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Abstract

Hepatocellular carcinoma (HCC) is a common cause of cancer-
related death, with incidence increasing worldwide. Unfortu-
nately, the overall prognosis for patients with HCC is poor and
many patients present with advanced stages of disease that
preclude curative therapies. Diagnostic and interventional
radiologists play a key role in the management of patients
with HCC. Diagnostic radiologists can use contrast-enhanced
computed tomography (CT), magnetic resonance imaging, and
ultrasound to diagnose and stage HCC, without the need for
pathologic confirmation, by following established criteria. Once
staged, the interventional radiologist can treat the appropriate
patients with percutaneous ablation, transarterial chemoem-
bolization, or radioembolization. Follow-up imaging after these
liver-directed therapies for HCC can be characterized according

to various radiologic response criteria; although, enhance-
ment-based criteria, such as European Association for the
Study of the Liver and modified Response Evaluation Criteria
in Solid Tumors, are more reflective of treatment effect in HCC.
Newer imaging technologies like volumetric analysis, dual-
energy CT, cone beam CT and perfusion CT may provide
additional benefits for patients with HCC.
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Introduction

Hepatocellular carcinoma (HCC) is a common cause of cancer-
related death.1 It occurs most often in the setting of cirrhosis,
usually related to chronic hepatitis C virus (HCV) infection or
chronic hepatitis B virus (HBV) infection. Prolonged alcohol use
and nonalcoholic steatohepatitis (NASH) are also significant
risk factors.1,2 During the past two decades, the incidence of
HCC in the USA has more than doubled, due largely in part to
increasing rates of HCV infection.1,3 However, it is likely that
the incidence of HCC is actually underestimated, as active sur-
veillance for HCC is underutilized.4 Globally, HCC is an even
greater public health concern, as it is the third leading cause
of cancer-related deaths worldwide.5 Most of this cancer
burden (85%) falls on developing countries, with the highest
incidence in regions where HBV infection is endemic.1

Despite the numerous existing strategies to treat HCC,
the 5-year survival rate remains below 12%.1 In developing
nations, survival rates are as low as 5%.5 Surgical resection,
transplantation and ablation are potentially curative treatment
options for HCC.6 Unfortunately, only a minority of patients are
eligible for these treatments at the time of diagnosis.2,7

Instead, patients frequently present with symptoms of cancer
and liver failure, unless their tumors are identified early by
surveillance methods.8 For patients presenting with more
advanced disease, several treatments have been developed
to slow disease progression. These include many liver-directed
therapies, such as bland transarterial embolization (TAE),
conventional transarterial chemoembolization (cTACE),
drug-eluting beads TACE (DEB-TACE) and yttrium-90 (90Y)
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radioembolization.6,9,10 Systemic chemotherapy regimens,
including the kinase-inhibitor sorafenib, are also available.
Yet, at the time of writing, cTACE is the only of these liver-
directed methods that have been demonstrated to convey a
survival benefit in randomized controlled trials.11,12 As such,
cTACE is currently the standard of care for patients meeting
criteria for intermediate-stage HCC as defined by the Barce-
lona Clinic Liver Cancer (BCLC) guidelines.13

The ability to assess treatment response after TACE is
critical for determining the efficacy of previous treatments
and the need for retreatment. Imaging response to treatment
also has the potential to improve patient selection and predict
patient outcomes.14 However, traditional imaging criteria,
such as the World Health Organization (WHO) and Response
Evaluation Criteria in Solid Tumors (RECIST), focus on tumor
size as a marker of treatment.15,16 This is problematic in HCC,
as size-based criteria have been shown to be poor predictors
of patient survival after cytostatic treatment methods, such
as TACE.17 It is important for healthcare practitioners who
treat patients with HCC to be familiar with these concepts.
Therefore, the purpose of this article is to review current
imaging strategies in the diagnosis, staging and follow-up
after TACE for patients with HCC.

Imaging in the diagnosis of HCC

Unlike most malignancies, the diagnosis of HCC can be made
on imaging alone, without the need for pathologic confirma-
tion.18 This requires imaging centers to pay strict heed to the
highest standards during imaging acquisition and for radiol-
ogists to follow defined protocols during image interpretation
and reporting. The following section will provide guidance in
these areas.

Technical considerations in image acquisition

Computed tomography (CT) examinations for HCC should be
performed using a multidetector scanner, containing at least
8 detector rows with minimal section thickness of 5 mm and
bolus tracking set to the descending thoracic aorta. Thinner
sections are preferable, particularly if multiplanar reconstruc-
tions are obtained. A power injector should also be used to
achieve at least a 3 mL/sec rate with minimum of 300 mg of
iodine/mL for a total dose of 1.5 mL/kg body weight.
Unenhanced, late arterial phase (defined as having the
artery fully enhanced and the beginning of enhancement of
the portal vein), portal venous phase (defined as having the
portal vein enhanced, peak liver parenchymal enhancement,
and the beginning of enhancement in the hepatic veins), and
delayed phase (3–5 m postcontrast injection) images should
be obtained.19

For magnetic resonance imaging (MRI), a multiphasic
contrast-enhanced examination should be performed with a
1.5 T or greater magnetic field strength scanner using multi-
channel phased–array body coils. Power injectors should be
used to inject gadolinium-based contrast at the rate of 2 mL/s
with bolus tracking. Like in multiphasic CT exams, images
should be obtained in unenhanced, late arterial, portal venous
and delayed phases. Requisite sequences include: precontrast
T1-weighted, multiphase postcontrast T1-weighted, 3D fat-
suppressed gradient echo, T2-weighted images with and
without fat saturation, and T1-weighted images in-phase and
in opposed-phase. Diffusion-weighted sequences are also typ-
ically performed using at least two b-values.20 A low b-value

sequence (typically between 0–50 s/mm2) is obtained, followed
by a high b-value sequence (usually >500 s/mm2), and then an
apparent diffusion coefficient (ADC) map is generated. Breath
holding techniques should be employed to obtain quality
images.19 The determination of contrast enhancement can be
difficult for lesions with inherent high T1 signal; thus, the uti-
lization of subtracted images (images where the precontrast T1
sequences are subtracted from the postcontrast T1 sequences)
can be useful in these scenarios.21 Studies have shown superior
sensitivity of MRI over CT in diagnosing HCC; therefore, MRI is
the preferred modality in evaluating patients with chronic liver
disease.22,23

