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Abstract

Imaging has not only an established role in screening and diagnosis of hepatocellular carcinoma (HCC) in patients with
chronic liver inflammatory diseases, but also a crucial importance for patient stratification and treatment allocation, as well
as for assessing treatment response. In the setting of increasing therapeutic options for HCC, the Barcelona Clinic Liver
Cancer (BCLC) system still remains the most appropriate way to select candidate cohorts for best treatments. This clas-
sification takes into account the imaging information on tumor burden and extension, liver function, and cancer-related
symptoms, stratifying patients in five risk categories (Stages 0, A, B, C and D) associated with different treatment options.
Still now, there are no clear roles for biomarkers use in treatment allocation. The increasing use of locoregional non-surgical
therapies in the different stages is highly dependent on reliable evaluation of treatment response, in particular when they are
used with curative intention or for downstaging at liver transplantation re-assessment. Moreover, objective response (OR)
has emerged as an important imaging biomarker, providing information on tumor biology, which can contribute for further
prognostic assessment. Current guidelines for OR assessment recommend only the measurement of viable tumor accord-
ing to mRECIST criteria, with further classification into complete response, partial response, stable disease or progressive
disease. Either computed tomography (CT) or magnetic resonance (MR) imaging can be used for this purpose, and the
Liver Imaging Reporting and Data System (LI-RADS) committee has recently provided some guidance for reporting after
locoregional therapies. Nevertheless, imaging pitfalls resulting from treatment-related changes can impact with the correct
evaluation of treatment response, especially after transarterial radioembolization (TARE). Volume criteria and emerging
imaging techniques might also contribute for a better refinement in the assessment of treatment response and monitoring. As
the role of imaging deeply expands in the multidisciplinary assessment of HCC, our main objective in this review is to discuss
state-of-the-art decision-making aspects for treatment allocation and provide guidance for treatment response evaluation.
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Hepatocellular carcinoma staging
and treatment allocation

Hepatocellular carcinoma (HCC) is frequently a complica-
tion in patients with chronic liver disease, and an important
cause of death [1]. Imaging is paramount for its early detec-
tion and diagnosis, which is established through well-defined
imaging criteria, obviating the need for biopsy in most cases
[2].

However, as treatment modalities for HCC develop and
improve, stratification and prognostic assessment are particu-
larly important to select the best candidates for each therapy.
Since most patients have underlying chronic liver inflam-
matory diseases, this stratification is also heavily depend-
ent on the severity of liver changes [3]. Therefore, current
European Association for the Study of the Liver (EASL)
Clinical Practice Guidelines and the American Association
for the Study of Liver Diseases (AASLD) still endorse the
BCLC classification [2, 4]. First proposed in 1999, BCLC
takes into account not only the estimated tumor burden
(size and number of lesions) but also the liver function and

cancer-related symptoms [5]. Moreover, the complexity of
this stratification, the large spectrum of patients within each
category, and the availability of multiple treatment options
require decisions based on dedicated multidisciplinary team
meetings with all medical specialties involved, including
Hepatobiliary Surgery, Hepatology, Oncology, Pathology,
Interventional and Diagnostic Radiology [6]. A flow chart
based on BCLC categories, which can be used as a guide
for multidisciplinary discussion on treatment allocation, is
presented in this article (Fig. 1).

Very early stage (BCLC-0) and early stage (BCLC-A)

BCLC classification was initially proposed for effectively
identifying patients with early disease and good prognosis,
which could benefit from radical treatments with curative
intent [5]. BCLC-A includes patients presenting with single
tumors or 2-3 nodules < 3 cm in diameter, good health sta-
tus and preserved liver function. A very early stage (BCLC-
0) was subsequently incorporated as the first stage in this
classification, addressing the increasing diagnostic capabili-
ties that allowed the earlier detection of smaller lesions (<
2 cm) though effective ultrasound screening programs in
patients with liver cirrhosis [7].

If a small single lesion is found in patients with preserved
liver function, especially if single focality is confirmed with
staging MRI, they will usually be good candidates for either
surgical resection or percutaneous ablation with curative
intent.

