, 
DOXO, 
MITO

Gelfoam 63 n.r. 8.6

Bavisotto 
(1999)

20 SL CDDP PVA 70 4.2 14.3

Salman (2002) 24 SL FU PVA 20.8 n.r. 11
Hong (2009) 21 SL CDDP, 

DOXO, 
MITO

PVA n.r. n.r. 7.7

Vogl (2009) 463 STL MITO, 
GEM, IRI

Ethiodized oil, 
DSM

14.7 n.r. 13

Albert (2011) 121 SL CDDP, 
DOXO, 
MITO

Ethiodized oil, 
PVA

43 5 11

Nishiofuku 
(2021)

24 SL CDDP, 
DOXO, 
MITO

Ethiodized oil, 
PVA, DSM

61.1 8.8 8.8

the first RCTs that compare the efficacy of 
Y90-RE and cTACE in terms of radiological 
response [68, 69].

However, the treatment protocols, timing and 
drug regimens in all of these studies are extremely 
different, making the cTACE procedure in the 
setting of ICC non-standardisable.

Table 6.1 reports the current level of evidence 
for treating ICC with cTACE.

6.3.3	� Conventional TACE in Liver 
Metastases

6.3.3.1	� From Colorectal Tumours 
(CRLM)

Colorectal cancer is the third most common can-
cer in terms of incidence and the second leading 
cause of death worldwide with an estimated 
881,000 deaths in 2018 [70–73].

Adenocarcinomas are the most common type 
of small bowel cancer and account for approxi-
mately 3% of all digestive system cancers. 
Approximately 10,590 cases are expected to have 
been diagnosed in 2019 [74].

This explains why innovative treatments for 
colorectal liver metastases (CRLM) have been 
extensively studied. The standard for radical 
treatment is surgical resection combined with 
systemic chemotherapy.

However, only approximately 25% of 
patients are amenable to resection at diagnosis 
[75]; up to 80% of patients develop liver recur-
rence up to 10 years post-surgery, the majority 
of them within the first 2  years after surgery 
[76].

Therefore, in the setting of unresectable dis-
ease or potentially resectable disease, other 
approaches have been developed in order to con-
trol the disease, to treat recurrences and to pro-
long patient survival.

In addition to the percutaneous procedures 
such as radiofrequency ablation and microwaves, 
intra-arterial techniques, such as cTACE, DEB-
TACE, transarterial embolisation (TAE), Y90-RE 
and hepatic arterial infusion chemotherapy 
(HAIC), have been widely applied by multidisci-
plinary teams.

These therapies are generally indicated for 
patients with oligometastatic disease, who are not 
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suitable for surgery or other curative locoregional 
therapies, or without any response, disease pro-
gression or toxicity/contraindication to systemic 
chemotherapy.

While TACE is well established as a therapy 
in the setting of HCC patients, its role in the treat-
ment of CRLM is more limited. Doxorubicin, 
cisplatin and mitomycin C are the common che-
motherapeutic agents used in TACE for the treat-
ment of CRLM.

However, data from the literature have 
reported a great variety of treatment protocols 
with different combinations of chemotherapeutic 
agents, microspheres and embolic agents used 
alone or in combination, including lipiodol oil, 
collagen particles, PVA particles or trisacryl gel-
atin microspheres [77]. Data from prospective 
studies [78] have reported 2-year survival rates of 
66% and a CR of 10%. Two older studies [79, 80] 
have shown median survival ranging from 8.6 to 
10 months with a median duration of response of 
7 months.

In these studies, it has been well established 
that patients with large tumour burdens (75% of 
the liver volume) may not benefit from this 
procedure.

Vogl et  al. [78] have reported the results of 
463 patients treated with cTACE that included 
mitomycin C alone, mitomycin C with gem-
citabine or mitomycin C with irinotecan followed 
by microsphere embolisation.

The 1- and 2-year survival rates were 62% and 
28%, respectively, without significant differences 
between cTACE regimens.

Other authors [81] have reported the results of 
TACE with cisplatin, doxorubicin, mitomycin C 
and Lipiodol mixture followed by PVA particles 
in 121 patients (245 treatments), showing a 
median time-to-disease progression (TTP) of 
5  months and a median survival of 33  months 
from initial diagnosis and 9 months from the first 
treatment.

As expected, OS was significantly better when 
TACE treatment was performed after first- or 
second-line systemic therapy than after more 
lines of chemotherapy (Table 6.2).

It is currently considered to be a good thera-
peutic approach for patients with colorectal can-
cer and liver-limited disease who fail the available 
chemotherapeutic options [82–87].

In conclusion, even though there is no high-
level clinical evidence to applying TACE treat-
ment in CRLM, intra-arterial treatments allowed 
the authors to tailor their clinical approach to the 
individual based on disease status and clinical 
condition.

Additional RCTs are needed to better define 
the role and the timing of these therapies in com-
bination with surgery and standard systemic 
therapy.

6.3.3.2	� From Neuroendocrine Tumours 
(NETs)

Transarterial chemoembolisation/TAE are gener-
ally indicated in cases of nonresectable and clini-
cally symptomatic metastatic NETs due to 
hormone production or bulky multifocal disease. 
In this setting of patients, surgery and percutane-
ous ablative therapies are not suitable. Even 
though somatostatin agents induce an initial con-
trol of symptoms, TACE can result in durable 
elimination of hormonal symptoms [88]. 
However, many patients with hormonally active 
liver metastases also have extrahepatic disease; 
thus, hormonal treatment should not be withheld 
after TACE. Moreover, TACE/TAE may also be 
used in cases where there is a large burden of 
liver disease in the absence of clinical symptoms. 
Median survival time ranges from 39.6 to 
80 months, and symptoms resolve in 60–90% of 
cases [89].

6.3.3.3	� From Other Types of Tumours
Metastatic Uveal Melanoma. Tumour response 
after cisplatin, fotemustine or bis-chloroethyl-
nitrosourea cTACE ranges from 6 to 39%, and 
median OS does not exceed 10  months 
[90–93].

However, patients defined as responders to 
TACE have a longer OS than nonresponders (15–
22  months vs. 5–9  months). Furthermore, the 
extent of liver replacement affects median OS:

6  Conventional TACE (cTACE)
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–– < 25%, 14–17 months
–– 25–50%, 5–6 months
–– 50–75%, 5–7.3 months
–– > 75%, 2.1–5.6 months [89–95].

In a retrospective review of 53 patients treated 
with immunoembolisation or bis-chloroethyl-
nitrosourea cTACE, immunoembolisation 
showed significantly longer median OS 
(20.4 months vs. 9.8 months) and better systemic 
PFS (12.4 months vs. 4.8 months) [96]. Additional 
studies are needed regarding this type of meta-
static lesion.

Other Liver Metastases. Soft tissue sarcomas, 
such as gastrointestinal stromal tumours, breast 
carcinoma and gynaecologic tumours, have been 
successfully treated with TACE. Overall survival 
seems to be improved as compared with the con-
trol group [97–100]. However, RCTs are needed 
to better evaluate the clinical outcomes in this 
setting of metastatic patients.
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7Drug-Eluting Embolic TACE 
(DEB-TACE)

Marta Burrel and Patricia Bermúdez

7.1	� TACE with Drug-Eluting 
Microspheres (DEM-TACE)

Drug-eluting microspheres were developed in the 
early 2000 to overcome the limitations of con-
ventional TACE, such as lack of standardization 
of the technique and nonsimultaneous adminis-
tration of the chemotherapeutic and embolic 
agents. Since objective response had been 
reported as an independent factor for survival [1], 
the aim of technical refinement was to selectively 
deliver drug into the tumor, thus achieving better 
response, avoiding its systemic toxicity.

Drug-eluting microspheres are embolic agents 
composed of a hydrophilic, ionic polymer that 
can bind anthracyclines via an ion exchange 
mechanism, thanks to the interaction of the cat-
ionic drug with the anionic functional groups of 
the microspheres. The interaction is reversible in 
ion-rich environments such as tumors, where the 
drug is slowly released [2].

Currently, various types of drug-eluting 
embolic agents are commercially available for 
use with doxorubicin, including DC Bead (BTG, 
Farnham, UK), HepaSphere (Merit Medical, 
South Jordan, Utah), LifePearl (Terumo European 

Interventional Systems, Leuven, Belgium), and 
Tandem (Boston Scientific, Marlborough, 
Massachusetts) microspheres, with some differ-
ences among them in elution and suspension 
characteristics [3]. Phase I–II trials evaluating 
pharmacokinetics, safety, and efficacy have been 
performed with DC Bead [4, 5] and LifePearl [6].

A more recently developed drug-eluting tech-
nology bead is DC Bead LUMI™ (Biocompatibles 
UK Ltd., UK) that incorporates iodine into its 
chemical structure, ensuring that is permanently 
radiopaque. These particles have shown intra- 
and post-procedural benefits derived from their 
improved visualization, such as identification of 
nontarget embolization and identification of 
undertreated regions that allow real-time modifi-
cation of the procedure and indication of emboli-
zed vessels for subsequent treatments like 
additional embolization or combination with 
ablation therapies. They have shown, in small 
case series, safety and response rates comparable 
to those published for non-radiopaque beads [7]. 
A drawback is the limitation of CT evaluation 
after treatment, given its permanent radiopacity, 
that may prevent to detect contrast uptake in the 
tumor [8].
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7.1.1	� DEM-TACE in Hepatocellular 
Carcinoma

7.1.1.1	� Drugs
The drug loaded is doxorubicin. While in con-
ventional TACE the dose has to be tailored 
according to body surface or weight, in DEM-
TACE, it is not. In the Precision I study [4], the 
authors analyzed the concentration of doxorubi-
cin in peripheral blood samples in a group of 
patients receiving DEM-TACE and others treated 
with cTACE. The maximum peak concentration 
was determined 7 min after the start of the drug 
injection in both groups; the AUC of doxorubicin 
in peripheral blood was significantly lower in the 
DEM-TACE group compared to the cTACE, 
although the dose of drug administered was sig-
nificantly higher. The two phase I/II trials per-
forming a pharmacokinetic analysis used a 
conventional dose escalation strategy to evaluate 
the maximum total dose of doxorubicin and dem-
onstrated the safety of 150  mg as a maximum 
total dose per session of treatment [4, 5]. This is 
the current standard applied in clinical practice.

Each vial of DEM (2 ml of beads) should be 
loaded with 50–75 mg doxorubicin (loading dose 
25–37.5 mg doxorubicin/ml of beads). Depending 
on the tumor burden, one or two vials are pre-
pared for each treatment session.

The rationale for the use of doxorubicin relies 
on results from a phase II trial that showed some 
complete responses using this drug [9] and the 
lack of evidence of few RCTs comparing differ-
ent drugs. Recently, an in vitro study showed that 
idarubicin was the most cytotoxic drug among 10 
agents tested [10], and this has been the rationale 
for the development of idarubicin-loaded beads. 
Recent studies have shown improved response 
rates and safety [11], and it stands as a promising 
chemotherapeutic agent for HCC treatment.

7.1.1.2	� Bead Size
The recommended bead size for a standard pro-
cedure is 100–300  μm, although individual 
patient and tumor characteristics must be taken 
into account and larger beads (300–500 microns) 
can be also used [12].

The choice of 100–300  μm is based on the 
demonstration that such small particles are deliv-
ered inside the tumor. Accumulative evidence has 
shown that intratumoral vessels are usually 
smaller than 300 μm [13, 14] or in close proxim-
ity to the tumor margin. The study performed by 
Malagari et al. proved that 100–300 μm DEM are 
equally safe compared to larger particles [15]. Of 
note, in this study, transient elevations of liver 
enzymes have been reported to be higher with 
smaller beads, as well as a trend to higher biliru-
bin levels (p  =  0.03–0.04) [15], although these 
laboratory findings have not proved to impact on 
survival.

Beads <100  μm permit deeper and more 
homogeneous vessel penetration with improved 
drug coverage. However, several studies have 
shown that patients with neuroendocrine metas-
tases and non-cirrhotic liver [16, 17] treated with 
small beads develop more complications; this has 
also been described with Gelfoam powder [18]. 
Additionally, asymptomatic liver/biliary injuries 
have been observed in up to 29% of cases [19]. 
While some authors have shown good tumor 
response rates and favorable safety and tolerabil-
ity using 70–150  μm [20–22], others have 
reported more clinical hepatobiliary complica-
tions compared to larger size [23]. A combined 
embolization approach using 100 μm ± 25 micro-
spheres and followed by 200  μm  ±  50 micro-
spheres has been successfully tested; the rationale 
is that smaller beads would deposit intratumor-
ally increasing the cytotoxic effect, and the larger 
would occlude the peritumoral arterioles, thus 
enhancing ischemia [24]. Taking all these consid-
erations together, the choice of <100 μm may be 
safe in selected cases [19].

7.1.1.3	� Procedural Specifications
The evaluation on tumor burden allows for plan-
ning the dose as well as the bead size. Since the 
preparation of DEM is done in a pharmacy hospi-
tal and at least 8 h are needed to achieve complete 
loading of doxorubicin, it is recommended to 
previously assess the tumor burden on CT/MR 
examinations in order to choose the bead size and 
the dose (prepare one or two vials). For this pur-
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pose and as a general rule, the aim of the treat-
ment session is to treat all tumors, even if they 
involve both lobes, and to achieve stasis of the 
feeders. Nevertheless, we must keep in mind that 
this treatment endpoint is applicable in patients 
with preserved hepatic function, which means 
Child A patients without hepatic decompensa-
tion. Therefore, in patients with more advanced 
liver disease, the treatment endpoint or the indi-
cation of treatment by TACE has to be balanced 
with the hepatic function.

No antibiotic prophylaxis [25, 26] or anti-
inflammatory drugs are mandatory prior to treat-
ment. Antibiotic prophylaxis can be considered 
for patients with past history of biliodigestive 
derivation, cholecystectomy, sphincterotomy, 
and HIV. Pain management during the procedure 
should be individualized for each patient.

Once the angiographic 4- or 5-F catheter is 
placed in the main hepatic artery, superselective 
catheterization of the feeders is performed. This 
should be done using a coaxial microcatheter 
(2.7–2.4 F). The tip of the microcatheter must be 
placed as distally as possible (feeding artery, sub-
segmental, less desirable segmental or lobar 
level), and this depends on the tumor burden and 
capacity of navigation through the intrahepatic 
vessels.

DEM are administered using a 1- to 3-ml 
syringe, mixed with contrast. Special attention 
must be taken to specifications according to dif-
ferent companies. In all cases, a good suspension 
of DEM should be ensured before delivery. Either 
contrast or saline/water can be added depending 
on the concentration of beads and fluid density.

The aim during infusion is to deliver the maxi-
mum DEM into the target. The infusion must be 
very slow, with smooth pulses, allowing the nor-
mal flow to push the beads into the tumor feeders. 
Care should be taken to avoid sedimentation of 
the beads in the syringe by rotating the syringes 
or using a three-way stopcock to gently suspend 
the beads in the solution. Beads are administered 
under continuous fluoroscopic monitoring until 
stagnation of flow is achieved. At this point, 
injection must be stopped, regardless of the 
amount of beads that have been actually adminis-
tered, to avoid reflux of embolic material [12].

When the treatment is finished, a final angiog-
raphy has to be performed to assess tumor devas-
cularization. A CBCT without contrast is 
especially useful for those cases treated with 
LUMI beads to assess the final deposition of 
beads. Also, some authors have reported the use-
fulness of a CBCT immediately at the end of the 
procedure to assess the bead retention within the 
tumor [27].

7.1.1.4	� Results
The first clinical study reporting the efficacy of 
DEB-TACE was the Precision I [4], a phase II 
study; the pharmacokinetic analysis was clearly 
favorable with the demonstration of doxorubicin 
maximal concentration in peripheral blood sig-
nificantly inferior in comparison with cTACE, 
and the absence of doxorubicin-related systemic 
side effects. These results were reproduced by 
Poon et al. [5]. Furthermore, encouraging tumor 
response rates were reported, and during the 
early 2010, two European cohort studies showed 
median overall survival figures that exceeded 
40  months [28, 29] that nearly doubled those 
published in the first two RCT comparing TACE 
with best supportive care, reported as 28,7 months 
[1] and 18 months [30]. Of notice, it must be con-
sidered that these striking results were obtained 
in different population (BCLC B patients with 
limited tumor burden and well-preserved hepatic 
function) compared to those of the previous 
decade treated with cTACE, when TACE was 
applied to less optimal population (more 
advanced disease and worse liver function), 
because no other treatment options except best 
supportive care could be offered. In fact, at the 
time of the development and application of DEM-
TACE, sorafenib was already available as a treat-
ment option for patient refractory to TACE 
therapy.

During the most recent years, various studies 
have been performed to compare DEM-TACE 
with cTACE. Concerning safety profile and toler-
ance, the results of the Precision V study clearly 
favored DEM-TACE, reporting significant 
decrease in serious liver-related adverse events 
(P < 0.001) and systemic side effects (P = 0.0001) 
[31]. The improved tolerance profile of DEM-
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TACE has been reproduced in the RCT per-
formed by the Precision Italia Study Group, 
where the post-procedural pain was more fre-
quent and severe after cTACE [32].

Regarding survival, RCTs have failed to 
show differences between both modalities of 
treatment [31–33]. There is a single center retro-
spective study from Korea including 129 
patients that compared both treatment modali-
ties; the authors reported a mean overall sur-
vival of 32  months for patients treated with 
DEM-TACE, and a significantly higher OS in 
the DEM group than in the cTACE group 
(p = 0.005). The study also reports a high over-
all response rate using DEM (71% OR, 55% 
complete and 26% partial response), which was 
significantly higher in the DEM group than that 
in the cTACE group (p < 0.001), particularly in 
the intermediate stage [34]. However, the more 
recent meta-analysis of 12 studies including 8 
RCTs has also failed to show differences 
between both modalities, only highlighting a 
decreasing trend in favor of DEM-TACE [35].

7.1.1.5	� Bland Embolization Versus 
TACE and Treatment Endpoint

According to published results and guidelines, 
median survival of BCLC B patients receiving 
TACE should be not less than 2.5  years [36]. 
Furthermore, systemic therapies are rapidly 
developing with high expectations for rapid 
broadening of the therapeutic armamentarium 
beyond tyrosine-kinase inhibitors. Currently, 
ongoing trials are competing with transarterial 
therapies, and indications for TACE are likely 
going to be narrowed in the next future (paucinod-
ular HCCs in patients with well-preserved liver 
function). Finally, it is reported that a complete 
response after the initial TACE is the most robust 
predictor of long-term survival [37]. Hence, there 
is a growing necessity to achieve “curative” 
results following TACE and to discuss about the 
treatment endpoint of TACE.

The rationale for the treatment is based on the 
synergetic effect of the chemotherapeutic (cyto-
toxic) and embolic (hypoxic-ischemic) agents. 
However, the usefulness of drug injection is still 
a matter of debate, and robust data in favor of 

TACE over bland embolization is still lacking 
[38, 39].

An RCT conducted in early 2000s comparing 
TACE, TAE, and BSC was stopped at an interim 
analysis when clear superiority of TACE over 
BSC was observed, preventing the comparison 
between TACE and TAE; only a trend favoring 
TACE could be observed [1]. Additionally, posi-
tive signs of TACE over bland embolization have 
been reported. A prospective trial that random-
ized patients either to DEB-TACE or bland 
embolization showed a significant lower recur-
rence rate and longer time to progression for 
patients treated with DEB-TACE [40]. A study 
that analyzed retrospectively a cohort of trans-
planted patients that had been treated with either 
TACE or bland embolization reported higher 
tumor necrosis and improved recurrence-free 
survival after liver transplant when DEB-TACE 
was the treatment applied [41]. Hence, the stan-
dard of care in the majority of centers is still 
TACE over bland embolization.

Vascular endothelial growth factor (VEGF) is 
an important mediator of tumor angiogenesis 
[42]. A prospective study to evaluate the prog-
nostic significance of pretreatment serum VEGF 
levels in patients with HCC treated with TACE 
reported that high levels of VEGF were associ-
ated to worse survival. On the other hand, it has 
been reported that there is an increased expres-
sion of VEGF in residual viable tumor after 
TACE [43]. Therefore, incomplete tumor devas-
cularization could potentially stimulate tumor 
proliferation in the residual viable tissue. This 
could also happen when treatment is scheduled in 
two sessions to treat each lobe separately, in such 
cases tumor proliferation in the initially untreated 
lobes.

Based on all these considerations, the end-
point of the treatment should be to achieve com-
plete tumor devascularization together with the 
injection of the maximum amount of the chemo-
therapeutic agent. If the stasis endpoint is not 
obtained after injection of the scheduled volume 
of loaded beads, additional unloaded beads 
would be injected until the embolization end-
point has been reached. Even so, and because 
there is not definite evidence, some groups still 
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recommend to schedule the patient for a repeat 
course of treatment once the total amount of drug 
is injected.

7.1.2	� DEM-TACE in Other Tumors

7.1.2.1	� DEM-TACE for Intrahepatic 
Cholangiocarcinoma

Clinical indications for transarterial chemoembo-
lization or embolization of ICC include surgi-
cally unresectable or inoperable liver tumors with 
liver-dominant disease. An important consider-
ation in patients with ICC is the presence of bili-
ary obstruction, which is a contraindication for 
TACE due to the risk of abscess or infectious 
disease. In patients with repaired biliary obstruc-
tion, periprocedural intravenous antibiotic ther-
apy may lower the risk of complications [44].

The most widely and preferred drug is, again, 
doxorubicin. Other drugs that have been tested 
with good results are oxaliplatin and epirubicin.

Evidence of the efficacy of DEM-TACE is 
based on small series reporting a median survival 
of 11–13 months that appears to increase when 
combining systemic chemotherapy, although tox-
icity increases when combined therapy is applied. 
The series published are small and the drug 
loaded differs among them, preventing an ade-
quate interpretation of the results [45].

However, the outcomes of different intra-
arterial modalities for the treatment of ICC still 
need to be standardized and compared, and indi-
cations have to be defined. A meta-analysis com-
paring different intra-arterial therapies for ICC 
showed a trend favoring HAI (hepatic artery infu-
sion) over DEM-TACE [46].

DEM-TACE for Colorectal Cancer Liver 
Metastases
Irinotecan-loaded drug-eluting bead (DEBIRI) 
embolization was developed to treat colorectal 
metastases to the liver. The mechanism of action 
is based on the effect of irinotecan, which is 
activated by normal liver parenchyma via 
hydrolysis.

The technical aspects of DEBIRI are still 
under discussion. The recommended irinotecan 

dose delivery is 100 mg [46], but no dose escala-
tion studies have been performed so far. 
Concerning dose of irinotecan and size of beads, 
and according to results of a prospective registry, 
small beads (75–150 or 100–300 micron) that 
allow for increased dose delivery are recom-
mended [48]. The general recommendation is to 
perform nonselective embolization for normal 
hepatocytes to activate the drug, and to cover 
lesions not detected at imaging, although this has 
not been conclusively proven. Finally, the most 
recommended treatment regimen provides two 
treatment sessions for each lobe (in case of bi-
lobar disease, a total of four treatments are sched-
uled, where alternated lobes are treated every 
2 weeks) [47].

Although the initial DEBIRI published data 
were promising, the heterogeneity of study 
designs and results hinder the consensus on the 
treatment. A prospective randomized study 
comparing DEBIRI with FOLFIRI in patients 
that had received previous systemic chemother-
apy without irinotecan and had liver-only meta-
static disease showed significant PFS and OS of 
the liver-directed therapy [49]. However, these 
results were not reproduced and treatment is 
currently applied in a salvage setting. Another 
matter of debate is whether the therapy has to 
be applied in liver-only or liver-dominant dis-
ease [50].

DEM-TACE for Neuroendocrine Tumor 
Liver Metastases
Indications for intra-arterial therapy in patients 
with liver metastases from NET include those 
with progressive disease or symptoms refrac-
tory to medical treatment. DEM-TACE is one of 
the approaches proposed and applied in many 
institutions due to its excellent pharmacokinetic 
profile; however, a study published in 2017 that 
compared DEB-TACE with cTACE showed 
more benefit of the latter modality [51]. 
Although there is no definite data to recommend 
TACE over TARE for the treatment of liver 
metastases from NET, the most recent meta-
analysis of six trials has shown a significant sur-
vival benefit and less adverse effects of TACE in 
comparison to TARE [52].
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Prophylactic use of somatostatin analogues 
24–48 h before TACE is recommended in patients 
with functional tumors, to avoid an acute carci-
noid crisis triggered by the procedure. It is also 
mandatory to perform screening and treatment 
for carcinoid heart disease [53]. Of note, the con-
comitant treatment of somatostatin analogues has 
shown a prolonged time to liver progression in 
patients receiving TACE [54].