A variety of gadolinium-based contrast agents are available
for clinical use, and their utility in the diagnosis and post-
therapeutic imaging of HCC are worth mentioning here. The
majority of gadolinium-based contrast agents can be classified
as extracellular agents which, similar to iodinated contrast
media, are passively filtered through the kidneys prior to
excretion.24 When the diagnostic criteria discussed below are
followed, these agents are highly specific (>95%) in diagnos-
ing HCC.24 On the other hand, hepatobiliary contrast agents
distribute into the vascular and extravascular spaces during
the arterial and portal venous phases, progress into a transi-
tional phase where the agent moves into a predominantly
intracellular position (lasting approximately 2–5 m after injec-
tion), and then move into the hepatocytes and bile ducts
during the hepatobiliary phase.25 Utilizing hepatobiliary
agents, HCC is expected to demonstrate arterial enhancement
and portal venous washout. Hepatobiliary agents are sensitive
for HCC (79–100%) but have overall poor specificity (33–
92%) due to the background liver uptake in the transitional
phase and other non-HCC lesions that can demonstrate hypo-
intensity on hepatobiliary phase imaging.24,26 Moreover, the
appearance of HCC at delayed phase imaging is dependent
upon the degree of tumor infiltration and well-differentiated
HCC may take up hepatobiliary agents, leading to misdiagno-
sis.27 In the setting of monitoring treatment response, MRI
with an extracellular agent may be preferred to hepatobiliary
agents, which are prone tomore arterial phasemotion artifacts
due to transient tachypnea.25

Imaging characteristics of HCC

HCC is primarily supplied by the hepatic arterial system, and
thus enhances during the arterial phase of CT (Fig. 1) and MRI
(Fig. 2) examinations with high specificity.28,29 In contrast, the
surrounding hepatic parenchyma shows little enhancement in
this phase because it is primarily supplied by the portal venous
system. During the portal venous phase of imaging, the back-
ground hepatic parenchyma typically demonstrates normal
homogeneous enhancement, while HCC will appear relatively
hypoattenuating due to lack of portal venous supply. However,
it should be noted that the enhancement of the hepatic paren-
chyma can be altered in cirrhotic patients. HCC continues to be
hypoattenuating on delayed (3 m) phases as well. This char-
acteristic perfusion pattern of HCC relative to the normal
hepatic parenchyma is called “washout”.

Delayed phase imaging is more sensitive to the washout
effect than the portal venous phase (Fig. 3).28–31 Another
characteristic imaging finding of HCC is that of a peripheral
enhancing rim around the lesion that is present on venous or
delayed phase imaging, referred to as a ‘pseudocapsule’. The
detection of a pseudocapsule may not improve diagnostic
accuracy beyond the afore-mentioned features for larger
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lesions; yet, its recognition is critical to the classification of
lesions between 1 and 2 cm in size.32 Arterial enhancement
may be lacking in small, well-differentiated HCC as well as in
infiltrative HCC. Subsequently, a high index of suspicion is
required when evaluating cross-sectional imaging in a cirrhotic
patient. Further, the presence of tumor invasion into the portal
vein may cause an altered appearance on dynamic contrast-
enhanced CT or MRI with loss of typical HCC features, secon-
dary to increased arterioportal shunting.33 Tumor thrombus
within the affected portal vein may display the characteristic
hyperenhancement and washout.34

The role of ultrasound in cirrhotic patients is primarily for
screening. Conventional grayscale ultrasound has limited
sensitivity and specificity for the diagnosis of HCC.32 HCC
can have a variable appearance on ultrasound, but is most
commonly hypoechoic. Any solid nodule detected by ultra-
sound should be considered as a potential HCC in a cirrhotic
patient. Contrast-enhanced ultrasound (CEUS) can be
extremely useful in patients with contraindications to receiv-
ing iodinated- or gadolinium-based contrast. CEUS was
approved by the United States Food and Drug Administration
(FDA) for the evaluation of focal liver lesions in 2016. It can
be used safely in patients with chronic or acute renal failure.
CEUS has been shown to have a sensitivity and specificity for
HCC similar to CT and MRI.35 HCC will demonstrate arterial
hyperenhancement with relative hypoenhancement to the
normal liver parenchyma on later phase images (Fig. 4).36

18F-fludeoxyglucose (FDG) positron emission tomography
(PET) has limited sensitivity for the detection of HCC and a
high false-negative rate due to poor uptake in well-differenti-
ated HCC.37 11C-labeled acetate PET has been suggested as a
means to increase sensitivity for the detection of primary
HCC, with one study showing an increased sensitivity in
detecting HCC when compared to FDG-PET.37 Disadvantages
of 11C-acetate include the need for an on-site cyclotron and its
short half-life (20 m).