Surgical resection should take into account not only the
resectability of the lesion but also the absence of significant
portal hypertension and guarantee of an adequate hepatic

JHCC in cirrhotic liver
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Fig. 1 Proposed flow chart for treatment allocation based on BCLC system for HCC staging
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reserve [2]. When feasible, pathology has the important
advantage of offering prognostic biomarkers which can
provide liver transplantation indication in patients with
aggressive lesions and high risk of recurrence [8, 9]. If the
patient does not meet the criteria for resection, image-guided
ablation is a convenient and less invasive alternative. This
technique is usually performed as radiofrequency ablation
(RFA) or microwave ablation (MCA), which is increasingly
considered in most centers. Although infrequently, ethanol
injection might be also be considered in tumors < 2 cm,
when thermal ablation is not technically feasible. Ethanol
injection in tumors > 2 cm is associated with incomplete
necrosis and high local recurrence rate [10].

Differently, patients with larger solitary lesions (espe-
cially if > 5 cm) are usually not considered for upfront resec-
tion, and alternatives should be defined. If the patient is oth-
erwise a good surgical candidate, a strategy of lobar TARE
plus resection might be the best choice. If not, ablation with
or without combined TACE is another reasonable option.

LT should be reserved for patients in which other curable
options are not adequate. LT has a good outcome in patients
within the Milan criteria, with a 5-year survival exceeding
70% [11]. Therefore, it should be the best option for patients
with solitary HCC with diameter > 5 cm that are not good
surgical candidates, or up to 3 nodules with diameter < 3
cm, especially if they are bilobar [12]. Moreover, it is under-
standably the best option in patients with early disease and
clinical signs of portal hypertension or decompensated cir-
rhosis. In this scenario, LT should be prioritized given that
it treats both the tumor and the underlying liver disease.

Exceptionally, patients in the BCLC-A category that are
not eligible for any curative treatment can still be considered
for transarterial chemoembolization (TACE), according to a
“stage migration” strategy in which the next suitable option
from the next prognostic stage is offered [2].

Intermediate stage (BCLC-B) and advanced stage
(BCLC-C)

BCLC-B stage includes multinodular and unresectable dis-
ease, with good health status and preserved liver function.
BCLC-C stage is reserved for patients with portal invasion,
extra-hepatic spread, or with worse performance status.
These patients were usually excluded from curative treat-
ments, but they include a heterogeneous group of patients,
with an extended range of reported survival. As a result,
treatment allocation is usually less straightforward and new
strategies or treatment modalities have been introduced over
the years.

For BCLC-B patients, TACE has been the most popu-
lar treatment modality for most patients with multinodular
HCC which are deemed unresectable and poor candidates
for LT. The indications for TACE are growing [13] as the

superselective nature of this technique minimizes the risk of
ischemic liver injury and drug-related systemic toxicity. In
addition, retreatment is frequently possible to obtain higher
response. The selection of patients that might benefit from
this strategy remains a challenge.

In this sense, the heterogeneity of BCLC-B patients has
been previously recognized in attempts to further subclas-
sify them [14]. Even though no subclassification system has
been widely accepted, many patients in this category are
increasingly considered for curative treatment. In particu-
lar, despite being outside Milan criteria, similar survival
rates after LT have been reported for selected patients in
this group [12, 15]. These results have led to the increas-
ing consideration for LT patients with higher disease stage,
either using extended criteria for their selection (including
the up-to-seven criteria) [15] or re-evaluation after success-
ful downstaging with locoregional therapies, leading to
inclusion in Milan criteria [12].

Despite ongoing controversy regarding this issue [16],
indication for LT is consensually removed when facing
larger tumors with portal vein invasion, extra-hepatic spread,
or progressive liver disease post-TACE, as they usually show
poor results after LT.

In patients with advanced stage (BCLC-C), systemic
therapy is usually recommended, and Sorafenib is currently
considered the first line agent. Other systemic therapies and
clinical trials are reserved for patients with radiological pro-
gression under Sorafenib. Nevertheless, alternative therapies
such as transarterial radioembolization (TARE, also known
as SIRT systemic internal radiation therapy) and new sys-
temic agents including immunotherapy agents are gaining
wider acceptance.

