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Abstract— Hepatocellular carcinoma (HCC) is the fifth most
common cancer and a principal cause of cancer-related deaths
approximately one-third of cancer-related deaths worldwide.
HCC appears on the background of a cirrhotic liver. The
treatment strategies have been considerable developed during
the last 30 years; the stage of HCC and the underlying liver
function determine the therapeutic option and management of
diseases. Transarterial chemoembolization (TACE) is
considered the best treatment option of HCC nodules not
suitable for curative treatment including surgery and liver
transplantation. Moreover, the modified Response Evaluation
Criteria in Solid Tumors (MRECIST) is vital to determine the
degree of tumor necrosis. If there is a tumor with partial
necrosis, retreatment or additional treatment including
ethanol injection, radiofrequency ablation, and microwave or
HIFU ablation may be performed to achieve complete
necrosis after TACE. Different Imaging modalities used to
evaluate the treatment response to TACE include contrast-
enhanced computed tomography (CECT), contrast-enhanced
ultrasound (CEUS), and contrast-enhanced magnetic
resonance imaging (CEMRI). CECT has been commonly
used as the standard imaging modality to evaluate the
treatment response of HCC after TACE. However, several
studies have reported a weak diagnostic performance of
CECT for the assessing diagnosis of residual tumors after
CTACE. In DEB-TACE, the half-life of doxorubicin is
normally a long time that is why a very assessment of
treatment response after treatment could be appropriate and
the degree of tumor necrosis could be underestimated. The
purpose of this current study was to perform a systematic
review of the literature to present the ability of contrast-
enhanced imaging to evaluate treatment response of HCC
after TACE. The current available contrast-enhanced imaging
modalities (CEUS, CECT, and CEMRI) and new CEUS
techniques will be discussed to their advantages based on
currently available literature and our experience in contrast-
enhanced imaging. Of all available imaging modalities
including CECT and CEMRI, CEUS is a valuable imaging
modality to assess the treatment response of HCC after
TACE, especially the conventional TACE and may provide
comparable sensitivity and other benefits to CECT. As the
result of new techniques and software, contrast-enhanced
imaging may have their advantages in assessing diagnosis of
HCC treatment response. The perspectives of contrast-
enhanced imaging in clinical practice are promising and the
development of new contrast agents, as well as new software
for analyzing images, will gradually evolve. This will create
new prospects for characterizing hepatic lesions and assessing
the treatment response of HCC after TACE.
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Abbreviation—

AASLD : The American Association for the Study of Liver
Diseases

CEUS . Contrast-enhanced Ultrasound

CECT . Contrast-enhanced Computed Tomography
CEMRI : Contrast-enhanced Magnetic Resonance Imaging
DEB-TACE : Trans-arterial Chemoembolization

2DCEUS  : 2dimensional contrast-enhanced Ultrasound
3DCEUS  : 3dimensional contrast-enhanced Ultrasound
HIFU . High Intensity Focus Ultrasound