Categorization of HCC on imaging

The categorization of HCC is not only important from a
diagnostic standpoint but also from a resource allocation
perspective. For example, the United Network for Organ
Sharing (UNOS) is responsible for the administration of the
Organ Procurement and Transplantation Network (OPTN),
whose main goal is the fair allocation of transplant organs
over the broadest possible geographic areas in order of
decreasing medical urgency.38 In 2011, a new liver allocation
policy was approved featuring an improved model for end-
stage liver disease (MELD) exception criteria that allows
HCC patients to gain increased priority on liver transplant
lists. This approach assigns liver transplantation priority to
those with HCC since these patients have an increased risk
of mortality due to tumor progression that pushes them
outside of accepted transplantation criterion. In this new

Fig. 1. Multiphase, contrast-enhanced CT scan in a 52 year-old man with a history of cirrhosis and transjugular intrahepatic portosystemic shunt place-
ment. (A) axial CT image obtained in the arterial phase shows an avidly arterially-enhancing lesion near the hepatic dome (white arrow). (B) coronal CT image obtained in
the portal venous phase shows washout within the lesion with surrounding pseudocapsule (white arrow). (C) axial CT image obtained in the 3-m delayed phase shows
continued washout with the lesion (white arrow). This lesion was radiographically diagnostic of HCC.

Fig. 2. Multiphase, contrast-enhanced MRI in a 64 year-old man with cirrhosis. The lesion (white arrows) shows characteristic findings of HCC, including increased
T2 signal (A), restricted diffusion (B; obtained at a b-value of 700 s/mm2), decreased signal on T1 precontrast image (C), arterial hyperenhancement (D), washout with
pseudocapsule on venous phase (E), and washout with pseudocapsule on delayed 3-m phase (F).
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approach, MELD exception points are given to patients with
T2 disease (defined as one tumor ≥2 cm and #5 cm or 2–3
tumors ≥1 cm and #3 cm) so long as they meet transplant
criteria. These patients are then imaged with either CTor MRI
every 2–3 months to ensure that they remain eligible for
transplant. From this, it is clear that the ability of the radiol-
ogist to accurately diagnose and categorize HCC is paramount
for patient care.

To aid the radiologist in this endeavor, there are established
methods to categorize HCC. The most commonly employed
and recognized system is that of the OPTN (Table 1). The OPTN
system classifies liver lesions into OPTN class 0 through class 5
lesions. In this system, only an OPTN class 5 lesion can be
called “diagnostic” of HCC. In this regard, a class 5A lesion is
≥1 cm and <2 cm, demonstrates arterial hyperenhancement
with washout, and contains a pseudocapsule. A patient must
have 2 or 3 OPTN 5A lesions to meet T2 criteria and qualify for

MELD exception points. An OPTN 5B lesion is≥2 cm and#5 cm
and has arterial hyperenhancement with either washout or a
pseudocapsule. This qualifies for T2 disease and MELD excep-
tion points.39 Additional imaging features like lesion fat
content, T2 hyperintense signal and diffusion restriction
should be used carefully and at the discretion of the radiologist.
At present, no automatic MELD points can be awarded to
lesions in which these ancillary findings form the basis of an
HCC diagnosis.

In 2011, the American College of Radiology (ACR) created
the Liver Imaging Reporting and Data System (LI-RADS) to
provide a standardized approach to the assessment of cirrhotic
nodules and the diagnosis of HCC (Table 2). Even though the
system is not universally adopted, radiologists should be famil-
iar with its content. In this schema, LI-RADS 1 findings are
definitely benign, LI-RADS 2–4 lesions have increasing proba-
bility of representing HCC, and LI-RADS 5 lesions are definitely

Fig. 3. Multiphase contrast-enhanced CT in a 55 year-old womanwith cirrhosis. (A) the lesion in the right posterior hepatic lobe is not visualized on the unenhanced
CT image. (B) axial CT image obtained in the arterial phase demonstrates an arterially-enhancing lesion (white arrow), raising concern for HCC. (C) the lesion become
isoenhancing in the portal venous phase without clear washout (white arrow). (D) axial CT image in the 3-m delayed phase demonstrates clear washout and clinches the
diagnosis of HCC. If the examination was terminated prior to obtaining the delayed phase, the diagnosis of HCC could not be made.

Fig. 4. Contrast-enhanced ultrasound in a 48 year-old man with cirrhosis. (A) gray scale image demonstrates two solid hypoechoic lesions in the left hepatic lobe
(white arrows). (B) contrast-enhanced ultrasound image obtained in the arterial phase shows the lesions to have avid arterial enhancement. (C) venous phase image
demonstrates the lesions becoming isoenhancing to the adjacent liver parenchyma. (D) delayed phase image obtained at 3-m shows washout within both of the lesions,
consistent with HCC.
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malignant. LI-RADS M refers to ‘probable malignancy’ that is
not specific for HCC.25 Initially, LI-RADS was only applicable
to CT and MRI. However, in 2016, the ACR incorporated CEUS
into the LI-RADS system.40 Other benefits of LI-RADS include
consideration of ancillary imaging findings, such as macrovas-
cular invasion or pseudocapsule formation, and inclusion of
advanced imaging techniques, such as diffusion-weighted
imaging.25

Staging and treatment for HCC

The earliest attempt to stage patients with HCC was with the
tumor-node-metastasis (TNM) classification, which has been
clinically validated.41 This method is still the accepted staging
system by the American Joint Committee on Cancer (AJCC)
and International Union Against Cancer (UICC), and in one
study has been demonstrated to be superior to some modern
staging systems in terms of prognostic stratification and pre-
diction.42,43 Its major drawback is that it does not account for
the severity of underlying liver disease, which is an independ-
ent predictor of patient survival in HCC.31,44 As such, the Okuda
staging system was developed, incorporating major indices of
patient liver function.44,45 The Okuda classification, however,
was limited by its inability to classify smaller tumors, when
many patients were not diagnosed until more advanced
stages of malignancy.44,46 The Cancer of the Liver Italian

Program (CLIP) system soon followed, seeking to overcome
limitations of both the Okuda and TNM systems by accounting
for liver function, tumor morphology, tumor extension in the
liver, serum alpha fetoprotein levels and potential vascular
invasion.47 It has been externally validated against the Okuda
system in a randomized trial.48 However, one shortcoming of
the CLIP system is that it does not include patient performance
status,46 which is an independent predictor of survival.49