In particular, TARE has emerged as an alternative not
only to Sorafenib in patients with advanced disease but also
as an extremely interesting alternative to TACE in patients
with intermediate stage [17]. Current indications include
larger tumors (> 5-8 cm), multinodular disease with more
than 4 nodules, presence of portal thrombosis (lobar or
segmental) and in patients considered non-responders to
TACE. In contrast to TACE, TARE is microembolic and
its therapeutic action is predominately attributable to the
radiation effect of yttrium 90, which explains significant
differences not only in treatment response but also in the
expected imaging appearance after treatment. Commonly,
tumors treated with TARE show a delayed response with a
median time to response of 30-120 days [18]. An interesting
feature of TARE is the presence of heterogeneous enhance-
ment in treated area due to fibrosis which can retract and
cause atrophy over time. Compensative hypertrophy of the
remaining segments may be seen, which can even result in
a significant increase of the liver volume and, consequently,
liver reserve [19]. This has increased the attention for this
technique as an interesting option to improve the chances
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of a surgical resection in patients that are otherwise good
surgical candidates for this curative treatment [4].

Terminal stage (BCLC-D)

In patients with non-transplantable disease, end-stage liver
function and bad performance status, only the best available
supportive care can be offered.

Predictive imaging biomarkers

Besides currently accepted BCLC classification, in the last
decade there has been a large interest in developing imag-
ing biomarkers to better allocate treatments and estimate
patient prognosis, mainly in the intermediate and advanced
HCC stages. This has been done either by assessing the
prognostic value of specific imaging findings [20] or more
advanced quantitative biomarkers such as tumor texture and
tissue perfusion metrics [21-25]. Radiomics has emerged
as a promising field for the extraction of quantitative imag-
ing biomarkers which can give important information on
tumor biology. Quantitative features are not currently used
in daily practice, as they require post-processing tools for
its extraction, as well as further high-scale clinical valida-
tion [26]. However, if proven accurate, this “virtual biopsy”
approach could provide important predictive biomarkers and
might even have important advantages to histologic analysis
after biopsy, given its non-invasive nature and capability to
evaluate the entire lesion after 3D segmentation on the dif-
ferent time points. Furthermore, peri-tumoral region [27]
and remaining liver parenchyma might also be assessed by
imaging radiomics. However, this emerging field faces a lot
of technical challenges for wider implementation, specially
regarding the lack of homogeneity between imaging studies
between different vendors or protocols and the continuous
improvement of technology. Nevertheless, the use of an arti-
ficial intelligence (AI)-based approach might be very prom-
ising in this field, which might change the current approach
for treatment allocation.

Evaluation of treatment response
in hepatocellular carcinoma

Rationale for treatment response assessment

As locoregional treatments are increasingly popular options
for HCC treatment in different stages, either with curative
intent or for the reduction of tumor burden, their success
relies on the assessment of radiologic objective response
(OR) to assess full technical accomplishment.

When tumor ablation is used with curative intent in
early stage disease, the presence of radiologic OR predicts
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survival benefit [28]. However, significant risk of recurrence
has been reported after tumor ablation [29]. Therefore, and
given that no current indication for adjuvant therapy exists,
all patients should be carefully monitored, and imaging eval-
uation performed at least every 3—6 months [4]. The same is
true for patients after tumor resection, in which retreatment
or salvage LT might be considered when recurrent disease
is detected [30, 31].

For patients with more advanced disease in which locore-
gional treatments are used for the reduction of tumor burden,
the possibility of downstaging relies on the assessment of a
successful treatment response. Particularly in patients out-
side Milan criteria, re-evaluation of transplantation eligibil-
ity should be done in successful cases [32].

Interestingly, locoregional treatments have also gained
popularity in LT candidates within Milan criteria. In this
setting, they are mainly used as bridging modalities while
patients are in the waiting list for transplantation to avoid
HCC progression if the estimating waiting time is longer
than 6 months and also to minimize HCC recurrence after
LT [33].

Treatment response also provides important information
on tumor biology [34], given that a good response to treat-
ment has shown correlation with histologic markers of good
prognosis. Moreover, non-responders have shown higher
HCC recurrence after LT. Importantly, OR has also shown
to be a surrogate biomarker for patient survival [35, 36],
highlighting its role as an important imaging biomarker with
potential as a selection tool for treatment allocation during
multidisciplinary discussion [16].