HCC . Hepatocellular Carcinoma

MRECIST : The modified Response Evaluation Criteria in
Solid Tumors

TACE . Trans-arterial Chemoembolization

TIC : Time Intensity Curve

WHO . World Health Organization

INTRODUCTION

Hepatocellular carcinoma (HCC), ranked as the fifth
most common cancer by the World Health Organization
(WHO), is a principal cause of cancer-related deaths and
responsible for approximately one-third of cancer-related
deaths worldwide. HCC is the most common primary
neoplasia of the liver and the majority of HCC appears on
the background of a cirrhotic liver. During the last 30
years, the development of therapeutic strategies has been
remarkable done and there is a significant advancement in
the management of the disease. However, patient survival
has not improved as greatly as for many other tumors
because HCC is not diagnosed until the disease is already
at intermediate or even advanced stage of HCC. In these
circumstances, the stage of HCC and the underling liver
function determine the therapeutic option and management
of disease [1-4]. Many new treatment techniques are
currently available for the management of HCC patients.
Of these  treatment’s  options, trans  arterial
chemoembolization (TACE) is considered the best
treatment option of HCC nodules not suitable for curative
treatment  option  including  resection or  liver
transplantation. Nowadays TACE is considered as an
effective treatment option and has become the standard
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treatment option of HCC in patients with preserved liver
function, no evidence of vascular invasion or extra-hepatic
spread, and no cancer-related symptoms. Moreover, with
the advancement of technical and chemoembolization
agents, this therapeutic method has been currently used to
assessing diagnose the viable HCC or the treatment
response of HCC after TACE [5-8]. In TACE protocol,
iodized oil (lipiodol) is delivered to intra-arterials of the
tumor and after TACE procedure, complete necrosis is
definitely an independent prognostic factor of patient
survival. Therefore, assessing diagnosis with imaging and
the modified Response Evaluation Criteria in Solid Tumors
(mRECIST) is important to determine the complete
necrosis. In cases of partial necrosis a new TACE session
or additional treatment including ethanol injection,
radiofrequency ablation, and microwave or HIFU ablation
may be performed in order to achieve complete necrosis [9-
14]. Different Imaging modalities used to evaluate the
treatment response to TACE include contrast-enhanced
computed tomography (CECT), contrast-enhanced
ultrasound (CEUS), and contrast-enhanced magnetic
resonance imaging (CEMRI). CECT has been commonly
used as the standard imaging modality to evaluate the
treatment response of HCC after TACE; however, this
imaging technique has some disadvantages. One of the
most important disadvantages is the overestimation of
tumor response and recent studies recommended that the
assessment of the treatment response generally have to be
performed 1 month or more after TACE. To overcome this
limitation, many studies have focused on other alternative
imaging option; especially CEUS with second generation
of contrast agent (SonoVue) was considered a valuable
imaging modality to assess HCC after treatment [15-19].
CEUS is less affected by lipiodol retention that is useful for
the assessing diagnosis of treatment response after TACE.
Furthermore, advantages of CEUS are reproducibility, high
temporal resolution, the absence of radiation and high
safety. Therefore, CEUS is suitable for patients with
allergy to iodine or renal failure. However, several studies
have reported varying results when comparing CEUS with
CECT. Based on the diagnosis algorithm of the American
Association for the Study of Liver Diseases (AASLD),
CEUS is not recommended anymore for diagnosis of HCC
because it can be false positive with cholangiocarcinoma.
However, based on experience of operator, CEUS is widely
used in the diagnosis of HCC and the combination of
CEUS and CECT or CEMR are cost-effective for diagnosis
of small HCC [20-24]. It is possible that a decrease the rate
of partial necrosis stands for increase patient survival and
an early assessment is very important because it may allow
detection of areas not covered by the treatment which will
need retreatment or additional treatment in order to achieve
a complete necrosis of tumor. With the use of CEUS to
evaluate HCC after TACE, the second insertion could be
performed during the procedure. Therefore, the same
operator uses the same equipment and could evaluate the
efficacy of treatment and additional treatment such as
ablation. By using this method, there is a decrease the rate
of partial necrosis in treated HCCs from 16% to 3.8%.
Even though CECT is considered the gold standard for
assessment of HCC treatment response, many authors have
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recommended that CEUS should be the first imaging
modality to assess the initial treatment response at 1 month
and CECT or CEMRI should be reserved for follow-up of
treatment response at 3 months [25, 26]. The purpose of
this current study was to perform a systematic review of the
literature to present the ability of contras-enhanced imaging
to evaluate treatment response of HCC after TACE. The
current available contrast-enhanced imaging modalities
(CEUS, CECT and CEMRI) and new CEUS techniques
will be discussed to its advantage based on current
available literature and our experience in contrast-enhanced
imaging.