The factor that limits the application of DEM-
TACE for this type of tumors is the increased risk 
of ischemic biliary injury. This is related to the 
occlusion of peribiliary plexus that is not enlarged 
in patients with normal (non-cirrhotic) liver 
parenchyma; conversely, in cirrhosis, the hyper-
trophied peribiliary plexus protects against the 
ischemic injury. Liver/biliary injuries have been 
reported as independently associated with DEB-
TACE and NETs [55]. It has been described in 
the literature the increased risk of hepatobiliary 
events in comparing patients with cirrhotic liver 
and HCC, even using the same bead size and end-
point. This is the rationale for a proposed differ-
ent technical endpoint of DEM-TACE in this type 
of tumors (i.e., drug delivery instead of vascular 
stasis): accordingly, fewer adverse events have 
been reported when free-flow arterial circulation 
has been achieved after TACE instead of vascular 
stasis [56].
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8Transarterial Chemoembolization 
with Degradable Starch 
Microspheres (DSM-TACE)

Timo Alexander Auer and Federico Collettini

8.1	� Introduction

Since its introduction more than 30  years ago, 
transarterial chemoembolization (TACE) has 
become a widely accepted locoregional therapy 
for the palliative treatment of liver cancer. TACE 
can be performed with a variety of embolic and 
chemotherapeutic agents, and despite widespread 
clinical use, there is an ongoing debate about dif-
ferent TACE protocols and how best to deliver the 
therapy. Currently, two TACE techniques are 
mainly used in clinical routine: conventional 
TACE (cTACE) and drug-eluting bead TACE 
(DEB-TACE). In cTACE, the chemotherapeutic 
drug is administered intra-arterially using iodized 
oil as a drug carrier, and the vessels supplying the 
tumor are subsequently mechanically embolized 
with spherical or nonspherical embolic agents. 
Conversely, DEB-TACE relies on the intra-arterial 
injection of drug-loaded microspheres that slowly 
release the cytotoxic drug into the tumor while at 
the same time embolizing its feeding vessels per-
manently. A less well-known TACE regimen is 
degradable starch microsphere (DSM) transarte-
rial chemoembolization (DSM-TACE), a tech-
nique based on the use of degradable microspheres 

produced from hydrolyzed potato starch as a tem-
porary embolic agent. What distinguishes DSM-
TACE from other TACE techniques is the fact that 
as DSM are enzymatically degraded by blood 
amylases after a half-life of about 40  min (for 
microspheres 50  μm in diameter), the vascular 
occlusion obtained with this agent is transient. 
DSM-TACE thus combines high local drug deliv-
ery with a reduced risk of systemic toxicity while 
increasing the safety profile of the procedure by a 
short ischemia time and low vessel occlusion rate. 
Hence, DSM-TACE can be administered more 
unselectively than cTACE or DEB-TACE, making 
it especially suitable as a therapeutic alternative 
for patients with multifocal hepatic disease [1–5].

Historical Notes and Pharmacokinetics 
of DSM
Originally developed for scintigraphic imaging 
of pulmonary emboli in the early 1970s, degrad-
able starch microspheres were found to be well 
tolerated when administered intravenously. 
Available toxicological data suggest that DSM do 
not directly induce any adverse reaction per se. 
The toxicity observed after coadministration with 
cytostatic agents like cisplatin, doxorubicin, or 
mitomycin is similar to that encountered when 
applying the chemotherapeutic agent alone, with 
the exception of enhanced liver toxicity, which is 
part of the desired therapeutic effect.

DSM are produced by means of polymeriza-
tion from hydrolyzed potato starch, cross-linked, 

T. A. Auer · F. Collettini (*) 
Charitè, Berlino, Germany

Berlin Institute of Health (BIH), Berlin, Germany
e-mail: timo-alexander.auer@charite.de;  
federico.collettini@charite.de

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023 
P. Lucatelli (ed.), Transarterial Chemoembolization (TACE), 
https://doi.org/10.1007/978-3-031-36261-3_8

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-36261-3_8&domain=pdf
mailto:timo-alexander.auer@charite.de
mailto:federico.collettini@charite.de
mailto:federico.collettini@charite.de
https://doi.org/10.1007/978-3-031-36261-3_8


66

and substituted with glycerol ether groups. This 
process results in a polymerized matrix, which 
has no chemical name of its own but has a com-
plex structure well suited for transient emboliza-
tion of arterial blood flow. DSM are degraded 
enzymatically by the body’s own serum alpha-
amylase. The total time of occlusion is hence 
indirectly proportional to the individual amount 
of alpha-amylase in plasma [6]. The half-life 
under physiological conditions at 37 °C and pH 7 
ranges between 35 and 50  min. After approxi-
mately 2  h, particles are completely dissolved. 
The accumulating glucose monomers are dis-
mantled and eliminated by the body’s reticulo-
cytic and excretory systems. Commercially 
available DSM (e.g., EmboCept® S, PharmaCept, 
Berlin, Germany) come in 20-ml bottles contain-
ing a sterile and clear solution consisting of 
450  mg Amilomer, DSM 35/50, and 7.5  ml 
sodium chloride (60 mg/ml). DSM particles have 
a mean diameter of 50 μm with 75% of micro-
spheres ranging in diameter from 20 to 200 μm.

8.2	� Pharmacodynamics 
and Mechanism of Action 
of DSM

DSM are used to achieve blood flow reduction 
and transient vascular occlusion in the peritu-
moral blood vessels during coadministration of 
cytotoxic drugs. The effects of intra-arterial 
administration of DSM on blood flow have been 
investigated in numerous preclinical and clinical 
studies. Furthermore, several authors have 
explored how the altered blood flow induced by 
DSM affects the regional and systemic delivery 
of the co-injected drug.

8.2.1	� DSM-Induced Blood Flow 
Reduction and Transient 
Vascular Embolization

One of the first studies investigating intra-arterial 
DSM was published in 1978 by Forsberg and col-
leagues. Forsberg et  al. studied the effects of 
intra-arterial DSM injection into the femoral and 

superior mesenteric artery on blood flow in the 
hind feet and intestine of rats. Using tracer micro-
spheres and electromagnetic flow measurement, 
they demonstrated that after DSM infusion, blood 
flow in the hind feet and small intestine rapidly 
declined to near zero and later returned to levels 
in control animals [6]. Thulin et  al. performed 
preoperative electromagnetic measurement of 
hepatic arterial flow in 10 patients with primary 
or secondary liver and demonstrated that hepatic 
arterial blood flow could be reduced in a dose-
dependent manner by a mean maximum of 67% 
following DSM injection [7]. Wiggermann et al. 
explored the transient embolizing effect of DSM-
TACE using contrast-enhanced ultrasound quan-
titative perfusion analysis in six patients with 
hepatocellular carcinoma (HCC). Compared to 
baseline parameters, they observed a significant 
reduction in peak regional blood volume and 
regional blood flow immediately after DSM-
TACE in all cases. Over time, a stepwise revascu-
larization of the treated lesions was documented: 
90 min after embolization, perfusion parameters 
were not significantly different from pre-
embolization values [8].

A recent study addressed a central question 
concerning the therapeutic effect of the transient 
embolization achievable with DSM: Is a tran-
sient embolization sufficient to induce necrosis 
of the target tumor and thus inhibit its growth? 
Ziemann and colleagues analyzed the effect of 
three different agents routinely used in the set-
ting of TACE on tumor growth in a rat model of 
colorectal liver metastases. The rats were ran-
domized into four groups treated with intra-
arterial infusion of either DSM (size: 35–70 μm; 
dose: 6.43  mg/kg body weight), PVA micro-
spheres (size: 70–150  μm; dose: 0.14  ml/kg 
body weight), iodized oil (size: 2–3 μm; dose: 
0.15  ml/kg body weight), or saline (control 
group). Tumor growth was assessed by three-
dimensional ultrasound on days 8 and 11, fol-
lowed by histological and immunohistochemical 
analysis of tumor necrosis on day 11. In this 
experiment, both PVA microspheres and DSM 
completely inhibited tumor progression while 
iodized oil did not significantly affect tumor 
growth. Immunohistochemical analysis revealed 
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significantly larger necrotic areas within the 
tumors after administration of DSM and PVA 
microspheres compared with iodized oil [9].

8.2.2	� Regional and Systemic 
Delivery 
of the co-Injected Drug

Teder et al. investigated the effects of DSM on 
hepatic arterial blood flow in rats by means of a 
regionally injected marker, 99mTC-methylene 
diphosphonate (99mTc-MDP), and showed that 
compared to injections of pertechnetate only, 
the integrated exposure of the liver to pertech-
netate was increased by a factor of 1.4–2.4 
when microspheres were added [10]. In a clini-
cal study published in 1982, Dakhil and col-
leagues injected DSM into the hepatic artery of 
patients with primary and metastatic liver can-
cer to assess whether transient vascular occlu-
sion at the level of the arteriolar capillary bed 
would enhance regional uptake and decrease 
systemic exposure to simultaneously adminis-
tered hepatic arterial bischlorethylnitrosourea 
(BCNU). Following intra-arterial DSM injec-
tion, hepatic arterial flow was transiently sub-
stantially reduced or stopped in all patients. 
When BCNU was given with microspheres, 
there was a 30–90% reduction in systemic 
nitrosourea exposure and in peak levels. Dakhil 
et  al. thus demonstrated that concurrent intra-
arterial injection of DSM and BCNU might 
have the potential to enhance selective regional 
drug effects while at the same time markedly 
reducing systemic toxicity [11]. Along this line, 
several authors have explored the use of DSM 
to increase the effectiveness of intra-arterial 
chemotherapy. The results of these studies 
show that in the presence of drastic blood flow 
reduction and transient vascular occlusion 
induced by DSM, the dwell times of co-injected 
drugs are prolonged within the injected area, 
creating a steep drug concentration gradient 
between the arteries and the target tissue with a 
selectively increased uptake of the co-injected 
drug into liver tumors compared with normal 
liver tissue [12].

8.2.3	� Further Effects of DSM-
Induced Transient 
Embolization: TACE and VEGF 
Expression

The combination of targeted administration of a 
chemotherapeutic drug at high concentration 
and induction of ischemia by embolization of 
tumor-feeding vessels is the key mechanism of 
TACE [13]. Local tumor hypoxia induced by 
TACE leads to a sequence of adaptive changes 
in the transcription and expression of hypoxia 
response genes in tumor cells aimed at counter-
acting or reversing hypoxia [14]. Hypoxia 
response genes are primarily regulated by 
hypoxia-inducible factor-1α (HIF-1α), which 
triggers expression of vascular endothelial 
growth factor (VEGF) and promotes neovascu-
larization [15, 16]. Newly formed aberrant 
tumor blood vessels, characterized by structural 
and functional defects, further aggravate 
hypoxia and thereby form a vicious cycle 
thought to play a key role in tumor growth and 
metastatic seeding [16–18]. In the context of 
TACE, these biological countermeasures have 
the potential to interfere with the ultimate inten-
tion of anticancer treatment. In fact, studies 
have shown that the transient overexpression of 
VEGF after a single session of TACE is associ-
ated with future distant metastases, especially 
located in the lung or bones, and consequently 
with a shorter progression-free survival (PFS) 
[16, 19–22]. Furthermore, the peak of serum 
VEGF after TACE has been shown to be an 
independent prognostic factor of progression-
fee survival (PFS) in HCC [23]. Schicho and 
colleagues compared serum VEGF levels in 
response to TACE with different embolic agents 
in 22 patients with HCC.  In this prospective 
study, patients were assigned to one of three dif-
ferent TACE regimens (cTACE, DEB-TACE, 
and DSM-TACE), all performed with the same 
cytostatic drug (50  mg doxorubicin/m2 body 
surface area (BSA)). Serum VEGF levels were 
assessed before TACE treatment as well as 24 h 
and 4 weeks after treatment. Compared to base-
line, a marked increase in VEGF levels was 
observed 24 h after cTACE (164% of baseline 
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level) and at 4-week follow-up (170% of base-
line level). Increases in serum VEGF levels 
were 114% and 123% following DEB-TACE 
and 121% and 124% for DSM, respectively. The 
authors conclude that conventional TACE using 
Lipiodol is associated with a marked increase in 
blood levels of the proangiogenic factor VEGF 
while DEB-TACE and DSM-TACE induce only 
a moderate VEGF response [16].

8.3	� Patients and Technique

8.3.1	� Patient Selection

DSM are intended for combined use with che-
motherapeutic agents to escalate effectivity by 
increasing the retention time of the co-injected 
agents in the targeted liver. Like other TACE 
techniques, DSM-TACE can be used in patients 
with primary or metastatic liver cancer not ame-
nable to curative treatments. Regarding the 
treatment of hepatocellular carcinoma, guide-
lines from all over the world (AASLD, EASL, 
APASL, and ESMO) endorse the use of TACE 
for HCC in patients with intermediate-stage dis-
ease, defined as multinodular disease confined 
to the liver in asymptomatic patients (perfor-
mance status of 0), Child–Pugh class A or class 
B cirrhosis with no decompensation, and 
absence of portal vein invasion or extrahepatic 
spread [24–27]. Absolute and relative contrain-
dications are similar to those of cTACE and 
DEB-TACE and include impaired liver func-
tion, uncorrectable coagulopathies (INR >1.5; 
aPTT >50 s; <50,000 thrombocytes), and renal 
failure (serum creatinine >2  mg/dl). Relative 
contraindications for DSM-TACE include 
chronic cardiac insufficiency (NYHA III–IV), 
acute coronary syndrome (ACS), and exophyti-
cally growing tumors. Partial or complete 
thrombosis of the main portal vein is often clas-
sified as an exclusion criterion for chemoembo-
lization. Portal vein thrombosis appears to be 
less of a concern for DSM-TACE due to the 
transient embolization and the shorter ischemia 
time [28].

8.3.2	� DSM-TACE Technique

The goal of DSM-TACE is to achieve blood flow 
reduction and transient vascular occlusion in the 
peritumoral blood vessels to minimize systemic 
exposure to the co-injected cytotoxic drug. Due 
to the wide variation in number, size, and vascu-
larity of liver tumors from one patient to the next, 
the dose of DSM has to be adapted individually. 
Complete stasis of blood flow should be avoided 
as this carries an increased risk of backflow into 
extrahepatic vascular territories. Hence, to per-
form DSM-TACE safely, angiographic monitor-
ing during drug administration is crucial.

Angiographic techniques vary among institu-
tions. Herein, we describe the angiographic 
technique as performed at our institution. In 
most patients, vascular access is gained through 
puncture of the common femoral artery in the 
right or left groin; however, alternative vascular 
access through the left radial or brachial artery 
may be used if this makes catheterization of the 
hepatic artery easier. Following arterial punc-
ture using the Seldinger technique, a 4−/5-F 
angiographic sheath is introduced. After cathe-
terization of the celiac trunk and the superior 
mesenteric artery using a diagnostic catheter, 
selective angiography of the aforementioned 
vessels is performed to accurately characterize 
the vessels supplying the liver. Subsequently, a 
coaxial microcatheter system is advanced 
beyond the branching of the gastroduodenal 
artery and positioned in the tumor-supplying 
branches of the hepatic artery. Unlike the classic 
TACE procedures, where the embolic agent has 
to be delivered as close as possible to the tumor 
(superselective embolization), DSM-TACE can 
be performed more unselectively in a lobar fash-
ion way by placing the microcatheter in either 
the left or right hepatic branch. However, even 
for lobar administration, the use of a microcath-
eter is preferred to reduce the risk of vasospasm 
and arterial dissection. Once correct positioning 
of the microcatheter has been confirmed, the 
mixture of chemotherapeutic agent, DSM, and 
contrast agent is administered under constant 
angiographic control.
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Degradable starch microspheres should be 
mixed with a ready-to-use solution of active 
substance and contrast agent. In HCC patients, 
DSM-TACE is performed using a mixture of 
50  mg doxorubicin diluted in a saline solution 
with a total volume of 25 m the interval between 
injections to optimize the administered dose. 
Even if complete vascular occlusion occurs, 
treatment should not be discontinued, due to the 
risk of backflow and nontarget embolization. 
When DSM-TACE is performed less selectively 
(treatment of entire lobar or major segments), the 
endpoint of embolization should be a “tree-in-
the-winter” appearance with occlusion of small 
tumor-feeding vessels but preservation of flow in 
the major lobar and segmental arteries. After 
therapy delivery, a digital subtraction angiogra-
phy (DSA) is performed to confirm devascular-
ization of target lesions and patency of the large 
vessels in the treated area. DSM-TACE is most 
effective when the procedure is performed in 
repeated treatment sessions. At our institution, 
DSM-TACE is repeated at 4- to 6-week intervals 
until complete disappearance of arterial enhance-
ment is seen. In case of bilobar tumor spread in 
patients in whom deterioration of hepatic func-
tion is feared, the lobe with higher tumor burden 
is treated first, followed by the contralateral lobe. 
In the latter case, it is preferable to reduce the 
interval between the two sessions to 2 weeks if 
possible. Follow-up imaging is routinely per-
formed using contrast-enhanced magnetic reso-
nance imaging (MRI) or contrast-enhanced 
computed tomography (CT) in patients with con-
traindications to MRI.

8.4	� Clinical Results and Safety

Recent experience suggests that this technique is 
particularly suitable for treating patients with 
more advanced HCC or with multifocal disease 
not amenable to superselective treatment [1–5]. 
DSM-TACE has also been tested for the pallia-
tive treatment of patients with unresectable or 
recurrent intrahepatic cholangiocarcinoma 
(iCCA) as well as for patients with chemotherapy-
refractory liver metastases from colorectal cancer 

[29–31]. Alongside these studies, there are also 
reports in the literature on the use of DSM-TACE 
in rare entities like liver metastases from uveal 
melanoma, breast cancer, renal cell carcinoma, 
and neuroendocrine tumors [32–35].

8.4.1	� Primary Liver Cancer

8.4.1.1	� HCC
As already mentioned, different guidelines 
endorse the use of TACE in patients with 
intermediate-stage disease while especially 
DSM-TACE may also be an option in more 
advanced disease [3, 5, 24–27]. A recently pub-
lished study by Orlacchio and colleagues evalu-
ated the safety and efficacy of DSM-TACE in a 
large clinical population of 137 patients with 
unresectable HCC who underwent a total of 267 
DSM-TACE procedures. Major complications 
occurred in only 6.8% of all procedures. 
According to mRECIST (modified Response 
Evaluation Criteria in Solid Tumors), a high 
objective response rate was obtained (84.3% of 
patients showed complete or partial responses), 
and the median time to progression was 
12 months with an OS of 36 months. Of note, 20 
patients in the study had BCLC stage C HCC 
[36]. In another recently published study, Iezzi 
and colleagues investigated DSM-TACE treat-
ment in 40 consecutive BCLC stage B or C 
patients with intermediate or locally advanced 
stage HCC who dismissed or were ineligible for 
sorafenib. While technical success was achieved 
in all patients, no liver failure or systemic toxicity 
was reported. Progression-free survival (PFS) 
was 6.4  months and the median OS was 
11.3 months [3]. These results have been corrob-
orated in a study of Haubold and colleagues, 
who investigated DSM-TACE in non-resectable 
HCC patients ineligible for other systemic or 
locoregional therapies. DSM-TACE was per-
formed successfully in 28 patients. At control 
imaging after three DSM-TACE procedures, the 
rates of complete response (CR), partial response 
(PR), stable disease (SD), and progressive dis-
ease (PD) were 14.3%, 25%, 39.3%, and 21.4%, 
respectively. With a good OS of 682  days, the 
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authors also conclude that DSM-TACE is a safe 
and promising treatment alternative. A selection 
of further studies in line with the results just out-
lined is provided in the table below (Table 8.1) 
[1–5, 36–41].

8.4.1.2	� Intrahepatic 
Cholangiocarcinoma

Intrahepatic cholangiocarcinoma (iCCA) is the 
second most common primary liver malignancy 
after hepatocellular carcinoma, and its incidence 
and mortality have risen globally in the past 
decades [42]. Despite substantial advances in 
diagnosis and treatment, the prognosis of patients 
with iCCA remains poor [42]. This is mainly due 
to the fact that at the time of initial diagnosis, 
only about 20% of patients are amenable to surgi-
cal resection, the only potentially curative treat-
ment option for iCCA [43]. Despite a low level of 
evidence, locoregional therapies have shown 
promising results in the treatment of selected 
patients with unresectable or recurrent disease 
[44]. TACE of iCCA has been investigated in sev-
eral, mostly retrospective, studies using various 
chemotherapeutic agents. In a recently published 
systematic meta-analysis of 13 studies (906 
patients), pooled median survival after TACE 
was 14.2 months [45].

Two studies on the use of DSM-TACE in 
patients with unresectable iCCA have been pub-
lished. Georg et al. reported their experience with 
a multi-agent (cisplatin/doxorubicin/mitomycin 
C) DSM-TACE protocol in a population of 21 
patients with either unresectable iCCA progres-
sive under systemic chemotherapy or unresect-
able intrahepatic tumor recurrence after prior 
major liver resection. The reported objective 
response rate was 61.1% and the reported disease 
control rate 100%. Median overall survival was 
13.3 months with similar results in patients with 

primary unresectable, therapy-refractory disease 
(13.2  months) and patients with intrahepatic 
recurrence after prior liver resection (12.5 months) 
(Table 8.2) [30].

8.4.2	� Secondary Liver Cancer

8.4.2.1	� Colorectal Cancer Liver 
Metastasis

Colorectal cancer (CRC) is one of the most 
common cancers worldwide, ranking third in 
terms of incidence and second in terms of can-
cer-related death [46]. The liver is the most 
common site of colorectal cancer metastasis. 
Approximately 20% of patients with CRC pres-
ent with concomitant liver metastasis at initial 
diagnosis while another 50% develop liver 
metastasis within the first 3 years after diagnosis 
[47]. Surgery offers the best chance of cure for 
patients with colorectal liver metastases 
(CRLM); however, only 10–25% of all patients 
with CRLM are amenable to surgical resection 
[48]. Locoregional treatments have proven to be 
a useful therapeutic strategy in patients with 
unresectable CRLM. TACE has been identified 
as a suitable treatment option for patients with 
CRLM in a neoadjuvant, symptomatic, or palli-
ative setting [31, 49–53]. One of the first studies 
investigating the use of DSM-TACE in the man-
agement of CRLM was published in 2013 by 
Nishiofuku and colleagues. The authors reported 
the results of a phase I/II trial of DSM-TACE 
with cisplatin powder in 24 patients with unre-
sectable CRLM progressing after FOLFOX 
(5-flourouracil, leucovorin plus oxaliplatin) 
chemotherapy. In phase II, the tumor response 
rate was 61.1%, and median overall survival 
was 21.1 months [54]. In a recent prospective, 
randomized, single-center trial, Vogl et al. com-
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Table 8.2  Most important studies of DSM-TACE in the treatment of iCC

Authors (year) n Design Aim Conclusion/major results
Georg et al. (2019) 21 Single center

Retrospective
Efficacy and complication 
rates of DSM-TACE in 
unresectable iCC

DSM-TACE is an effective 
treatment for unresectable and 
otherwise therapy-refractory iCC.

Schicho et al. (2017) 7 Multicenter
Retrospective

Safety and efficacy of 
DSM-TACE in the treatment 
of iCC

44% disease control. The use of 
DSM as an embolic agent for 
TACE is safe in the treatment of 
ICC.

Table 8.3  Most important studies of DSM-TACE in the treatment of CRLM

Authors (year) n Design Aim Conclusion/major results
Vogl et al. (2021) 31 Single center

Prospective
Randomized

To evaluate the therapy 
response of third-line TACE 
with DSM or Lipiodol in the 
treatment of CRLM using 
MRI

DSM-TACE achieved 
significantly better outcomes 
than cTACE in terms of tumor 
volume reduction and tumor 
response according to 
RECIST 1.1.

Gruber-Rouh 
et al. (2014)

564 Single center
Retrospective

To evaluate the therapeutic 
efficacy in patients with CRC 
liver metastases treated with 
TACE (DSM-TACE i.a.)

TACE is a therapy option for 
controlling local metastases 
and improving survival time 
in patients with hepatic 
metastases from CRC.

Nishiofuku et al. 
(2013)

24 Phase I/II single-
center, single-arm, 
open-label trial

Determination of the 
recommended cisplatin 
powder dose and assessment 
of the efficacy and safety of 
the procedure

DSM-TACE with cisplatin 
powder at a dose of 80 mg/m2 
is well tolerated and can 
produce a high response rate 
with a long survival time for 
patients with unresectable 
CRLM after failure of 
FOLFOX.

pared the therapy response of third-line cTACE 
(n  =  13) versus DSM-TACE (n  =  18) in 31 
patients with CRLM.  In this first prospective 
study directly comparing cTACE and DSM-
TACE in patients with CRLM, DSM-TACE 
showed significantly better results in terms of 
tumor volume reduction (p = 0.006) and tumor 
response according to RECIST 1.1 (p = 0.047) 

compared with cTACE [31]. Please find a list of 
studies in Table 8.3 [31, 49, 54].