To better account for performance status, the BCLC staging
system was published shortly after the CLIP system.50 The
BCLC system includes an assessment of liver disease, tumor
extension and presence of constitutional symptoms, in addition
to offering treatment stratification for each disease stage. It
has also demonstrated superior prognostic value when com-
pared to numerous other staging systems.51,52 It has been
endorsed by both the European Association for the Study of
the Liver (EASL) and the American Association for the Study
of Liver Diseases (AASLD).31,53 Another recent classification
system of note is the Hong Kong Liver Cancer (HKLC) staging
system.54 The major difference between HKLC and BCLC is
that the HKLC system offers more aggressive treatment
options.54 However, the HKLC system is limited when com-
pared to the BCLC in that it investigated a cohort with primarily
HBV-induced cirrhosis.55 Furthermore, the HKLC system has
not been externally validated in non-Asian populations,
whereas the BCLC system has been validated in numerous

Table 1. OPTN classification scheme for the categorization of HCC. Adapted from Wald C et al.39

OPTN class; description Comment

0; incomplete or technically inadequate
exam

Repeat study

1; no evidence of HCC Routine surveillance in appropriate population

2; benign lesion or diffuse parenchymal
abnormality

Routine surveillance in appropriate population

3; indeterminate lesion Follow-up imaging

4; intermediate lesion –meets some criteria
for HCC but not diagnostic

Short term follow-up suggested +/- biopsy

5; meets diagnostic criteria for HCC, further
divided into subgroups

5A; ≥1 cm and <2 cm on late arterial or
portal venous phase images

Increased contrast enhancement in late hepatic arterial phase AND
washout during later phases of contrast enhancement AND peripheral rim
enhancement (capsule or pseudocapsule)

5A-g; same size criteria as 5A but lesion
grows in size

Increased contrast enhancement in late hepatic arterial phase AND
maximum diameter increase by 50% or more documented on serial MRI or
CT obtained #6 months apart – does not apply to ablated lesions

5B; ≥2 cm and #5 cm Increased contrast enhancement in late hepatic arterial phase AND one of
the following:

1. Washout during later contrast phases

2. Late capsule or pseudocapsule enhancement
3. Growth by 50% or more documented on serial CT or MR images

obtained #6 months apart – does not apply to ablated lesions
4. Positive biopsy

5T; “treated” lesions Past liver-directed therapy for OPTN 5 HCC or biopsy-proven HCC with any
residual lesion

5X; ≥5 cm Increased contrast enhancement in late hepatic arterial phase AND either
washout during later contrast phases OR capsule or pseudocapsule
enhancement
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studies worldwide.49,56,57 While there is no universally accep-
ted staging system per AASLD guidelines,31 the BCLC staging
system is the most widely used and recognized.58,59 As such, it

is emerging as the standard staging system in Western popu-
lations. The BCLC system will therefore be discussed in more
detail below.

Table 2. Liver imaging reporting and data system (LI-RADS) for HCC. Adapted from the American College of Radiology.24,40

LI-RADS class Description Comment

1 Benign Cyst, hemangioma, perfusion alteration (e.g., arterioportal shunt), hepatic fat
deposition/sparing, hypertrophic pseudomass, confluent fibrosis or focal scar, etc.
OR
It disappears without treatment

2 Probably benign Suggestive of a benign entity based on experience, as above
OR
Distinctive nodule without malignant features*

OR
Stable imaging features for ≥2 years
OR
Probable disappearance in the absence of treatment

3 Intermediate
probability of
being benign

<2 cm:
Mass-like configuration with arterial-phase hyperenhancement and no additional
major features

#

OR
Mass-like configuration with arterial phase hypoenhancement and #1 additional
major feature

#

≥2 cm:
Mass-like configuration with arterial phase hypoenhancement and no additional
major features

#

Any size:
Non-mass-like configuration and neither LR-1 nor LR-2
OR
Cannot be categorized as LR-1, LR-2, LR-4, or LR-5
OR
Meets criteria for LR-4 or LR-5, with stability for ≥2 years

4 Probably HCC Category A (<2 cm):
Mass-like configuration with arterial phase hyperenhancement and 1 additional
major feature

#

OR
Mass-like configuration with arterial phase iso- or hypoenhancement and 2
additional major features

#

OR
Probable tumor within lumen of vein
Category B (≥2 cm):
Mass-like configuration with arterial phase hyperenhancement and no additional
major features

#

OR
Mass-like configuration with arterial phase iso- or hypoenhancement and 1 or 2
additional major features

#

OR
Probable tumor within lumen of vein

5 HCC Category A (≥1 cm but <2 cm):
Mass-like configuration with arterial phase hyperenhancement and 2 additional
major features

#

OR
Definite tumor within lumen of vein
Category B (≥2 cm):
Mass-like configuration with arterial phase hyperenhancement and 1 or 2
additional major features

#

OR
Definite tumor within lumen of vein

*Solid nodule <20 mm distinctive in imaging appearance compared to background nodules AND with no major feature of HCC, and no ancillary feature of malignancy
#Additional major features; portal venous phase or later phase hypoenhancement, increase in diameter of at least 1 cm within 1 year

Abbreviations: HCC, hepatocellular carcinoma; LR, LI-RADS.
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BCLC stratifies patients into five groups, from stage 0 to
stage D. Stage 0 (very early stage) has a single nodule #2 cm
without tumor invasion into surrounding tissues, in asympto-
matic patients with preserved liver function. Stage A (early
disease) is characterized by a solitary HCC of any size, or 3
nodules <3 cm, in asymptomatic patients with Child-Pugh A or
B classification. Per BCLC guidelines, stages 0 and A can be
treated with curative therapies, such as resection, orthotropic
liver transplantation (OLT) and ablation. Resection and OLT
result in the best outcomes for BCLC stage A HCC, with 60–
80% of patients surviving for 5 years.8 The Milan criteria are an
accepted guide to determine suitability for OLT. These require a
patient to have either one lesion smaller than 5 cm, or up to
three lesions smaller than 3 cm, and no extrahepatic mani-
festations or vascular invasion.60 A meta-analysis found
that patients who met these specifications had better post-
transplant survival rates than patients with larger tumor
burdens.61 Transplantation eligibility guidelines from the Uni-
versity of California San Francisco Criteria (UCSF) are less
restrictive and less widely used than the Milan criteria. The
UCSF criteria are as follows: single lesion #6.5 cm, or 2–3
lesions of #4.5 cm with a total tumor diameter #8 cm.62

Some centers reserve ablation for patients who are not oper-
ative candidates.

