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Abstract

Surgical hepatectomy or liver transplantation are con-
sidered as curative treatment modalities for hepatocel-
lular carcinoma (HCC). However, many patients are not
surgical candidates at the time of diagnosis. Great
improvements in locoregional therapies including local
ablative therapy [radiofrequency (RF) ablation or etha-
nol ablation] and transarterial techniques (transarterial
embolization or transarterial radioembolization) have
made possible local control of HCC. For unresectable
HCC, a targeted therapy with sorafenib may improve
survival. Unlike treatment of other oncologic tumor, the
locoregional therapies are mainstay in the treatment of
HCC. Therefore, the application of classical criteria such
as the World Health Organization (WHO) guideline may
not be suitable for accurate treatment response assess-
ment of locoregional therapies or targeted therapy of
HCC. An understanding of the imaging features of post-
treatment imaging after various treatment modalities for
HCC is crucial for treatment response assessment and for
determining further therapy. In this article, we review the
role of various imaging modalities in assessing treatment
response of locoregional therapies and the targeted
molecular therapy.
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Hepatocellular carcinoma (HCC) is a major global
health problem with an estimated incidence ranging be-
tween 500,000 and 1,000,000 new cases annually [1].
During the past two decades, liver transplantation and
partial hepatectomy have been considered the main
curative treatments. Liver transplantation is considered
to be the only truly curative therapy for patients with

HCC and liver cirrhosis (LC) because of the high risk of
recurrent HCC in the native cirrhotic liver. However, the
international shortage of liver donors, the strict patient
selection criteria, and the high cost of surgical procedure
limits the practical use of liver transplantation [2]. Cur-
rently, the reported overall 5-year patient survival after
resection of HCC is 40%–70% with a continuing decrease
in operative mortality [3]. Unfortunately, only 10%–30%

of HCCs are amenable to ‘‘curative’’ surgical resection at
the time of diagnosis because advanced disease with
intrahepatic or extrahepatic tumor spread, gross vascular
invasion or inadequate functional liver reserve related to
co-existent cirrhosis precludes successful surgery [4]. In
the past years, great improvements in locoregional
therapies, including local ablative therapy [radiofre-
quency (RF) ablation, ethanol ablation or cryotherapy]
and transarterial techniques (transarterial chemoembo-
lization or transarterial radioembolization), have made
possible local control of HCC. Currently, surgical
treatment competes with various locoregional therapies
as the first-line treatment option for patients with small
HCCs with well-preserved liver function as well as for
patients who are not candidates for surgical cure due to
the severity of their liver disease or the advanced stage of
their HCC [3]. In cases of advanced HCC without
effective treatment options, systemic chemotherapy had
not shown a beneficial effect on the survival rates until a
multikinase inhibitor, sorafenib, increased overall patient
survival when used as the targeted molecular therapy [5].

Assessment of tumor response after locoregional
therapies and targeted molecular therapy is important in
determining treatment success, identifying complica-
tions, and guiding future therapy. Various imaging
modalities, such as computed tomography (CT), con-
trast-enhanced ultrasonography (CE-US), and magnetic
resonance imaging (MRI), have a fundamental role in
the treatment response monitoring of HCC. In this
study, we review the role of various imaging modalities in
assessing the treatment response of locoregional thera-
pies and the targeted molecular therapies.
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Role of imaging in assessing
the treatment response of HCC

Traditionally, the primary measure of tumor response to
therapy in most oncologic trials is change in tumor
burden characterized by tumor size and number. In 1979,
the World Health Organization (WHO) (bidimensional
perpendicular measurements) published guidelines on the
anatomic assessment of tumor response to therapy [6].
The Response Evaluation Criteria in Solid Tumors
(RECIST) guidelines (unidimensional measurements)
were published in 2000 [7] and were subsequently up-
dated to the revised RECIST (version 1.1) guidelines [8].
While the original intent of the WHO and RECIST
guidelines was to evaluate the change in tumor size fol-
lowing systemic chemotherapies and to disregard the
extent of necrosis which is the target of all effective
locoregional therapies, in systemic chemotherapy all tu-
mors are theoretically equally exposed to systemic
agents, although this approach does not translate directly
to locoregional therapies which may not target all disease
[9]. In RF ablation, the ablation zone should be larger
than the index tumor with a sufficient safety margin,
which may cause difficulty in assessing the treatment
response according to the WHO or RECIST guidelines.
Therefore, the European Association for the Study of the
Liver (EASL) recommended the use of lesion enhance-
ment on contrast-enhanced CT as the standard modality
to determine the treatment response of HCC after loco-
regional therapy [10]. Areas of tumor enhancement were
considered viable, whereas non-enhancing regions re-
flected tissue necrosis. According to the EASL guide-
lines, complete response (CR) was defined as the absence
of enhanced tumor areas and thus reflecting complete
tissue necrosis; partial response (PR) was defined as a
decrease >50% of the enhanced areas and thus reflecting
partial tissue necrosis; progressive disease (PD) was de-
fined as an increase >25% in the size of a single, mea-
surable lesion or the appearance of new lesions; and
stable disease (SD) was defined as a tumor response
between PR and PD [11].