Other Entities
Experience with DSM-TACE in the treatment of 
other entities is based on relatively limited 
single-center experiences; a selection of studies 
is compiled in Table 8.4 [33, 55–59].
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8.5	� Conclusions

•	 DSM is a short-acting, nonpermanent embolic 
agent and therefore can be administered 
unselectively.

•	 DSM-TACE is a safe and easy to perform 
interventional procedure and a useful thera-
peutic alternative for patients with multifocal 
HCC.

•	 Other indications for DSM-TACE are neoad-
juvant, symptomatic, and palliative treatment 
of locally extensive or disseminated ICC or 
CRLM.

•	 While DSM-TACE should be suitable for 
nearly any patient with disseminated meta-
static liver disease, evidence is still limited, 
except for CRLM, and published data are 
mostly based on monocentric studies with 
limited patient numbers.
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9Balloon-Occluded TACE

Pierleone Lucatelli, Fabrizio Basilico, Bianca Rocco, 
and Carlo Catalano

Balloon-occluded TACE (b-TACE) is a transarte-
rial chemoembolization in which the microcath-
eter used to deliver the chemotherapy and 
embolizing material has a micro-balloon at its 
distal end.

By inflating the micro-balloon, a temporary 
block flow can be performed within the tributary 
feeder of the target lesion, which allows redistri-
bution of flow within the area to be treated 
(Fig. 9.1).

The first TACE procedure using a balloon 
catheter was described by Nakamura in 1991 in 
order to prevent embolization of gastric vessels 
[1], but it was Irie in 2013 who applied to chemo-
embolization the “balloon-assisted” technique 
[2]. Over the years, this technique has been 
applied in conventional TACE (C-b-TACE, per-
formed with Lipiodol emulsion and chemothera-
peutic drug) and recently in drug-eluting 
microsphere TACE (DEM-b-TACE) [3]. Since 
no significant differences were demonstrated, 
either in tumor response or overall survival, 
between the aforementioned procedures, the 
choice of embolization technique mostly relies 
on operator preference.

In a recent study, Rose et al. [4] compared the 
results of tumor response rate and mean dose of 

drug or emulsion delivered in patients undergo-
ing TACE with and without “balloon-assisted 
technique” and found significantly higher mean 
dose of drug or emulsion delivered using b-TACE 
procedure. These results were confirmed by 
Lucatelli et al. [5] who evaluated the role of the 
balloon microcatheter in vivo comparing b-DEB-
TACE vs. DEB-TACE and b-SIRT vs. 
SIRT.  Among the two DEB-TACE groups, the 
balloon microcatheter-treated groups showed 
significantly higher contrast, signal-to-noise 
ratio, and contrast-to-noise ratio when compared 
to conventional DEB-TACE; analyzing the two 
SIRT groups, instead, 2D dosimetry profile eval-
uation showed an activity intensity peak signifi-
cantly higher in the b-SIRT than in the SIRT 
subgroup. Moreover, in histological explanted 
liver analysis, there was a trend for higher intra-
tumoral localization of embolic microspheres for 
b-DEB-TACE in comparison with DEB-
TACE.  The results of this study demonstrate, 
in vivo, a better embolization profile of oncologi-
cal intra-arterial interventions performed with 
balloon microcatheter regardless of the embolic 
agent employed. The same group published a 
case control study to compare oncological results 
and safety profile of b-DEB-TACE in patients 
with hepatocellular carcinoma [6]. This study 
showed a trend of better oncological response 
over DEM-TACE, with a longer time to retreat 
interval, and a similar adverse events rate, in 
patients presenting with larger tumors.

P. Lucatelli (*) · F. Basilico · B. Rocco · C. Catalano 
Vascular and Interventional Radiology Unit, 
Department of Radiological, Oncological, and 
Anatomo-Pathological Sciences, Sapienza University 
of Rome, Rome, Italy

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023 
P. Lucatelli (ed.), Transarterial Chemoembolization (TACE), 
https://doi.org/10.1007/978-3-031-36261-3_9

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-36261-3_9&domain=pdf
https://doi.org/10.1007/978-3-031-36261-3_9


78

a b c

Fig. 9.1  Hepatocarcinoma of the IV segment with hyper-
vascular rim in arterial phase on preprocedural MRI (a). 
Selective angiography performed from the microcatheter 
with a deflated micro-balloon (b) does not depict the 

lesion, which appears appreciable after micro-balloon 
inflation (c) due to the redistribution of flow toward the 
tumor lesion

Fig. 9.2  The identification of the vessel in which to 
inflate the micro-balloon is a crucial decision in 
b-TACE.  A straight segment of vessel (green) must be 
selected, avoiding tortuous segments (yellow). The pres-
ence of the micro-balloon ensures that “nontarget” 
branches are occluded (blue) and at the same time pro-
vides a good vascular territory downstream for redistribu-
tion of flow to the lesion (red)

The oncological performance of the TACE, 
both with its application in the conventional 
approach and in DEE-TACE, was proven to be 
ameliorated by micro-balloon employment. A 
better therapeutic effect (p = 0.016) and improved 
control rates of the primary nodule (p = 0.0016) 
were proved in a study by Irie et al. [7]. The same 
study showed no statistically significant differ-
ences in overall survival or tumor-free rates in the 
liver. The largest European multicentric study [8] 
proved a higher complete response rate in the 
treatment of 30–50 mm HCC (p = 0.047), as well 
as a significantly lower retreatment rate after a 
single TACE in comparison with cTACE (12.1% 
vs. 26.9%, respectively; p = 0.005).

Overall survival rates ranged from 89.6% to 
85.7% at 1 year, from 57.3% to 52.3% at 2 years, 
and from 46.7% to 17.1% at 3 years [9–11].

9.1	� Microcatheter Positioning 
and Inflation

In b-TACE, it is essential to obtain a detailed 
mapping of the arterial vasculature (cone-beam 
CT) in order to identify the best vascular segment 
where to inflate the micro-balloon.

CBCT acquisition should preferably be bipha-
sic and performed through a 4-Fr diagnostic cath-
eter, possibly placed before the bifurcation of the 
hepatic artery in its right and left branches. This 
is particularly important for lesions located in 
“watershed” segments (e.g., segments IV and V–

VIII). The CBCT acquisition is usually per-
formed with a single bolus of contrast diluted at 
30%, with a flow rate between 3 and 4 ml/s for a 
duration of 15  s, necessary to cover the time 
required to perform the first rotation of the C-arm 
(between 5 and 12  s depending on the type of 
angiography system). Using the MPR and 3D 
reconstructions obtained from the CBCT datas-
ets, it is possible to identify the number and pro-
venience of the feeders of the target lesions. The 
microcatheter should be placed in as straight a 
vascular segment as possible, proximal to all tar-
get lesions to maximize the effectiveness [12] 
(Fig.  9.2). If there are feeders that cannot be 
occluded and are in competition with the primary 
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Fig. 9.3  Priming of the Occlusafe microcatheter: (1) dis-
tal end of microcatheter with stiletto; (2,3,4) vacuum (for 
approximately 10 s) of the micro-balloon using a 10-ml 

Luer-lock syringe and subsequently closing the balloon 
lumen; (5,6,7,8) preparation for inflation of the micro-
balloon using a 1-ml graduated syringe

feeder, the effectiveness in determining redistri-
bution may be suboptimal.

Before using the microcatheter, it is necessary 
to do a correct “priming” of the balloon inflation 
line. This consists of aspiration of the lateral 
lumen of the micro-balloon to remove any resid-
ual air and verify its structural integrity (Fig. 9.3). 
For optimal results, the following steps are 
recommended:

	1.	 Using a three-way valve and Luer-lock 
syringes (10-cc syringes), vacuum is applied 
to the inflation channel.

	2.	 To check for correct integrity, the syringe 
included in the kit must be connected to the 
micro-balloon route and loaded with a diluted 
contrast media solution (50–70% saline).

	3.	 If the vacuum procedure has been correctly 
performed, after opening the three-way valve, 
an automatic aspiration of the syringe volume 
corresponding to the volume needed to fill the 
dead space of the balloon channel will be 
observed.

	4.	 Once the syringe plunger has stopped, we are 
ready to inject the amount of volume required 
to inflate the micro-balloon and make it adhere 
to the vessel wall.

Prior to use, it is necessary to verify the integ-
rity of the device, as well as to allow the operator 
to understand the latency time that must be waited 
during the inflation in  vivo to see the inflated 
micro-balloon in the angiography system (typi-
cally 20 s). In order to evaluate and control the 

appropriate inflation of the micro-balloon, it is 
important to carefully assess the size of the arte-
rial feeder and to continuously evaluate the arte-
rial pressure measured at the tip of the 
microcatheter.

Size of the feeder assessment is crucial 
because the balloon can be distended to 2, 3, and 
4 mm, injecting 0.04, 0.06, and 0.1 ml of inflation 
solution, respectively. Excessive stretching in 
small vessels may be associated with damage to 
the vessel wall. In vessels greater than 4 mm in 
diameter, it will not be possible to bring the bal-
loon into contact with the arterial walls, thus not 
allowing the pressure drop that triggers flow 
redistribution.

Inflation of the balloon should be performed 
very slowly, injecting the inflation solution (typi-
cally contrast media and saline in a 60:40 ratio) 
with the 1-ml syringe available in the kit. It is 
recommended to pay attention to respect the 
inflation volumes indicated by the manufacturer, 
more than to the visual confirmation in the moni-
tor: a latency time of about 20 s from the injec-
tion to the actual inflation of the balloon is 
appreciable, which may lead to overfilling of the 
balloon (even to rupture) in case of exceeding the 
injected volume.

Arterial pressure can be measured using a 
simple closed-circuit kit and a pressure trans-
ducer, connected directly to a monitor normally 
used for invasive blood pressure measurement. 
This method of measurement allows you to eval-
uate both the pressure wave and the numerical 
value (Fig. 9.4).
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Fig. 9.4  A pressure transducer connected to a monitor 
using a closed-circuit kit normally used for invasive blood 
pressure measurement. After inflation of the micro-

balloon, a flattening of the pressure wave curve is observed 
with a consensual decrease in the numerical value of the 
average pressure

An initial invasive pressure measurement is 
taken, which must be compatible with the artery 
segment being studied. In normal conditions, the 
arterial pressure measured with a deflated bal-
loon is related to systemic pressure. An invasive 
pressure that is too high may indicate incorrect 
positioning of the catheter with the tip wedged 
against the vessel wall or the presence of air bub-
bles in the system. Continuous measurement dur-
ing inflation will allow identification of the 
moment when the micro-balloon comes into con-
tact with the vessel walls. In fact, there will be a 
reduction in the phasicity of the curve and a 
reduction in its amplitude. The presence of addi-
tional large feeders may delay or eliminate the 
pressure drop.

In addition, fluoroscopic monitoring is useful 
for visual confirmation of correct inflation in 
relation to the caliber of the vessel and mainte-
nance of the correct positioning of the microcath-
eter tip. The presence of air inside the 
micro-balloon is not an indication of malfunction 
or rupture of the micro-balloon, nor does it affect 
performance.

After inflating the micro-balloon, the flow 
redistribution can be verified by standard angiog-
raphies and/or CBCT by injection through the 
Occlusafe device. The injection parameters 
should set the PSI at the value allowed by the 
microcatheter and flows between 1 and 1.5 ml/s, 

ensuring—in case of CBCT acquisition—that the 
injection duration is at least equal to the CBCT 
spin duration.

It has been demonstrated that values of 
balloon-occluded arterial stump pressure 
(BOASP) ≤64 mmHg enables preferential distri-
bution of the embolizing agent to areas of lower 
resistance (such as tumoral territories) [2, 3].

Matsumoto et  al. in 2015 performed a study 
on the modification of intrahepatic pressures 
using a balloon microcatheter [13]. Arterial pres-
sure measurements were performed with deflated 
(systemic invasive arterial pressure) and inflated 
balloon (during flow occlusion, BOASP) at extra-
hepatic and segmental intrahepatic arteries. 
These measurements revealed a different pres-
sure drop performance in hepatic segments I, IV, 
VIII, and V compared to segments VI, VII, II, and 
III. This difference can be explained by the pres-
ence of communicating arches, which are more 
represented in the first group of segments, poten-
tially making the use of b-TACE less effective in 
them. Therefore, the measurement of pressure 
becomes essential when working in the central 
territories, especially in the perihilar ones.

Not to be forgotten is the mechanical anti-
reflux action of the device when it is used in a 
collateral vessel (Fig. 9.2), to protect extrahepatic 
territories (cystic, GDA) or to exclude arterio-
portal fistulas.

P. Lucatelli et al.



81

9.2	� Embolization Endpoint

Embolization of the nodule can be performed 
safely after correct positioning of the microcath-
eter, inflation of the balloon, and assessment of 
the pressure drop downstream.

The embolization must be constantly moni-
tored under fluoroscopy to obtain a correct visu-
alization of the emulsion deposition and to check 
for the possible opening of collateral circles, 
which will be used to establish one of the end-
points of the embolization.

The endpoint of embolization is determined 
by several factors, which may be defined as 
mechanical (the perception of resistance and 
reflux of the microspheres), hemodynamic 
(reversal of flow in collaterals, visualization of 
intrahepatic shunts), and chemotherapy tolerant 
(maximum dose of drug that can be administered 
to the patient).

When the vascular bed of the cancer has 
been completely saturated, it is also possible 
that intrahepatic collaterals may be opened, 
resulting in nontarget embolization, identifying 
the hemodynamic endpoint embolization 
(Fig. 9.5). The vascular saturation of the lesion 
may result in a mechanical perception of 
increased resistance to injection and reflux of 
microspheres, thus defining a new endpoint of 
embolization.

The chemotherapy drugs recommended by 
EASL-EORTC guidelines include doxorubicin or 
cisplatin, with a doxorubicin dose of 50–75 mg/m2 
body surface area. The maximum chemotherapy 
dose that can be administered in a patient undergo-
ing TACE is on average about 100 mg, represent-
ing an endpoint of the procedure (Fig. 9.6).

Tip and Tricks  If an air bubble is observed in 
the micro-balloon, it is sufficient to turn the bal-

a b c

Fig. 9.5  The fluoroscopic image acquired during emboli-
zation of the HCC nodule described in Fig. 9.1 shows the 
“access to the microcirculation” (a). The endpoint of 
embolization was the visualization of new collateral cir-

cles not supplying the lesion due to saturation of the vas-
cular bed of the microcirculation (b), obtaining complete 
embolization of the lesion (c)

a b c

Fig. 9.6  Arteriography demonstrates an HCC of approxi-
mately 5 cm at segment II (a). The endpoint of emboliza-
tion in this case is administration of the full dose of 

Farmorubicin (b) delivered by microparticles, showing a 
complete embolization of lesion and feeder artery con-
firmed on post-procedural cone-beam CT (c)

9  Balloon-Occluded TACE
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loon upside down, tap it with the finger so that 
the bubble is pushed to the top, and then 
aspirate.
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The Current Situation Regarding 
TACE-Specific Scores

Alberta Cappelli, Rita Golfieri, Violante Mulas, 
Antonio De Cinque, Maria Adriana Cocozza, 
and Cristina Mosconi

There is currently strong evidence that the opti-
mum TACE-specific score should include tumor 
number, tumor size, vascular invasion, etiology, 
and TACE response in addition to liver function 
parameters, such as serum albumin and bilirubin.

These parameters have already been proposed 
in the hepatoma arterial embolization prognostic 
(HAP) score and in its modifications [1–5].

Despite the lack of validation of these scores, 
there is strong evidence to replace the Child-
Pugh score that assesses liver function in patients 
with HCC with a reliable specific score capable 
of predicting response to treatment.

However, the “TACE population” is extremely 
variable and there is also wide variation in sur-
vival in the cohort classified as “ideal candidates” 
for TACE.

Moreover, in clinical practice, many patients 
receive TACE outside the guideline criteria.

Therefore, the main aim of creating a prog-
nostic score should be to identify, on the one 

hand, the subgroup of patients who are best 
responders to TACE in whom retreatment is 
appropriate and, on the other hand, the subgroup 
of patients who are worst responders to TACE in 
whom other therapies may be more appropriate.

As a consequence, it is necessary to define the 
prognostic features and translate them into scores 
or “models” in order to assess prognosis at a sub-
group or individual patient level as follows:

–– Scores for initial TACE.
–– Scores for retreatment with TACE.
–– Retreatment of refractory cases with TACE.

10.1	� Scores for Initial TACE

One of the first TACE-specific scores was the 
HAP score, computed using the following base-
line pre-TACE scores: serum bilirubin 
>17  mmol/L, albumin >400  ng/mL, and tumor 
size >7 cm [6].

The patients were assigned one point for each 
of the abovementioned parameters; the HAP 
stages were A, B, C, and D (0, 1, 2, and >2 points) 
(Table 10.1).

Patients who benefited the least from TACE and 
had a bad prognosis were HAP stages C and D.

Park et al. [7] proposed removing the bilirubin 
parameter and including portal vein involvement 
and the modified response evaluation criteria in 
solid tumors (mRECIST) criteria response. 
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Table 10.2  Chiba HCC in intermediate-stage prognostic 
(CHIP) score (modified from Elshaarawy et al. 2019 [9]).

Prognostic factor Points
Number of nodules
1 0
2–7 2
8 3
CP
5 0
6 1
7 2
8–9 3
HCV RNA positive
Absent 0
Present 1

CP Child-Pugh, HCV hepatitis C virus

Table 10.1  Hepatoma arterial embolization prognostic 
(HAP) score (modified from Elshaarawy et al. 2019 [9]). 
Modified hepatoma arterial embolization prognostic 
(mHAP) II score (modified from Elshaarawy et al. 2019 
[9])

Scoring I/HAP 
classification

Points

Albumin <36 g/dL
Alpha-fetoprotein 
(AFP) >400 ng/mL
Bilirubin >17 μmol/L
Max TU 
diameter > 7 cm

A 0
B 1
C 2
D >2

Scoring I/mHAP 
II classification

Points

Tumor size (>7 cm)
Tumor number (≥2)
Alpha-fetoprotein 
(AFP >400 ng/mL)
Bilirubin 
(>0.9 μmol/L)
Albumin (<3.6 g/dL)

A 0
B 1
C 2
D 3–5

However, additional validation of this scoring 
system showed no superiority when compared to 
the HAP score.

Nevertheless, Cappelli et al. [8] also modified 
the HAP score by including tumor number; the 
resulting score was more significant than that of 
the original HAP score (0.589; 95% CI: 0.552–
0.626; P = 0.001), and the modified HAP-II score 
(0.611; 95% CI: 0.572–0.650; P = 0.005) (mHAP 
III). Therefore, a Web-based calculator (opti-
mized for smartphones) was developed and pub-
lished online at http://www.liver-cancer.eu/
mhap3.html.

This Web-based calculator helps physicians to 
calculate survival in daily clinical practice.

In addition, Ogasawara et al. [9] proposed the 
Chiba HCC in intermediate-stage prognostic 
(CHIP) score (Table 10.2) that consisted of CP 
score plus the number of lesions and the presence 
of hepatitis C virus (HCV) as an etiology. 
However, in the end, this score was weak due to 
the presence of the CP score that involved a sub-
jective assessment of encephalopathy, the num-

ber of ascites, and the predetermined cutoff 
points.

Op den Winkel et  al. [10, 11] proposed the 
Munich TACE (Table  10.3) score that included 
alpha-fetoprotein (AFP), serum bilirubin, pro-
thrombin concentration, creatinine, C-reactive 
protein (CRP), and tumor extension.

In early 2018, the authors carried out an addi-
tional validation of the proposed score and 
reported an area under the receiver operating 
characteristic (AUROC) curve of 0.71, which 
was superior to the TACE-tailored CLIP, HAP, 
Japan Integrated Staging (JIS), GETCH, BCLC, 
CP, Okuda, and STATE scores.

More recently, other scores, such as albumin-
bilirubin (ALBI), platelet-albumin-bilirubin 
(PALBI), ALBI-T, modified ALBI-T, and indo-
cyanine green retention test, showed better per-
formance as compared to the conventional 
Child-Pugh score and the BCLC staging system. 
Campani et al. have recently compared TACE-
specific scores, such as HAP, mHAP II, and 
mHAP III, to other general grading systems, 
such as ALBI and PALBI grades, on 1058 
patients with intermediate-stage HCC, reporting 
the superiority of mHAP III over the other 
scores [5].

A. Cappelli et al.
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Table 10.3  Munich transarterial chemoembolization (TACE) score (modified from Elshaarawy et al. 2019 [9])

Points
0 2 3 4 5

Alpha-fetoprotein 
(AFP) (ng/mL)

<35 – 36–999 – ≥1000

Bilirirubin (μmol/L) <1.1 – 1.1–3.0 – 3.1

C-reactive protein 
(CRP) (mg/dL)

<0.5 – 0.5–1.9 – 2

Creatinine (mg/dL) <1.3 ≥1.3 – – –

Tumor extension Category Aa – – Category Bb –
Quick (MELD) ≥75 <75 – – –

aCategory A. Stage I: 0–9 points. Stage II: 10–13 points. Stage III: 14–26 points
bCategory B: Large (one nodule >5 cm) or multilocular (exceeding the limits of 3 nodules ≤3 cm) or having vascular 
involvement

10.2	� Scores for Retreatment 
with TACE

Assessment for Retreatment with TACE (ART) 
was the first score to list the retreatment strate-
gies with TACE (Table 10.4). In a cohort of 107 
patients with BCLC stages A and B who under-
went two TACE sessions within 90 days, Sieghart 
et al. [12] reported two groups of patients (0–1.5 
and > 2.5 points) with better survival in the first 
group (23.5 vs. 6.6 months; P < 0.001). The pre-
dictive power of the ART score for treatment 
response was later used by Hucke et al. [13] who 
proposed the STATE score and the START 
strategy.

The STATE score also identified two groups 
(<18 points, ≥18 points) with different times of 
survival (5.3 vs. 19.5  months, respectively, 
P < 0.001). The following validation stated that 
the STATE score was the best tool to determine 
suitability for a first TACE, and the START strat-
egy was better in the prognostic setting than the 

ART score [14]. However, the authors concluded 
the limited ability of all these scores.

In 2015 [15], the alpha-fetoprotein, BCLC, 
CP, and response (ABCR) score was proposed 
(Table 10.5) based on baseline BCLC stage AFP 
level (>200 ng/mL = +1 point) in addition to pre-
second TACE Child-Pugh score and radiologic 
tumor response. Patients with ABCR score ≥ 4 
prior to the second TACE would not benefit from 
a second treatment. However, Kloeckner et  al. 
[16] demonstrated the poor prognostic ability of 
the ART and the ABCR scores as a valid tool for 
assessing the clinical decision-making as regards 
stopping TACE cycles.

Consequently, Pinato et al. validated and com-
pared the ART and the HAP scores, concluding 
that the HAP score had better prognostic power; 
on the other hand, the ART score better predicted 
TACE failure. In conclusion, it was observed that 
the radiologic response is considered by the ART 
score to be an important indicator of treatment 
failure with TACE [17, 18].

10  The Current Situation Regarding TACE-Specific Scores
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Table 10.5  ABCR score (modified from Elshaarawy 
et al. 2019 [9])

Prognostic factors Points
BCLC stage
A 0
B 2
C 3
AFP 1
Prognostic factor
After first transarterial chemoembolization
CP B ≥ 2 points 2

Tumor response −3
Stage Points
1 0
2 1–3
3 ≥2

BCLC Barcelona Clinic Liver Cancer, AFP alpha-
fetoprotein, ABCR alfa-fetoprotein, BCLC, CP, and 
response

Table 10.4  Assessment for Retreatment with TACE (ART) score (modified from Elshaarawy et al. 2019 [9])

Score Stage/risk group Points
Absence of radiologic response 1 1

2
0–1.5
≥2.5AST increase > 25% 4

CP increase
1 point 1,5

≥2 points 3

AST aspartate aminotransferase, CP Child-Pugh

10.3	� Retreatment of Refractory 
Cases with TACE

Before planning retreatment after a TACE fail-
ure, the potential risk and benefits in terms of sur-
vival should be taken into account. Both the ART 
and the ABCR scores are the prognostic scores to 
consider for retreatment.

It has been well established that patients with 
>2.5 points in the ART score have shorter sur-
vival and more adverse events after a second 
TACE. In the same way, patients with an ABCR 
score  ≥  4 have no benefit of retreatment. 
Therefore, these scores have been questioned and 
have been found to be inaccurate in the decision-
making process regarding retreatment.