CEUS with mRECIST to evaluate HCC after TACE

An accurate assessment of therapeutic response is
important to judge whether it is complete or non-complete
treatment response as the result of different treatment
options as a suitable alternative to surgery in patients with
HCC including loco-regional and systemic therapies. The
rate of tumor necrosis after TACE significantly increases
patient survival and residual viable tumor needs additional
treatment. Medical imaging plays an important role in
diagnosis, prognosis and the assessment of the treatment
response by loco regional or systemic treatment of HCC. In
2010, Response evaluation criteria in solid tumors
(RECIST) and WHO criteria were suggested by EASL and
AASLD to evaluate the treatment response of HCC. The
application of RECIST is evaluated in the therapeutic
response of HCC by measuring the longest diameter of
HCC nodules. These criteria have been modified
(mRECIST) by measuring only the vital tissue and
considering the overall size of the necrotic portion of a
treated nodule. Until 2012, mRECIST were recognized in
EASL and EORTC Guidelines. Currently, mRECIST
remain the gold standard for evaluation of therapeutic
response as confirmed in the latest version of the Guideline
of European Association for the Study of Liver (EASL)
[12, 27, 28] [Tablel]. Since 2008, Modified Response
Evaluation Criteria in Solid Tumors (MRECIST) was used
to assessing diagnosis the treatment response of HCC after
loco regional (TACE, ablation) or systemic therapy (anti-
angiogenetic treatments). It is based on unidimensional
measurement of the hyper arterial enhancement parts of
treated target tumors. Some studies recommended that
mRECIST is able to predict the overall survival of HCC
patients treated by TACE or Sorafenib; CECT and CEMRI
are the standard imaging modalities with mRECIST to
assess the treatment response after TACE. In the last recent
year, CEUS is more reliable than CECT and was used with
mRCIST to assess HCC after TACE. Effective TACE was
detected by CEUS as previous hyper arterial enhancement
becomes no enhancement after treatment. Study has
reported that treatment response group had longer mean
survival than non-response group (37.1 months vs 10.9
months) let to validate mRECIST using with CEUS as an
assessing diagnosis and reliable prognostic tool of HCC
after TACE. The use of CEUS with the second generation
of contrast agent (SonoVue) may increase specificity for
discerning viable and non-viable HCC after TACE.
Complete tumor necrosis or complete response (negative
enhancement) is defined as no enhancement of tumors
compared with previous hyper arterial enhancement before
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treatment, while the surrounding hepatic parenchyma was
filled with enhancement signals. Incomplete tumor necrosis
or incomplete response (positive enhancement) is defined
as strong contrast enhancement appearing within the tumor
and interpreted as viable tumor in treated nodules. No
response is defined as the enhancement of the whole
nodules (rare). In another rare case, a partial or total infarct
of a liver segment may be detected [29-33]. The early HCC
diagnosis offers better outcomes of treatment; however,
there is currently no consensus regarding which is the best
time interval for CEUS to be performed after TACE.
Hence, earlier diagnosis of incomplete treatment response
or incomplete tumor necrosis after TACE could increase
the patient survival. Study has reported that the result of
CEUS 1 week after TACE was consistent with that of
CECT 2 months after treatment. To assess viable or
residual tumor blood flow after TACE, another study has
reported that the result of CEUS performed more than two
day after TACE is similar to the reliable result of CECT or
CEMRI 3 months after TACE [34, 35]. The use of intra-
procedural CEUS during DEB-TACE has been reported
that 50% of the degree of complete tumor necrosis was
underestimated and there are few studies about the possible
role for intra-procedural CEUS. By using DEB-TACE, the
underestimated degree of complete tumor necrosis may be
the reason that the time to progression of tumor necrosis
takes place during days or weeks after this treatment
procedure [36]. Intra-procedural CEUS with intra-arterial
ultrasound contrast agent injection may also help in finding
extrahepatic ~ tumor-feeding  arteries. Intra-arterial
application of SonoVue using the placed intra-arterial
catheter is able to diagnose and locate additional hepatic
lesions in patients with HCC, not detectable in the other
applied imaging modalities. These findings had a direct
impact on patient management in almost two-thirds of all
cases. However, the manufacturer does not indicate this
route of administration, and further safety data are required
before clinical translation. Although the number of patients
was limited in both studies, there is some evidence to
support the use of intra-procedural CEUS [37, 38].