Recent advances in the development of functional
imaging techniques have provided the ability to detect
microscopic changes in tumor microenvironment and
microstructure, thus allowing the assessment of tumor
response after locoregional treatment by observing
alterations in tumor viability, perfusion or vascularity
[12–14]. Diffusion-weighted MRI (DW-MRI) and the
apparent diffusion coefficient (ADC) map reflect the
water molecule diffusion in tissue and can discriminate
viable tumor from necrotic tissue. Viable tumor cells
have intact membranes that restrict water molecules,
whereas necrotic tissue shows increased water molecule
diffusion due to cell membrane disruption [15]. Perfusion
CT or dynamic contrast enhancement MR can assesses
the change in tumor vascularity and perfusion after

TACE or local ablation therapy [13, 16, 17]. Recently,
color mapping of the arterial enhancement fraction was
developed in order to be used as a surrogate marker for
perfusion CT [18]. However, these functional imaging
techniques have not been standardized which impedes its
use in the treatment response assessment of HCC [9].

New contrast agents are now being developed to in-
crease the efficacy of the detection and characterization
of liver tumors. The two new contrast agents, Gd-BOP-
TA (Gadobenate dimeglumine, Multihance�; Bracco
Italy) and Gd-EOB-DTPA (gadoxetic acid, Primovist�;
Schering, Berlin, Germany), with the dual functions of
extracellular agents as well as hepatocyte-specific agents,
were introduced to the market [19]. They can deliver both
dynamic imaging and hepatobiliary phase imaging. The
hepatobiliary phase of Gd-EOB-DTPA-enhanced MRI
can help to differentiate small HCC from arterial-
enhancing pseudolesions such as arterioportal shunts
[20]. Thus, Gd-EOB-DTPA-enhanced MRI is believed to
be helpful in assessing the treatment response of locore-
gional therapies for HCC by differentiating small resid-
ual or recurrent tumor from benign perilesional
enhancement adjacent to the treated lesion. However,
until now there is no evidence in the literature as to
whether Gd-EOB-DTPA-enhanced MRI might be a
feasible approach to assessing the treatment response of
HCC.

Evaluation of the tumor response
to transarterial chemoembolization

Transarterial chemoembolization (TACE) has gained
wide acceptance over the past 20 years and is currently
considered as the primary therapy for unresectable
HCCs. In recent prospective, randomized, controlled
trials [21, 22], TACE improved the rate of survival in
patients with unresectable HCC compared with that
achieved with the best supportive care. Despite the
recently encouraging intention-to-treat studies [23],
TACE is still considered as a palliative option. TACE is
also used as an adjunctive therapy to liver resection or as
a bridge to liver transplantation [3]. The TACE tech-
nique consists of injecting high concentrations of che-
motherapeutic agents emulsified in iodinized oil, lipiodol,
to the feeding vessel of the HCC. The most widely used
chemotherapeutic agent is doxorubicin or a combination
of cisplatin and doxorubicin.

To assess tumor response after TACE, contrast-en-
hanced dynamic CT or MRI including an unenhanced
image, is usually performed within 4 weeks after TACE.
Follow-up imaging is also a key aspect in the tumor
response assessment after TACE. In general, follow-up
imaging is performed every 3–4 months following the
initial assessment. The distribution and degree of lipiodol
uptake within an HCC as seen on unenhanced CT and
the tumor enhancement noted on contrast-enhanced CT
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or MRI, provide information regarding the extent of
both tumor necrosis and the viable tumor portion.
Enhancing portions of the tumor are presumed to be
viable whereas the non-enhancing ones are presumed to

be necrotic (Fig. 1). Compact lipiodol uptake is asso-
ciated with prolonged median survival but does not
indicate complete necrosis [24]. The lack of a satisfac-
tory response after one session of TACE does not