BCLC stage B (intermediate disease) consists of multi-
nodular tumors, without macrovascular invasion or extrahe-
patic spread, in asymptomatic patients with intact liver function
and performance status of 0. Treatment of stage B disease is
aimed at palliation rather than cure. Stage B patients may be
treated with cTACE, the efficacy of which is supported by level I
evidence.11–13,63 Absolute contraindications to TACE include
decompensated cirrhosis, extensive tumor replacing both
lobes of the liver, uncorrectable coagulopathy, renal insuffi-
ciency (creatinine clearance <30 mL/m) and severely reduced
portal venous flow.64 Relative contraindications to TACE include
tumor size >10 cm, untreated biliary obstruction, untreated
varices at high risk of bleeding, active cardiopulmonary dys-
function and an incompetent papilla.64 cTACE utilizes the
transcatheter delivery of a high dose chemotherapeutic agent
(usually doxorubicin) in an emulsion with ethiodized oil directly
into the hepatic arterial supply of the tumor, followed by arterial
embolization with particles to prevent washout.65 DEB-TACE
involves the transcatheter delivery of chemotherapy-loaded
microspheres into the hepatic arterial system supplying the
tumor, thereby providing sustained drug delivery in combina-
tion with tumor ischemia (Fig. 5).65 A randomized phase II
study comparing cTACE and DEB-TACE found that DEB-TACE
was associated with a significant reduction in liver toxicity and
drug-related adverse effects.66 TAE is another method that
involves embolization of vessels supplying the tumor with pol-
yvinyl alcohol particles and/or trisacryl microspheres, in the
absence of chemotherapy. In combination with ablation,
bland embolization achieves overall survival (OS) rates
similar to surgical resection.67 TAE has also been demonstra-
ted to be an effective method of salvage therapy for patients
with recurrent HCC after surgical resection.68

Another potential option for palliation of stage B disease is
90Y radioembolization, which delivers high-dose b-emitting
radiolabeled microspheres through a microcatheter to the
tumor via its hepatic arterial supply.10,69 This technique is
superior to external beam therapy in that it lessens the risk
of radiation-induced liver disease.10 One advantage of radio-
embolization over TACE is that the spheres are smaller. Thus,
they are not truly embolic to the hepatic arterial supply, which

limits the risk of ischemic liver failure in patients with tumor
extension into the portal vein.65,70 A phase 2 trial in patients
with HCC with and without portal vein thrombosis showed a
favorable tumor response rate with radioembolization in
patients with portal vein thrombosis.70 Additionally, at least
one randomized phase 2 study demonstrated significantly
longer time to progression for patients treated with 90Y
when compared to those treated with cTACE.71

Patients with either macrovascular invasion or extrahepatic
spread or a performance status of 1 or greater are classified as
stage C (advanced-stage), for which the standard of care is
sorafenib.38 Sorafenib acts by inhibiting multiple kinases, such
as Raf-1, B-Raf and the receptor tyrosine kinase activity of
vascular endothelial growth factor receptors (VEGFRs) 1, 2,
and 3. Sorafenib has been shown to convey survival benefit
in patients with advanced HCC.72 However, early case series
have shown that TACE can be safely performed for patients
with advanced-stage disease.73 In the case of sorafenib
failure or intolerance, another option is c-met inhibition,
which has several clinical trials underway evaluating agents
such as cabozatinib and tivantinib.60 Patients with cancer
symptoms related to advanced liver failure, tumor growth
with vascular involvement, extrahepatic spread or perform-
ance status >2 are classified as stage D (end-stage). The
standard of care for stage D is best supportive care.50

Evaluation of the imaging response after liver-directed
therapies

After delivery of a liver-directed therapy for HCC, it is crucial
to accurately characterize the patient’s response. Conse-
quently, multiple radiologic criteria have been developed to
assess tumor response and guide further therapy. The most
commonly used criteria will be discussed below and are
summarized in Fig. 6.

WHO

The advent of new cancer therapies necessitated a standard
way in which to report treatment response. Subsequently, the
WHO created consensus guidelines to allow accurate compar-
ison of clinical trials. These guidelines delineate four categories
of response to treatment: complete response (CR), partial
response (PR), progressive disease (PD), and stable disease
(SD). CR is defined as no measurable disease. PR is defined as
a 50%decrease in the sumof the products of the bidimensional
lesion diameters and no new disease. PD is defined as a 25%or
more increase in size of any lesion or development of new
lesions. SD is defined as neither progressive disease nor partial
response (Figs. 6A and 6B).15 The WHO system is considered
most useful with single lesions and with cytotoxic therapies.
Drawbacks include no definition of minimal reportable tumor
size, no recommendation on the number of lesions that are
to be considered recordable, and inability to characterize
lesional enhancement characteristics. Additionally, everyday
use was complicated by variation in measurement methodol-
ogy. Advances in CT and MRI led to more confusion about how
to integrate these modalities into the existing system.16