Despite the known value of OR as a prognostic biomarker
in patients submitted to locoregional treatments such as
TACE or ablation, its value in patients treated with systemic
therapy is not clearly established [3]. The same is true for
new treatments such as TARE in which treatment response
evaluation is also more challenging and defined standardized
protocols are still lacking [37].

Current guidelines for objective response (OR)
assessment

After locoregional treatments, imaging assessment is done
with multiphasic CT or MR [2]. Treatment evaluation highly
depends on a good quality dynamic contrast-enhanced exam,
either with CT or MR. Like pre-treatment assessment, the
presence of hyperenhancement and/or washout appearance
indicates viable tumor. If CT is used as the method of choice
in the early assessment, a pre-contrast acquisition is sug-
gested to correctly identify blood products or embolic mate-
rial and for easier evaluating the presence of enhancement.
On MR studies, image subtraction is recommended, as it is
quite useful for the detection of post-treatment coagulative
necrosis and hemorrhage changes [38, 39].
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Traditionally, response has been evaluating measur-
ing the whole lesions through the Response Evaluation
Criteria in Solid Tumors (RECIST) criteria. Nevertheless,
more recent EASL and modified RECIST (mRECIST) cri-
teria focus on the measurement of viable tumor, ignoring
the treatment induced necrosis [40]. After ablation with
curative treatment, visualization of complete necrosis is
straightforward. However, partial necrosis is frequently
observed, especially after TACE. In both cases, mRECIST
has been favored for treatment evaluation after locore-
gional therapies as this approach has higher reproducibility

and prognostic value when compared to the standard onco-
logic criteria (RECIST 1.1).

The mRECIST criteria classifies patients according to
four categories: complete response (CR), partial response
(PR), stable disease (SD), progressive disease (PD). CR
corresponds to the disappearance of any intra-tumoral
arterial enhancement in all target lesions, PR is applied
when there is at least 30% decrease in the sum of diameters
of viable target lesions, SD for any cases that do not clas-
sify for partial response or progressive disease, and PD
when there is at least 20% increase in the sum of diameters
of viable target lesions. For outcome prediction (Figs. 2,

Fig.2 BCLC-C staged HCC in a patient with cirrhosis, classified as
non-responder after TACE. Annotated pre-treatment CT images (a
late arterial phase, b portal venous phase) showing a large HCC with
extra-hepatic nodal disease (*). After treatment, late arterial phase

image ¢ shows an increase in size (over 20% increase in diameter of
viable tumor), consistent with progressive disease (PD) according to
mRECIST criteria

Fig.3 BCLC-B staged HCC in a patient with alcoholic liver disease
classified as responder after TACE. On pre-treatment late arterial
phase CT image (a) there is a 5 cm lesion with rim hyperenhance-
ment, classified as LR-M and histologically proven as HCC. After
treatment, late arterial phase CT image (b) shows nodular arterial

phase hyperenhancement on the periphery of the lesion (arrow),
compatible with the presence of viable tumor with more than 30%
decrease in the diameters of viable tumor and consistent with partial
response (PR) according to mRECIST criteria
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3), patients can be further classified into responders (CR
or PR) or non-responders (SD or PD), as the latter group
shows significant lower overall survival [41].

Importantly, mRECIST follows strict rules for the defi-
nition of target lesions, which should only include typical
HCC lesions, and for calculation of the final categories
[41]. Furthermore, it also includes guidelines regarding
the evaluation of vascular invasion, lymph nodes, effusions
and new lesions. Important limitations exist in the assess-
ment of infiltrative lesions, which cannot be considered
target lesions, and in the setting of systemic therapies, as
EASL recognizes that the current methods are still sub-
optimal for the evaluation of treatment response in these
patients [2]. For the time being, the use of both mRECIST
and RECIST 1.1 is recommended after systemic therapy.
The application of immunotherapy will also require the
adoption of new criteria, such as iRECIST.

