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Abstract: Treatment of hepatocellular carcinoma (HCC) depends on the stage of disease. In the 
Western Hemisphere, the Barcelona Clinic Liver Cancer classification (BCLC) is the preferred 
staging system. Approximately one-third of patients initially present with intermediate-stage 
disease. For these patients, transarterial chemoembolization (TACE) is the treatment of choice. 
However, the intermediate-stage comprises a heterogeneous subgroup of patients with considerable 
differences in tumor burden and liver function. In addition, differences in individual factors that are 
not captured by the BCLC framework, such as the tumor growth pattern, degree of hypervascularity, 
and vascular supply, complicate further evaluation of these patients. Due to these differences, not all 
patients benefit equally from TACE. Several tools and scoring systems have been devised to provide 
decision-making support. All of these have shown promising initial results but failed external 
evaluation and have not been translated to the clinic. Nevertheless, criteria for objectifying treatment 
decisions in daily clinical practice are needed in all stages of disease. Therefore, this review provides 
a concise practical step-by-step guide on current strategies for patient selection and decision- 
making, with a focus on TACE, to critically evaluate the existing decision-support tools and provide 
a summary of the latest updates in the field. 
Keywords: hepatocellular carcinoma, transarterial chemoembolization, survival prediction, 
treatment decision support, practical step-by-step guide

Introduction
Hepatocellular carcinoma (HCC) is one of the most common and deadliest cancers 
worldwide.1,2 In the Western Hemisphere, the Barcelona Clinic Liver Cancer classifica-
tion (BCLC) is the preferred staging system.1,3 The system is based on tumor stage, liver 
function, and the patient’s performance status, classifying patients from (very) early 
(BCLC 0 and A) and intermediate (BCLC B) to advanced and terminal stage (BCLC C 
& D).4 A treatment recommendation is linked to each stage; transarterial chemoem-
bolization (TACE) is the standard of care for intermediate-stage patients.1,3 These 
recommendations are mainly based on two trials showing significant improvement 
in median overall survival (OS).5,6 However, these trials were conducted in a highly 
selected patient cohort that does not reflect clinical reality, as the intermediate stage 
comprises a heterogeneous subgroup of patients with considerable differences in 
tumor burden and liver function.7 To further improve treatment allocation, the 
BCLC subclassification was developed.7 However, it has not been able to offer 
significant benefit for patient stratification.8,9 Nevertheless, the rationale behind 
further subclassification of the intermediate stage emphasizes the fact that not 
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every patient benefits equally from TACE and that several 
patients might profit from a switch to systemic therapy. 
Thus, selecting the “right” patient remains crucial. To 
address this issue, several attempts have been made to 
provide solutions and tools to support decision-making 
and patient selection. Thus, the aim of this review is to 
provide a concise, up-to-date overview of the available 
stratification strategies and to provide a practical step-by- 
step guide on how to select the optimal TACE candidate.

Treatment Decision Before and During 
TACE: What are the Most Critical Time 
Points?
Treatment decisions apply during the entire course of 
disease (Figure 1). In this document, we strive to:

a) identify the perfect candidate to start initial TACE 
treatment,

b) try to support decision-making during the course of 
TACE treatment and finally to

c) provide guidance on when to stop TACE.

Start of TACE Treatment: Which Patients 
are Optimal Candidates for TACE?
In a typical intermediate-stage patient cohort, median 
OS is approximately 2.5 years.10 Survival rates can 

increase to up to 4 years if the inclusion criteria for 
TACE are followed more strictly.11 Such discrepancies 
underline the need to select the most suitable patients 
for TACE. However, despite the suggestions of 
Western guidelines, in clinical reality, the decision of 
whether to start TACE treatment remains a complex 
decision with a multitude of possible factors influen-
cing the process.

During the last decade, several predictive factors have 
been identified. Image-derived tumor features allow impor-
tant insights. First and foremost, the important features 
tumor size and number of lesions correlate with patient 
outcome.1,6,11–14 Furthermore, a larger tumor size correlates 
with an inferior response to TACE and a higher risk of post- 
embolization syndrome.14–18 The post-embolization syn-
drome describes a combination of symptoms including 
fever, nausea, vomiting and pain in the right upper quadrant, 
which occurs in up to 80% of the patients.19–21 It is the most 
common adverse event after TACE and the major reason for 
an acute inpatient management leading to a prolonged length 
of stay.22 A commonly used cut-off for tumor size is 
5 cm.18,23 In particular, the up-to-7 criteria, a combination 
of tumor size and number of lesions, originally designed to 
assess the suitability for liver transplantation, have shown 
good correlation with the median OS after TACE.24