In order to better plan a retreatment after 
TACE failure, it should be taken into account that 
TACE has an impact on liver function. For exam-
ple, it has been well demonstrated that the time to 
decompensation was shorter in HCC patients 

retreated after a TACE failure than in those who 
switched to sorafenib [19]. Moreover, it has been 
well established that OS was better in patients 
who had <2 unsuccessful TACE procedures than 
in patients who had three or more TACE sessions 
before sorafenib [20].

To date with the emergence of regorafenib and 
new systemic therapies, the balance between the 
risks and the benefits of retreatment with TACE 
should be reconsidered [21].

10.4	� Standardized TACE Vs. TACE 
on Demand

Currently, none of the scoring systems have been 
validated prospectively, and the timing and the 
maximum number of TACE sessions is still under 
debate.

Therefore, the maximum number of TACE 
sessions to be performed should be defined by a 
multidisciplinary tumor board, according to the 
distribution of the disease (monolobar/bilobar), 
the response of the target lesions at first TACE, 
and individual tolerance to the treatment.

As a consequence, TACE should not be 
repeated when complete necrosis is not achieved 
or when there is radiological evidence of progres-
sion or liver function impairment, worsening of 
PS, or the appearance of PVTT or extrahepatic 
metastases [22–24].

Transarterial chemoembolization should be 
repeated when imaging documents a viable 
tumor/partial response (PR).

There is no real consensus regarding the fre-
quency of TACE and the interval between two 
TACE sessions.

A consensus of experts has proposed on-
demand repetition rather than a scheduled proto-
col [25].

A. Cappelli et al.
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Fig. 10.1  Treatment algorithm for patients undergoing 
TACE (modified from Bolondi 2013 [26]). Abbreviations: 
cTACE conventional transarterial chemoembolization, 
DEB-TACE drug-eluting bead transarterial chemoemboli-

zation, MRI magnetic resonance imaging, CT computed 
tomography, CR complete response, PR partial response, 
SD stable disease, PD progressive disease

The treatment algorithm proposed by Bolondi 
et  al. is still applied for patients undergoing 
TACE [26] (Fig. 10.1).

In conclusion, TACE is currently not only 
used for BCLC-B HCC patients; its use has been 
widely expanded.

Small HCCs, including hypovascular tumors, 
can replace surgical resection and radiofrequency 
ablation (RFA) in selected patients with BCLC 
0-A as recently stated by the eUpdated European 
Society of Medical Oncology (ESMO) [27].

Moreover, in BCLC-C HCC patients with pre-
served hepatic function, the sequential therapy of 
an antiangiogenic and TACE is a promising treat-
ment strategy [28].

However, it is important to keep in mind that 
TACE is not simple local chemotherapy; its out-
come is strongly dependent on TACE techniques. 
The ultraselective procedure, with the aid of 
TACE guidance software, a small-sized micro-
catheter system and proper timing for retreat-
ment, significantly affects the prognosis of 

patients having double disease, HCC, and under-
lying liver cirrhosis.
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11Drugs for TACE of HCC

Boris Guiu

11.1	� Drug Choice

In a 2019 worldwide survey on TACE of HCC, 
doxorubicin appeared as the most popular drug 
(71.7% of responders) especially in Europe, 
North America, and Korea, whereas pirarubicin 
was the most commonly used in China and epiru-
bicin in Japan [1]. Beyond these trends, most 
available chemotherapeutic agents have been or 
are used for HCC TACE, either alone or in com-
bination. Of note, most of these drugs are not 
approved by health authorities for TACE of HCC.

11.1.1	� Doxorubicin in HCC: Widely 
Adopted despite Outdated 
and Never-Reproduced Data

The first way to select the optimal drug for HCC 
TACE is to use a drug that has shown significant 
clinical efficacy through intravenous administra-
tion. If this drug has a high hepatic extraction 
ratio, this may be a good candidate for TACE.

Data in favor of doxorubicin in HCC come 
from only two (very old) studies: The first one 
was a single-arm phase II study conducted in 
1975 [2] where 14 HCC patients were treated by 
IV doxorubicin. A tumor response was docu-

mented in 11/14 patients, among whom three 
presented complete response. Importantly, only 
ultrasonography was available for evaluating 
tumor response at that time. The second one was 
a case-series published in 1978 that reported 32% 
of clinical response after treatment by 60 mg/m2 
doxorubicin. Of note, the promising results 
reported in these studies from the 1970s have 
never been reproduced so far. Only one random-
ized trial showed a benefit for systemic doxorubi-
cin (over nolatrexed) [3], whereas all the others 
were negative [4–6]. In a very recent randomized 
phase III trial, Abou-Alfa and colleagues 
acknowledged that doxorubicin does not have a 
role as a systemic therapy for patients with 
advanced HCC [7], in keeping with clinical 
results observed in HCC over the past 40 years. 
Nowhere is doxorubicin used as a systemic treat-
ment for HCC.

Despite poor rationale for doxorubicin, the 
randomized trial published by Llovet et al. in the 
Lancet in 2002 [8] demonstrated that TACE (with 
doxorubicin) improved survival compared to best 
supportive care. Of note, randomization in this 
study was performed between three groups 
(TACE, best supportive care, and embolization 
alone). Unfortunately, the trial was stopped pre-
maturely because TACE was proved superior to 
BSC, thereby preventing any comparison 
between TACE (with doxorubicin) and emboliza-
tion. In the same year, Lo et al. [9] also reported 
a survival benefit with TACE but using cisplatin 
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(not doxorubicin). Based on these two random-
ized trials, TACE was recommended as the first-
line treatment for BCLC B HCC patients. The 
widespread adoption of doxorubicin for TACE 
certainly came up from its good safety profile 
(although no phase I had ever been conducted), 
low cost, positive results (over BSC) in the study 
by Llovet et al., and promising data from initial 
studies despite previously mentioned strong 
limitations.

A randomized phase II trial (again published 
by the group of Abou-Alfa) published in the 
Journal of Clinical Oncology in 2016 has 
reopened the debate by showing no difference in 
terms of response and survival between 
doxorubicin-eluting bead TACE and bland embo-
lization [10]. This led the authors to conclude that 
“these results challenge the use of doxorubicin-
eluting beads for chemoembolization of HCC.” 
In this study, the same embolic was injected in 
both arms and only the use of doxorubicin dif-
fered. The efficacy of doxorubicin was therefore 
seriously called into question.

In 2013, a randomized trial has been 
reported in 365 patients and showed that a tri-
ple-drug (lobaplatin, epirubicin, and mitomy-
cin C) TACE regimen was associated with OS 
benefit compared to single-drug (epirubicin) 
TACE [11]. Additionally, this trial highlighted 
that triple-drug chemolipiodolization (i.e., 
transarterial injection of a chemotherapeutic 
agent emulsified with lipiodol without any 
embolizing agent) provided similar results as 
compared to triple-drug TACE, thereby sug-
gesting that embolization is not mandatory to 
efficiently treat HCC intra-arterially. Likewise, 
three additional randomized trials failed to 
show any survival differences between chemo-
lipiodolization and TACE in unresectable 
HCC patients [12–14]. Therefore, the mecha-
nisms by which TACE improves patient sur-
vival remains to be clarified, and one should 
avoid any dogmatism regarding the relative 
contribution of the drug(s) and the embolizing 
agent(s) with regard to the antitumor efficacy.

11.1.2	� Building the Rationale 
of a Drug for HCC TACE: 
The Example of Idarubicin

The absence of robust data on drug efficacy in 
HCC led to conduct a cytotoxicity study in 2011 
to screen 11 drugs against three HCC cell lines 
[15] with the aim to select the most efficient for 
further clinical studies. It is well known that 
TACE procedure varies widely across centers and 
interventional radiologists, especially regarding 
chemotherapeutic drugs, doses, drug-releasing 
platforms, and embolizing agents [16, 17]. By 
directly testing drugs on HCC cells, the own effi-
cacy of the drug was actually captured without 
any confounder. The in  vitro screening study 
demonstrated that the anthracycline idarubicin 
was the most cytotoxic drug, far more than the 
other agents, including doxorubicin [15]. The 
greater cytotoxicity of idarubicin on HCC cells 
had two main explanations: its highly lipophilic 
nature resulting in an increased penetration of the 
drug through the lipophilic double layer of tumor 
cells [18, 19] and its ability to overcome the mul-
tidrug resistance system [20]—able to pump the 
drugs out of tumor cells—typically observed in 
HCC [21].

Excellent safety profile and promising clini-
cal efficacy of idarubicin-loaded beads have 
been reported in phase I and II studies when 
using 10 mg of idarubicin [22, 23]. Due to the 
low lipophilicity of doxorubicin, doxorubicin-
lipiodol emulsions are very unstable [19, 24], 
thus explaining the fast systemic diffusion of 
doxorubicin and the absence of pharmacoki-
netic (PK) advantage of doxorubicin-lipiodol 
over IA doxorubicin [25, 26]. Indeed, PK stud-
ies revealed no differences in terms of maximal 
concentration (Cmax) of doxorubicin in plasma 
whether it was injected intravenously or intra-
arterially, with or without lipiodol [25, 26]. By 
contrast, and owing to the higher lipophilicity of 
idarubicin vs. doxorubicin, idarubicin-lipiodol 
emulsion is extremely stable [19]. Therefore, 
idarubicin can take advantage of the tumor vec-
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torization property of lipiodol [27] with a favor-
able PK profile [15, 19]. Safety profile and first 
data on clinical efficacy of cTACE using idaru-
bicin were then published [28].

Based on its high cytotoxicity on HCC cells 
[15], high hepatic extraction ratio (40% of the 
injected dose distributed in the liver), and high 
lipophilicity leading to stable emulsions with 
lipiodol [19], the concept of chemolipiodoliza-
tion was revisited through the conduction of the 
LIDA-B dose-escalation phase I [29]. It was 
hypothesized that idarubicin mixed with lipi-
odol could be administered in an “oncological” 
regimen, meaning every 2–3 weeks, to limit the 
tumor repopulation phenomenon that occurs 
between TACE sessions. Indeed, embolization 
that is basically part of TACE mandates the 
administration of TACE sessions every 
4–8 weeks to maintain acceptable tolerance for 
the patient. With idarubicin, chemolipiodoliza-
tion could therefore be both effective and safe as 
compared to TACE, given the absence of embo-
lization [29]. The LIDA-B phase I trial reported 
a maximum tolerated dose of idarubicin reach-
ing 20 mg, an objective response rate of 29%, 
and an encouraging survival data. The LIDA-B 
II multicenter phase II trial is currently ongoing 
in France in order to explore whether idarubi-
cin-lipiodol can provide tumor control and keep 
TACE as a second-line treatment in case of 
tumor progression.

To sum up, strong rationale, very good safety 
profile, and promising clinical efficacy have been 
reported for idarubicin in cTACE [28], DEM-
TACE [23], and chemolipiodolization [29]. 
However, no prospective randomized data are 
available so far and are very unlikely to become 
available in the future for at least three reasons: 
The first one is the high difficulty to choose a 
validated standard regimen, doxorubicin being 
the most logical but at the same time the poorest 
in terms of rationale; the second is the need to 
include ≈1000 patients to draw realistic statisti-
cal hypotheses regarding a phase III trial compar-
ing drugs; the last relates on the large funding 
necessary to conduct such trial in a context where 
idarubicin, like doxorubicin, and most chemo-
therapeutic agents are genericized.

11.2	� Drug Dose

The drug dose is also strongly heterogeneous 
among centers and radiologists. Drug dosage can 
be determined by a fixed dose, or based on body 
surface area (BSA), tumor size, body weight, or 
bilirubin level [1, 16]. By comparison in oncol-
ogy, all chemotherapeutic agents (except carbo-
platin) are administered using a dosage calculated 
on BSA. One reason for that relies on toxicity: 
Cardiotoxicity of anthracyclines (doxorubicin, 
epirubicin, idarubicin) is cumulative and 
observed above a certain threshold, for example, 
450 mg/m2 for doxorubicin. It means that a typi-
cal patient of 1.6  m2 and 60  kg has a 1.6  m2 
BSA. Four sessions of 150 mg doxorubicin TACE 
can be performed safely with regard to cardiac 
toxicity, but not more.

In oncology, the widely accepted way to deter-
mine the optimal dose is to conduct dose-escalation 
phase I trials. With DEM-TACE, maximum toler-
ated dose for idarubicin was 10 mg whereas it was 
20 mg with idarubicin lipiodolization. With doxo-
rubicin DEM-TACE, no dose-limiting toxicity 
was reported in a dose-escalation phase I testing 
25–150 mg of doxorubicin [30], explaining why 
150 mg was recommended for further trials (nota-
bly PRECISION V). Such data are not available 
with doxorubicin cTACE.  Whatever the empiric 
choice of drug dose for anthracyclines, it can be 
recommended to keep cumulative dose below the 
cardiac toxicity threshold and to pay specific atten-
tion to patients who may have been treated by 
anthracyclines in the past (typically in breast can-
cer patients where epirubicin is the most frequently 
used anthracycline) or who present any heart dis-
ease or failure.

11.3	� TACE and Systemic Drugs

11.3.1	� TACE Combined with Tyrosine 
Kinase Inhibitors 
and Antiangiogenics

Owing to its embolizing effect, TACE favors the 
release of pro-angiogenic factors (such as VEGF) 
that, in turn, may cause tumor progression. Post-
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TACE serum VEGF levels have been associated 
to both response and survival, and higher VEGF 
levels correlated with poorer response and sur-
vival [31]. This led to conduct several phase III 
RCTs to assess the benefit of adding tyrosine 
kinase inhibitors (TKI) with antiangiogenic 
effects or antiangiogenic molecules to TACE 
(either conventional or using drug-eluting 
microspheres).

Sorafenib has been validated as the first sys-
temic treatment of HCC in 2007. Three RCTs 
have been conducted with sorafenib in addition 
to TACE: the SPACE and TACE 2 trials both 
compared sorafenib with DEM-TACE vs. pla-
cebo with DEM-TACE, respectively, in 307 and 
313 patients (primary endpoints: time-to-
progression and progression-free survival, 
respectively). The TACTICS trial compared 
TACE alone to sorafenib-TACE-sorafenib (inter-
ruption for 2  days before and after TACE) 
(n = 228; primary endpoint: progression-free sur-
vival). The BRISK-TA trial evaluated brivanib 
after TACE vs. placebo after TACE (n  =  502; 
main endpoint: overall survival), and the 
ORIENTAL trial compared orantinib with TACE 
vs. placebo with TACE (n = 889; main endpoint: 
overall survival) [32]. Despite the high number of 
patients included in these trials, all of them were 
negative except the TACTICS trial [33], showing 
a benefit in PFS (25.2 vs. 13.5 months; p = 0.006).

11.3.2	� TACE Combined With or 
Against Immune-Checkpoint 
Inhibitors

The combination of immunotherapy (atezoli-
zumab) and anti-VEGF (bevacizumab) has 
become the new standard for the first-line treat-
ment of advanced HCC [34]. Many RCTs involv-
ing immune-checkpoint inhibitors (ICIs) 
combined with TKI or antiangiogenics are ongo-
ing in the field of HCC. By inducing tumor cell 
death, TACE may trigger anticancer immune 
response, explaining that several trials are explor-
ing potential synergies between TACE and 
immunotherapies. Different associations are 
tested in RCTs: TACE +/− durvalumab +/− bev-

acizumab (EMERALD-1 trial), TACE +/− (pem-
brolizumab + lenvatinib) (LEAP-012), TACE 
+/− (atezolizumab + bevacizumab) (ML42612), 
and TACE +/− (nivolumab + ipilimumab) 
(CHECKMATE-74 W) [32].

The ≈30% objective response rate (upon 
mRECIST) obtained by atezolizumab + bevaci-
zumab, as well as several other combinations of 
ICIs + TKI/antiangiogenics, tends to reach the 
objective response rate of TACE itself. This 
explains why two RCTs are starting not in com-
bination with TACE but against TACE: TACE vs. 
atezolizumab + bevacizumab (ABC-HCC trial) 
and TACE vs. nivolumab + regorafenib 
(RENOTACE trial).

The results of all these RCTs are pending and 
might define new standards in the future.
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12Combined Therapy (TACE 
and Percutaneous Treatment)

Roberto Iezzi, Andrea Contegiacomo, 
Alessandro Tanzilli, and Alessandro Posa

12.1	� Introduction

The continuous research in locoregional curative 
therapies, designed to reduce the number of 
oncologic patients undergoing palliative treat-
ments, is getting more and more results. One of 
the most interesting among these is the combina-
tion of percutaneous and intra-arterial treatments 
for primary and secondary liver neoplasms.

Both these locoregional liver therapies are 
well known for their advantages, but also come 

with some limitations when administered alone. 
In fact, ablative treatments achieve high complete 
response rates but only in cases of single (or few) 
neoplastic lesions under 3 cm, classified as early-
stage according to the Barcelona Clinic Liver 
Cancer (BCLC) staging system (BCLC-A).

On the other side, treatments of choice for 
patients in the intermediate stage (BCLC-B) are 
intra-arterial therapies, performed with a super-
selective or selective/lobar approach treating 
more lesions at a time but with a lower complete 
response and higher recurrence rates, substan-
tially deeming it as palliative treatment [1–5].

In the last decade, the multimodal approach 
combining ablative and intra-arterial treatments 
has gradually proven its effectiveness in granting 
high complete response rates and low recurrence 
rates, mostly in the treatment of hepatocellular 
carcinoma (HCC), increasing the number of 
patients amenable for curative treatment, espe-
cially for those who have a large neoplastic lesion 
(exceeding 3 cm in size) or multifocal lesions not 
amenable for surgical resection, and reducing the 
indication to palliative therapies [6–8].

12.2	� Rationale

Combination of percutaneous tumor ablation and 
transarterial chemoembolization (TACE) repre-
sents a promising strategy to increase the number 
of patients amenable for curative treatment, espe-
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cially for those who have a large neoplastic lesion 
(exceeding 3 cm in size) or multifocal lesions not 
amenable for surgical resection, thus reducing 
the indication for palliative therapies [9].

One of the greatest limitations of ablative 
treatments is the size of the lesion, related to 
low complete response rates for lesions larger 
than 3 cm; in addition, these treatments are not 
recommended for patients with multiple 
lesions, in which TACE is the most suitable 
approach [10].

The rationale behind combined therapies is to 
obtain an adequate tumor-free margin, increasing 
the volume of coagulation necrosis induced by 
ablative treatments by minimizing heat loss due 
to perilesional vessels through intra-arterial 
embolization procedures: TACE decreases the 
heat dispersion during ablation by reducing or 
occluding tumoral bloodstream and promoting 
tumor destruction by ischemic damage.

In the meantime, the thermal ablation, as well, 
could decrease the chemotherapy dose during 
TACE with less toxicity to the liver parenchyma 
while increasing drug delivery by inducing 
locoregional hyperemia. These two treatments 
combined can expand the treatment volume, 
granting better safety margins and longer 
progression-free survival [11, 12].

12.3	� Clinical Indications

Currently, there is no guideline giving standard-
ized indications for the use of combined treat-
ments, both for HCC and liver metastases. 
Therefore, indications to this kind of treatment 
must be evaluated by a multidisciplinary group 
on a per-patient basis: Accurate multidisciplinary 
evaluation of every patient (assessing liver func-
tion, performance status, procedural and anesthe-
siological risks, patient’s preference) is 
mandatory to provide the most accurate and per-
sonalized therapy; at the same time, tumor char-
acteristics (size, location, surrounding structures, 
etc.) play an important role in treatment choice. 
Combined treatments can expand the indications 
for lesions amenable for curative therapies offer-
ing a better disease control in case of candidate 

patients for palliative therapies only; this state-
ment is particularly true and has been thoroughly 
investigated in HCC patients.

12.3.1	� HCC

Treatment selection for HCC patients is currently 
based on the Barcelona Clinic Liver Cancer 
(BCLC) staging system and, more recently, on 
the ITALICA (ITAlian LIver CAncer) staging 
system. However, the treatment selection process 
can be complicated by the extreme variability of 
patients’ clinical status and tumor burden, requir-
ing a multidisciplinary approach and stimulating 
the application of innovative treatments, such as 
combined therapies, in order to get the best treat-
ment outcome.

The association between TACE and ablation 
showed improvements in the overall survival 
rates when compared to ablation alone, in patients 
with a single HCC lesion larger than 3 cm, with-
out increasing the complications rate [13].

In addition, combined therapies proved to 
have good overall survival compared to surgical 
resection and can be considered in early HCCs 
when surgical resection is contraindicated or 
refuted [11, 14–16].

On the other hand, in intermediate-stage HCC 
patients, combined treatments can help obtain a 
better overall survival, quality of life, and treat-
ment efficacy than TACE alone due to their com-
plementary effect in reducing perilesional 
satellitosis and obtaining a better necrotic vol-
ume that can lead to a reduction in the number of 
treatment sessions, without affecting liver func-
tion [15, 17–19].

A great advantage of combined treatments is 
the opportunity to treat complex lesions and com-
plex patients: It could make possible the complete 
and safe treatment of lesions in which ablation 
alone is not advised, such as lesions adjacent to 
extrahepatic structures like the diaphragm, the 
bowel loops, or the hilar region in which the risk 
of thermal damage is significant [20]; in these 
cases, ablation can be performed in the lesion’s 
portion distant from these structures, whereas 
TACE is administered in the peripheral portion. 
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This approach can also help treat patients with a 
high risk of bleeding, as post-ablation TACE can 
treat ablation-induced bleeding [21–27].

12.3.2	� Intrahepatic Cholangiocellular 
Carcinoma

Intrahepatic cholangiocarcinoma (ICC) is the 
second most common primary liver cancer, 
accounting for 5–10% of liver malignancies [28]. 
In the last few years, image-guided thermal abla-
tion has been used for the treatment of advanced 
ICC with encouraging results [29–31].

A recent retrospective study on 36 lesions (24 
patients) underlined that the combined treatment 
(ablation plus simultaneous TACE) for unresect-
able ICC had better results in terms of overall 
survival when compared to ablation or TACE 
alone. A conventional TACE (c-TACE) protocol 
was carried out using oxaliplatin and gem-
citabine. US-guided percutaneous MWA was 
performed with a maximum power of 100 W for 
8–10 minutes under local or general anesthesia. 
For tumors smaller than 3 cm, a single ablation 
was performed, while for lesions exceeding 3 cm, 
multiple ablations were done [32].

12.3.3	� Liver Metastases from 
Colorectal Cancer (mCRC)

At the time of diagnosis, only a small percentage 
of patients with liver metastases are suitable for 
surgical resection. In this setting, locoregional 
treatments could represent a great help, and com-
bined treatment’s aim is to reduce the tumor bur-
den. These treatments can achieve positive 
results, especially in unresectable oligometastatic 
liver-only tumors.

Colorectal cancer is the third cause of cancer 
death worldwide. Half of these patients develop 
liver metastases during the disease [33]. TACE is 
a potential adjuvant therapy for unresectable 
colorectal liver metastases (CRLM), delivering a 
high dose of chemo agents directly into the liver 
and causing lesions, ischemia, and necrosis [34]. 
Moreover, MWA and RFA have shown promis-

ing results as an alternative treatment in unresect-
able patients with oligometastatic disease [35].

A recent retrospective study on simultaneous 
combined treatment (TACE + ablation) in 30 
patients with unresectable CRLM (with bilobar 
disease or nontechnically resectable metastases) 
showed promising results: The authors performed 
US-guided MWA with a single ablation for 
metastases less than 3 cm in diameter, while mul-
tiple ablations for larger lesions or for multiple 
metastases were performed. Post-procedural 
angiography was employed to evaluate the abla-
tive results, and the treatment was completed 
with selective or superselective chemoemboliza-
tion using a mixture of chemotherapeutic agents 
(oxaliplatin, epirubicin, and ethiodized oil). This 
study demonstrated that the combination of 
TACE + MWA was safe and tolerable, and could 
be considered as an alternative treatment option 
for unresectable CRLM, even though further 
studies are needed to establish the efficacy of the 
combined treatment [36].

12.3.4	� Liver Metastases 
from Neuroendocrine Tumors 
(NET)

Neuroendocrine tumors (NET) are rare neo-
plasms that have most of the times an indolent 
natural history, with a better survival when com-
pared to adenocarcinomas arising from the same 
organs [37].

However, neuroendocrine liver metastases can 
lead to incapacitating symptoms and could 
reduce long-term survival [38, 39]. Treatment of 
neuroendocrine liver metastases is an effective 
way to treat metastasis-related symptoms like 
pain, hematochezia, diarrhea, flush, jaundice, 
vomiting, and fever. Hepatic ablation and liver-
directed intra-arterial therapies are possible alter-
natives to adjuvant locoregional intervention 
[40]. Ablation as well as transarterial chemoem-
bolization showed to be safe and lead to signifi-
cant symptom control for patients with metastatic 
G3 NETs [41, 42].