Fig. 1. Complete necrosis of HCC after transarterial
chemoembolization. A Arterial phase of a follow-up CT ob-
tained after the first sessions of TACE demonstrates a par-
tially lipiodolized, large encapsulated HCC (arrow) in
segments 4 and 8. The mass has a central, low-attenuated,
necrotic portion (asterisk), and a peripheral solid portion. B
On the arterial phase of a follow-up CT obtained after the
fourth session of TACE, the mass shows intense deposition of
lipiodol in the peripheral portion (arrow) and in the non-li-
piodolized, central, necrotic portion (arrowheads). C Arterial
phase of a Gd-EOB-DTPA-enhanced MRI after the fourth
session of TACE demonstrates peritumoral rim enhancement
(arrowhead) in the right lateral aspect of the non-enhancing,

lipiodolized mass (arrow). D On the hepatobiliary phase of a
Gd-EOB-DTPA-enhanced MRI, a mildly hypointense,
peripheral, rim-like lesion (arrowhead) corresponding to the
rim enhancement on MRI as seen in (C). The peripheral, rim-
like lesion is uniform in thickness and has a smooth margin,
both of which are indicative of a pseudocapsule with reactive
granulation tissue. E Surgical gross specimen (left) shows a
large, necrotic, encapsulated tumor with no viable portion.
The rectangle represents the microscopic, histologic exami-
nation (Hematoxylin–Eosin stain, original magnification 910)
(right) which shows a fibrocollagenous pseudocapsule (C)
with blood vessels (arrows) and inflammatory cells (not
shown) between normal liver (L) and necrotic tumor (N).
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suggest the eventual tumor response, and repeated
treatments targeting the same lesion must sometimes be
performed.

To assess questionable areas of enhancement on CT,
MR is advantageous. The high attenuation density of the
lipiodol on CT scans after chemoembolization may ob-
scure a small, enhancing, viable tumor portion within or
adjacent to the lesion due to the beam-hardening artifact
[25]. As the lipiodol deposition in the tumor does not
affect the MR signal intensity, Gadolinium-enhanced
dynamic MRI can determine areas of tumor enhance-
ment (Fig. 2). However, with perilesional enhancement
on contrast-enhanced MRI, it is still difficult to dis-
criminate the peripheral, viable tumor portion from
adjacent reactive granulation tissue or an arterio-portal
shunt (Fig. 1). Contrast enhancement in granulation
tissue is believed to be caused by increased capillary
permeability as well as a marked increase in the passive
distribution of gadolinium [26]. The equilibrium phase of
dynamic MRI or the hepatobiliary phase of Gd-EOB-
DTPA-enhanced MRI is frequently helpful for discern-
ing the viable tumor portion which shows low-signal
intensity on MRI due to the wash-out of contrast agent
and lack of functioning hepatocyte [27]. The MR signal

intensity of an HCC treated with TACE may vary. Low-
signal intensity on T2-weighted images represents
necrosis. Conversely, high-signal intensity on T2-weigh-
ted images corresponds to residual tumor. However,
adjacent granulation tissue with inflammatory infiltra-
tion, hemorrhage or liquefied necrosis also can show
high-signal intensity on T2-weighted images [13]. The
recent advances in DW-MRI may be helpful for dis-
cerning the viable tumor portion which shows high-sig-
nal intensity on DW-MRI with a low ADC value from
the necrotic tissue or non-tumorous liver parenchyma
which shows iso- or low-signal intensity on DW-MRI
with a high ADC value (Fig. 3). There have been several
reports regarding the use of DW-MRI to evaluate HCC
response to TACE and which show the variable diag-
nostic performance of DW-MRI for detecting the viable
tumor portion after TACE compared with that of con-
trast-enhanced MRI [14, 26–29]. Therefore, DW-MRI
should be validated in larger prospective studies, al-
though we anticipate that the combined use of DW-MRI
with dynamic contrast MRI is helpful in providing
higher sensitivities than conventional, contrast-enhanced
MRI alone for the detection of locally recurrent tumor
after TACE.

Fig. 2. Obscured viable tu-
mor in a lipiodolized mass
seen on CT. A An arterial
phase CT image obtained 4
months after TACE shows
uniform, dense deposition of
lipiodol in a small tumor
(arrowhead) in segment 4 of
the liver. On the Gd-EOB-
DTPA-enhanced MRI ob-
tained 2 weeks after the CT
scan obtained to assess pos-
sibly elevated alpha-fetopro-
tein blood level, a viable tumor
portion (arrows) shows hy-
pointensity on a precontrast
image (B), strong enhance-
ment on an arterial phase
image (C), and moderate hy-
pointensity on a hepatobiliary
image (D). The necrotic por-
tion (arrowheads) shows loss
of contrast enhancement dur-
ing all dynamic phases.
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Evaluation of the tumor response to
transarterial radioembolization