Figure 1 Overview of decisions applying to TACE treatment.
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Moreover, imaging enables the identification of features 
associated with a more aggressive tumor biology. These 
factors, to a great extent, influence the feasibility and success 
of TACE, though they are not included in the BCLC staging 
system. One of these factors is the degree of vascularity: 
hypervascular tumors are more responsive to TACE treat-
ment, easier to identify during the treatment, and have 
a favorable outcome.13,14,25 Another important issue is the 
arterial anatomy: Few tumor-feeding vessels and favorable 
anatomy enable superselective embolization. In contrast, 
unfavorable anatomy, such as extensive parasitic arterial 
tumor-feeders, may complicate a superselective procedure, 
eventually resulting in ineffective TACE. A superselective 
procedure is important in order to maximize tumor necrosis 
while minimizing TACE-associated side effects to the 
healthy liver parenchyma.18 Figure 2 displays an example 
for unfavorable and favorable.

An important indicator of tumor aggressiveness is the 
growth pattern. Infiltrative tumor growth is associated with 
an impaired response and impaired median OS compared 
to patients with nodular tumor growth and a clear bound-
ary to the surrounding liver parenchyma.26–28

Imaging enables the detection of ascites and hepatomegaly, 
which are associated with impaired survival.29–32 Furthermore, 
the size of the spleen can be assessed easily, which functions as 
a surrogate marker of portal hypertension and is, itself, an 
additional negative predictor of the median OS.33

Laboratory parameters representing liver function and 
the HCC-related tumor marker alpha-fetoprotein (AFP) are 
the second component of the patient evaluation for TACE 

because they are easy to capture during clinical 
routine.17,34–42 Historically, the Child-Pugh Score (CPS) 
was the standard tool for stratification of cirrhotic patients.1 

However, the CPS has two major restrictions in the evalua-
tion of HCC patients: Firstly, it does not fully capture dete-
rioration due to temporary events within the progression of 
cirrhosis. Secondly, the CPS includes parameters that depend 
on subjective assessment, which may hamper its validity.1 

Therefore, new stratification tools may be needed for the 
evaluation of HCC patients. One of these tools is the combi-
nation of albumin and bilirubin as the albumin-bilirubin 
score (ALBI), which is an easy-to-calculate indicator of the 
estimated hepatic reserve and has been shown to be highly 
predictive.43,44 Albumin is an important marker of liver 
function and has been repeatedly identified as a strong prog-
nostic factor.45,46 High bilirubin levels are associated with 
a higher risk of post-procedural liver decompensation and, 
therefore, are a negative prognostic factor for median 
OS.21,30 Of the other liver synthesis parameters, low choli-
nesterase, high INR, and low platelet count may complement 
the ALBI score in the decision-making process.1,47

The role of other factors, such as the C-reactive protein 
(CRP) level prior to the first TACE treatment remain 
unclear. Though several publications have stated that 
CRP only represents a surrogate parameter for systemic 
inflammatory response syndrome and tumor 
aggressiveness,48,49 others have stated that high CRP 
levels are related to poorly differentiated tumors.50 While 
Kinoshita et al found CRP to be an independent prognostic 
factor associated with a poor prognosis regardless of the 

BA

Figure 2 The left image (A) shows an example of a patient with a parasitic tumor supply: in this case the tumor is supplied by a strong right inferior phrenic artery, which is 
the most common variant of parasitic tumor supply. The right image (B) provides an example of a favorable vascular supply for TACE: a small branch of the segment two 
artery enables a superselective embolization.
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BCLC status and treatment modality,51 for TACE treat-
ment the results are divergent.34,42

Even though current Western guidelines downgraded 
the value of AFP for screening and diagnosis,1,3 there is 
evidence that static, and especially dynamic, AFP values 
(in the form of changes before and during treatment) are 
related to the median OS.45,46,52–54 On a molecular basis, 
AFP plays a role in tumor angiogenesis and may affect 
tumor cell proliferation and tissue growth.55 For patients 
treated with TACE, AFP has been an independent predic-
tor of the median OS in several studies.55–57 However, 
discussion of optimal cutoffs is ongoing and the current 
evidence heterogeneous. The AFP dynamics may be more 
appropriate and could function as an indicator of tumor 
aggressiveness.52 Recently, results from the REACH 2 
trial on ramucirumab as a systemic treatment in patients 
with advanced HCC showed that AFP levels may have 
a stronger influence than expected on the therapeutic 
response.58 Further investigations are needed to evaluate 
the role of AFP in the context of TACE treatment.