RECIST

The problems with WHO criteria led to the development of
RECIST. These guidelines provided direction regarding the
timing of baseline imaging (e.g., to be done no more than 4
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weeks prior to the initiation of therapy) and the technique of
follow-up imaging (e.g., use the same modality or technique
that was used for baseline scans). RECIST introduces the
concept of ‘measurable disease’ (e.g., >1 cm in size on CT or
MRI) and states that the largest and most reproducible
lesions should be used as “target lesions” when evaluating

response but that no more than five target lesions per organ
or more than ten total target lesions from representative
organs should be measured and reported. All other sites of
disease should be identified as “non-target lesions” on base-
line exam and only their presence, progression or absence
should be reported on follow-up imaging.16

Fig. 6. Multiple axial CT images in arterial phase in a 71 year-old man with HCC who was treated by DEB-TACE that demonstrate the most commonly
employed radiologic response criteria. (A) product of the bidimensional measurements of the HCC on CT prior to DEB-TACE is 4.2 cm 3 2.7 cm = 11.34. (B) product of
the bidimensional measurements of the HCC on CT 1month after DEB-TACE is 2.7 cm3 2.6 cm = 7.02. This lesion is thus classified as stable disease by WHO criteria because
it did not achieve a >50% reduction in size. (C) per RECIST criteria, the longest unidimensional measurement of the HCC on CT prior to TACE is recorded (4.2 cm). (D) on
follow-up imaging, the longest unidimensional measurement is 2.7 cm, a >30% decrease in size. This is a partial response by RECIST criteria. (E) product of the bidi-
mensional measurement of the enhancing portion of the HCC on CT prior to DEB-TACE is 4.2 cm 3 2.7 cm = 11.34. (F) follow-up imaging demonstrates no residual arterial,
a complete response by EASL criteria. (G) per mRECISTcriteria, the longest unidimensional measurement of the enhancing portion of the HCC on CT prior to TACE is recorded
(4.2 cm). (H) follow-up imaging demonstrates no residual arterial enhancement, a complete response by mRECIST criteria.

Fig. 5. 57 year-old man with cirrhosis. (A) contrast-enhanced axial CT scan in arterial phase shows a 4.8 cm arterially-enhancing lesion in segment III (white arrow).
(B) contrast-enhanced axial CT scan in delayed phase shows the lesion to have characteristic washout and a pseudocapsule (white arrow), confirming the diagnosis of HCC.
(C) digital subtraction arteriogram (DSA) image during his DEB-TACE procedure with the microcatheter in the segment III artery (white arrow) shows tumor vascularity in
segment III (black arrow). (D) DSA image after treatment by DEB-TACE shows the elimination of tumor vascularity (white arrow). (E) spot radiograph taken after delivering
of chemotherapy-labeled beads demonstrates excellent contrast stain in the segment III lesion (white arrow). (F) contrast-enhanced axial CT scan in arterial phase obtained
1 month after DEB-TACE shows no enhancement in the segment III lesion, confirming a complete response to treatment.
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Like WHO, RECIST is a sized-based response criteria where
the sum of the longest unidimensional diameters from all
target lesions are measured (Figs. 6C and 6D). In RECIST,
CR is defined as disappearance of all target lesions, PR is
defined as a 30% decrease in the sum of the unidimensional
diameters of all target lesions, PD is defined as a 20% increase
in the sum of the unidimensional diameters of all target lesions
or the development of any new lesions, and SD is defined as
insufficient diameter increase to qualify as PD nor sufficient
decrease in diameter to qualify as partial response. RECIST
also defines nonmeasurable lesions that include bone lesions,
leptomeningeal disease, ascites, pleural/pericardial effusions,
inflammatory breast disease, lymphangitis, cystic lesions and
abdominal masses that are not confirmed or followed by
imaging.

In 2009, RECIST was updated to improve overall usability.
RECIST 1.1 changed the number of reportable target lesions
per organ from five to two and the total number of target
lesions from ten to five. Lymph nodes were allowed to be used
as target lesions.74 RECIST 1.1 requires an absolute minimum
lesion size increase of >5 mm to preclude overcalling PD when
a target lesion is small. The update also includes recommen-
dations on optimal anatomic assessment and PET imaging. The
drawbacks of RECIST and RECIST 1.1, like their WHO prede-
cessor, lie in their inability to account for lesion enhancement
characteristics. Other poorly addressed tumor response con-
siderations include irregular, confluent or circumferential
tumor morphology, asymmetric size changes, and differential
lesion response. Moreover, neither WHO nor RECISTguidelines
consider new technologies such as multiplanar imaging or
volumetric tumor analysis.

EASL

Historically, WHO and RECIST guidelines have been employed
in clinical trials, utilizing tumor size as the primary surrogate
for treatment response.13,75 Nevertheless, there are limita-
tions to consider when evaluating tumor response based
solely on its size. For example, size-based criteria do not
take into account the immediate posttherapeutic biologic and
metabolic changes in the tumor that affect its viability and
influence treatment efficacy.74 Therefore, relying on size
alone could have the unintended consequence of misclassify-
ing some therapies as ineffective or suboptimal. This is partic-
ularly true for liver-directed therapies such as TACE, which are
cytostatic rather than cytotoxic.17,72,76 For example, one study
with a cohort of 55 patients who underwent liver-directed
therapy for HCC found that RECIST missed all cases of CR
and underestimated PR due to tissue necrosis.74 With this in
mind, EASL released tumor response criteria in 2000 that
included lesion enhancement characteristics and bidirectional
measurements (Figs. 6E and 6F).