Intra-arterial brachytherapy involving the administra-
tion of Yttrium-90 microspheres selectively into the
peritumoral or intratumoral arteries, is known as tran-
sarterial radioembolization. Yttrium-90 emits high-
energy beta rays with a mean tissue penetration of
2.5 mm and a maximum penetration of 11 mm. As the
mean energy and mean penetration of Yttrium-90 are

substantial, it can be used to treat larger tumors. Intra-
arterial administration of Yttrium-90-embedded micro-
spheres can provide a higher dose of radiation to the
tumor while sparing the normal liver [30]. Currently,
TARE with Yttrium-90 is used to treat unresectable
HCC [31].

As with TACE, imaging is essential to assess the
therapeutic response of HCC after TARE [32]. There
have been several criteria used to determine the tumor
response to TARE with Yttrium-90, including anatomic

Fig. 3. Diffusion-weighted
MRI for a locally recurrent tu-
mor after TACE. A A precon-
trast CT image obtained 3
weeks after TACE shows
dense accumulation of lipiodol
in the HCC (asterisk). The
arterial phase (B) and portal
venous phase (C) images
of Gd-EOB-DTPA-enhanced
MRI obtained 3 months after
TACE show two newly devel-
oped, poorly enhancing mas-
ses (arrowheads and arrows)
adjacent to the lipiodolized,
non-enhancing mass (aster-
isks). D, E The newly devel-
oped masses (arrowheads
and arrows) demonstrate
high-signal intensity on DW-
MRI with a b-value of 500
s/mm2 (D) and a low ADC
value on the ADC map (C),
thus indicating restricted dif-
fusion of the cellular, viable
tumor. The non-viable lipiod-
olized mass (asterisks) shows
high-signal intensity on both
DW-MRI and the ADC map,
thus indicating a T2 shine-
through effect of the lesion.
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imaging criteria according to RECIST, WHO, or the
EASL guidelines as well as functional imaging criteria
using DW-MRI or PET [33]. Determination of the tumor
size change is the standard measurement of the treatment
response. However, the tumor necrosis and enhancement
degree of the tumor seen on contrast-enhanced CT or
MRI should be considered according to the recommen-
dations of the EASL guidelines [34]. In addition, diffu-
sion MRI has been shown to be a promising technique
for evaluating early tumor response as it has an increased
ADC value after TARE (Fig. 4) [35]. A recent study
recommended that anatomic imaging criteria be used as
the primary method to determine tumor response and
that functional imaging criteria be used as a comple-
mentary secondary method [33].

Given the internal radiation effect of the Yttrium-90
microspheres, the imaging findings imparted by this
mode of action of TARE differ from TACE. Local
radiation effect of Yttrium-90 can lead to peripheral ring
enhancement around the radioembolized tumor and
perivascular edema along the portal triads that may last
several months [36]. Histologically, radiation-induced
liver disease is characterized by central venous conges-
tion, erythrocyte entrapment, and atrophy of hepato-
cytes [30]. Without knowledge of this phenomenon,
perivascular edema or ring enhancement on MRI may be
incorrectly ascribed as infiltrative disease. The DW-MRI
may help to distinguish enhancement due to post-treat-
ment inflammation from viable tumor, as increased wa-
ter diffusion can be demonstrated in inflammation
(Fig. 4).

Evaluation of the tumor response
to RF ablation

Radiofrequency ablation is the most widely used thermal
ablation therapy for both resectable and unresectable
HCC. Alternating electric current in the RF range of
200–1200 kHz is used to produce local ionic agitation
and subsequent frictional heat in the tissue surrounding
the RF electrode, which then produce coagulation
necrosis [37]. Imaging has a crucial role in the follow-up
of HCC treated with RF ablation as it is the means by
which the local treatment efficacy, recurrent disease, and
some therapy-induced complications are evaluated.
Basically, the assessment of RF ablation of HCC can be
made by contrast-enhanced CT or MRI to evaluate a
non-enhancing necrotic ablation zone and an enhancing
viable tumor. The non-enhancing ablation zone should
exceed the tumor margins by 0.5–1 cm [38]. The area of
RF-induced coagulation necrosis area usually involutes
with time, although most often very slowly (Fig. 5). In a
recent study, the mean percentages of volume change at
1, 4, 10, 16, and 19 months were 79%, 50%, 27%, 11%,
and 6%, respectively, compared with the volume seen on
immediate follow-up CT [39]. Therefore, size criteria

such as those of the WHO and RECIST guidelines
cannot be used to assess the tumor response to RF
ablation therapy. Serial follow-up imaging is usually the
most valuable method for treatment response assessment
of RF ablation [40].