Figure 3 summarizes the factors as patient-, tumor-, 
and treatment-associated features to be considered before 
starting TACE.

Choice of the Best Technique
During HCC development and progression, the tumor 
tissue shows intense neo-angiogenesis leading to a strong 
arterial tumor supply.1 With the embolization of the sup-
plying arterial vessels, the induction of ischemia is 
intended. This selective ischemia of the tumor tissue 
leads to a shutdown of cell metabolism and causes 
a growing rate of cell death. This process synergistically 
strengthens the cytotoxic effect of the applied chemother-
apeutic agents with the ultimate goal of a complete tumor 
necrosis.1 The surrounding liver parenchyma is protected 
from relevant ischemic cell death as it is physiologically 
receiving most of its blood supply by the portal venous 
system.

Two TACE techniques are mainly used in clinical rou-
tine: conventional TACE (cTACE) and TACE with drug- 
eluting beads (DEB-TACE). In 2002, cTACE was first 
shown to improve OS against best supportive care (28.6 
months vs 17.9 months).5 The treatment was based on the 
injection of a chemotherapy emulsion (ie, doxorubicin, epir-
ubicin, idarubicin, mitomycin C, or cisplatin) and lipiodol, 
followed by an embolizing agent in order to enhance the 
ischemic effect (ie, gelatin sponge, polyvinyl alcohol parti-
cles, or microspheres). In 2006, drug-eluting beads were 

introduced in order to improve the therapeutic effect while 
reducing side effects due to slower release of the chemother-
apeutic agents.59 However, the first head-to-head trial did not 
yield significant superiority to cTACE regarding the median 
OS.60 Following these initial results, several randomized 
trials attempted to prove the superiority of DEB-TACE 
over cTACE. However, until today, no significant difference 
has been shown between cTACE and DEB-TACE regarding 
tumor response or survival.10,61 The only findings were less 
post-procedural pain and fewer chemotherapy-associated 
systemic side effects after DEB-TACE.10,60

Regarding the optimal chemotherapeutic agent, all 
drugs performed relatively similar in randomized trials.62 

Therefore, no clear recommendation towards one specific 
chemotherapeutic agent can be made. Another important 
technical aspect that has to be considered during TACE 
treatment is the optimal embolization endpoint. Evidence 
on the topic is low and study results contrary: While Jin 
et al showed that a residual antegrade blood flow after 
TACE increases the median OS, Habbel et al found no 
direct relation between the subjective angiographic che-
moembolization endpoint and the median OS.63,64 Thus, it 
remains unclear whether an intermediate substasis or 
a higher, stasis embolization endpoint is favourable.

As mentioned above, the recommendation of TACE for 
patients in intermediate stage is mainly based on two trials 
showing significant improvement in median OS.5,6 The effi-
cacy of TACE is further supported by the results of several 
meta-analysis.65,66 Against this robust evidence, the 
Cochrane investigators questioned the role of TACE on 
survival in 2011 as their meta-analysis yielded no benefit 
for TACE compared to best supportive care.67 They argue 
that the original studies were conducted on a highly selected 
patient cohort. However, the review has several methodical 
weaknesses and its results never entered clinical reality.

Recently, several modifications of the conventional 
TACE technique have been proposed. One is the balloon- 
occluded TACE (B-TACE), which is defined as the infu-
sion of emulsion of chemotherapeutic agents with lipiodol 
followed by gelatin particles under the occlusion of feed-
ing arteries by a microballoon catheter.68

First evaluation studies concluded a superiority of 
B-TACE compared to conventional TACE.69–71 However, 
studies were conducted retrospectively on relatively small 
sample sizes, thus, randomized controlled trials are manda-
tory. Another modification of conventional TACE is the 
combination with a lipiodol-ethanol mixture, which showed 
promising results in initial evaluation.72,73 Based on the 

https://doi.org/10.2147/JHC.S285735                                                                                                                                                                                                                                   

DovePress                                                                                                                                             

Journal of Hepatocellular Carcinoma 2021:8 406

Müller et al                                                                                                                                                           Dovepress

https://www.dovepress.com
https://www.dovepress.com


causing of endothelial damage and thrombosis of the arterial 
feeder vessels, the lipiodol and ethanol mixture may enhance 
the embolization effect of TACE.74 However, currently evi-
dence is limited on these techniques as well-designed rando-
mized controlled trials are missing.