For the evaluation of objective response and the appli-
cation of mRECIST criteria, an important knowledge
regarding imaging appearance of necrotic and viable
treated HCC is needed. Moreover, changes in the sur-
rounding liver parenchyma related with the effect of the
local treatment are usually present. These surrounding
abnormalities may be due to perfusion modifications,
parenchymal inflammation, necrosis, fibrosis, or a com-
bination of them [39]. Therefore, assessment of treatment
response should take in consideration the timing of imag-
ing after treatment, as well as the type of treatment that
was performed.

Even though ideal timing for treatment assessment is
not specified on current guidelines, early evaluation start-
ing 1 month after treatment is common practice. Neverthe-
less, and especially after TARE, treatment-related findings
can only resolve after 6 months follow-up. Multiple phase
MR or CT is recommended in 3—4 months intervals for
these cases [42].

LI-RADS criteria application and expected problems

The Liver Imaging Reporting and Data System (LI-
RADS) Committee currently provides some guidance for
interpretation and reporting lesions after locoregional
therapies, which can be also be applied to patients sub-
mitted to surgical resection [32, 43]. LR-TR (LI-RADS
Treatment Response) algorithm allows categorization
according to three categories: LR-TR Non-viable, LR-TR
Equivocal and LR-TR Viable. The first is quite straight-
forward and related to lesions with no tumor enhance-
ment or showing treatment-specific expected enhance-
ment pattern. The LR-TR Equivocal category is applied
when there is atypical lesion enhancement for treatment-
specific expected pattern but not meeting the criteria for
probable or definite tumor viability. LR-TR Viable cat-
egory should be used when there is nodular, mass-like, or
thick irregular enhancement suspicious for viable tumor
(Fig. 4). Moreover, it should also be used when there
is washout appearance and enhancement similar to that
before treatment.

Some specifications should be considered regarding dif-
ferent treatment modalities when determining the presence
of residual disease [43]. In patients after surgical resection,
residual tumor should be evaluated at the resection margin.
After ablation therapies (RFA or MWA), the treated area
includes the peri-tumoral parenchyma, and the presence of
recurrent or residual tumor usually appears as nodular arte-
rial hyperenhancement nodule along this margin (Fig. 5).

Importantly, peri-tumoral parenchyma HCC enhancement
should not be confused with a thin halo of necro-inflam-
matory enhancement, which is frequently seen in the early
period after therapy and usually resolves after time [43].
Like the transient peripheral rim seen after tumor ablation,
a similar phenomenon might persist after TACE (Fig. 6). It
should be differentiated from nodular or mass-like enhance-
ment within the tumoral lesion. Furthermore, peripheral

Fig.4 HCC dynamic contrast-enhanced CT images before (a late
arterial, b portal phases) and after (c late arterial, d portal phases)
TACE, with viable tumor (LR-TR Viable). On pre-treatment images
there is a typical HCC (LR-5 observation) with arterial hyperen-
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hancement, washout and pseudo-capsule appearance. Three months
after treatment there is nodular arterial hyperenhancement on the
periphery of the lesion (arrow) with washout on portal phase, due to
viable tumor representing a partial response
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Fig.5 Axial CT images (a late
arterial, b equilibrium phases)
obtained after RF ablation with
partial response (PR) of HCC.
Nodular arterial hyperenhance-
ment (black arrow) on the
periphery of the ablation zone,
with washout on later phases
(white arrow), corresponding to
viable tumor

Fig.6 HCC after TACE with
complete response (CR). On
portal phase MR image (a)
there is a inflammatory thin
halo of enhancement (arrow),
not present on follow-up CT
image (b)

arterioportal shunting may also mimic tumor hypervascu-
larization, although hepatobiliary phase MR imaging is usu-
ally able to stablish the correct diagnosis.

The use of LI-RADS classification has shown both high
positive predictive (86-96%) and high negative predic-
tive (81% to 87%) values in the assessment of histopatho-
logic viability of HCC treated with TACE [44], and can be
extremely useful to guide the decision of further treatment
or surveillance timing.