The protocol for the frequency and length of imaging
follow-up after RF ablation is not well established [41].
In many institutions, including our hospital, immediate
post-procedure imaging is performed to evaluate the
presence of residual tumor and a sufficient ablative
margin, so that another session of ablation can be per-
formed if the ablation does not achieve technical success.
Assessment of immediate complications such as hemor-
rhage, major vessel injury, pneumothorax, or adjacent
organ injury, is also an important function of the
immediate post-procedure imaging. However, immediate
imaging is not universally recommended as the evalua-
tion is confused by the presence of any benign periab-
lational enhancement surrounding the ablation zone
and that may obscure viable tumor [36]. The benign
periablational enhancement is resolved by the 1-month

Fig. 4. Diffusion-weighted MRI for tumor response assess-
ment after radioembolization. A The Gd-EOB-DTPA-en-
hanced MRI obtained before radioembolization demonstrates
a large HCC (arrowheads) with enhancement on the arterial
phase image (left) and marked hypointensity on the hepa-
tobiliary phase image (right). B On the DW-MRI (left) and the
ADC map (right) obtained before radioembolization, the mass
(arrowheads) shows high-signal intensity on DW-MRI and a
low ADC value, both of which are indicative of a highly cellular
tumor. C Gd-EOB-DTPA-enhanced MRI obtained 2 months
after radioembolization with Yttirium-90 reveals the amount of
tumor decrease as well as necrosis of the central tumor por-
tion (asterisk). An arterial phase MR image (left) reveals
peripheral rim enhancement (arrowheads) and an irregularly
enhancing, nodular lesion (arrow). On an hepatobiliary phase
image (right), the hypointense, rim-like lesion (arrowheads)
around the tumor as well as a hypointense, nodular portion
(arrow) in the posterolateral aspect of the tumor were noted
and thus raise the suspicion of there being a viable tumor.
D The DW-MRI (left) and the ADC map (right) obtained 2
months after radioembolization show that the ADC value of
the tumor markedly increased compared to that seen in (B).
The signal intensity of the tumor on DW-MRI also increased
due to the T2 shine-through effect of the T2, hyperintense,
necrotic tumor portion. The nodular portion (arrow) in the
posterolateral aspect of the tumor still shows a low ADC value
with high-signal intensity on DW-MRI, thus indicating viable
tumor. E The surgical gross specimen (left) shows a large
necrotic tumor with a viable nodular portion (rectangle) and
extensive congestion in the adjacent parenchyma (arrow-
heads). The rectangle represents the microscopic, histologic
examination (Hematoxylin–Eosin stain, original magnification
910) (right) which showed the necrotic portion (N) with Yt-
trium-90 microspheres (arrow), extensive red blood cell con-
gestion (C) in the peripheral portion of the tumor, as well as a
viable tumor portion (T).
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follow-up CT in most patients [39]. One-month follow-
up CT or MRI is essential in order to detect local tu-
mor progression when it is smallest in size. Subsequent
serial contrast-enhanced CT or MR every 3 months for
at least 1 year and every 6 months thereafter is the
widely used imaging protocol for follow-up of treated
patients [36].

In the early post-ablation period, the ablation zone
typically appears as a non-enhancing area of low atten-
uation or low-signal intensity on contrast-enhanced CT
or MRI. On CT, the ablation zone often contains a
central area of high attenuation along the electrode

needle tract; this has usually disappeared by the next
follow-up CT [42]. On MRI, the ablation zone shows
variable signal intensity (Fig. 6). T1-signal intensity is
determined by the stage of the hemorrhage, whereas T2-
signal intensity depends on the presence of coagulation
necrosis or liquefactive necrosis. The ablation zone where
coagulation necrosis occurs typically show T2-hypoin-
tensity, whereas areas of liquefactive necrosis or a fluid
cavity in the ablation zone shows T2-hyperintensity.
Although viable tumor shows T2-hyperintensity, it may
be masked by the heterogenous T2-signal intensity of the
ablation zone. Therefore, contrast-enhanced MRI should

Fig. 5. Gradual involution of
the ablation zone after RF
ablation. A On an arterial
phase CT image obtained be-
fore RF ablation, an enhancing
nodule (arrow) is noted in the
left lateral segment of the liver.
B An arterial phase CT image
obtained immediately after RF
ablation shows an ablation
zone (asterisk) with loss
of contrast enhancement.
Note the uniform peripheral
enhancement (arrowheads)
which is only seen on immedi-
ate post-ablation CT and is
indicative of benign, periabla-
tional enhancement. C–F Se-
rial follow-up CT images of the
RF ablation demonstrate the
gradual decrease in the size of
the ablation zone (asterisks).
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be performed for accurate treatment assessment after
ablation [43].