As mentioned above, with the use of selective arterial 
embolization a tumor necrosis is intended. However, the 
induced hypoxia increases the upregulation of vascular 
endothelial growth factor and pplatelet-derivedgrowth factor, 
which leads to an increase of re-vascularization.75–77 Thus, 
the adjuvant application of antiangiogenic systemic therapy 
may further reduce tumor volume and arterial tumor supply. 
One possible option is the antiangiogenic multikinase inhi-
bitor sorafenib, which is currently a recommended treatment 
option for HCC patients with unresectable HCC in BCLC 
stage C. However, the combination of TACE with sorafenib 
and other molecular targeted agents so far yielded no survival 
benefits.78–83 While the results of the TACTICS trial report 
an improved progression-free survival for the combination, 
the recently published final data showed no improvement in 
median OS.84,85 Thus, the combination of TACE and targeted 
agents might be a valuable treatment option in individual 
scenarios but cannot be generalized to all patients.

During the Course of Treatment: How 
Often and When Should TACE Be 
Repeated?
After the initial TACE procedure, re-evaluation of each indi-
vidual patient is necessary. The treatment response in particular 

is an indispensable factor to further guidance, as it functions as 
a strong predictor of median OS and may be seen as a meta- 
parameter. As tumor necrosis is not necessarily accompanied 
by immediate reduction of the tumor size,86 conventional 
RECIST criteria, which are based on the maximum tumor 
diameter, may tend to underestimate the tumor response.87,88 

As HCCs have predominantly arterial (hyper-) vascularization, 
modified RECIST (mRECIST) criteria measuring the sum of 
the longest diameter of contrast-enhancing tissue have been 
developed and are the recommended assessment of response 
by the Western guidelines.1,89,90 As in the conventional criteria, 
the patient’s response to TACE can be classified as a complete 
response (CR), partial response (PR), stable disease (SD), or 
progressive disease (PD). Table 1 displays a detailed descrip-
tion of the mRECIST criteria in their current form.

Figure 4 provides an example for PR and CR.
These different stages of response create various 

scenarios:
The first scenario is patients with residual vital tumor and 

PR (or at least SD) after the initial TACE session. For these 
patients, there is no standardized re-treatment policy.86 

Regarding an optimal re-treatment schedule, there are no 
clear evidence as to whether repeated TACE after pre- 
defined time intervals or repetition in case of progression is 
better. Based on the positive experience in the initial trials, 
common practice is initial treatment with two TACE sessions 
within 1–2 months because this may lead to better response 
rates.91 Afterwards, regular intervals may lead to improved 
monitoring of the case, but an aggressive schedule may also 

Figure 3 Overview of prognostic factors to consider when evaluating patients for TACE (factors pro TACE = green, factors contra TACE = red).
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increase the risk of liver failure.91,92 Either way, liver func-
tion and performance status have to be monitored closely in 
order to avoid “overtreatment”.93 Continuous re-evaluation 
of each patient by an interdisciplinary tumor board including 
experienced hepatobiliary surgeons, hepatologists, interven-
tional radiologists, and oncologists is of utmost importance to 
not miss the optimal timing for a switch to systemic treatment 
when subsequent therapy is still possible. Therefore, 
response assessment is indispensable prior to each TACE 
treatment. To this end, cross-sectional imaging (CT/MRI) 
should be performed immediately before TACE. This allows, 
in addition to the response assessment, the recording of 
important factors representing tumor biology as mentioned 
above. In cTACE, the extent of lipiodol accumulation on CT 
images is associated with the extent of tumor necrosis.94,95 

However, MRI may be helpful in assessing residual viable 
tumor tissue due to the “blooming effect” of the lipiodol 
staining in CT.96 After DEB-TACE, CT and MRI can be 
used interchangeably.96

After successful initial TACE with CR, recurrence can 
appear as either re-vascularization of the treated tumor1 or in 
the form of new tumor lesions. For both scenarios, repetition 
of TACE may be necessary to secure therapeutic success. 
However, to ensure that a particular patient is still a good 
TACE candidate, discussion by the interdisciplinary tumor 
board is of greatest importance, too.

TACE should be stopped immediately in cases of initial 
unresponsiveness or “untreatable progress”, defined as mas-
sive liver involvement, extrahepatic spread, vascular invasion, 
impaired liver function, or worsening performance status.86,97

Figure 5 summarizes the patient scenarios for re- 
evaluation during TACE treatment.