LI-RADS criteria apply to individual lesions, although
they can be incorporated as patient level response assess-
ment similar to mRECIST, even though the existence of an
“equivocal viable tumor” category or the use of washout for
the definition of viable tumor are not accounted in mRE-
CIST [32]. The existence of a LR-TR equivocal category
was introduced to allow some uncertainty in the assessment
of treatment response, but most recent evidence suggests
that these might correspond more frequently to incompletely
necrotic lesions at histopathology [44]. The use of washout
to define the presence of viable tumor might be particu-
larly important in atypical lesions with no arterial hyper-
enhancement on pre-treatment CT (Fig. 7). Hypovascular
HCC might be particularly difficult to assess after treatment

given that mRECIST criteria cannot be applied [41], and the
use of dual-energy CT, CEUS or MR perfusion studies are
promising tools to improve imaging accuracy in these cases.

Furthermore, these criteria might not be applicable after
TARE. Unlike other locoregional therapies, TARE does not
cause immediate tumor size reduction or devascularization
[37]. In fact, tumor size and arterial enhancement may tran-
siently increase in the early (within 1 month) post-treatment
period in a pseudo-progression phenomenon. But even after
1 month, patchy arterial enhancement can frequently be
found either intra-tumoral or in the adjacent parenchyma
from post-treatment inflammatory changes, simulating an
infiltrative tumor appearance which is very difficult to differ-
entiate real tumor infiltration. These changes often become
less apparent in subsequent evaluations and usually resolve
after 6 months, which is the reason why serial imaging with
either CT or MR images are recommended in 3—4 months
interval [42, 45] (Fig. 8).

In particular, multiparametric MR imaging can be par-
ticularly important for clarification in difficult cases [45,
46]. Nevertheless, proper validation of treatment response
criteria after TARE is still lacking.
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Fig.7 Hypovascular HCC

CT images (a, arterial; b, late
portal phases) after TACE.
Even though there is no clear
arterial hyperenhancement, this
lesion shows washout appear-
ance (arrow). This hypovascular
pattern was already visualized
in the pre-treatment CT and is
suspicious for viable tumor

Fig.8 HCC after TARE with
partial response (PR). Serial
imaging with CT (a late arte-
rial, b portal phases) and MRI
(c late arterial phase, d portal
phase, e T2-weighted, f ADC
map), were obtained for treat-
ment response evaluation. MRI
performed 6 months after treat-
ment more efficiently detects
the presence of viable tumor,
with arterial hyperenhancement
(black arrow) and washout with
capsule appearance, moderate
to high T2 signal and restricted
diffusion (white arrow)

Therefore, LI-RADS criteria are strongly encouraged for
treatment evaluation, but further validation is still needed
and will further clarify how to classify patient level response

in problematic cases.
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Future directions in treatment assessment

The assumption that tumor growth is isometric can be an
extremely important limitation considering one-dimensional
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mRECIST, or even two-dimensional EASL measurement of
the enhanced portion, given that liver tumors are frequently
asymmetrical and show inhomogeneous patterns of enhance-
ment, frequently the case after locoregional therapy. Particu-
larly after TACE, this variability might be due to the pres-
ence of multiple tumor feeding vessels that are unequally
treated. Three-dimensional (3D) evaluation of tumor burden
after treatment has shown a good correlation with patho-
logic findings after TACE [47], and represents a promising
imaging biomarker to better identify non-responders and
predict patient survival [48]. This can be done using specific
criteria, such as the approach called qEASL or vRECIST,
in which a volumetric assessment of the enhancing tumor
or the entire tumor is done, respectively. Moreover, these
quantitative techniques have also been validated on patients
treated with radioembolization, which could mean this could
be an interesting option to traditionally problematic response
evaluation after TARE [49].

Other explored techniques include the use of diffusion
weighted derived metrics, as responding HCC lesions
exhibit increased ADC value in acellular and necrotic
areas [50]. Moreover, perfusion studies have been explored
for the detection of perfusion changes in HCC lesions, in
particular after chemoembolization. DCE-MR (dynamic
contrast-enhanced MR) imaging has been shown to assess
these changes effectively even in a semi-quantitative fashion
[51], and CEUS (contrast-enhanced ultrasound) is also being
used to confirm the technical success in the early setting to
confirm technical success, or as an alternative method after
TACE with lipiodol [52].
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