CEUS compared with CECT and CEMRI

The assessing and diagnostic performance of CEUS,
CECT and CEMRI in detecting viable HCC at 4 and 12
weeks after TACE have been recently studied and reported
by using the results of CEMRI at 12 weeks as reference
standard. The result of this study shows that the sensitivity
of CEUS (4week), CECT (4week), and CEMI (4week) are
100%, 50% and 50%, respectively. According to above
mentioned study, the assessing diagnosis performance of
CEUS 1 to 4 weeks after conventional TACE (cTACE) is
similar to the assessing diagnosis performance of CECT at
2 months after cTACE and the diagnosis of incomplete
treatment response or incomplete necrosis of HCC 1 week
after ¢cTACE would allow additional treatment. The
precarious conclusion regarding these results may let to
raise the question whether CEUS is more sensitive than
CECT or CEMRI in detecting earlier the small areas of
HCC after TACE. Furthermore, the use of CEMRI with
low molecular weight and water soluble contrast agents at 4
week after treatment is difficult to differentiate granulation
tissues from residual HCC and peripheral viable HCC from
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inflammatory infiltration around tumors [39-41]. CECT
has been commonly used as the standard imaging modality
to evaluate the treatment response of HCC after TACE.
However, several studies have reported a weak diagnostic
performance of CECT for assessing diagnosis of residual
tumor after cTACE. Study compared CEUS at 1 month
after TACE with CECT at 1 month using digital
angiography as a reference standard. In order to detect
viable tumors, the result of this study show that CEUS
detected all cases of incomplete response, while CECT had
sensitivity of 86.9%, specificity of 100%, positive
predicted value of 100%, and negative predictive value of
83.3% [33]. Similarly, another study about the diagnosis
performance of CEUS with CECT performed 0.5 to 2
months after TACE to assessing diagnosis of viable HCC
using histology as reference standard reported that the
sensitivity, specificity and accuracy of CEUS be 95.9%,
100% and 96.2 %, respectively, while CECT be 76%,
100% and 77.7%, respectively [23]. The diagnosis
performance of CECT after drug-eluting beads TACE
(DEB-TACE) may change the diagnostic result due to less
susceptible of DEB-TACE to artifacts compared to lipiodol
TACE. Furthermore, CECT was reported as comparable
result to CEMRI after liipiodol free treatment group of
patients [3, 33]. In DEB-TACE, the half-life of doxorubicin
is normally long time that is why a very assessment of
treatment response after treatment could be appropriate and
the degree of tumor necrosis could be underestimated.
There is no any studies comparing CEUS with CECT after
DEB-TACE, hence it let to raise the question whether
CEUS is more accurate then CECT in detecting the viable
HCC after DEB-TACE. In comparison to CEMRI or
CECT at 1 month, CEUS performed 1 to 2 weeks after
DEB-TACE was reported the result of 100% sensitivity,
specificity, positive predicted value, negative predictive
value, and accuracy. Therefore, by using cTACE or DEB-
TACE, CEUS may still detect the viable or non-viable
tumor that is important to require retreatment or additional
treatment (radiofrequency or microwave ablation) earlier
than the typical 4 weeks imaging of CECT or CEMRI [42,
43]. The result of CEUS 1 week after TACE varies with the
different type of reference standard that was used. By using
histology as reference standard to differentiate viable and
non-viable HCC, a study reported that CEUS has
sensitivity of 100% and specificity of 81% [39]. Another
study reported that a sensitivity of 100% and specificity of
100% when using CECT at 2 months after TACE as the
reference standard [13]. The assessing diagnosis of CEUS 1
week after TACE to guide additional treatment such as
radiofrequency or microwave ablation may transform the
partial necrosis into complete necrosis of tumor and
decrease the rate of tumor recurrence after treatment.
TACE combined with radiofrequency ablation has been
reported the better result compared to TACE alone [35, 44].
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Figurel. Arterial phase imag

ing of HCC after TACE shows as

non-treatment response (A), incomplete treatment response (B);
complete treatment response (C) and infarction around HCC (D).