Patients No Longer Benefiting from 
TACE
It is crucial to identify patients who are not benefitting from 
TACE as soon as possible, as these patients could still benefit 
from systemic therapy as long as the tumor burden and liver 

Table 1 Modified RECIST Criteria1,89,90

Classification of 
Response

Criteria Definition

Complete response (CR) No intratumoral arterial enhancement in 

all target lesions

Partial response (PR) ≥ 30% reduction of the sum of diameters 

of viable (enhancement in the arterial 

phase) targets lesions

Stable disease (SD) Feature classifiable as neither partial 
response nor progressive disease

Progressive disease (PD) ≥ 20% increase in the sum of the 
diameters of viable target lesions

A B

C D

Figure 4 The upper row shows an example of complete response according to the modified RECIST criteria (A and B). The lower row displays an example for partial 
response (C and D) with a peripheral residual hypervascularization of the tumor nodules.
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function allow for it.98 In clinical routine, this “point of no 
return” is difficult to determine. As mentioned above, con-
tinuous and standardized imaging in combination with repe-
titive laboratory assessment, including liver function 
parameters and AFP, forms the basis for accurately timing 
the switch to systemic treatment after refractory TACE. An 
inappropriately high number of TACE sessions delays the 
switch to systemic therapy and may, in some cases, comple-
tely hinder the treatment switch due to the deterioration of 
liver function.98–102 Both situations may be associated with 
impaired survival.

High tumor burden, multifocality, impaired liver func-
tion, early recurrence, incomplete necrosis, massive progres-
sion under TACE, and the occurrence of extrahepatic spread 
and/or vascular invasion should trigger the cessation of 
TACE treatment and re-evaluation by an interdisciplinary 
tumor board.98 Furthermore, unbearable side effects of 
TACE, such as severe forms of post-embolization syndrome, 
should also lead to re-evaluation, as they may strongly influ-
ence the patient’s quality of life. These patients may also 
benefit from a switch to systemic treatment. However, exten-
sive discussion with the patient of the possible benefits and 
disadvantages of the switch is inevitable.

Alternative Treatment in Intermediate 
Stage
For patients with a limited tumor burden, namely oligo- 
nodular disease with a tumor diameter <5 cm, liver resec-
tion has to be considered as a treatment option.103 

However, the most common limitation for curative resec-
tion beyond early stages is the impaired liver function, 
which has repeatedly been identified as an independent 

predictor for a reduced median OS.104 In this case, thermal 
ablation offers another feasible curative treatment option.1 

If the tumor size exceeds 5cm, thermal ablation and TACE 
can be combined allowing for ablations up to 6cm with 
good response rates.105–108 For patients with localized 
tumor growth confined to one or two liver segments radia-
tion segmentectomy, which is defined as a highly selective 
radioembolization limited to ≤2 hepatic segments, is 
a curative treatment option; especially in case of impossi-
ble thermal application and curative resection due to 
a challenging tumor location.109,110 One currently inten-
sively investigated therapy option for patients with HCC is 
the external beam radiation therapy. Through advances in 
radiation technique, precise stereotactic targeting of the 
tumor tissue is possible, while sparing out the surrounding 
liver parenchyma (SBRT). The few available studies for 
intermediate stage proved that SBRT might be an option in 
combination with TACE or thereafter.111,112 A head-to- 
head comparison of both techniques is currently being 
assessed in the TRENDY trial (NCT02470533).

Regarding systemic treatment as first-line option for 
the intermediate stage, Kudo et al recently promoted 
Lenvatinib as a superior option for patients with a high 
tumor burden.113 However, due to the relatively small 
sample size and the retrospective design, the results should 
be interpreted as an initial proof-of-concept study and 
cannot replace prospective randomized trials. A little 
more is known on systemic treatment following on 
TACE refractoriness. Several retrospective studies proved 
that a switch to systemic therapy in case of TACE refrac-
toriness improved median OS.101,114 However, as men-
tioned above, to identify the “right” point for treatment 

Figure 5 Flowchart of the re-evaluation criteria and decision-making during TACE treatment.
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transition remains crucial. One prospective trial currently 
investigating the role of sorafenib following TACE is the 
OPTIMIS trial (NCT01933945), which has a special focus 
on the patient status when sorafenib treatment is started. 
Further prospective trials on various systemic agents after 
TACE refractoriness are urgently needed.