As mentioned, benign periablational enhancement
surrounding the ablation zone is frequently found to
show moderate to intense peripheral rim-like enhance-
ment on the arterial phase of contrast-enhanced CT or
MRI. It usually is shown as iso-attenuation on the
delayed phase of CT, but may show persistent
enhancement on the delayed phase of MRI. This rim
has low-signal intensity on T1-, and high-signal inten-
sity on T2-weighted images. Histologic analysis of the
perilesional rim has revealed that it is initially reactive

hyperemia and subsequently fibrosis and a giant cell
reaction [38, 40, 41]. This peripheral rim most often
measures 1–2 mm, but can measure up to 5 mm, and
regresses progressively (Fig. 7). Lim et al. reported that
periablational enhancement was noted on CT in 79% of
their patients and had disappeared by 1 month after
ablation in all patients [39], although it may last for up
to 6 months [41]. It is a relatively concentric, symmetric,
and uniform process with smooth inner margins, and it
should be differentiated from irregular peripheral
enhancement which may indicate incomplete local
treatment.

Fig. 6. Variable signal inten-
sity of the RF ablation zone as
seen on MR. A On a Gd-EOB-
DTPA-enhanced MRI obtained
1 year after RF ablation, the
ablation zone (arrowheads)
shows hyperintensity on T1-
weighted MRI (left), isointensi-
ty on T2-weighted MRI
(middle), and marked hypoin-
tensity on the hepatobiliary
phase (right). B On a Gd-EOB-
DTPA-enhanced MRI obtained
1 year after RF ablation, the
ablation zone (arrowheads)
shows peripheral hyperinten-
sity and central hypointensity
on T1-weighted MRI (left),
homogenous hyperintensity on
T2-weighted MRI (middle), and
loss of enhancement on arte-
rial phase imaging (right). C On
a Gd-EOB-DTPA-enhanced
MRI obtained 10 months after
RF ablation, the ablation zone
(arrowheads) shows periphe-
ral hyperintensity and central
hypointensity on T1-weighted
MRI (left) and heterogenous
signal intensity on T2-weighted
MRI (middle). On a T2-weight-
ing gradient echo image (right),
the hemorrhagic portion is
shown as dark signal intensity
(curved arrow) in the tumor.
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Needle puncture or thermal damage may result in an
arterioportal shunt represented by a wedge-shaped
enhancement of the liver parenchyma on the arterial
phase that appears as iso-attenuation or iso-signal
intensity on the equilibrium phase of contrast-enhanced
CT or MRI. Most of these procedure-related arterio-
portal shunt lesions disappeared within 1–3 months after
ablation [44].

On immediate follow-up CT, intralesional air bub-
bles which were small in size and number may be found
and disappear by the 1-month follow-up CT. It is be-
lieved that in such cases air without an air-fluid level
may have been introduced along the insertion path of
the needle or may have resulted from tissue necrosis
[39]. If these patients have clinical symptoms such as
persistent fever for more than 2 weeks, hepatic abscess
should be kept in mind as a possible cause of the fever.
The increased extent of air and peripheral enhancing
rims in a characteristic layering pattern seen on follow-
up CT may be a sign of formation of an hepatic abscess
[42] (Fig. 8).

Follow-up contrast-enhanced CT or MRI is essen-
tial for the evaluation of local tumor progression
which is the preferred term to local recurrence because

it is virtually impossible to determine whether there
was an incompletely treated but viable tumor that
continued to grow or if a new tumor grew at the
original site [41]. Local tumor progression has been
divided into three types: (1) the halo type which ap-
pears as an irregular, thick rim of enhancement around
the ablation zone; (2) nodular type which appears as
nodular foci of enhancement at the periphery of the
ablation zone; and (3) gross enlargement type which is
associated with an overall increase in the ablation zone
[44, 45]. In HCC, the nodular and halo types occur
more frequently than the gross enlargement type [36]
(Fig. 9).