A retrospective study of 60 patients with NET 
liver metastases, published in 2005, analyzes the 
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different outcomes of combined treatment of 
TACE plus surgical resection or cryoablation ver-
sus medical treatment or resection/cryoablation 
alone. TACE was performed using cisplatin, 
Adriamycin, and mitomycin C.  Medical treat-
ment involved chemotherapy and external-beam 
radiation or somatostatin analogs (octreotide and 
lanreotide). The combination of surgery, abla-
tion, and chemoembolization of hepatic metasta-
ses resulted in better symptom control and 
improved survival; however, patients with liver 
involvement greater than 50% did not benefit 
from this approach [43].

12.4	� Technical Aspects

12.4.1	� Pre-Procedural Evaluation

Personalized planning and multidisciplinary 
evaluation of each patient, of his/her medical his-
tory and comorbidities, as well as of each target 
lesion, is mandatory to obtain the best therapeutic 
results.

All patients should be thoroughly investi-
gated with a contrast-enhanced computed 
tomography (CT) or a magnetic resonance 
imaging (MRI) examination to assess the liver 
lesion burden (number, size, and location) and 
to evaluate liver vascular anatomy and pathol-
ogy (arterial anatomical variants or the presence 
of arterial-portal fistulae or portal vein thrombo-
sis (PVT).

Pre-procedural ultrasound (US) evaluation of 
the liver is mandatory, to assess correct visualiza-
tion of the lesion(s) that will be subject to treat-
ment, as well as to plan the best route for 
percutaneous approach (patient’s decubitus, 
intercostal or sub-costal approach, degree of 
patient’s inspiration); if the lesion is not correctly 
visible at the US examination, CT or cone-beam 
CT (CBCT) approaches can be used.

The assessment of liver function through labo-
ratory tests (levels of aminotransferase, alkaline 
phosphatase, lactate dehydrogenase, total and 
direct bilirubin), as well as platelets count and 
coagulation parameters (prothrombin time, inter-

national normalized ratio (INR), fibrinogen), are 
also of great importance for the treatment 
planning.

12.4.1.1	� Indications 
and Contraindications

Although there are still no official guidelines on 
combined treatments, their indications and con-
traindications intuitively go beyond the ones of 
ablative and intra-arterial therapies when consid-
ered alone. In particular, this kind of treatment is 
suitable for patients with a preserved liver func-
tion but large tumor burden (single target lesion 
larger than 3 cm in size or one large lesion and 
multiple small nodules), which are not suitable 
for transplant or surgical resection (due to age, 
anesthesiological risk, or patient’s refusal).

Combined treatments have the same contrain-
dication as TACE (patients with Child-Pugh class 
C or portal vein thrombosis) and ablative treat-
ments (low platelet count, altered coagulative sta-
tus); however, when dealing with patients with a 
high risk of bleeding, a particular combination of 
these treatments can be used to minimize the risk, 
as will be explained in the next sections.

12.4.1.2	� Pre-Procedural Setup
All combined treatment procedures should be 
performed in an angiographic suite organized 
like a surgical theater, with continuous patient 
vital signs monitoring with pulse oximeter, heart 
monitor, and blood pressure cuff.

Anesthesiological assistance for pain manage-
ment is mandatory, in particular during the abla-
tion phase.

In general, the procedures can be performed 
safely during conscious sedation, even though 
authors in some centers prefer to perform them 
during general anesthesia.

Preoperative antibiotic administration is not 
mandatory but is greatly advised, particularly in 
patients with previous Oddi’s sphincterotomy or 
biliary drainage [44, 45].

In case of liver metastases from neuroendo-
crine tumors (NET), patients should be premedi-
cated with somatostatin analogues to reduce the 
metabolic upheaval induced by the embolization.
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12.4.2	� Techniques and Procedural 
Variations

The two main matters of debate when dealing 
with combined treatments are (1) the timing 
interval, which puts, in contrast, the historical 
sequential (two-step) approach versus the newly 
emerged single-step approach, and (2) the combi-
nation strategy, which juxtapose TACE before 
ablation versus ablation before TACE. Both these 
approaches and strategies have their advantages 
and limitations:

•	 Sequential two-step approach is based on per-
forming TACE and ablation separately (from 
1 day to even 30 days), following the idea that 
the liver needs to regenerate between the two 
treatments to avoid organ failure.

•	 The single-step approach includes performing 
both TACE and ablation (in whatever order) in 
the same procedure, usually with a time inter-
val of a few minutes between one procedure 
and the other. This approach benefits from the 
use of US-guided ablation, which can be per-
formed right in the angiographic suite. The 
main advantage of this approach is repre-
sented by the reduction of procedural time 
(when compared to the time needed to per-
form the two separate procedures of ablation 
and TACE) and costs, as well as granting a 
safe angiographic control over the ablation 
procedure (for assessing and treating bleeding 
complications promptly).

•	 TACE before ablation approach is based on 
the rationale of the reduction of the blood flow 
in the target lesion through the TACE, which 
can lead to less heat-sink effect and a better 
and larger ablation zone. The drawback can be 
represented by the risk of denaturation of the 
chemotherapeutic agent when exposed to the 
high ablative temperatures; in addition, prior 
TACE can result in altered US visualization of 
the target lesion due to the uptake of iodized 
oil or contrast media and the chemotherapeu-
tic agent.

•	 Ablation before TACE approach consists of 
the rationale that, given the center of the lesion 
already targeted by the ablation, TACE will be 

more effective on the peripheral area of sub-
lethal heating, which will be hyperemic and 
therefore can take on more chemotherapeutic 
agent, increasing the safety margin.

A step-by-step description of the single-step 
technique with ablation before TACE is reported 
below; it is worth remembering, however, that the 
single parts in which the following procedure is 
split into can be combined and timed at the oper-
ator’s will and discretion, in order to obtain the 
best-personalized treatment for every single 
patient.

12.4.2.1	� Single-Step Ablation 
Before TACE

	1.	 Arterial access is obtained through a right 
common femoral artery or a radial access.

	2.	 Selective left and right hepatic arteriograms 
and superselective catheterizations of the 
feeding vessels are performed with a coaxial 
technique through a microcatheter, injecting 
4–8  mL of contrast agent at a flow rate of 
2–3 mL/s to identify the tumoral feeding ves-
sels. Microcatheters can be helpful to limit 
nontarget embolization to the surrounding 
normal liver parenchyma and to avoid spasms 
and ensure antegrade flow for safe delivery of 
embolic materials when injected through 
1–5 mL Luer-lock syringes.

	3.	 US-guided ablation of the target lesion is per-
formed under conscious or deep sedation and 
local anesthesia; some authors prefer the use 
of general anesthesia. Power, duration, and 
number or ablation cycles depend on the tech-
nology adopted (RFA, MWA, cryoablation) 
and on the dimension and the histology of the 
lesion, according to the single vendor’s 
ex vivo ablation charts.

	4.	 Post-ablation superselective angiography is 
performed to evaluate the hypervascular area 
generated by the ablation electrodes and to 
assess the presence of bleeding.

	5.	 Superselective TACE can be performed using 
an emulsion of chemotherapeutic agent and 
iodized oil (“conventional TACE,” c-TACE), 
or using drug-eluting beads (DEB-TACE) 
preloaded with the chemotherapeutic drug.

12  Combined Therapy (TACE and Percutaneous Treatment)



100

	6.	 The presence of extrahepatic feeders should 
be investigated in case of previously treated 
subcapsular neoplasms or cases of persistent 
neoplastic tissue with arterial feeding after 
treatment based on MDCT scan findings [46]. 
This examination helps avoid time-consuming 
catheterizations and the use of an excessive 
amount of contrast medium during the proce-
dure [47]..

	7.	 The vessels feeding the tumor must be all 
highlighted. A microcatheter could be used to 
select the branches feeding the tumor.

	8.	 The aim of TACE is to obtain a stasis or near-
stasis of the arterial flow in the feeding vessel, 
to increase the drug delivery in the target 
lesion. It is important to always assess the 
presence of reflux of chemotherapeutic drugs 
in nontarget vessels, which must be carefully 
avoided.

	9.	 Post-procedural angiograms must be per-
formed to evaluate the target lesion.

Intra- and Post-Procedural Care
Intraprocedural medications, including painkill-
ers, antibiotic prophylaxis, intra-arterial lido-
caine, corticosteroids, and proton pump 
inhibitors, are administered according to the phy-
sician’s discretion. Some authors suggest obtain-
ing pain control by narcotic administration via a 
patient-controlled analgesia pump. Antiemetic 
medication with the addition of promethazine 
and/or prochlorperazine, based on patient sensi-
tivity, can be implemented if necessary and 
should be continued as long as needed. Post-
procedural administration of antibiotics for 
7–14 days is recommended by many authors to 
avoid liver colonization by enteric pathogens, 
particularly in patients with previous sphincter-
otomy and/or biliary drainage/stent [44, 48].

Imaging Follow-Up
Follow-up imaging should be conducted at 
4–6 weeks after the treatment session. In case of 
lesions involving both hepatic lobes and requir-
ing alternate bilobar treatment, imaging between 
treatment sessions may be avoided, based on the 
operator preference and/or the multidisciplinary 
decision.

Tumor response could be assessed according 
to EASL or Response Evaluation Criteria in Solid 
Tumors (RECIST) criteria using MRI or CT 
examinations performed at baseline and 1, 3, and 
6 months after combined treatment, and annually 
thereafter. However, interpretation of tumor 
response based only on dimensions presents sev-
eral limitations. For this reason, some variations 
in these criteria have been recently proposed 
(modified RECIST criteria) based on pre- and 
post-procedural lesion enhancement rather than 
its overall dimensions [49].

Signs of treatment response include Lipiodol 
uptake and absence of arterial-phase enhance-
ment where it was present before c-TACE [50]. 
At MRI evaluation, the disappearance of arterial 
enhancement is the principal indicator of tumor 
necrosis [51]. Poor evidence regarding follow-up 
of hypovascular lesions is reported; however, an 
increase in the size of the target lesion, as well as 
enhancement in the portal-venous and delayed-
phase imaging, has been described as evidence of 
residual/recurrent tumor [52, 53].

The emergence of one or more new lesions is 
considered evidence of progression in the over-
all patient response assessment regardless of 
the response obtained in target lesions. When a 
new or residual disease is detected, patients 
must be reevaluated in a multidisciplinary set-
ting to reassess liver function and comorbidities 
and to identify the possibility of further treat-
ment [53].

Complications of combined treatments sum 
up to those of every ablative or intra-arterial che-
moembolization procedure. These can be divided 
into major and minor complications, immediate, 
periprocedural (occurring up to 30 days after the 
procedure), and long-term complications, based 
on their timing. Among major complications, 
there are liver abscess formation, biloma, nontar-
get embolization with acute cholecystitis, pan-
creatitis, or gastrointestinal ulceration, main 
vessel injury/dissection or pseudoaneurysm for-
mation, spontaneous bacterial peritonitis, and 
tumor rupture [44, 54, 55]. Periprocedural and 
long-term complications are usually due to isch-
emic and metabolic liver impairment, such as 
biliary necrosis and liver failure [56].

R. Iezzi et al.



101

Post-embolization syndrome (right upper 
quadrant pain, fever, increased white blood cell 
count, nausea, or vomiting) is common after 
TACE, particularly when dealing with colorectal 
liver metastasis treated with irinotecan, and—if 
self-limited—is usually not considered as a com-
plication [54].

Future Perspectives/Procedural Variations
Improvements in techniques and materials can 
lead to future variations of the abovementioned 
“standard” technique of combined therapies, to 
obtain accurate ablation as well as precise and 
prompt delivery of the chemotherapeutic drug, 
with subsequent better treatment responses and 
less radiation dose both for operators and patients:

	1.	 Cone-beam CT (CBCT) is lately emerging as 
a useful tool to accurately identify target 
lesions for TACE that are not visible at stan-
dard angiography or in the case of hypovascu-
lar lesions before TACE [57]. In addition, 
intraprocedural CBCT can be useful for the 
evaluation of treatment outcomes and the 
identification of possible nontarget emboliza-
tion after TACE treatment [58].

	2.	 A microcatheter with a micro-balloon on its 
tip can be used to distally occlude the feed-
ing vessel, to drop the arterial stump pres-
sure, and to grant a better embolization of the 
target lesion with less nontarget emboliza-
tion, improved cancer nodule control, and 
enhanced procedural effects. Ablation can be 
performed with prior balloon occlusion of 
the feeding artery, to reduce the blood flow, 
limit the heat-sink effect, and increase the 
ablation volume [59].

	3.	 Ablation procedures can also be performed 
under biplane fluoroscopy guidance or cone-
beam CT guidance [49]. Fusion imaging can 
also be of great help in identifying hypovascu-
lar or isoechoic liver lesions, merging ultra-
sound images with pre-procedural CT, MRI, 
or PET-CT images [60, 61].

	4.	 MRI-guided ablation represents one of the 
new frontiers in  locoregional treatments, 
granting high accuracy and ablation control 

even for lesions that are not easily seen on US 
examination.

	5.	 Intra-arterial chemoembolization can be sub-
stituted by intravenous systemic lyso-
thermosensitive liposomal (LTL) 
chemotherapy: The circulating liposomal 
particles containing doxorubicin are 
destroyed by the RFA-induced target heat-
ing, determining a high drug concentration 
[62, 63].

	6.	 Immunotherapy, represented by antibodies 
directed against tumoral neoantigens, is a 
promising treatment for advanced HCC and 
oligometastatic tumors; in this setting, locore-
gional liver treatments could improve neoan-
tigens presentation and lead to a better 
immune response against the neoplasm; how-
ever, further studies are essential to confirm 
the effectiveness of this treatment and the best 
therapeutic modality [64–66].

12.5	� Conclusions

Locoregional therapies are becoming increas-
ingly helpful to treat unresectable primary and 
secondary liver lesions and, among these, com-
bined treatments showed better efficacy and 
overall survival rates when compared to ablation 
or TACE alone, particularly in large lesions 
(greater than 3 cm), as well as in complex patients 
and complex lesions.
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Abbreviations

AFP	 Alpha-fetoprotein
CTLA-4	 Cytotoxic T lymphocyte-associated 

protein 4
HAIAT	 Hypoxia-activated intra-arterial 

therapy
HAL	 Hepatic arterial ligation
HAPs	 Hypoxia-activated prodrugs
HCC	 Hepatocellular carcinoma
HIF-1α	 Hypoxia-inducible factor-1α
HMGB1	 High-mobility group box 1
PD-1	 Programmed cell death 1 receptor
PD-L1	 Programmed cell death 1 ligand

PFS	 Progression-free survival
RAGE	 Receptor of advanced glycation end 

products
TAAs	 Tumor-associated antigens
TACE	 Transarterial chemoembolization
Th17	 Type 17 helper T cells
Tregs	 Regulatory T cells
TTP	 Time to progression
VEGF	 Vascular endothelial growth factor

13.1	� Introduction

Transarterial chemoembolization (TACE) is 
commonly used to treat patients with liver can-
cer, in particular hepatocellular carcinoma (HCC) 
[1–4]. TACE achieves cancer cell death as a result 
of combined locoregional delivery of high doses 
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Learning Objectives
•	 To understand the mechanistic advan-

tages and rationale of TACE to be com-
bined with systemic therapies.

•	 To understand how TACE-induced 
hypoxia may lead to detrimental effects.

•	 To learn the potential immunogenic 
effects of TACE.

•	 To learn new combinatorial approaches 
of TACE with systemic therapies.

© The Author(s), under exclusive license to Springer Nature Switzerland AG 2023 
P. Lucatelli (ed.), Transarterial Chemoembolization (TACE), 
https://doi.org/10.1007/978-3-031-36261-3_13

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-031-36261-3_13&domain=pdf
mailto:rafael.duran@chuv.ch
https://doi.org/10.1007/978-3-031-36261-3_13


108

of chemotherapy and tumor ischemia. The stan-
dard treatment consists of cytotoxic drugs such as 
doxorubicin, idarubicin, or cisplatin, although no 
molecule has clearly demonstrated to be superior 
to another. Consequently, there is no standard-
ized and widely accepted treatment regimen, 
although doxorubicin is the most frequently 
administered agent [5, 6]. TACE achieves higher 
drug concentration to tumors than systemic che-
motherapy with significantly reduced systemic 
toxicity [7]. The embolization is a crucial 
component of TACE that prevents the washout of 
the administered payload, and induces tumor 
death and improves survival [8].

Despite technical improvements and advances 
in imaging guidance and tumor targeting, long-
term survival of patients treated with TACE 
remains suboptimal, mainly due to residual/
recurrent tumor [9, 10]. One of the strategies to 
improve patients’ outcomes is to combine TACE 
with systemic therapies. Here we review the 
rationale for this combination treatment and pro-
vide an overview of clinical achievements in the 
field with a particular focus on patients with 
HCC.

13.2	� Rationale for Combination 
Therapies

13.2.1	� TACE, Tumor Hypoxia 
and Angiogenesis

The main anticancer effect of TACE is achieved 
by the embolization that generates acute tissue 
hypoxia at the targeted area. This TACE-induced 
acute hypoxia may occur in the setting of 
chronic tumor hypoxia, due to the poorly orga-
nized and uncontrolled cancer cell proliferation 
that surpasses the tumor blood, and therefore 
oxygen supply. If prolonged enough, TACE-
induced hypoxia induces tumoral (and peritu-
moral) cell death. However, this low-oxygen 
state generates a variety of genetic and adaptive 
biological responses that ultimately will allow 
residual cancer cells not only to survive but to 
do so oftentimes with a more aggressive cancer 
phenotype [11].

Among incriminated molecular events, 
hypoxia-inducible factor-1α (HIF-1α) plays a 
central role. Under hypoxic conditions, HIF-1α 
accumulates and induces the expression of 
numerous hypoxia-response genes [12]. One of 
the key molecules is vascular endothelial growth 
factor (VEGF) whose transcription is highly acti-
vated by HIF-1α. VEGF is a key proangiogenic 
growth factor that has been linked to tumor 
growth and proliferation. Pretreatment serum 
VEGF levels and increased circulating levels of 
VEGF following TACE demonstrated to corre-
late with tumor burden, poor treatment response, 
and patient survival [13–15]. TACE-increased 
VEGF expression was also observed at the tissue 
level in the residual surviving cancer cells [16]. 
In fact, complex and dynamic changes of multi-
ple proangiogenic factors happen following 
embolization-related hypoxia [17]. This provided 
the rationale to develop TACE with drug-eluting 
beads loaded with antiangiogenic drugs such as 
sunitinib and vandetanib with good anticancer 
efficacy in preclinical models of liver cancer [18, 
19]. A pilot study using vandetanib-eluting radi-
opaque beads in patients with liver cancer has 
completed its recruitment and results are expected 
soon (NCT03291379).

Thus, targeting molecular pathways of 
hypoxia and angiogenesis has been the focus of 
intense research. As a result, several drugs with 
antiangiogenic activity and hypoxia-targeted 
therapies have been developed [20, 21].

13.2.2	� TACE and Immune Response

TACE has the advantage (over surgery) to achieve 
tumor cell death in situ and targeted tumor could 
be used as an antigen reservoir. Thus, TACE may 
uncover tumor antigens that were previously hid-
den to the immune system allowing to generate 
antigen-specific T-cell responses. It is well estab-
lished that the type of cell death or cell injury has 
an impact on subsequent immune responses. 
Tumor necrosis generates immunogenic 
responses, although some contradicting studies 
suggest that apoptosis triggers strong antitumor 
immune responses [22–24]. Among drugs used 
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in TACE, anthracyclines, such as doxorubicin 
(but not cisplatin), can generate effective antitu-
mor immune responses and thus promote immu-
nogenic cell death [25, 26].

Preliminary data showed that TACE is able to 
generate inflammatory and immune responses, 
induce systemic cytokine level changes, and 
influence the T-cell repertoire.

Complex changes in systemic cytokine levels 
were observed early following TACE in HCC 
patients, suggesting that the production of these 
molecules by cancer cells and the immune sys-
tem may be influenced after therapy [27]. 
Moreover, the serum levels of high-mobility 
group box 1 (HMGB1), receptor of advanced 
glycation end products (RAGE) and DNase activ-
ity, which are known immunogenic cell death 
markers, were impacted early after TACE in 
HCC patients. In particular, RAGE levels were 
found to be predictive of therapy response [28]. 
TACE demonstrated the ability to unmask tumor-
associated antigens such as alpha-fetoprotein 
(AFP) and elicit AFP-specific CD4+ T-cell 
responses [29]. Similarly, specific T-cell 
responses to glypican-3, a cell-surface glycopro-
tein overexpressed in HCC tissues, were found in 
44% of HCC patients treated with TACE [30]. 
Furthermore, the detection of tumor-associated 
antigens (TAAs) by CD8+ cytotoxic T cells was 
increased following TACE when compared to 
treatment-naïve HCC patients [31]. Also, HCC 
patients treated with transarterial embolization 
showed an increased frequency of TAA-specific 
T cells following therapy. Importantly, novel rec-
ognition of TAAs by T cells was observed in 
some of these patients while these peptides were 
not recognized before treatment. Taken together, 
these results demonstrated the potential of locore-
gional therapies to generate and enhance tumor-
specific T-cell responses. When applying immune 
checkpoint inhibitors, a significant increase in the 
number of TAA-specific T cells was observed, 
together with an enhanced production of cyto-
kines, suggesting that a combination with immu-
notherapy may be beneficial [32]. Importantly, 
TACE proved to decrease regulatory T cells 
(Tregs), which demonstrated to favor an immu-
nosuppressive tumor microenvironment by sup-

pressing effector T-cell responses leading to HCC 
progression and poor outcomes [33, 34]. In 
another work, type 17 helper T cells (Th17), 
which have important pro-inflammatory proper-
ties and play a role in autoimmunity, were signifi-
cantly increased following TACE in HCC 
patients. Interestingly, this increased frequency 
of circulating Th17 cells measured after TACE 
was predictive of longer time to progression 
(TTP) and improved patient survival [35].

Although preliminary, data gathered from 
these early reports justify the increasing enthusi-
asm to combine TACE with immunotherapy.

13.3	� TACE Combined 
with Antiangiogenic Drugs

No systemic therapy proved to be beneficial in 
HCC patients with advanced disease until the late 
2000s, with sorafenib, an oral multi-TKI with 
activity against VEGF receptor, platelet-derived 
growth factor receptor, and Raf kinases, demon-
strating a survival advantage over best supportive 
care [36, 37]. Recently, the combination of 
atezolizumab and bevacizumab was compared to 
sorafenib and proved to be beneficial, in particu-
lar, in terms of overall survival, and became the 
new first-line standard of care in the advanced-
stage disease [38].

The positive results achieved in HCC patients 
by systemic antiangiogenic therapy led to investi-
gate TACE in combination with these drugs, 
mainly sorafenib. The combination of TACE and 
sorafenib, either sequentially or concomitantly, 
demonstrated to be safe based on a large observa-
tional registry (GIDEON trial) [39, 40]. Outcomes 
of TACE plus sorafenib vs. TACE alone were 
analyzed in recent meta-analysis including 14 
studies with 1670 HCC patients [41]. The combi-
nation of TACE plus sorafenib demonstrated sig-
nificantly more objective response rate 
(RR = 1.62, 95% confidence interval (CI) = 1.34–
1.94, p  <  0.00001), disease control rate 
(RR = 1.43, 95% CI = 1.26–1.62, p < 0.00001), 
and 1-year overall survival (OR = 1.88, 95% CI 
=1.39–2.53, p < 0.0001). However, this improved 
efficacy was at the cost of an increased incidence 
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of adverse events attributed to sorafenib for the 
combination group when compared to TACE 
alone. In contrast, other meta-analyses showed 
that TACE plus sorafenib may improve the TTP 
but failed to show any significant increase in 
overall survival [42, 43], although outcomes may 
vary across different regions and patient popula-
tions, in particular in the Asia Pacific region when 
compared to Western countries [43–45]. 
Similarly, the BRISK-TA phase III study showed 
that the overall survival of HCC patients treated 
with TACE followed by brivanib (a selective dual 
inhibitor of VEGF and fibroblast growth factor 
receptor tyrosine kinases) or placebo did not 
improve significantly (26.4 and 26.1 months, HR 
0.90 [95% CI 0.66–1.23]; p  =  0.528, respec-
tively). However, median TTP was longer in the 
brivanib group when compared to the placebo 
group (8.4 and 4.9  months, HR 0.61 [95% CI 
0.48–0.77]; p  <  0.0001, respectively) [46]. 
Comparably, the addition of orantinib (multiple 
receptor tyrosine kinase inhibitor of VEGF 
receptor-2 and platelet-derived growth factor 
receptor-β) to TACE was not superior to placebo 
in terms of overall survival, although the TTP 
was significantly longer [47]. In addition, bevaci-
zumab, a monoclonal antibody targeting VEGF, 
did not show any meaningful anticancer effects 
over placebo as adjuvant therapy of TACE [48].