Scoring Systems: Appropriate Support for 
Decision-Making Before and During 
TACE Treatment?
To specifically address the initial question as to whether 
to start TACE, the STATE (Selection for TrAnsarterial 
chemoembolization TrEatment) score and HAP 
(Hepatoma Arterial-embolization Prognostic) score and 
its modifications (mHAP-II and -III) have been 
devised.34,45,53,54 The STATE score consists of serum 
albumin, tumor burden (up-to-7 criteria), and CRP 
level.34 Patients with a lower STATE score had 
a significantly impaired median OS (5.3 months vs 19.5 
months). Therefore, the authors concluded that patients 
with a low STATE score should not be treated with 
TACE. The score can be applied to both TACE types.

The HAP score includes serum levels of albumin, 
bilirubin, and AFP and the tumor size and categorizes 
patients into four subgroups.53 To improve the predic-
tive ability of the score, two adaptations have been 
made. In the mHAP-II score, adding the number of 
lesions as a factor improved the stratification.54 The 
mHAP-III is also adjusted by taking into aaccount- 
specificweighting factors, creating an individual predic-
tion of prognosis (online calculator http://www.livercan 
cer.eu/mhap3.html).45

Though both the STATE and HAP scoring systems had 
promising stratification results, external validation by other 
groups showed only a moderate ability to predict each 
patient’s individual prognosis.42,46 Mähringer-Kunz et al 
confirmed the ability of the STATE score to stratify patients 
regarding the median OS.42 However, their results indicate 
remarkable overlap in the distribution of survival. Following 
their results, the authors do not recommend basing clinical 
decisions on the STATE score alone. The same is true for the 
HAP score and its modifications; though all models provide 
good stratification with regard to the median OS, the model 
accuracy was only moderate in external validation, not allow-
ing for clear-cut clinical decisions.45,46,54

Recently, another attempt has been made to identify 
patients who benefit from TACE by using the “six-and- 

twelve” score.115 As an easy-to-use tool, this score stratifies 
ideal TACE candidates by the sum of tumor size and number 
of lesions. However, the first external validation results 
yielded only moderate predictive ability.116,117 Very recently, 
a complex linear predictor has been proposed by Han et al: 
The Pre-TACE-Prediction model namely for patient evalua-
tion before the initial TACE. Despite the serological para-
meters (albumin, bilirubin and AFP) and imaging parameters 
(tumor number, tumor size and vascular infiltration), this 
predictor includes the aetiology behind the liver disease.118 

Despite promising results in the initial study, the usefulness 
of this model has to be evaluated in future studies.

Figure 6 provides a detailed overview of all these 
scores and their parameters.

To answer whether TACE should be continued, addi-
tional scoring systems have been based on the response 
and tolerance to the initial session.9,23,35

In 2013, Sieghart et al devised the Assessment for 
Retreatment with TACE (ART) score based on the aspar-
tate aminotransferase (AST) level, CPS, and radiological 
response.35 The score showed significantly impaired sur-
vival for patients in the higher scoring group. Furthermore, 
a high ART score was significantly associated with 
a greater number of major adverse events after 
the second TACE treatment. Adhoute et al followed simi-
lar methodology when creating their ABCR (AFP, BCLC, 
Child-Pugh, and Radiological Response) score.9 A third 
scoring system was introduced in 2016: the SNACOR 
score includes tumor size, tumor number, baseline alpha- 
fetoprotein level, CPS, and objective radiological 
response.23 Recently, Han et al proposed Post-TACE- 
Prediction, which is a linear predictor for patient stratifica-
tion after the initial TACE treatment.118 The predictor is 
based on the serological parameters AFP and bilirubin and 
the imaging parameter tumor size, number of lesions and 
radiological response, which are summarized in a complex 
formula. Similar to the Pre-TACE-Prediction model by the 
same group mentioned above, the usefulness of this model 
has to be evaluated in future studies.

Figure 7 provides a detailed overview of all of these 
scores and their included parameters.

Similar to the results for the above-mentioned scores at 
the start of TACE, all available scoring systems for the 
continuation of TACE failed in independent external valida-
tion, with only moderate accuracy in individual prognostic 
prediction.17,36–41,119 Validation of the ART and ABCR 
scores with our own data showed that both scoring systems 
are able to stratify patients according to their median OS.41 
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The ABCR score was slightly more accurate for our patient 
cohort. However, both scores yielded only moderate value 
in individual prognostic prediction. In addition, we evalu-
ated the SNACOR score, which also had the ability to 
significantly stratify patients in terms of the median OS 
but failed in terms of individual prognostic prediction.119

In accordance with all of these rather disappointing 
results, the EASL guidelines panel considers the use of 
the scoring systems controversial and recommends that 
TACE should not be repeated when substantial necrosis 
is not achieved after two rounds of treatment or when 

follow-up treatment fails to induce marked necrosis at 
sites that have progressed after an initial tumor response.1