Tablel. Combative Criteria between mRECIST and RECIST for
the treatment evaluation of HCC

RECIST mMRECIST

CR Disappearance of all Disappearance of any

(Complete target lesions intra-tumoral arterial

Response) enhancement in all

target lesions

PR (Partial Decrease at least a Decrease at least a 30%

Response) 30% in the sum of in the sum of diameters
diameters of all target  of viable (enhancement
lesions, taking as in the arterial phase)
reference in the target lesions, taking as
baseline sum of the reference in the
diameters of target baseline sum of the
lesions diameters of target

lesions

SD (Stable Neither partial Neither partial response

Disease) response nor nor progressive disease
progressive disease

PD Increase in 20% inthe  Increase in 20% in the

(Progressive  sum of diameters of sum of diameters of

Disease) target lesions, taking viable (enhancing)

as reference the
smallest sum of the
diameters of target
lesions recorded since
treatment started

target lesions, taking as
reference the smallest
sum of the diameters of
target lesions recorded
since treatment started

The Advantages and Limitations of CEUS for
Assessing Diagnosis of HCC after TACE
The most important advantages of CEUS are the higher

accuracy in detecting residual or viable HCC at 1 week
after TACE and the lack of radiation in situations when
repeated imaging is required after TACE. The use of
CEUS avoids the use of iodinated contrast agents in case of
acute renal failure as the result of cirrhotic liver of HCC
patients. CEUS with the second generation of contrast
agent can detect the small areas of viable HCC which may
be overlooked by CECT or even CEMRI and can be
performed repeatedly at bedside. Other advantages of
CEUS is that it is less expensive than CECT or CEMRI and
can be used instead of CECT in case of lipiodol artifacts
and instead of CEMRI in case of TACE related enhancing
signal at unenhanced T1. CEUS may decrease the number
of CECT examination after TACE and the combination of
CEUS and CECT/ CEMRI could achieve better results in
suspicious cases [30, 31].
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There some limitations of CEUS based on the results of
numerous studies. First of all, multiple tumors have to be
studied separately with CEUS in order to detect changes in
its hyper arterial enhancement. With our experience three
lesions can also be evaluated if at least two lesions are
located close to each other and another lesion can be
evaluated with another injection of the second generation
of contrast agent up to 1 ml. Study have reported that
CEUS s efficient in assessing diagnosis around 62% of
HCC patients with multiple tumors (2 to 3 lesions). Second,
hypo-vascular tumors presented as hypo/ isoenhancement
before TACE and may be difficult to be assessed after
TACE with CEUS. This limitation is detected in CEUS,
CECT and CEMRI. It is possible to use TIC in CEUS
software which could quantify enhancement of tumors
better than visual assessment and use mMRECIST for tumors
assessment in CECT or CEMRI in order to get an
appropriate diagnosis and overcome this limitation [32].
Third, an increased echogenicity may impair CEUS
assessment. This limitation is due to gas bubbles trapped in
the embolic material or post necrotic gas formation
presented some day after TACE (post TACE hyper
echogenicity) and it will disappear 1 week after TACE.
This post TACE hyper echogenicity may lead to non-
diagnosis CEUS of pre and post TACE in all HCCs
(29.3%), one lesions (14.8%), and multiple lesions (41.7%)
[32, 36]. Last, the limitations are an operator dependent
CEUS performance and greater intra- and inter- reader
variability compared to CECT/CEMRI. By using CEUS,
the detection challenges are HCC located deep into the
liver (impaired detection when tumors at a distance of 8 to
10 cm from the skin and when using first generation
contrast agent, Levovist), tumors covered by the lung or
diaphragm, and in patients with cirrhosis obesity or
meteorism.  Therefore, the use of CEUS with second
generation contrast agent (SonoVue) may overcome some
of these detection challenges [43, 45].