EASL definitions of CR, PR, PD and SD are consistent with
those of the WHO. The key difference is that the EASL system
also takes into account enhancement characteristics to dis-
tinguish viable tumor from tumor necrosis.53 Viable tumor is
defined as CT or MRI arterial phase enhancement. Careful
evaluation of the unenhanced images must be taken into
account because retained ethiodized oil within the HCC after
cTACEmay obscure arterial enhancement on CT. This problem
is mitigated when MRI is used as it is not subject to obscura-
tion of arterial enhancement from ethiodized oil. Despite
the improvement with these guidelines, EASL suffers from
similar problems as the WHO system; namely, it provides

no definition for concepts such as measureable lesions,
target versus non-target lesions, or how to report
lymphadenopathy.

Modified (m)RECIST

In 2009, the AASLD and the National Cancer Institute adopted
the mRECIST guidelines for use in clinical trials for patients
with HCC.77 Like the EASL guidelines, mRECIST is focused on
the presence of arterial enhancement within the lesion as a
surrogate for viable tumor rather than relying primarily on
the lesion’s overall size. mRECIST definitions of CR, PR, PD
and SD are consistent with those of RECIST, with the caveat
that the unidimensional measurement of any viable tumor on
late arterial phase images should not include any intervening
areas of tissue necrosis (Figs. 6G and 6F). Similarly, the defi-
nitions of measureable lesions, target lesions and nontarget
lesions were unchanged from RECIST. However, mRECIST did
address the fact that some lesions, such as infiltrative-type
HCC, HCC with poor border demarcation and HCC with atypical
enhancement patterns, may be difficult to reliably measure
and should, therefore, not be used as target lesions. Special
considerations in mRECIST include classification of portal vein
thrombosis as a nontarget lesion and consideration of porta
hepatis lymphadenopathy as malignant if short axis diameter
equals or exceeds 2 cm.

Imaging response to liver-directed therapies as a
predictor of patient survival

The primary goal of treating patients with HCC is to improve
objective measures, such as OS and time-to-progression
(TTP), while limiting toxicities and complications from treat-
ment. This necessitates a multidisciplinary approach to patient
selection and clinical follow-up after therapy to best identify
those who will benefit from continued interventions. While
imaging provides an invaluable data point in these decisions,
other considerations, including laboratory values and physical
performance, should also be part of the discussion. Regard-
less, the imaging appearance of the lesion after liver-directed
therapies is often the driving force of whether or not a patient
will be re-treated. This begs the important question of whether
posttherapeutic imaging can be used as a reliable predictor of
patient outcomes. The following section will outline some of
the investigations performed on this topic.

Sala et al.14 retrospectively analyzed the data of 282 con-
secutive patients who underwent either percutaneous ethanol
injection (PEI) (n = 203), radiofrequency ablation (RFA) (n =
49) or combined TAE with PEI (n = 30) as therapy for HCC to
determine what, if any, clinical parameters could be used as
an independent predictor of patient survival. In this cohort,
197 patients were Child-Pugh A, while 85 were Child-Pugh B.
Twenty-four clinical parameters were evaluated as potential
predictors of survival and only initial CR to treatment (p =
0.02) and blood urea nitrogen (BUN) (p = 0.027) were inde-
pendent predictors of survival for patients with Child-Pugh A
liver disease. For patients with Child-Pugh B liver disease,
only initial CR to treatment (p = 0.014) was an independent
predictor of patient survival. More recently, Shim et al.78 per-
formed a retrospective analysis focused on determining which
of the commonly employed radiologic response criteria were
best at predicting patient outcomes after TACE. In this anal-
ysis, the authors selected patients with intermediate stage
(BCLC B) HCC and Child-Pugh A liver disease to control for
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tumor burden and liver function, respectively. Each of the 332
patients were treated with cTACE and follow-up imaging for
each patient was analyzed using WHO, RECIST, EASL and
mRECIST criteria. The authors found that patients with a CR
by enhancement-based criteria (EASL or mRECIST) survived
longer than those who had any other type of response.
Further, an imaging response by EASL (p < 0.001) and
mRECIST (p < 0.001) was found to be an independent pre-
dictor of survival. These findings were not true for the size-
based criteria of WHO and RECIST.

Similar to this study, Kim et al.79 also did a large retrospec-
tive analysis of 314 patients with HCC to evaluate whether any
clinical factors could predict patient outcomes. The authors of
this study only included patients with intermediate stage (BCLC
B) HCC and Child-Pugh A liver disease to limit confounding var-
iables. All patients were treated with cTACE and followed with
contrast-enhanced imaging at regular intervals. Responses
were only evaluated by mRECIST criteria. Multivariate analysis
of this cohort found that both an initial response by mRECIST
criteria (p < 0.001; defined as the response on the first follow-
up scan) and a best response by mRECIST (p < 0.001; defined
as response after on-demand retreatment when necessary)
were independent predictors of OS, in addition to tumor size
(p = 0.025) and number (p < 0.001). The results of these
studies suggest that the enhancement-based criteria are
potent predictors of patient outcomes after liver-directed thera-
pies for those with early or intermediate stage HCC.

The efficacy of imaging response criteria for predicting
survival for patients with advanced stage HCC is less clear.
For example, Prajapati et al.80 performed a retrospective anal-
ysis of 120 patients who were treated with DEB-TACE to eval-
uate which radiologic response criteria could best predict
patient survival. Patients with advanced stage liver disease
(Child-Pugh C; n = 8) and advanced/end-stage HCC (BCLC C
and D; n = 86) were included. A multivariate analysis of this
cohort showed that a response by mRECIST criteria was the
only independent predictor of survival (p = 0.013), although
EASL approached statistical significance (p = 0.064). Neither
WHO (p= 0.22) nor RECIST1.1 (p= 0.92) were able to predict
patient survival in this study. Yet, Jung et al.81 also included
patients with advanced stage (BCLC C), but not end-stage,
HCC (n = 23) in their retrospective analysis of 98 patients
treated with cTACE. All patients had either Child-Pugh A (n =
77) or Child-Pugh B (n = 21) liver disease. Patients were
imaged by either contrast-enhanced CT or MRI in order to
assess treatment response. The authors demonstrated that
an imaging response as defined by EASL (p < 0.001) or
mRECIST (p< 0.001) was an independent predictor of survival
by multivariate analysis, in addition to BCLC stage and a base-
line alpha fetoprotein of >200 ng/mL.