The latter is supported by Georgiades et al, who showed 
that at least two TACE procedures have to be performed 
before it is possible to make a decision as to whether to 
continue with TACE.91

In summary, all of the mentioned scores may estimate 
prognosis, but they cannot support clear-cut clinical deci-
sions. Thus, it is necessary to discuss the indication for 
each TACE treatment as an interdisciplinary tumor board 
including experienced hepatobiliary surgeons, 

Figure 6 Overview of the scoring systems applied before TACE treatment.
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hepatologists, interventional radiologists, and oncologists. 
In particular, the extent of the hepatic tumor, liver func-
tion, and patient performance status have to be considered. 
Finally, the patient’s opinion should be an integral part of 
the decision-making process. In particular, the pros and 
cons of TACE treatment and the influence on prognosis 
should play an important role in decision making.

Current Scoring Systems: Why Do They 
Tend to Fail/Underperform?
A possible reason for the disheartening validation results 
for the scoring systems may be that the vast majority of 
patients with HCC suffer from concomitant liver cirrhosis, 
which complicates prediction. Even though several of the 
scores try to consider both aspects, the use of only 3–5 
parameters may be an inappropriate simplification of 
a much more complex clinical reality.

All of the previously described systems were created 
based on more or less the same mathematical principles: 
The coefficient factors of significant parameters in 
a multivariate regression analysis were adjusted weighting 
factors based on the datasets from a well-selected cohort. 
Therefore, overfitting may be a methodological problem 
related to that approach. Overfitting describes “a phenom-
enon that occurs when a model maximizes its performance 
on some sets of data, but its predictive performance cannot 
be confirmed elsewhere, due to random fluctuations in 
patient characteristics that occur in different clinical and 
demographic backgrounds“.120 Most of the scores were 
created at single institutions, which may have aggravated 
the issue of overfitting. In addition, most of the studies are 
based on only a moderate sample size.

Novel Artificial Intelligence-Based 
Approaches
To overcome these limitations, several attempts have been 
made using artificial intelligence (AI) in the context of TACE 
treatment in patients with HCC.121–124 These attempts can be 
divided into two groups. Peng et al, Abajian et al, and Liu 
et al focused on training AI-based systems that can estimate 
the response to TACE treatment prior to the first session. 
Peng et al used CT images for pattern recognition.122 This 
approach had promising accuracy for both training and vali-
dation. To assess tumor response after TACE, Abajian et al 
constructed a model based on two MRI features of the tumor 
and three clinical parameters.121 Though the accuracy of 
their system was slightly lower, this attempt emphasized 

the capability of AI-based solutions. Recently, Liu et al 
proved the feasibility of a deep learning-based radiomics 
model using contrast-enhanced ultrasound cines for survival 
prediction.124 Mähringer-Kunz et al recently reported their 
results on another auspicious approach: the aim was to train 
an AI-based network to predict the 1-year survival.123 To 
achieve high accuracy in their prediction, they included 46 
parameters, including tumor-related features such as tumor 
size, number of lesions, and tumor growth pattern, para-
meters for the assessment of the liver function, risk factors 
for the development of HCC, and novel meta-parameters, 
such as the skeletal muscle index. Their novel approach 
yielded good results in the training and validation cohorts 
with areas under the ROC curve of 0.77 and 0.83, respec-
tively. This approach outperformed the ART, ABCR, and 
SNACOR scores in predicting 1-year survival.

The benefit of all of these AI-based systems is their 
dynamic learning process; with more available and com-
plete datasets from different institutions, the accuracy of 
these systems will likely further improve. Nevertheless, 
the suggested systems have to prove their accuracy in 
external, multicenter evaluations. Furthermore, how great 
the added benefit is in clinical decision-making compared to 
the established stratification systems remains questionable.

Thinking Outside the Box: When to 
Perform TACE Outside of BCLC B – The 
Stage Migration Approach
Stage migration should be considered in patients for whom 
the recommended treatment options according to BCLC 
are not feasible or have failed, including TACE, as well as 
all other options.1,125 Usually, the migration is performed 
as a lleft-to-right approach – this applies to patients in 
BCLC stage 0/A who are not suitable for surgery or abla-
tion and may be migrated to TACE. However, a rright-to- 
left approach is also feasible, particularly for patients in 
BCLC stage C suffering from adverse effects due to sys-
temic therapy. Naturally, such a stage migration has to be 
discussed in an interdisciplinary fashion.1,125