New Technical Imaging to Evaluate the Treatment
Response of HCC after TACE

To overcome the above limitation, new imaging
techniques and software used with CEUS have been
developed to the assessing diagnosis and management of
HCC. However, they all stand as promising new imaging
modalities; the limited experience and insufficient evidence
for their use in clinical practice are challenges. There are
several new imaging techniques used with CEUS including
dynamic CEUS with quantification, Fusion techniques
(CEUS-CT or CEUS-MRI) and three-dimensional CEUS
technique (3D CEUS). First of all, dynamic CEUS with
guantification is a promising imaging modality. A new
functional technique is used as quantitative analysis of
tumor perfusion by perfusion software and time intensity
curves (TIC). This new technical CEUS is essential for
early assessment of treatment response; especially to assess
vascularization of HCC treated with vascular targeting
agents since it would enable an optimization of
individualized treatment. Study, which used dynamic
CEUS to assess the grade of hyper vascularization of HCC
before and after DEB-TACE with post-interventional
angiography and post-procedural CT as the gold standard,
have reported and concluded that quantification of the
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reduction of micro vascularization of HCC using perfusion
software with TIC analysis might be a valuable peri-
interventional device during DEB-TACE [46]. Secondly,
Fusion technical imaging by using CEUS with CECT or
CEMRI, a new technical imaging modalities which enable
a precise mapping of tumor, were used in post-
interventional follow-up of HCC after TACE. Study
showed that image fusion with volume navigation of post-
interventional CEUS performed immediately after
treatment with pre-interventional CECT or CEMRI
provides an exact mapping of microcirculation and an
accurate localization of residual tumor foci of HCC after
TACE. A high correlation between early fusion imaging of
CEUS with CECT or CEMRI and CECT achieved at 6
weeks after TACE allowed an early assessment of
therapeutic success [47]. Finally, 3DCEUS is a new
technical imaging which one study reported that improved
visualization of tumor vascularity in three orthogonal
planes and was used to assess the treatment response of
HCC. However, the result of this study shows similar
diagnostic performance between 2D and 3DCEUS
(performed 1 month after treatment) by using CEMRI or
CECT as standard reference. This study provides
preliminary results and in order to show the theoretical
superiority of 3DCEUS, new data and multicenter studies
are compulsory needed [48].

Conclusion

Over the past decades, the different treatment options
such as loco-regional and systemic therapies are suitable
alternative to surgery of HCC patients and an accurate
assessing diagnostic of viable HCC is important to the
treatment response. Of all available imaging modalities
including CECT and CEMRI, CEUS is a valuable imaging
modality to assess the treatment response of HCC after
TACE, especially lipiodol TACE and may provide
comparable sensitivity and other benefits to CECT. In the
standard timing of HCC assessment after TACE (1 to 2
months), the diagnostic performance of CEUS seems to be
better than that of CECT and at least similar to that of MRI.
CEUS performed 5 to 7 days after TACE could decide
whether there is a need for retreatment or others additional
treatments. As the result of the assessment, the rate of
tumor necrosis significantly increases patient survival and
residual/ viable HCC determines additional treatment. As
the result of new techniques and software, contrast-
enhanced imaging may have their advantages in assessing
diagnosis of HCC treatment response. For example,
dynamic CEUS with quantification, a technical
development based on real-time fusion of CEUS with
CECT or CEMRI, and 3D CEUS been reported to improve
the study of tumor vascular perfusion and the response
assessment of HCC. The perspectives of contrast-enhanced
imaging in clinical practice are promising and the
development of new contrast agents, as well as new
software for analyzing images will gradually evolve. This
will create new prospects for characterizing hepatic lesions
and assessing treatment response of HCC after TACE.
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