In the advanced-stage HCC setting, a recent 
randomized controlled phase III trial compared 
sorafenib vs. sorafenib combined with TACE on 
demand. Sorafenib was administered within 
3 days and TACE within 7–21 days of random-
ization. Although the combination therapy 
achieved significantly better response rate, TTP, 
and progression-free survival (PFS) over 
sorafenib, the median overall survival—study 
primary endpoint—was not improved (12.8 vs. 
10.8  months (hazard ratio [HR] 0.91; 90% CI 
0.69–1.21; p  =  0.290, combination therapy vs. 
sorafenib, respectively). Of note, in a subgroup 
analysis, patients who were treated with at least 
two TACEs had a significantly better survival 
when compared to patients receiving sorafenib 
alone (18.6 vs. 10.8 months; HR 0.58; 95% CI 
0.40–0.82; p = 0.006, respectively) [49].

Taken together, these results show that the 
combination of TACE and a systemic antiangio-

genic drug has an anticancer effect but failed to 
improve survival. Many factors can influence the 
fact that the observed delay in tumor progression 
was not translated into a survival benefit for the 
patients. The timing (e.g., before vs. after TACE, 
concomitantly, sequentially), dose, duration and 
toxicity of antiangiogenic therapy, management 
of antiangiogenic therapy-related adverse effects, 
number of TACE sessions, and on-demand vs. 
scheduled TACE may explain the absence of 
improved survival for the combination approach. 
Trials with more refined designs and new and less 
toxic antiangiogenic molecules should be 
explored in future studies in combination with 
TACE.

13.4	� TACE Combined 
with Systemic 
Immunotherapy

Immune checkpoint inhibitors have become 
some of the most widely prescribed anticancer 
therapies. Among them, cytotoxic T lymphocyte-
associated protein 4 (CTLA-4) (e.g., tremelim-
umab, ipilimumab), programmed cell death-1 
receptor (PD-1) (e.g., nivvolumab, pembroli-
zumab), and programmed cell death-1 ligand 
(PD-L1) (e.g., atezolizumab, durvalumab) are the 
most widely investigated drugs [50], with prom-
ising outcomes in monotherapy and combina-
tions. Very recently, the combination of 
durvalumab and tremelimumab (HIMALAYA 
phase I/II trial) demonstrated better survival out-
comes (median overall survival, 18.7  months; 
95%CI, 10.8–27.3) than what has been published 
for sorafenib in first line [51]. These results are 
now being evaluated in the phase III HIMALAYA 
trial (NCT03298451) in which durvalumab and 
tremelimumab are compared to sorafenib in 
advanced-stage HCC patients.

The first reported feasibility and safety study 
combining local therapy with immune check-
points combined tremelimumab with either per-
cutaneous ablation (radiofrequency or 
cryoablation) or TACE with drug-eluting beads 
(DEB-TACE). Patients with HCC were admin-
istered tremelimumab every 4  weeks for 6 
doses, followed by 3-monthly infusions. On 
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day 36, patients underwent incomplete ablation 
or DEB-TACE.  Incomplete treatments were 
performed to hypothetically promote inflamma-
tion and anticancer immune response, although 
this concept has been recently challenged [52]. 
Patients treated with DEB-TACE had interme-
diate-stage disease. No dose-limiting toxicities 
were observed. Most common clinical toxici-
ties were pruritus and aminotransferases eleva-
tion. The median TTP was 7.4 months (95% CI: 
2.2–19.4  months) and OS was 13.6  months 

(95% CI: 7.5 months, undefined) in these heav-
ily pretreated patients. Very interestingly, 
objective tumor responses were seen outside of 
the ablated tumors or embolized area in 26% of 
patients [53].

An ongoing phase Ib study is investigating the 
safety of TACE followed by pembrolizumab. 
Preliminary results showed that the combination 
had a tolerable safety profile with no evidence of 
synergistic toxicity (NCT03397654) [54]. Other 
ongoing trials are summarized in Table 13.1.

Table 13.1  Clinical trials combining TACE and immune checkpoint inhibitors

Drug Trial ID Country/city Title
Nivolumab NCT04268888 UK Nivolumab in Combination With TACE/TAE for 

Patients With Intermediate-Stage HCC (TACE-3)
Nivolumab NCT03572582 Germany TACE in Combination With Nivolumab Performed for 

Intermediate-Stage HCC (IMMUTACE)
Nivolumab NCT03143270 USA A Study to Test the Safety and Feasibility of Nivolumab 

With DEB-TACE in Patients With Liver Cancer
Nivolumab NCT03143270 USA A Study to Test the Safety and Feasibility of Nivolumab 

With Drug-Eluting Bead Transarterial 
Chemoembolization in Patients With Liver Cancer

Durvalumab
Tremelimumab

NCT0452254 Germany Durvalumab (MEDI4736) and Tremelimumab in 
Combination With Either Y-90 SIRT or TACE for 
Intermediate-Stage HCC with Pick-the-Winner Design

Durvalumab
Tremelimumab

NCT03638141 USA CTLA-4/PD-L1 Blockade Following TACE in Patients 
with Intermediate Stage of HCC Using Durvalumab and 
Tremelimumab

Durvalumab 
Tremelimumab

NCT02821754 USA A Pilot Study of Combined Immune Checkpoint 
Inhibition in Combination with Ablative Therapies in 
Subjects with Hepatocellular Carcinoma (HCC) or 
Biliary Tract Carcinomas (BTC)

Durvalumab 
Tremelimumab

NCT04988945 Hong Kong TACE and SBRT Followed by Double Immunotherapy 
for Downstaging Hepatocellular Carcinoma

Pembrolizumab NCT03397654 UK Study of Pembrolizumab Following TACE in Primary 
Liver Carcinoma (PETAL)

Sintilimab NCT04220944 China Combined Locoregional Treatment with 
Immunotherapy for Unresectable HCC

Sintilimab NCT04653389 China Perioperative Therapy for Hepatocellular Carcinoma
Sintilimab NCT04174781 China Neoadjuvant Therapy for Hepatocellular Carcinoma
Tislelizumab NCT04981665 China A Study to Evaluate TACE Sequential Tislelizumab as 

Adjuvant Therapy in Participants with HCC at High 
Risk of Recurrence After Curative Resection

PD-1 monoclonal 
antibody

NCT04518852 China TACE, Sorafenib, and PD-1 Monoclonal Antibody in 
the Treatment of HCC

PD-1 antibody NCT03914352 China A Novel Immunotherapy PD-1 Antibody to Suppress 
Recurrence of HCC Combined with PVTT After 
Hepatic Resection

Checkpoint 
inhibitor

NCT03817736 Hong Kong Sequential TACE and SBT with Immunotherapy for 
Downstaging HCC for Hepatectomy

Checkpoint 
inhibitors

NCT04975932 China Efficacy and Safety of TACE in Combination with ICIs 
for HCC: A Real-World Study (CHANCE001)
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13.5	� TACE Combined 
with Antiangiogenic Drugs 
and Immunotherapy

Among many studies reported in Table  13.2, a 
large randomized, double-blind, placebo-
controlled, multicenter global phase III study is 
investigating the safety and efficacy of TACE 
combined with either durvalumab (arm A) or with 
durvalumab plus bevacizumab (arm B) compared 
to TACE alone (arm C) in HCC patients not ame-

nable to curative therapy (EMERALD-1 study, 
NCT03778957). Six hundred patients will be ran-
domized 1:1:1. Durvalumab is administered at 
least 1 week following the initial TACE, whereas 
durvalumab ± bevacizumab is given after at least 
2  weeks following the last TACE.  The primary 
endpoint is the PFS of arms A vs. C, and second-
ary outcomes are the OS, PFS of arms B vs. C, 
quality of life, and safety. Other ongoing trials are 
summarized in Table 13.2.

Table 13.2  Clinical trials combining TACE, immune checkpoint inhibitors, and antiangiogenic drugs

Drug Trial ID Country/city Title
Durvalumab
Bevacizumab

NCT03778957 Global A Global Study to Evaluate Transarterial 
Chemoembolization (TACE) in Combination with 
Durvalumab and Bevacizumab Therapy in Patients 
with Locoregional Hepatocellular Carcinoma 
(EMERALD-1)

Durvalumab
Bevacizumab

NCT03937830 USA Combined Treatment of Durvalumab, 
Bevacizumab, and TACE in Subjects with HCC or 
Biliary Tract Carcinoma

Sintilimab
Carrelizumab

NCT04997850 China The Safety and Efficacy of Transarterial 
Chemoembolization (TACE) + Lenvatinib + 
Programmed Cell Death Protein 1 (PD-1) 
Antibody of Advanced Unresectable 
Hepatocellular Carcinoma

PD-1 monoclonal antibody
Lenvatinib

NCT04273100 China PD-1 Monoclonal Antibody, Lenvatinib, and 
TACE in the Treatment of HCC

Camrelizumab
Apatinib

NCT04521153 China Camrelizumab Combined with Apatinib Mesylate 
for Perioperative Treatment of Resectable 
Hepatocellular Carcinoma

Sintilimab
Bevacizumab

NCT04796025 China TACE Combined with Sintilimab Plus 
Bevacizumab Biosimilar in Hepatocellular 
Carcinoma (BCLC-C stage): A Prospective 
Single-Arm Phase II Clinical Study (T-Double)

PD-1 Inhibitor Lenvatinib 
Sorafenib

NCT04229355 China DEB-TACE Plus Lenvatinib or Sorafenib or PD-1 
Inhibitor for Unresectable Hepatocellular 
Carcinoma
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13.6	� Local Administration 
of Immunotherapies—
Toward 
Immunoembolization

Local administration of immunotherapies is a 
very promising approach as it allows high intra-
tumoral drug concentration and an improved bio-
availability of the drug. At least in theory, this 
could diminish the on-target/off-tumor effects 
while keeping efficacy high [55, 56]. 
Interventional radiology developments make it 
possible to reach almost any target by either 
using percutaneous, intracavitary, or intravascu-
lar route [57]. Liver tumors are targets of choice 
as both percutaneous and intra-arterial supply are 
technically feasible. Moreover, the presence of 
liver metastases decreases the efficacy of sys-
temic immunotherapies. The mechanism remains 
unclear, but immunosuppressive hepatic macro-
phages seem to play a key role, inducing CD8+ T 
cell siphoning and reduced T-cell population, 
diversity, and function [58].

Previous generations of immunotherapies 
(nonimmune checkpoint blockers), such as 
GM-CSF, have been emulsified with Lipiodol® in 
order to perform immunoembolization for liver 
metastases. This technique has proven to be fea-
sible, and safe in patients with liver metastases 
from uveal melanomas [59], with results compar-
ing favorably to TACE [60] or bland emboliza-
tion [61]. Results of ongoing trials of intra-arterial 
infusion of anti-CTLA4 antibodies in advanced 
HCC patients are awaited (NCT04823403).

13.7	� Hypoxia-Activated Prodrugs

Targeting hypoxia is a challenge in anticancer 
therapy. As a result, many strategies have been 
tested such as hypoxia-activated prodrugs 
(HAPs), hypoxia-selective gene therapy, and 
HIF-1α targeting [62]. Among these options, 
HAPs appear distinctly promising in combina-
tion with TACE.  TACE has many mechanistic 
advantages in this context. High drug doses can 
be delivered locoregionally that may reach 
hypoxic niches of solid tumors, where cancer 

cells propagate untouched in pharmacological 
sanctuaries. In addition, the embolization per-
formed in the setting of TACE provides an ideal 
terrain for the local targeted activation of biore-
ductive prodrugs. Indeed, HAPs are delivered as 
nontoxic prodrugs that undergo biotransforma-
tion under low oxygen concentrations to achieve 
cytotoxic activation. Evofosfamide is the HAP 
that is the most advanced in the clinic [63].

The addition of HAPs such as evofosfamide to 
TACE, called hepatic hypoxia-activated intraar-
terial therapy (HAIAT), was investigated in the 
rabbit VX2 model of liver cancer. The combina-
tion of TACE and evofosfamide given intra-
arterially achieved smaller tumor volumes, higher 
necrotic fractions, and lower tumor growth rates 
when compared to TACE, with limited additional 
toxicity. A correlation was found between the 
degree of hypoxia and tumor necrosis establish-
ing the in  vivo proof-of-concept of selective 
HAIAT for liver cancer [64]. Another approach is 
to combine TACE to systemic HAPs. Hepatitis B 
virus X protein transgenic mice bearing HCC 
were injected with IV saline, doxorubicin, or tira-
pazamine, a HAP, followed by transient left 
hepatic arterial ligation (HAL) to mimic the 
embolization. Controls treated with saline did not 
show detectable tumor necrosis, only 5% of 
necrosis was observed in tumors treated with IV 
doxorubicin followed by HAL, whereas almost 
complete tumor necrosis was observed in ani-
mals treated with IV tirapazamine followed by 
HAL, demonstrating the potential of locoregional 
embolization combined with systemic hypoxia-
activated therapy [65].

This approach was recently translated to the 
clinic in a phase I multicenter study done in unre-
sectable HCC patients with preserved liver func-
tion. Two regimens were investigated: IV or 
intra-arterial tirapazamine followed by superse-
lective transarterial embolization with ethiodized 
oil (Lipiodol) and Gelfoam slurry. Treatment was 
safe and tolerable. Grade ≥ 3 adverse events were 
hypertension and transient elevation of liver 
enzymes in 70% of patients, but no serious 
adverse event was considered drug related [66].

Other clinical studies are investigating 
HAPs in the setting of TACE and HCC patients 
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are ongoing such as a phase I dose escalation 
study investigating the administration of evo-
fosfamide with doxorubicin via TACE 
(NCT01721941), a randomized study compar-
ing transarterial tirapazamine embolization vs. 
TACE (NCT03145558), and phase II study of 
transarterial tirapazamine embolization of 
liver cancers followed by either nivolumab or 
pembrolizumab (NCT03259867).

13.8	� Perspectives

Recent preclinical and clinical findings have 
shed light on the impact of TACE on crucial 
entities such as tumor microenvironment, 
angiogenesis, and tumor-specific and innate 
immune responses. A better understanding of 
molecular pathways implicated in tumor phys-
iology has led to design new combinatorial 
approaches to improve patients’ outcomes. 
However, such a complex interconnected net-
work of interacting molecules is difficult to 
depict and understand in the setting of patient’s 
and cancer’s heterogeneities. Thus, it is impor-
tant to investigate the effect of TACE per se, 
not only locoregionally at the tissue level but 
also at the systemic level to gain knowledge 
on therapy and cancer-related molecular 
events to better select candidate drugs for 
combinatorial approaches with TACE.

Systemic antiangiogenic drugs have revolu-
tionized the treatment of the advanced-stage 
HCC but are now being challenged by the new 
roller coaster in oncology: immunotherapy. The 
combination of systemic antiangiogenic drugs 
and immunotherapy is already successful, with 
bevacizumab combined with atezolizumab 
already being the new standard of care in first line 
[38]. Durvalumab/tremelimumab combination 
should be soon a second option for first-line ther-
apy with announced superiority to sorafenib [51]. 
As of today, these combination studies mainly 
target the advanced- and intermediate-stage HCC 
patients, which are notoriously heterogeneous 
population, but the future might very well be to 
add local therapy to patients receiving systemic 
therapies.

Many ongoing trials combine TACE with a 
systemic immune checkpoint inhibitor. The next 
logical step would be to perform TACE with dual 
checkpoint inhibition as this regimen demon-
strated to be superior to checkpoint inhibition 
monotherapy in some cancer type such as HCC 
or melanoma [67]. An anticipated limiting factor 
of dual checkpoint inhibition, in particular in the 
setting of liver cirrhosis, is toxicity. Another very 
appealing approach is to combine TACE with 
systemic immunotherapy and antiangiogenic 
therapy with many trials underway and results 
are very much expected.

Many components need to be investigated 
with this new approach of TACE combined with 
immunotherapy. In particular, fine-tuning will be 
needed with respect to the dose, timing (e.g., 
before vs. after TACE, concomitantly, sequen-
tially), and duration of immunotherapy adminis-
tration. The way TACE is done may impact 
outcomes and tumor antigen release, as it is not 
known if tumors subtotally treated may elicit a 
better immune response when compared to com-
pletely embolized ones. Additionally, the number 
and scheduling (on demand vs. scheduled) of 
TACEs in the setting of combined immunother-
apy is to be defined.

Local drug delivery is a powerful approach in 
a treatment-resistant tumor such as HCC. TACE 
with drug-eluting beads loaded with antiangio-
genic drugs combined with systemic immuno-
therapies is particularly appealing, and this 
approach should also be tested while the local 
administration of immunotherapies may prove to 
be beneficial.

In conclusion, the future of TACE in combina-
tion with systemic therapies is promising. Many 
approaches are currently being tested and hope-
fully will lead to better outcomes for patients and 
change the landscape of HCC therapy.
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14TACE Side Effects 
and Complications

Pier Giorgio Nardis, Leonardo Teodoli, 
Bianca Rocco, Simone Ciaglia, and Carlo Catalano

14.1	� Side Effects: Post-
Embolization Syndrome 
(PES)

Patients undergoing TACE can experience post-
embolization syndrome in up to 80%. PES symp-
toms include fever, pain, nausea, and vomiting, 
typically occurring within the first 48–72 hours 
after embolization.

Etiology  PES is assumed to be mediated by 
inflammatory cytokines released as a result of 
embolization-induced cells’s necrosis and/or 
chemotherapeutic agents. Incidence of PES in 
patients who underwent transarterial emboliza-
tion (TAE) is similar to the one reported in 
patients treated with TACE, implying that the 
mechanism of PES is probably driven by liver 
necrosis due to interruption of blood flow, rather 
than by chemotherapeutic agents.

The severity of PES depends on the branch 
level of chemoembolization: The more extensive 
embolization is performed, the greater the possi-
bility of PES manifestation. In theory, superse-
lective embolization in selected cases will allow 

avoidance of PES and could reduce the discom-
fort of seriously ill patients.

Symptoms  TACE-related PES is often mild and 
self-limited. It can appear immediately, after-
ward, or during 10 days following the procedure, 
prolonging hospitalization and limiting the appli-
cation of additional treatments. Symptoms can be 
fever, abdominal pain, nausea and/or vomiting, 
and elevated transaminase levels.

Identification of preoperative predictors of 
PES is challenging. Some significant predictors 
of protracted recovery risk factors reported in lit-
erature are previous PES and large tumor burden. 
Interestingly, age, individual laboratory values, 
multiple TACE procedures, model for end-stage 
liver disease score, Child-Turcotte-Pugh class, 
and albumin-bilirubin ratio grade are insensitive 
to PES.

Identification of PES predictors is important 
to suggest alternative therapies or prophylactic 
medications to prevent symptoms in high-risk 
populations. Some studies identified female sex 
and alcohol-related HCC as potential risk factors 
for developing PES in patients undergoing TACE.

Treatment  There is no standard treatment or 
premedication to prevent post-embolization 
syndrome.

Symptomatic medication includes use of anti-
emetic drugs (mostly 5HT3 antagonist) and 
analgesics.
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Recent studies suggests that dexamethasone, 
in adjunction to the mixture of Lipiodol and che-
motherapeutic agent or as premedication in 
DEM-TACE, reduces significantly PES [1–10].

14.2	� Complications

While side effects of TACE are common, compli-
cations of TACE are rare and their frequency is 
lower than 5%.

The incidence of complications increases with 
the severity of the underlying clinical status of 
the patient and the duration of the procedure.

Some risk factors such as portal vein obstruc-
tion, impaired liver functional reserve, biliary 
obstruction, previous biliary surgery, excessive 
administration of embolic agent, and nonselec-
tive embolization increase complication rate.

Thirty-day mortality rate following complica-
tions ranges from 1% to 4%.

Diagnosis of complications is based on signs 
and symptoms, laboratory testing, imaging eval-
uation, or interventional procedures. The imag-
ing assessment includes contrast-enhanced 
computed tomography (CT) scan, magnetic reso-
nance imaging (MRI), or ultrasound [10].

14.2.1	� Early Complications

14.2.1.1	� Intraprocedural 
Complications

Vascular Complications

Access Site Complications: Puncture Site 
Hematoma and Pseudoaneurysm
Vascular access site complications range from 
0.44% to 4% according to the type of the proce-
dure, therefore depending on the size of the 
sheath. Common femoral artery at the femoral 
head is the most appropriate vascular access 
because of the diameter and the location allowing 
appropriate compression and hemostasis. It is 
well known that puncture below the femoral head 
can produce hematoma or pseudoaneurysm at the 
root ofh the thigh due to inadequate compression 

site while puncture above the femoral head and 
inguinal ligament can cause retroperitoneal 
bleeding. The use of ultrasound guidance allows 
accurate location of the puncture site, avoiding 
plaque and arterial branches; moreover, the 
monoparietal puncture approach significantly 
reduces the complication rate [10–13].

Using smaller size catheters (5 French or 
smaller) may reduce the risk of complications.

Reversal of anticoagulation to baseline status 
by monitoring activated clotting time can mini-
mize this risk.

The most common complication of femoral 
artery puncture is groin hematoma that is gener-
ally self-limiting and does not require further 
treatment.

In cases of uncontrolled hematoma or pseu-
doaneurysm, treatment is recommended includ-
ing groin compression, thrombin injection, 
surgical evacuation of the hematoma, and arterial 
suturing [14, 15].

In recent years, radial access is becoming the 
standard approach to perform TACE in many 
centers, thus reducing further incidence of vascu-
lar site complications and improving patient 
comfort during post-procedural period [16, 17].

Catheterism-Related Complication
–– Spasm of the hepatic artery after TACE is rare 

and the reason for which is unknown. The use 
of small size catheters and selective catheter-
ization with microcatheters reduces signifi-
cantly the incidence of vascular spasm. The 
spasm of the hepatic artery is related to the 
mechanical stimulation of the hepatic artery 
by the guide and catheters. In addition, the 
hepatic artery damage caused by chemothera-
peutic drugs and embolic agents may also be 
relevant to the arterial spasm [18]. Generally, 
selective infusion of nitroglycerin and lido-
caine can successfully treat vascular spasm.

–– Hepatic artery dissection: Vascular dissec-
tion is an uncommon complication, and it is 
generally due to vessel wall trauma by cathe-
ter and guide manipulation (Fig. 14.1). In the 
elderly patients, atherosclerosis is an addi-
tional risk factor for vascular dissection. In the 
majority of cases of hepatic artery or its 
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a b

c d

Fig. 14.1  (a, b) Hepatic artery dissection and occlusion during selective catheterization. (c, d) Hepatic artery dissec-
tion crossing and ballooning with flow restoration

branches dissections, no additional treatment 
is required since no flow limitation is observed. 
In some cases of flow-limiting dissection, 
gently ballooning or stenting of the dissection 
is necessary [19, 20].

–– Intra-arterial thrombosis can be secondary 
to spasm or dissections and treatment depends 
on the etiology. Heparinization reduces risk of 
thrombosis [13, 15].

–– Arteritis is a rare complication of TACE that 
can affect the main hepatic artery or its sec-

ondary branches with final evolution charac-
terized by occlusion due to thrombosis. Severe 
stenosis of the hepatic artery is usually easily 
compensated by collaterals, but this complica-
tion can make successive TACE impossible. 
Wall injury develops early during treatment, 
and probably depends on a direct acute toxic 
effect of the chemotherapy agent itself, rather 
than mechanical wall injury due to repeated 
catheterizations. Risk factors include proxi-
mal administration of embolic agent, multiple 
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procedures, time interval of less than 
1–2  months between procedures, use of 
Lipiodol, and nonuse of microcatheter [2, 21].

14.2.1.2	� Post-Procedural 
Complications

Nontarget Embolization

Gastrointestinal Embolization
Post-TACE gastric lesions are due to the back-
flow of embolic materials into the gastric artery 
with a subsequent reduction in gastric mucosal 
blood flow, which may cause gastric complica-
tions such as ulceration or perforation. Anatomical 
variations, such as right gastric artery branching 
distally from proper hepatic artery or from its 
branches or the accessory left gastric artery aris-
ing from the left hepatic artery, are most likely 
associated with higher incidence of post-TACE 
gastric lesions and should be carefully researched 
during angiography [22].

Acute Lung Injury
This complication is rare (0.05%). Acute lung 
injury or respiratory distress syndrome is caused 
by the embolic material that reaches the pulmo-
nary vascularization, mostly because of intra-
tumoral arteriovenous shunt with consequent 
chemical injury caused by infused chemothera-
peutic drug and embolizing agent. Patients pres-
ent dyspnea, cough, expectoration, decrease in 
blood oxygen saturation within 24–48 hours after 
TACE, elevated D-dimer, diffuse pulmonary 
infiltration, and accumulation of Lipiodol (in 
case of conventional TACE) on post-procedural 
chest CT scan.