In a recent study regarding the respiratory-triggered
DW-MRI and ADC values for follow-up after RF
ablation, ADC-based evaluation of signal alterations
adjacent to the ablation zone may contribute to the
identification of local tumor progression and non-tu-
moral post-treatment tissue changes [46]. Local tumor
progression lesions typically exhibit hyperintense areas
in the periphery of the ablation zone on DW-MRI
with low ADC values in the corresponding hyperin-
tense areas (Fig. 10). ADC maps could, therefore, be
helpful for analyzing unclear hyperintense areas adja-

Fig. 7. Benign periablational
enhancement after RF abla-
tion. A On an arterial phase
CT image obtained 1 month
after RF ablation, thick, uni-
form, peripheral enhancement
(arrowheads) was noted at the
medial aspect of the ablation
zone (asterisk). B On a portal
venous phase CT image,
the peripheral enhancement
becomes iso-attenuated and
indistinguishable from nor-
mal liver parenchyma (arrow-
heads), which is indicative of
benign periablational enhance-
ment. C On color mapping of
the arterial enhancement frac-
tion (AEF), the peripheral
enhancement more clearly
appears as a green-colored
lesion (arrowheads) with a
moderately high AEF value
[18]. The ablation zone ap-
pears as a gray-colored lesion
(asterisk).
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Fig. 8. Air bubbles in the RF ablation zone. A An immediate
post-ablation CT image reveals tiny air bubbles (arrows) in the
ablation zone, which are thought to be introduced along the
insertion path of the needle. B On an arterial phase CT image

obtained 2 weeks after RF ablation and to evaluate persistent
fever, the amount of air (arrows) in the ablation zone and the
extent of the peripheral enhancing rim (arrowheads) have
increased, thus indicating findings of hepatic abscess.

Fig. 9. Types of local tumor
progression of HCC after RF
ablation. A Halo type. Arterial
phase image (left) of Gd-EOB-
DTPA-enhanced MRI obtained
1 year after RF ablation dem-
onstrates a newly developed,
thick, irregularly enhancing rim
(arrowheads) at the medial
aspect of the non-enhancing
ablation zone, and which be-
comes a hypointense lesion
(arrows) due to wash-out of
contrast agent on the portal
venous phase (right). B Nodu-
lar type. On CT images
obtained 6 months after RF
ablation, a newly developed
nodule is seen at the medial
aspect of the ablation zone and
shows arterial enhancement
(arrowhead) on the arterial
phase image (left) and portal
wash-out (arrow) on the portal
phase image (right).
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cent to the ablation zone where differentiation between
tumor tissue and post-treatment changes is unambig-
uous. It has been demonstrated that unclear signal
alterations in the periphery of the ablation zone
exhibited markedly lower ADC values in patients with
local tumor progression on follow-up DW-MRI and in
the ADC map.

In a recent study regarding follow-up imaging of fatty
HCC lesions after RF ablation, persistent fat content was
observed on follow-up imaging in all post-ablation le-
sions. The persistence of fat did not necessarily indicate
treatment failure, although an increase or decrease in the
fat content (increase or decrease in size) can be used as an
additional criterion for the determination of treatment
success [47].

Evaluation of the treatment response
to ethanol ablation

Ethanol ablation is the preferred term to percutaenous
ethanol injection (PEI). The term ‘‘instillation’’ for the
direct delivery of pharmacologic agents is preferred to
injection, given that many pharmaceutical agents are able
to be injected [41]. Ethanol ablation induces coagulation
necrosis of a tumor by introducing a needle into the lesion
followed by slow instillation of ethanol. Ethanol ablation
is effective in the treatment of small, localized HCC in
patients not eligible for surgery. The low rate of procedure-
related complications and the low cost of ethanol ablation
are additional advantages of its use. Themain drawbackof
this technique is the need for repeated instillation in

Fig. 10. Diffusion-weighted MRI to evaluate RF ablation. A
On a precontrast, T1-weighted MR image obtained 18 months
after RF ablation, there is a newly developed hypointense
nodule (arrow) at the posterior aspect of the ablation zone
(asterisk); this is indicative of local tumor progression after RF
ablation. B An arterial phase, Gd-EOB-DTPA-enhanced MR
image shows arterial enhancement of the nodule (arrow) and
loss of enhancement in the ablation zone (asterisk). C On

DW-MRI with a b-value of 100 s/mm2, the nodule (arrow)
shows high-signal intensity and the necrotic ablation zone
(asterisk) shows low-signal intensity. D On the ADC map, the
nodule (arrow) shows a low ADC value while the ablation
zone (asterisk) has a high ADC value. The hyperintensity of
the nodule seen on DW-MRI with a low ADC value is pre-
sumed to represent the water diffusion restriction of the cel-
lular viable tumor.
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separate sessions due to the high tumor recurrence rate (up
to 50 by 2 years) [3]. There has been a recent shift from the
use of ethanol ablation toRFablation. In a recent systemic
review, RF ablation demonstrated a significantly im-
proved 3-year survival rate in HCC patients, compared
with that of ethanol ablation [48].