Thinking Outside the Box: When to 
Perform TACE Outside of BCLC B – 
“Bridging” and “Down-Staging” for Liver 
Transplantation
Another indication for TACE outside of the BCLC staging 
system is prior to liver transplantation (LT).1 LT has the 
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main advantage that it cures HCC as well as cirrhosis as 
the main precancerous disease. However, in the context of 
LT, there are rules/criteria regarding tumor size and extent 
that have to be followed very strictly (ie, Milan 
criteria).126 As in most regions, high demand meets limited 
availability of organs, treatment is mandatory for patients 
while on the waiting list.126 TACE is the most common 
treatment for this “bridging” in order to keep the tumor 
within the size criteria.1 Furthermore, the tumor response 

to TACE can be helpful in assessing patients’ personal 
tumor biology prior to LT.127 Therefore, the response to 
“bridging-TACE” may be seen as an independent selection 
criterion.128

Another indication for TACE before transplantation is in 
the context of “down-staging”. If patients do not fulfill the 
transplantation criteria due to tumor size or extent, down- 
staging to a tumor burden within the criteria is possible. 
Furthermore, if down-staging is successful, patients generally 

Figure 7 Overview of the scoring systems applied during TACE treatment.
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have very good survival after LT, comparable to patients who 
were primarily within the criteria.129 Again, this emphasizes 
the high prognostic relevance of the response to tumor 
treatment.

Future Perspectives
Optimal selection becomes even more important in the 
light of the upcoming novel systemic therapies, first and 
foremost immunotherapy. The IMBRAVE 150 trial on 
patients with advanced stage HCC (BCLC C) has shown 
a major breakthrough in systemic therapies and may intro-
duce the “golden twenties” for the treatment of non- 
resectable HCC.130 However, the number of emerging 
substances and experiences with systemic therapy may 
not only influence advanced stage disease. TACE for inter-
mediate-stage HCC has been defined as the standard of 
care at a time when no systemic treatment was available. 
One limiting factor for successful locoregional treatment is 
often a high tumor burden. Immunotherapy as systemic 
treatment may be the better option for these patients while 
providing better tolerance than the available systemic 
options. However, no evidence has been created for the 
head-to-head comparison of TACE versus immunotherapy 
for patients in the intermediate stage yet. The first trial 
comparing the IMBRAVE150 combination Atezolizumab 
plus Bevacizumab with TACE, the ABC-HCC trial 
(NCT04803994), has not started patient recruitment yet. 
Thus, TACE will remain the primary treatment for the 
intermediate stage in the near future. Furthermore, the 
combination of TACE and immunotherapy is promising. 
Releasing tumor-associated antigens during TACE could 
stimulate the immune system, ideally leading to 
a synergistic effect.131 The major reason why the combi-
nation of TACE and tyrosine kinase inhibitors has failed 
repeatedly is unacceptable toxicity leading to early treat-
ment termination.79–82 The lower rate of side effects and 
especially the lower liver toxicity of immunotherapy com-
pared to tyrosine kinase inhibitors in the IMBRAVE 150 
trial suggest that future combination of TACE and immu-
notherapy will be more tolerable. Several studies on this 
combination are currently recruiting (NCT04268888, 
NCT03572582, NCT03778957, and NCT04246177), with 
the most important one being the Phase 3 LEAP 012-trial. 
Overall, the eagerly awaited results of these trials will test 
our current staging and scoring systems and require new 
strategies to assign patients to one or a combination of 
both therapies.

Summary
TACE is the recommended treatment for intermediate- 
stage HCC according to the BCLC classification. As this 
is a highly diverse subgroup, identifying patients who 
benefit from TACE remains crucial. Tumor-associated, 
patient-associated, and treatment-associated factors have 
to be considered when deciding whether to start TACE. 
However, interdisciplinary discussion is the basis for 
these individual decisions. During TACE treatment, 
patients should be monitored closely by cross-sectional 
imaging in order to precisely assess tumor response. 
TACE should be repeated as long as there is viable 
tumor in order to achieve optimal tumor control if no 
contraindications occur. In case of recurrence after CR, 
further TACE sessions and systemic treatment are feasi-
ble options. The decision between these two should be 
based on the extent of recurrence, the patient’s liver 
function, and the performance status. Consequently, 
TACE should be stopped immediately in case of untrea-
table progression. In case of TACE refractoriness, 
a switch to systemic therapy should be made. Notably, 
a repeated interdisciplinary discussion of each case by 
the tumor board is of utmost importance for guiding 
patients through the treatment “jungle”.
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