Several risk factors including preexisting 
chronic respiratory disease, hepatic arteriove-
nous fistula, large hypervascular HCC (>10 cm) 
with arteriovenous shunts, large-volume Lipiodol 
administration (>14.5  mL), and trans-inferior 
phrenic artery embolization have been identified 
to develop acute lung injury after TACE. While 
extremely rare, other chemoembolization agent 
may also have potential for induction of acute 
lung injury. The ideal management strategy for 
TACE-associated acute lung injury includes oxy-

genation, systemic corticosteroids administra-
tion, and lung protective ventilation according to 
the severity of symptoms [1, 23, 24].

Spinal Cord Injury
Spinal cord injury is an extremely rare but severe 
complication of TACE. This fearsome complica-
tion often occurs in patients with parasitic vascu-
larization of HCC, especially by intercostal 
arteries [25].

An intercostal artery collateral blood supply 
usually occurs in advanced HCC or after multiple 
sessions of TACE.  The intercostal arteries fre-
quently involved in supplying HCCs are T10, T9, 
and T11, in order of decreasing association. 
Paraplegia may result from the unintended embo-
lization of spinal branches arising from intercos-
tal or lumbar collateral vessels.

The risk of spinal cord injury associated with 
intercostal artery intervention exists because spi-
nal cord arteries derive from the proximal tract of 
intercostal arteries. The spinal cord is supplied 
primarily by one anterior and two posterior spinal 
arteries, which are augmented by radicular arter-
ies derived from spinal branches of cervical, 
intercostal, and lumbar arteries. The anterior spi-
nal artery supplies blood to the anterior two-
thirds of the cord, including the anterior horns of 
the gray matter, spinothalamic tracts, and cortico-
spinal tracts, which primarily control the motor 
nuclei. The two posterior spinal arteries supply 
the dorsal columns and the posterior horns, which 
mostly process sensory information. Therefore, 
because of anatomy and neurological distribu-
tion, the embolic materials may bring about an 
embolic event with possible serious manifesta-
tions, even though the blood supply network of 
the spinal cord includes multiple anastomoses 
[26–28].

Acute Cholecystitis
Acute cholecystitis has been reported to occur 
after TACE with an incidence of 1.5–4.9%. 
Cholecystitis and gallbladder infarction are 
often detected in patients treated with 
TACE. The two events are essentially the mani-
festations of one disease at two different stages. 
If the earlier cholecystitis cannot be reversed, it 
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will consequently progress into gallbladder 
necrosis. The clinical manifestations generally 
include fever and abdominal pain, the same as 
for common cholecystitis. While acute chole-
cystitis can usually be resolved with conserva-
tive therapy in case of infarcted gallbladder, a 
cholecystectomy is mandatory. The prognosis 
will be very good with rapid treatment. The 
blood supply to the gallbladder derives from the 
cystic artery and if present from accessory cys-
tic artery, both can arise from the right, or the 
left, or even from the common hepatic artery. 
Therefore, the gallbladder can be embolized by 
the refluxed embolic materials for anatomical 
and/or technical causes, even though the loca-
tion of the hepatic arterial catheter is as distal to 
the cystic artery as possible.

Some interventional radiologists prophylacti-
cally embolize with metal coils the cystic artery 
proximally in order to avoid embolizing agent 
migration into the cystic artery; however, the evi-
dence of this practice is uncertain [18].

Cutaneous Embolization
Vaso-occlusive manifestations of the skin is a 
rare complication of TACE.  In some patients, 
the feeder of the hepatic nodule has small col-
lateral arteries that cannot be avoided or recog-
nized during angiography. One of these 
collateral arteries is the hepatic falciform artery, 
which is incidentally seen on angiography in 
2–24.5% of cases. The hepatic falciform artery 
runs in the falciform ligament and in turn sup-
plies subcutaneous tissue around the umbilicus. 
Occlusion of the hepatic falciform artery by the 
embolic agent can result in skin infarction and 
necrosis.

Treatment consists of oral nonsteroidal anti-
inflammatory agents, and usually, the skin 
lesions resolve within a year from the proce-
dure. Prophylactic application of ice could 
potentially prevent cutaneous complications of 
nontarget chemoembolization. It is recom-
mended to place the tip of the microcatheter dis-
tal to the origin of the hepatic falciform artery. 
While prophylactic falciform artery emboliza-
tion has been advised, its efficacy is controver-
sial [29].

Pancreatic Embolization
Acute pancreatitis, as result of nontarget emboli-
zation, is an uncommon (0.9–2%) but serious 
complication.

The diagnosis of acute pancreatitis is proven 
mainly according to raises of serum amylase and 
lipase levels, abdominal pain, and other symp-
toms such as fever, fatigue, and vomiting. Most 
of these abnormal findings occurred within 24 h 
after TACE. Re-elevation of pancreatic enzymes 
predicts worsening of the pancreatitis. In some 
cases, a pancreatic injury can develop into a nec-
rotizing pancreatitis that may be lethal when sep-
sis and multiorgan failure occurs.

Symptomatic acute pancreatitis is caused by 
embolic material into the pancreatic-duodenal 
artery, occluding a large peripheral portion of the 
pancreatic vascular bed, leading to ischemia of 
the pancreas.

Some authors reported an association between 
the frequency of this complication and the type 
and volume of the particles used for the emboli-
zation: Serum amylase activity increased slightly 
in patients treated with Lipiodol and Gelfoam 
powder.

To prevent this complication, care has to be 
taken during the injection of embolic material in 
order to avoid reflux in the gastroduodenal artery 
[1, 22, 30, 31].

14.2.2	� Late Complications

14.2.2.1	� Biliary Complication
The incidence of biliary strictures is generally 
low after TACE, ranging from 0.5% to 10%. The 
incidence of biliary complications is due to the 
exclusive vascularization of the bile duct by the 
hepatic artery. This can cause necrosis of the bile 
duct, ectasia, the formation of bilomas, or steno-
sis [32]. Predisposing factors include tumor size, 
dilation of the bile duct prior to the procedure, 
proximal embolization, less than 3 months inter-
val between two procedures, and the injection of 
Lipiodol or the use of small particles. DEM-
TACE is associated with an increased bile duct 
damage compared with c-TACE, but this finding 
is rather controversial [33].
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Patients with advanced cirrhosis have a lower 
risk of developing locoregional toxicity due to 
gradual hypertrophy of the peribiliary vascular 
plexus caused by portal hypertension and collat-
eral vascularization.

When the biliary wall damage caused by 
embolization causes necrosis, biloma can appear, 
although usually asymptomatic. The reported 
incidence of intrahepatic biloma is very low and 
can be observed as hypodense areas on CT close 
to the treated lesion.

Development of biliary strictures can have 
minimal clinical manifestations in case of 
peripheral branch involvement; however, conse-
quences can be severe in case of central or dif-
fuse strictures, resulting in hyperbilirubinemia 
that can be associated with cholangitis. Although 
the clinical symptoms rarely present, the labora-
tory-tested values of serum alkaline phospha-
tase, gamma-glutamyl transpeptidase, and 
leucine aminopeptidase increase gradually over 
approximately 1  month following the proce-
dure. US examination for dilation of the bile 
duct in the liver is able to confirm the diagnosis. 
Patients with this complication can be systemi-
cally treated with antibiotics. The treatments 
vary according to the severity of the complica-
tion, ranging from conservative treatment, anti-
biotics regimen to biliary drainage [1, 18, 
32–36].

14.2.2.2	� Liver Abscess
Liver abscess formation after TACE for hepatic 
tumors is a rare but serious complication with 
substantial morbidity and mortality. The inci-
dence of abscess formation after TACE varies 
from 0.2% to 2%. In most patients, abscesses 
present as solitary lesions (66.7%), and the imag-
ing test of choice is CT (Fig. 14.2).

After TACE, tumors become partly or com-
pletely necrotic, which serves as an ideal pabu-
lum for bacterial growth. The locally 
immunosuppressive effects of any chemothera-
peutic agent used during TACE and the lack of 
perfusion after embolization that reduces the effi-
cacy of systemic antibiotics play a central role in 
the susceptibility for abscess formation. Also, as 
discussed above, embolotherapy can result in dis-
ruption of the bile duct wall, permitting direct 
intercommunication of the luminal contents with 
the necrotic tissue.

The risk factors associated with this complica-
tion are biliointestinal bypass, advanced age, diabe-
tes mellitus, tumor size, and portal vein occlusion.

Several studies reported that liver abscess may 
be unavoidable if the sphincter of Oddi has been 
compromised either by a hepatojejunostomy or 
biliary tube or stent. Typically, bile is sterile; 
however, in patients with bilioenteric anastomo-
sis or with prior sphincterotomy or biliary stent-
ing, the biliary tree is colonized by enteric 

a b

Fig. 14.2  (a, b) Large liver abscess following selective TACE in patient with bilioenteric anastomosis
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bacteria; most authors have shown that an incom-
petent or absent sphincter of Oddi has been 
shown to convey a very high risk of subsequent 
abscess development after TACE, with an inci-
dence of up to 86%.

Other possible risk factors correlated with the 
development of liver abscess include patient and 
tumor characteristics such as leukopenia, immu-
nodeficiency, and diabetes mellitus. With regard 
to technical aspects of c-TACE, embolization 
using absorbable gelatin sponge or visualization 
of oily portogram during embolization correlates 
with a significantly elevated risk of development 
of liver abscess.

The effectiveness of prophylaxis in this setting 
is unproven, although several clinical series have 
advised that major infectious complications may 
be sustained in this population. Many operators 
routinely administer antibiotic prophylaxis 
before TACE, including coverage for skin flora 
and for gram-negative enteric organisms, even 
though this practice has not been prospectively 
verified to be of benefit for all patients. The risk 
of post-embolization infection appears to be 
reduced by the performance of a bowel prepara-
tion the night before treatment and by ensuring 
coverage of gram-positive and gram-negative 
aerobic and anaerobic organisms [37].

The incidence of liver abscesses is extremely 
reduced by administering a high dose of antibi-
otic dissolved in the embolizing particles allow-
ing high concentration of antibiotic in the necrotic 
area, thus reducing the probability of developing 
a bacterial infection. Abscesses measuring less 
than 5 cm may be treatable with antibiotics, and 
percutaneous or surgical drainage is the preferred 
option in cases greater than 5 cm. Liver abscesses 
are notoriously difficult to treat and may require 
prolonged drainage, repeat drainage, and long-
term antibiotics [1, 6, 36, 38–41].

14.2.2.3	� Hepatic Infarction
The development of hepatic infarction is a 
severe complication detected with a low inci-
dence. Clinical symptoms are mainly abdominal 
pain and fever, with clear and quick rises of the 
levels of serum total bilirubin, alanine amino-
transaminase, aspartate aminotransferase, and 

C-reactive protein. Diagnosis can be made 
based on the subsequent CT scan. Extensive 
liver necrosis can be lethal while segmental or 
lobar infarction can result in very serious com-
plications such as liver abscess and sepsis. Most 
cases of hepatic necrosis are complicated by 
infection, in particular those caused by gram-
negative bacteria. Therefore, prophylactic anti-
biotics should be administered to prevent septic 
complications if a liver infarct is supposed. 
Treatment options for infected hepatic necrosis 
include administration of intravenous antibiot-
ics, percutaneous drainage, and open surgical 
drainage or liver resection or even minimally 
invasive techniques such as laparoscopic necro-
sectomy for the hepatic debridement. Once the 
common percutaneous drainage fails to relieve 
the infected hepatic necrosis, surgical necrosec-
tomy will be necessary.

Major portal vein obstruction is a well-known 
risk factor for liver infarction after 
TACE. Consequently, in patients with major por-
tal vein obstruction, TACE should be carefully 
considered with reduced amounts of chemoem-
bolic agents selectively directed into the tumor-
feeding arteries. In addition, the preoperative 
liver function of the patient has a great influence 
on the incidence and outcome of hepatic infarc-
tion [5, 18, 42].

14.2.2.4	� Tumor and Hepatic Rupture
The reported incidence of hepatic rupture is 
0.6%. The risk factors for hepatic rupture are 
large tumor (>10  cm) or tumors located on the 
liver surface.

Tumor rupture following TACE is a rare but 
potentially lethal complication due to massive hem-
orrhage. The interval between the treatment and 
rupture varies between different cases. The compli-
cation happened mainly after the first treatment.

The mechanism of rupture of HCC after TACE 
is uncertain. It can be assumed to be connected to 
tumor necrosis and increased pressure due to 
oedema inside the tumor after TACE.  Male 
patients are at higher risk of rupture for indeter-
minate reasons.

Rupture of the HCC should be suspected when 
the patient complains of abdominal pain associ-
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ated with hemodynamic changes, a drop in 
hemoglobin concentration of 2 g/dL or more, and 
diagnosis of hemoperitoneum verified by abdom-
inal paracentesis or CT scan. Management of 
patients with rupture of HCC following TACE is 
difficult as most of them have already been diag-
nosed as having large, inoperable tumors and 
impaired liver function. Although there have 
been many reports of treatments for extrahepatic 
rupture of HCC, only a few are about tumor rup-
ture after TACE, which indicated that its outcome 
is often self-limited and that the patients can sur-
vive to the hemodynamic and liver function insult 
without any interventional procedure. 
Conservative management can be performed 
while in some cases, mass embolization is indi-
cated [18].

14.2.2.5	� Renal Function Decline
The reported incidence of this complication is 
0.6%. With regard to renal function decline 
(defined as a sudden increase in creatinine greater 
than 50% over the baseline level or more than 
1.5 mg/dL within the first 7 days after the proce-
dure), the underlying mechanism is contrast-
induced nephrotoxicity, although it is true that 
the rate of renal decline is higher in patients with 
HCC who undergo TACE than other angio-
graphic procedure. The risk of renal failure is 
related to the dose and number of sessions of 
TACE and may have a cumulative effect on this 
risk [1].

In literature, only few papers show correlation 
about contrast-induced nephropathy (CIN) and 
TACE while several studies examined the inci-
dence of CIN after percutaneous coronary inter-
vention or contrast-enhanced CT.  Some risk 
factors have been identified for CIN such as 
chronic kidney disease, diabetes mellitus, 
advanced age, hypovolemia, hypotension, heart 
failure, contrast media volume, and use of neph-
rotoxic drugs.

A recent study estimated the incidence of CIN 
as 4.6%. Tumor size bigger than 5 cm and lower 
serum albumin level were discovered as indepen-
dent risk factors of CIN in patients who under-
went TACE.

Use of low-osmolality contrast agents, reduc-
ing of the amount of contrast, and using nephron 
protectants prior to TACE may help reduce the 
risk of renal failure [1, 43, 44]. Adequate hydra-
tion is recommended, although there are different 
protocols in the literature and it should be consid-
ered not to overhydrate the cirrhotic patient, 
favoring fluids with low osmotic fluids [43, 
45–47].

14.2.2.6	� Hepatic Failure
Hepatic function decline can be found in almost 
all patients after TACE: Transient hepatic dys-
function happens in the majority of cases and the 
majority of patients recover spontaneously with 
or without supportive treatment.

However, the long-term and irreversible weak-
ening of liver function that develops in the resid-
ual patients could barely be inverted by clinical 
treatments, which results in acute liver failure in 
about half of the patients.

Irreversible worsening of liver function or 
even acute liver failure can be often found in 
patients with severe loss of functional reserve 
(Child-Pugh advanced class B or C) that existed 
prior to the treatment. Another factor that may 
affect the TACE-related hepatic function damage 
is portal venous obstruction. Although it has been 
established that TACE did not cause serious dam-
age to liver function with preserved hepatic func-
tional reserve, hepatic insufficiency after TACE 
was much more likely to arise in patients with 
portal venous obstruction.

The reactivation of HBV can play a funda-
mental role in some cases of hepatic failure. The 
percentage of HBV reactivation in chronic HBV 
carriers receiving systemic chemotherapy is sim-
ilar to those in patients who underwent TACE and 
reported to be 19–55%. The mechanism of HBV 
reactivation during chemotherapy has not been 
completely understood. Hypothetically, immuno-
suppressive or cytotoxic mediators increase HBV 
replication, leading to widespread hepatocyte 
infection with the viruses. When these drugs are 
withdrawn, restoration of immune function 
results in rapid destruction of infected hepato-
cytes. In addition, it was reported that various 

P. G. Nardis et al.



127

chemotherapeutic agents were associated with 
viral reactivation and precore/core mutations 
might play an important role [18, 38].

The reported incidence of ascitic decompen-
sation after TACE is 2.8%. The development of 
early ascites is negatively associated with the 
overall survival of compensated patients treated 
with TACE.

This finding is related to low albumin, low 
hemoglobin, and prior episodes of clinical asci-
tes. The presence of significant portal hyperten-
sion and/or worse liver function might imply that 
patients are inclined to complications in chemo-
embolization procedures and to the consequent 
impairment in overall survival. The development 
of ascites after TACE is independent of the radio-
logical response (the overall survival rate is simi-
lar in patients who developed ascites, indicating 
that this is not associated with tumor develop-
ment) [18].

The diagnosis of liver failure is based on clini-
cal manifestations, including slight jaundice and 
associated debilitation and/or dyspepsia several 
days after TACE. Some serious cases may show 
severe jaundice and ascitic fluid and even hepatic 
encephalopathy, with the most serious case 
developing into acute hepatic dysfunction fol-
lowing death. The only intervention possible is 
symptomatic support: IV hydration, pressure 
support, and medical therapies for encephalopa-
thy may help stabilize the patient until the liver 
recovers.

For some selected patients with acute liver 
failure, orthotopic liver transplantation might 
represent the best treatment option.
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15Follow-Up (Response to Treatment, 
Clinical Management)

Giulio Vallati and Claudio Trobiani

15.1	� Response to Treatment

Radiologic response assessment covers a pivotal 
role for the assessment of treatment success after 
transarterial chemoembolization (TACE) and has 
been extensively refined in the past decade [1]. 
Response to treatment can be evaluated using dif-
ferent criteria such as the World Health 
Organization (WHO) criteria, the Response 
Evaluation Criteria in Solid Tumors (RECIST), 
or the Liver Imaging Reporting and Data System 
(LI-RADS) assessment score [2–7]. Currently, 
contrast-enhanced computerized tomography 
(CT) and magnetic resonance imaging (MRI) 
play a fundamental role in the management of 
liver tumors, mostly hepatocellular carcinoma 
(HCC), and for the evaluation of the therapeutic 
efficacy of TACE, which is usually monitored 
and assessed with imaging. This has been linked, 
also, to the technological advances in imaging 
modalities and the introduction of new functional 
imaging [8, 9].

15.1.1	� Imaging Timing 
and Acquisition Protocol 
during Follow-Up

As previously mentioned, contrast-enhanced CT 
and MRI are the most used imaging modalities 
after locoregional treatments (LRT) of liver 
lesions, mostly HCC. In head-to-head compara-
tive studies, MRI proved to be the most sensitive 
and specific modality for the assessment of resid-
ual disease following TACE [10]. However, often 
the employment of the imaging modality of 
choice is based on a per-institutional protocol, 
given availability of resources, associated costs, 
centers’ expertise, and patient-related factors 
(i.e., CT is preferred when ascites is present).

15.1.1.1	� Timing
The first monitoring exam after TACE for the 
evaluation of the oncological response is usually 
performed at 1 month, 3 months, and then every 
3–6 months following treatment, often scheduled 
by multidisciplinary tumor boards [10]. Other 
risk-adapted schedules have been suggested in 
the past but have not gained widespread accep-
tance [11].

The first assessment at 1  month is crucial 
since it has been demonstrated that overall sur-
vival (OS) has its strongest correlation with an 
initial response to the treatment (complete and 
partial response), with patients showing persis-
tent nonresponse in repeated TACE sessions 
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demonstrating a worse prognosis [10]. Indeed, 
evidence showed that both the initial and the 
best response predicts OS effectively. However, 
achievement of treatment response at an early 
time point is the most robust predictor for favor-
able outcomes [12].

In 2017, the feasibility of determining whether 
CT perfusion (CTP) could be useful for evaluat-
ing early response after TACE was assessed. 
Authors showed how CTP parameters were sig-
nificantly reduced after TACE in responders (PR, 
CR, p < 0.001) while no difference was observed 
in nonresponders, after 1 day from the procedure, 
with only 3 out of 21 lesions with complete 
response recurred and a mean local recurrence-
free survival of 19.6 months [13].

15.1.1.2	� Imaging Protocols
The most important factor when choosing the 
imaging modality for monitoring response to 
treatment is to use the same imaging protocol 
during the entire patient follow-up (i.e., thin slab 
to avoid missing small lesions, multiplanar acqui-
sition protocols, administration of the same intra-
venous contrast media), regardless of the imaging 
modality per se [14].

For both CT and MRI acquisition of multiple 
phase—at least dual-phase—imaging is required. 
The optimal multidetector, multiphasic CT consists 
of four separate phases: noncontrast, late arterial 
phase (contrast in the hepatic artery, portal vein, but 
not in the hepatic veins), portal venous phase (65–
85 s from the beginning of injection), and a delayed 
phase (3–5 min from beginning of injection); MRI 
timings are the same. However, MRI has other cri-
teria available to assess response to therapy, com-
pared to CT for which the most useful variables are 
the hyperenhancement in the arterial phase and the 
contrast washout during the portal and/or delayed 
phase, just like pretreatment imaging [15]. Indeed, 
MRI is an imaging modality that allows to assess 
both morphological and functional criteria. The 
acquisition protocol for assessment of tumor 
response to TACE should include T2-weighted 
imaging both with and without fat suppression, 
T1-weighted in- and opposed-phase sequences, 
diffusion-weighted imaging (DWI), and unen-
hanced followed by dynamic contrast-enhanced 

(DCE) 3D gradient-recalled echo fat-suppressed 
imaging using either gadolinium-based extracellu-
lar or hepatobiliary agents with subtraction imag-
ing [16, 17]. After standardized image acquisition 
protocol parameters, it is equally important that 
image interpretation should be performed by an 
experienced abdominal radiologist [18].

The best practice envisions the evaluation of 
tumor response rate to independent blinded 
multi-readers, according to both m-RECIST and 
EASL criteria. Also, images interpretation must 
provide the assessment of nontarget embolization 
response rate and of new lesions, either into or 
outside the liver parenchyma [19].

15.1.2	� Image Response Evaluation 
Criteria

In the past, experts realized that conventional 
bidimensional or unidimensional assessments of 
the treated lesions did not adequately describe 
therapeutic effects of interventional therapies 
(i.e., treatment-induced tumor necrosis does not 
cause direct and early tumor shrinkage) [2, 20, 
21]; the lack of correlation between early lesion 
changes and correct response assessment led to 
overtreatment with repeated therapeutic sessions. 
That is why first in 2002, the WHO with the 
EASL recommendations and afterward the devel-
opment of the RECIST criteria v1.0 and 1.1 were 
defined as standard of reference assessment sys-
tems to evaluate tumor response to therapy [22–
24], which provide bidimensional measurement 
of viable (contrast-enhanced) tumor tissue by tri-
phasic imaging. Finally, the modified RECIST 
(m-RECIST) were developed, providing guide-
lines to measure the viable part of residual tissue 
but recommending the unidimensional assess-
ment of the longest viable tumor diameter and the 
numeric definitions of response according to 
RECIST [25, 26]. The last refinements of the 
m-RECIST have been produced in 2020, when 
novel clarifications and additional recommenda-
tion were incorporated in light of emerging chal-
lenges in the study and management of HCC [3], 
by addressing (i) technical guidelines for image 
acquisition and contrast administration in CT and 
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MRI; (ii) definition of typical and atypical intra-
hepatic tumor tissue; (iii) selection, measure-
ment, and assessment of target and nontarget 
lesions; (iv) combination of viable tumor and 
overall diameter measurements for global patient 
assessment; and (v) differentiation of tumor 
necrosis and viable tumor with reduced perfusion 
[3]. Both RECIST and m-RECIST provide four 
response categories: complete response, partial 
response, stable disease, and progressive disease 
[27]. The criteria have been particularly success-
ful because they can be easily applied being 
mostly based on tumor size. The development of 
these assessment tools was promoted by the 
acknowledgment that tumor burden is strongly 
correlated with survival and consequently that 
monitoring the progression of tumor burden dur-
ing follow-up imaging studies is considered a 
valid prediction of OS [28–30]. Also, LI-RADS 
has been recently proposed as scoring system for 
assessment of response to therapy [15, 31]. 
Finally, the Response Evaluation Criteria in 
Cancer of the Liver (RECICL) developed in 2009 
by the Liver Cancer Study Group of Japan, 
revised in 2015 and in 2021, are worth mention-
ing. These guidelines were established to provide 
response evaluation criteria solely devoted to 
HCC for both clinical practice and clinical trials 
of HCC treatment, such as molecular-targeted 
therapies [32–34].