There are many similarities between the radiologic
aspect of RF-induced destruction and the necrosis in-
duced by ethanol [49]. The coagulation necrosis area
typically shows T1-hyperintensity and T2-hypointensity,
and the viable tumor shows T2-hyperintensity in both
the RF ablation zone and the ethanol ablation zone.
However, liquefactive necrosis can also cause T2-hyper-
intensity which can limit the T2-weighted signal intensity
pattern of tumors injected with alcohol to ascertain
tumor viability [43, 49]. Therefore, contrast-enhanced
MRI or CT is more reliable for evaluating treatment
effectiveness. Local tumor progression usually manifests
as a tumor around the ablation zone and in continuity
with its border (outgrowth) or as an enhancing lesion
within the edge of the necrotic ablation zone (ingrowth)
(Fig. 11).

The difference between the RF ablation zone and the
ethanol ablation zone is that the area of RF-induced
coagulation necrosis shrinks more slowly than that of
ethanol-induced necrosis. Ebara et al. reported shrinkage
of all of the ethanol ablation zone which attained a mean
size of 45% at 6 months and 63% at 12 months in 67
HCCs treated with ethanol [50].

Evaluation of the tumor response
to targeted therapy

Although conventional systemic chemotherapy has not
been effective treatment for HCC, recent advances in
targeted therapy present a promising new therapeutic
option. Sorafenib, which is an oral multikinase inhibi-
tor, blocks tumor cell proliferation and exerts an anti-
angiogenic effect within the tumor. A recent phase III
randomized trial referred to as the SHARP trial
(Sorafenib HCC Assessment Randomized Protocol),
indicates that sorafenib significantly improves patient
survival and doubles the time to tumor progression
among patients with advanced HCC [51].

The main effect of sorafenib for HCC treatment is
disease stabilization rather than a direct cytotoxic effect
accompanied by tumor shrinkage. Therefore, morpho-
logic tumor changes do not constitute appropriate cri-
teria for the therapeutic response assessment. Sorafenib
is expected to reduce tumor vascularization and to
subsequently induce tumor necrosis and hemorrhage. In
a recent study, the temporary expansion of HCC during
sorafenib therapy was noted in more than one-third of
the tumors; this is believed to be caused primarily by
the increased tumor volume induced by tumor necrosis
[52]. Therefore, the traditional tumor response assess-

ment criteria such as WHO, RECIST or the EASL
guidelines, are not reliable when assessing new, targeted
therapies.

The focus of response monitoring of this novel ther-
apeutic agent should include the assessment of these
parameters such as reduced vascularity, induced necrosis,
and hemorrhage in the tumor. On contrast-enhanced CT,
the enhancement degree of HCC may decrease during
sorafenib therapy (Fig. 12). However, the enhancement
degree of the tumor depends on the CT scan protocol,
contrast agent injection protocol and patient cardiovas-
cular status at the time of scanning. Perfusion CT and its
perfusion parameters may allow a more accurate quan-
tification of the tumor perfusion [53]. On MRI, the T1
and T2-signal intensity varies according to the presence
of hemorrhage and necrosis. Contrast-enhanced MRI

Fig. 11. Local tumor progression after ethanol ablation. A
The arterial phase, 6-month follow-up CT image obtained
after ethanol ablation shows newly developed, arterial-
enhancing lesions (arrowheads) within the ablation zone (ar-
row); this is indicative of the ingrowth pattern of local tumor
progression. Note the peripheral geographic, high-attenuated
lesion around the needle track in the liver parenchyma
(asterisk). This is depicted only on the arterial phase image
and is indicative of the procedure-related arterioportal shunt.
B On the portal venous phase image, the enhancing lesion
(arrowheads) within the ablation zone (arrow) shows wash-
out of the contrast agent. C Color mapping of the AEF shows
red-colored, recurrent tumor (arrowheads) in the gray-colored
RF ablation zone (arrow).
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can also show the reduction in tumor perfusion. These
specific responses of HCC to sorafenib therapy also
allow early differentiation between responder and non-
responder.

Conclusion

Unlike treatment of other oncologic tumors, locore-
gional treatment and transarterial therapies are mainstay
treatments of HCC. Treatment response assessment
using imaging is a key factor in the management of
patients with HCC. The application of classical WHO
or RECIST criteria may not be suitable for accurate
treatment response assessment of locoregional treatment
or targeted therapy for HCC. Therefore, an under-
standing of the imaging features of post-treatment
imaging after various treatment modalities for HCC is
crucial for treatment response assessment and for
determining further therapy.
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