Therefore, as comprehensive overview, size-
based classification systems include the WHO 
criteria (bidimensional) and RECIST (unidimen-
sional), where the size of the treated lesion is 
measured, regardless of enhancement. 
Enhancement-based classification systems 
include EASL (bidimensional), m-RECIST (uni-
dimensional), RECICL, and more recently, 
LI-RADs (presence or absence of enhancement), 
where the size of the residual enhancing compo-
nent is measured for the former two [35].

15.1.2.1	� RECIST 1.1: Non-HCC 
Response Evaluation Criteria

The RECIST 1.1 criteria are used to evaluate 
tumor response rate in case of liver malignan-
cies, except for hepatocellular carcinoma. 

Baseline imaging is recommended to be per-
formed within 1  month to treatment initiation, 
as close as possible to the therapy. The first step 
is to categorize lesions as measurable or 
nonmeasurable.

Measurable  Hepatic lesions are considered 
measurable when larger than 10 mm on imaging 
[4]. Target tissue must be measured in at least one 
dimension (preferably choosing the plane of the 
longest measurement). On CT scans, the mini-
mum measurable diameter should be 10  mm. 
When more than one measurable lesion is pres-
ent, a maximum of two lesions per organ should 
be recorded and measured at baseline (altogether 
five lesions). Although target lesions are usually 
chosen according to size, it is also important to 
consider measurement reproducibility: In cases 
when the largest lesion does not lend itself to 
reproducible measurement, the next largest lesion 
that can be measured reproducibly should be 
selected [36].

Lymph nodes can be considered pathological 
when larger than 15  mm in short axis, when 
assessed by CT scan (CT scan slice thickness no 
greater than 5 mm) [4].

A sum of the diameters (longest for non-nodal 
lesions, short axis for nodal lesions) for all target 
lesions will be calculated and reported as the 
baseline sum diameters.

Nonmeasurable  Nonmeasurable lesions are all 
those that are either <10  mm (organ)/<15  mm 
(lymph nodes) or truly nonmeasurable (i.e., por-
tal vein thrombosis and ascites). It needs to be 
specified that lesions localized in areas previ-
ously subjected to other LRT are usually not con-
sidered measurable unless progressing.

Response Criteria
The evaluation of target lesions response to treat-
ment can be categorized in four assessment 
categories:

•	 Complete response (CR) can be assigned 
when disappearance of all target lesions is 
demonstrated. Any pathological lymph nodes 
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(whether target or nontarget) short axis should 
measure less than 10 mm.

•	 Partial response (PR) will be assigned when 
there is a decrease of at least 30% in the sum 
of target lesions’ diameters, taking as refer-
ence standard the baseline sum diameters.

•	 Progressive disease (PD) can be demonstrated 
when patients experience an increase in the 
sum of diameters of target lesions of at least 
20%, taking as reference the smallest sum on 
study (this includes the baseline sum if that is 
the smallest on study). Also, regardless of the 
20% increase in diameters’ sum, a 5  mm 
increase of the sum itself should be 
demonstrated, in order to consider the disease 
as progressive. Finally, the incidence of one or 
more new lesions is also considered 
progression.

•	 Stable disease (SD) can be assigned when 
there is no sufficient shrinkage to qualify the 
disease as partially responding or sufficient 
increase to qualify for progression, taking as 
reference the smallest sum diameters while on 
study.

Of note, consider that lymph nodes identified 
as target lesions should always be measured on 
their short axis, even if shorter than 10 mm on 
study. This way, when lymph nodes are included 
as target lesions, the sum of lesions may not be 
zero even if complete response criteria are met.

The evaluation of nontarget lesions response 
to treatment can be categorized in three assess-
ment categories:

•	 Complete response is assigned when there is 
disappearance of all nontarget lesions and nor-
malization of tumor marker level. All lymph 
nodes must be non-pathological (<10  mm 
short axis).

•	 Non-CR/non-PD can be confirmed when there 
is persistence of one or more nontarget 
lesion(s) and/or maintenance of tumor marker 
level above the normal limits.

•	 Progressive disease can be assigned when 
there is an unequivocal progression of existing 
nontarget lesions or when one or more new 
lesions are detected [37].

The patient’s best overall response assign-
ment will be based on the findings of both target 
and nontarget disease and on the appearance of 
new lesions. Also, depending on the study itself 
and the protocol requirements, confirmatory 
measurement might be also needed to confirm 
the type of response to therapy; this is needed in 
nonrandomized trials where response is the pri-
mary endpoint of the studies and verification of 
progression or remission is needed to deem either 
one of the best overall responses [38, 39].

15.1.2.2	� HCC Response Evaluation 
Criteria (M-RECIST, EASL 
Criteria, LI-RADS TRA)

Unlike most other solid cancers, conventional 
chemotherapy has a limited role in patients 
affected by hepatocellular carcinoma, for which, 
instead, antiangiogenesis intra-arterial (due to the 
predominant vascularization of HCC) locore-
gional therapies are useful therapeutic options 
[40–42]. These therapies tend to induce tumor 
tissue necrosis or intratumorally response, not 
necessarily determining tumor shrinkage. For 
these reasons, using the WHO criteria and both 
versions of the RECIST criteria might lead to 
underestimation of tumor response and conse-
quent overdiagnosis and overtreatment of tumor 
residues or recurrence [43].

The most important difference of new-
generation image response assessment criteria is 
the concept of “viable tumor,” which is strongly 
related to tumor enhancement [44].

Modified RECIST (m-RECIST) Criteria
M-RECIST is the standard tool for measuring 
radiological endpoints at early and intermediate 
stages of HCC, and evidence is growing regard-
ing its relevance in advanced HCC.

The first step to apply m-RECIST criteria is to 
assess tumor lesion at baseline imaging examina-
tion and selecting target lesions:

•	 Select intrahepatic tumor lesions ≥1  cm in 
longest diameter showing intratumorally arte-
rial enhancement and appearing suitable for 
accurate and repeated measurement. Select up 
to two lesions with these characteristics as 
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typical intrahepatic target lesions (defined as 
lesion that shows intratumoral arterial 
enhancement on multiphasic contrast-
enhanced imaging studies). Additional imag-
ing characteristics such as non-peripheral 
washout in the portal venous or the delayed 
phase, or the presence of a capsule, are not 
required [3].

•	 In cases where no suitable intrahepatic target 
lesions are found, it is important to identify 
lesions ≥1 cm in longest diameter, suitable for 
accurate and repeated measurement even 
though no intratumoral enhancement is detect-
able. These will be considered as atypical tar-
get lesions.

•	 As already mentioned above, lymph nodes 
can be considered as extrahepatic target 
lesions only when the short axis measures 
>1.5  cm (excluding portal lymph nodes for 
which the size cutoff for short axis is 2 cm).

•	 When measuring target lesions, it is crucial to 
measure the longest viable tumor diameter 
(excluding internal necrosis areas) or the lon-
gest tumor diameter for atypical intrahepatic 
target lesions or extrahepatic lesions.

•	 Calculate the baseline sum of target lesions 
diameters.

In addition, also nontarget lesions should be 
assessed on baseline imaging:

•	 Nontarget lesions can be typical or atypical, 
intrahepatic or extrahepatic lesions. Once a 
nontarget lesion is described, it is necessary to 
assess its changes during follow-ups. It is also 
important to remember that whenever the 
dominant hepatic lesion is not easily repro-
ducible, it will be categorized as nontarget.

•	 Any extrahepatic tumor tissue, not classified 
as target lesions, should be recorded as nontar-
get (i.e., malignant portal vein thrombosis is 
the most important). Ascites and pleural effu-
sion cannot be certainly described as tumoral 
manifestation, so they should not be included 
in this category.

Once categorization of lesions as target and 
nontarget is performed, the next step for applica-

tion of the m-RECIST criteria is to assess tumor 
response after treatment on post-procedural 
imaging studies, by applying the following 
recommendations:

•	 For target lesions, it is necessary to measure 
the longest viable tumor diameter of intrahe-
patic target lesions. Keep in mind that the 
viable part of the tumor may not be localized 
on the same slice where the longest tumoral 
diameter is measured. Areas of necrosis 
should not be measured. It is crucial, in post-
treatment imaging studies, to distinguish 
between viable tumoral areas and areas of 
reduced arterial perfusion caused by changes 
in  local hemodynamic mechanisms. A tissue 
demonstrating a change of vascularization, 
from hypervascularity to hypovascularity, 
does not have to be considered tumor necro-
sis: Only areas that show complete absence of 
contrast enhancement can be considered 
necrotic areas.

•	 For atypical target lesions, it is necessary to 
measure the longest overall tumor diameter, as 
well as for extrahepatic target lesions.

•	 Always remember to calculate the sum of 
diameters of target lesions.

•	 For nontarget lesions, disappearance of 
enhancement inside malignant portal vein 
thrombosis should be considered equivalent to 
complete response.

•	 For new lesions, the appearance of a new liver 
lesion ≥1  cm that shows characteristics of 
typical lesion determines a progressive dis-
ease. Any new liver lesion <1 cm or without 
typical vascularization pattern can be consid-
ered HCC only if it either acquires typical vas-
cularization patterns or shows an interval 
growth ≥1 cm in the follow-up scan.

The final step in m-RECIST is treatment 
response categorization.

•	 Complete response (CR) is assigned when 
there is disappearance of any intratumoral 
arterial enhancement in all typical intrahepatic 
target lesions AND disappearance of all atypi-
cal intrahepatic target lesions and extrahepatic 

15  Follow-Up (Response to Treatment, Clinical Management)



136

target lesions. Nodal lesions with short axis 
diameters that regressed to <1 cm can be con-
sidered normal.

•	 Partial response (PR) is assigned the sum of 
diameters of the target lesions decreases of at 
least 30% (including viable tumor diameters 
for typical intrahepatic target lesions and short 
axis diameters for nodal lesions), taking as 
reference the baseline sum of the longest 
diameters.

•	 Progressive disease is described when at least 
a 20% increase AND an absolute increase of 
at least 5 mm in the sum of diameters of the 
target lesions is documented (including viable 
tumor diameters for typical intrahepatic target 
lesions and short axis diameters for nodal 
lesions), taking as reference the nadir sum of 
diameters recorded since baseline.

•	 Stable disease is identified when there is not 
sufficient decrease in size to qualify for PR or 
sufficient increase of the same to qualify for 
PD.

•	 Not evaluable: At least one target lesion is not 
evaluable and the change in the sum of diam-
eters of the measurable target lesions does not 
meet the criteria for PD.

Overall patient response is a result of the com-
bined assessment of the three categories of target 
lesions, nontarget lesions, and new lesions. It 
needs to be kept in mind that evidence of progres-
sion in any of these is indicative of overall dis-
ease progression; however, the specific 
progressive category should be clearly reported. 
While overall disease progression may be cap-
tured by isolated progression of nontarget lesions, 
it must be specified that this is exceptional and 
that unequivocal findings are required to verify 
disease progression [3].

Notably, m-RECIST has shown optimal inter-
reader agreement, with values similar or higher 
compared to those reported for standard RECIST 
in comparative series [45, 46].

European Association for Study 
of the Liver (EASL) Response Categories
The EASL criteria use bidimensional measure-
ments and categorize response similarly to the 

WHO guidelines [22], describing the following 
response categories:

•	 Complete response: when there is disappear-
ance of any intratumoral (arterial and portal) 
enhancement in all target lesion(s) (up to two 
measurable liver lesions).

•	 Partial response: when ≥50% decrease in total 
tumor load (defined as sum of the cross prod-
uct of two largest diameters or as the sum of 
surfaces of viable target lesions) of all mea-
surable lesion(s).

•	 Stable disease when neither PR nor PD can be 
described.

•	 Progression disease when more than ≥25% 
increase in size of one or more measurable 
lesion(s) or the appearance of new lesion are 
detected.

Differences Between M-RECIST and EASL
M-RECIST and EASL criteria are both based on 
measurement of the enhanced lesions, consider-
ing the “vial” part of the tumoral node. The main 
difference is that for the m-RECIST criteria, 
tumor viability is determined on arterial phase 
images, and for the EASL criteria, the portal 
venous phase images can be used as well.

The other difference is that RECIST 1.1 and 
m-RECIST are criteria based on measuring 
lesions on a single largest axial diameter and the 
EASL criteria implies to measure the largest 
axial bidimensional diameters or the enhanced 
area of the lesion. This leads to a significant dif-
ference in establishing partial response and pro-
gressive disease thresholds.

Comparative studies have proved how the 
EASL criteria proved to underestimate tumor 
viability and progressive disease compared to 
RECIST and m-RECIST. Indeed, RECIST crite-
ria demonstrated better accuracy compared with 
EASL criteria for predicting survival in patients 
after LT who had transarterial chemoemboliza-
tion as a “bridge” therapy [47–49].

However, for both m-RECIST and EASL cri-
teria, limitations must be acknowledged: (i) 
During conventional TACE, an emulsion of a 
concentrated chemotherapeutic agent and 
ethiodized oil (Lipiodol, Laboratoire Guerbet, 
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Villepinte, France) is used. Due to its hyper-
attenuation on CT, intratumoral Lipiodol depos-
its can partially mask hyperenhancing portions of 
tumors, which could lead to overestimation of 
tumor response after cTACE with m-RECIST 
[50]. (ii) Concerning nonmeasurable lesions, 
HCC may present as an ill-defined lesion with 
infiltrative margins and develop with a predomi-
nantly intravascular growth pattern. These forms 
of the disease are often non-hyperenhanced on 
arterial phase images. In these cases, m-RECIST 
and EASL criteria can still be applied to assess 
tumor response according to RECIST criteria, 
but the tumor should not be considered as the tar-
get lesion [19].

LI-RADS Treatment Response Algorithm
The LI-RADS treatment response algorithm 
(TRA) was introduced in the 2017 and 2018 
updated version of the LI-RADS score and is 
used to assess HCC after LRT using both CT and 
MRI [15, 51–53]. According to the recommenda-
tions, before scoring imaging using the LI-RADS 
score, the reader needs to decide whether the 
treated lesion can be assessed or not based on the 
presence of suboptimal acquisition protocol and/
or the presence of viable tumor.

Therefore, the categorization can be stratified 
into the following major scores:

•	 LI-RADS nonevaluable: Image degradation or 
the omission of necessary enhancement 
phases does not allow to properly evaluate 
lesions.

•	 LI-RADS nonviable: Treated lesions with no 
enhancement or expected treatment-specific 
enhancement patterns.

•	 LI-RADS viable: It can be used to evaluate 
treated lesions with viable tumor tissue (i.e., 
enhancing nodular, mass-like, or thick irregu-
lar tissue in or along the margin of the treated 
nodule, with any of the following: arterial 
phase hyperenhancement (APHE), washout, 
and enhancement similar to pretreatment 
enhancement.

•	 LR-TR equivocal: This category score should 
be assigned to tumors that are evaluable but 

that do show equivocal features of viable 
tumor tissue (i.e., incompletely necrotic tumor 
and granulation tissue).

To assign a final LI-RADS for treatment 
response, the readers should perform the follow-
ing steps: (a) Evaluate whether the lesion is eval-
uable or not and categorize it according to the 
definitions described above. (b) Measure viable 
tumor size by measuring the longest diameter 
through the enhancing area of the treated lesion 
but not traversing a nonenhancing area. (c) 
Perform final check by questioning whether the 
assigned TR category is reasonable and 
appropriate.

When compared to other guidelines (i.e., 
RECIST and m-RECIST), LI-RADS TRA not 
only provides imaging criteria for the assessment 
of viable and nonviable tumor tissue, with the 
introduction of new concepts such as nonevalu-
able and equivocal, but they also address the vari-
able appearances of tumor tissue after different 
LRT [31, 54]. Several studies have investigated 
the performance of LI-RADS TRA in the evalua-
tion of HCC after ablation and have showed 
promising results [7, 55–57] while at the same 
time moderate inter-reader reproducibility and no 
impact on overall survival have been shown [58], 
different from the m-RECIST [59].

15.1.3	� The Role of Quantitative 
Assessment Tools

Up to date, the assessment of HCC response to 
treatment after TACE is based on qualitative eval-
uation of radiologists and is therefore strongly 
linked to expertise.

A quantitative assessment of tumor heteroge-
neity is not feasible simply applying international 
recommendations such as LI-RADS TRA and 
m-RECIST [60]. That is why in the last years, 
there is a growing interest in applying AI algo-
rithms and radiomics tools for the assessment of 
HCC response to therapy, to identify phenotypes 
by extracting quantitative features from CT and/
or MR imaging and for preoperative prediction of 
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treatment response [61–68]. However, the appli-
cation of these tools in the clinical practice still 
needs to be implemented, specifically as part of 
clinical indicator-based predictive nomogram to 
predict TR in intermediate-advanced HCC and 
clinical prognosis.

15.1.4	� Clinical Management 
and Conclusion

For all the guidelines, the clinical management of 
all categories, except for patients showing partial 
response or progression, imaging should be 
repeated with the same modality to monitor 
patient’s outcome. Instead, whenever viable 
tumor and/or increase in size after LRT is 
detected, according to the criteria used, further 
management potentially affecting transplantation 
eligibility are warranted.

To conclude, the use of standardized criteria is 
strongly recommended for an accurate assess-
ment of response to treatment, since it is both 
critical and essential for clinical practice and 
clinical trials.

Also, these guidelines facilitate communica-
tion and multidisciplinary care of patients with 
HCC, a disease for which expertise from several 
specialties such as diagnostic and interventional 
radiology, hepatology, transplantation surgery, 
and surgical, medical, and radiation oncology is 
required.
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See Figs. 16.1, 16.2, 16.3, 16.4, 16.5, 16.6, 16.7, 
16.8 and 16.9

a b

Fig. 16.1  (a) Celiac axis DSA depicting a large, high-
flow arterioportal communication. (b) The communica-
tion was embolized using 3 mm pushable micro-coils and 

DEB-TACE was performed following selective catheter-
ization of the tumor feeding vessel

a b

Fig. 16.2  A case of diffuse right lobe HCC and celiac 
artery occlusion. (a) DSA following SMA catheterization 
depicting the right hepatic artery (arrow) retrogradely per-
fused via the gastroduodenal artery (arrowhead) and col-

lateral network of the inferior pancreaticoduodenal artery 
(IPA). (b) IPA was selectively catheterized with a micro-
catheter and DEB-TACE was performed
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a b

c d

Fig. 16.3  Patient with a multifocal HCC in the right liver 
lobe treated with DSM-TACE in a lobar fashion. (a) Pre-
procedural MRI (arterial phase) showing two of the mul-
tiple hypervascularized HCC lesions in the right liver lobe 
(yellow arrow, lesion in segment V). (b) Celiacography 
with a 5-F macrocatheter in the main hepatic artery (yel-
low arrow, tip of the catheter). (c) Place of dose applica-

tion with a 2.5-F microcatheter placed in the proximal 
right hepatic artery (yellow arrow, tip of the microcathe-
ter). (d) Control MRI after 3 months and two sessions of 
DSM-TACE showing a partial response with partially 
smaller and devascularized lesions (yellow arrow, lesion 
in segment V with a reduced lesion diameter and signifi-
cant devascularization)
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Fig. 16.4  A 73-year-old male with HCV-related cirrho-
sis, with VII–VIII segmental liver resection for a single 
HCC, that presents with tumor recurrence 1 year after sur-
gery. CT scan shows viable tumor activity (a, b, yellow 
arrows) adjacent to resected area (c, yellow arrowheads), 
and hypervascular infracentimetric nodules nonconclu-
sive of HCC tumors (c, red arrow). Selective angiography 
of the hepatic artery is performed confirming local recur-
rence (d, e, f) as well as hypervascular infracentimetric 
nodules (g, red arrows). TACE was performed from seg-

mental branches using 100–300 micron DEM, with a total 
amount of 100 mg of doxorubicin administered, to achieve 
a complete tumor devascularization (h, i). The patient pre-
sented with postembolization syndrome during admission 
and mild alteration of ALT/AST that returned to normal 
within 2 weeks. A follow-up CT scan performed 4 weeks 
later showed complete tumor response but biliary tract 
dilatation (j, yellow arrows). After recovering from 
fatigue, a second TACE session was scheduled 3 months 
later

a b c
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d e f
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l

h i

Fig. 16.4  (continued)
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a b

c d

e f

Fig. 16.5  Transarterial radio-embolization (TARE) treat-
ment for intrahepatic cholangiocarcinoma in a 46-year-
old woman. Preoperative CT images of a large 
cholangiocarcinoma in the right hepatic lobe on arterial 
(a) and portal (b) phases. Digital subtraction angiography 

during TARE (c), with intra-procedural cone-beam CT 
scan in arterial phase (d). SPECT-CT exam after TARE 
showing intra-tumoral distribution of Y-90 microspheres 
(e). CT scan performed 1 month after TARE, showing dif-
fuse tumor necrosis (f)
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a b

Fig. 16.6  Pretreatment arterial phase CT showing an 
hypervascular HCC in VII liver segment (a). Three 
months after SIRT arterial phase CT showing disappear-

ance of all hypervascular tumor components configuring a 
complete response according to mRECIST (b)
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a b

c d e

f g h

Fig. 16.7  A 79-year-old patient with hepatitis C virus-
related hepatic cirrhosis, recent asthenia, weight loss 
(8 kg), and pancytopenia. Previous asportation of Kaposi 
sarcoma of the right foot and squamous cell carcinoma of 
the left eye treated with mitomycin. Baseline CT exami-
nation showing a 45 millimeter partly exophytic lesion in 
the liver segment VIII, with wash-in in the arterial (a) 
phase and washout in the delayed (b) phase, respectively, 
suggestive for HCC (as confirmed by the subsequent liver 
biopsy). Selective catheterization and angiography of 
right hepatic artery originating from the superior mesen-
teric artery confirmed the HCC nodule (c). Superselective 
catheterization of the feeding artery was performed (d). 

Under US guidance, radiofrequency ablation is performed 
with a 3-cm exposed tip electrode after local anesthesia 
and during conscious sedation of the patient (e). 
Arteriography performed from the microcatheter in the 
feeding vessel shows hyperaemia in the target lesion (f). 
Superselective chemoembolization with drug-eluting 
beads (ranging from 100 to 300 micron) preloaded with 
50 mg of doxorubicin is performed until complete dose 
was administered with complete devascularization of the 
HCC lesion (g). One-month post-procedural CT examina-
tion showing complete response to treatment of the target 
lesion, with complete absence of viable tissue in the arte-
rial phase (h)
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a b c d e f

Fig. 16.8  A 62-year-old male with alcoholic cirrhosis 
(Child-Pugh A) with a 7-cm infiltrative tumor invading the 
right portal vein consistent with hepatocellular carcinoma 
(biopsy proven). The patient was given sorafenib but pro-
gressed on follow-up MRI with alpha-fetoprotein (AFP) 
levels of 299,535 ng/mL (a). The patient was switched to 
durvalumab and tremelimumab (Himalaya Trial) with a 
dramatic response at 3  months on follow-up MRI (b). 
Response still improved and was durable at 20  months 
from starting the dual checkpoint inhibition (c). The 
patient eventually progressed with the development of a 
tumor nodule in segment IVB and in the right liver (d). 
The patient was brought to the angiosuite. Celiac trunk 

angiography shows “tumor blush” of the two nodules (e, 
top). Superselective conventional TACE (c-TACE) was 
performed in the tumor feeding vessels of these nodules 
(e, bottom). Unenhanced CT performed immediately after 
c-TACE demonstrates a good uptake of the Lipiodol-
based emulsion by the tumors (e). Follow-up CT per-
formed at 7  months from c-TACE (35  months from 
durvalumab and tremelimumab administration) shows a 
complete response (f). This case highlights the potential 
of combinatorial strategies for liver cancer particularly 
hepatocellular carcinoma. Courtesy: Gastrointestinal 
oncology unit at Institut Gustave Roussy
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d e f

Fig. 16.9  A 61-year-old male with NASH cirrhosis with 
a 4-cm well-defined and typical HCC (arterial phase 
CE-MRI (a), delayed phase CE-MRI (b)) in segment VI 
confirmed at angiography DSA (c) and dual-phase cone-
beam CT (d) acquired during balloon-occluded TACE 
procedure. After microballoon inflation, a significative 
drop of the arterial pressure measured at the tip of the 

microcatheter was obtained (49  mmHg vs 109  mmHg) 
and chemoembolization was performed with epirubicin 
and microspheres (LifePearl, Terumo 100 and 200 
micron), with optimal opacification of the tumor (e). 
CE-MRI showed a sustained complete response 3 years 
after the treatment (f)
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