However, Gunn et al.82 performed a retrospective review
in 2017 to evaluate the ability of the various radiologic
response criteria to predict outcomes after DEB-TACE for
patients with advanced-stage (BCLC C) HCC. This analysis
excluded patients with both earlier and later stages of HCC.
All patients (n = 75) had either Child-Pugh A (n = 47) or
Child-Pugh B (n = 28) liver disease and were followed at
regular intervals postDEB-TACE by either contrast-enhanced
CT or MRI. Unlike the above-mentioned studies, the authors
found that neither WHO, RECIST, EASL or mRECIST were
accurate predictors of OS or TTP. This finding raises the ques-
tion of the value of the radiologic response criteria in this
specific set of patients. For example, many of these patients
will have extrahepatic disease or main portal vein invasion,

which could affect their OS, but are not sufficiently treated
when patients are receiving liver-directed therapies as their
sole treatment for HCC. Certainly, larger studies are needed
to verify these findings.

Future directions in imaging for HCC

Progress in technology and characterization of HCC has
allowed a radiologic diagnosis to supplant the requirement
of a tissue specimen prior to therapy. Despite these advances,
there continues to be significant interest in ways to improve
the diagnostic capabilities of imaging in HCC and some of
these are discussed in brief below.

Volumetrics

Volumetric tumor assessment is a relatively new method of
assessing response.83,84 In a study that included 122 patients
with HCC, quantitative 3D analysis was performed of the dom-
inant tumor to calculate enhancing tumor volume and was
compared to tumor diameter in assessment of treatment
response.85 Tumor volume was found to be a better predictor
of survival thanmeasurement of tumor diameter. Methods have
been described to measure tumor volume and enhancement
pattern on a voxel-by-voxel basis utilizing a semi-automatic
tumor segmentation.86,87 HCC tumor volumes, enhancement
of the entire tumor volume and percentage of enhancing
tumor volume are used to determine a quantitative EASL
(qEASL) and volumetric RECIST (vRECIST).79 Volumetric
measurements have been shown to be more predictive of sur-
vival, better predictors of tumor size changes, and more repro-
ducible than traditional imaging.87–89 Apart from enhancement,
quantitative assessment of diffusion-weighted MRI has also
been used to predict response as a measure of tumor necrosis,
referred to as quantitative apparent diffusion coefficient
(qADC).87 3D volumetric analysis continues to be a priority in
ongoing research. Presently, mRECIST does not directly employ
tumor volume in assessment of tumor response. However,
direct volumetric measurements should be priority in future
clinical trials.

Dual-energy (DE)CT

DECT is used to visualize and quantify iodine-related density
differences in tissue.89,90 This is significant in HCC as retained
ethiodized oil after cTACE can make it difficult to detect con-
trast enhancement inside a viable tumor. Moreover, it has been
shown that iodine concentration as measured with DECT
can be used as surrogate marker for perfusion.91 Therefore,
DECT is a promising method for assessing the efficacy of liver-
directed therapies utilized in the treatment of patients with
HCC. For example, one small prospective study evaluated the
ability of DECT to categorize response to 90Y radioembolization
in 40 patients with HCC.92 The authors found that DECT clas-
sified more patients as SD and PR from the PD and SD catego-
rizations, respectively, of the more established AASLD and
Choi criteria. The authors attributed this change in categoriza-
tion to the ability of DECT to identify contrast-enhancement
compared to traditional multiphase CT. Another small study
found that iodine uptake in HCC measured on DECT evaluated
disease control in a manner consistent with AASLD; although,
this study was based on 15 patients treated with sorafenib
rather than locoregional therapy.89
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Cone beam (CB)CT

The role of cone beam CT (CBCT) for the intraprocedural
detection of HCC and assistance in vessel navigation during
TACE or radioembolization is relatively is well-established.93–96

Yet, the question remains whether CBCT can be utilized for
more than the facilitation of treatment. For example, the intra-
tumoral deposition of ethiodized oil within HCC during cTACE is
correlated to tumor necrosis and inversely related to local
tumor recurrence.97,98 Additionally, CBCT has been shown to
be as accurate as traditional multidetector CT99 and more
accurate than fluoroscopy100 in its ability to detect ethiodized
oil in HCC after cTACE. Therefore, CBCT could potentially be
used intraprocedurally to quantify the amount of treatment
deposited within the tumor and be used as a surrogate for
treatment adequacy and response. Such a use may have the
benefit of reducing the delay between treatment and assess-
ment of treatment response, influencing intraprocedural treat-
ment decisions. This is supported by at least one study in which
the authors examined the ability of intraprocedural CBCT to
accurately predict treatment response in 29 patients with
HCC treated by DEB-TACE, in comparison to multiphase MRIs
obtained at 1 month after therapy.101 In this study, CBCT was
effective in predicting tumor response on follow-up MRIs
according to EASL criteria.

An additional benefit of CBCT is that software advances
have enabled quantitative perfusion measurements, such as
parenchymal blood volume and dual-phase CBCT, which may
represent new means to assess tumor response to treatment.
Muller et al.102 attempted to assess the effectiveness of quan-
titative perfusion measurements at predicting response to
TACE in HCC. In this analysis of 59 tumors in 43 patients
treated with either cTACE or DEB-TACE, the authors concluded
that computational features extracted from CBCT, such as
mean enhancement, washout ratio and 3D tumor enhance-
ment volume, were overall poor prognosticators of HCC
response to TACE. An important limitation of this approach is
interinstitutional variability in CBCT software and the difficul-
ties associated with obtaining proprietary software.

Perfusion

CT perfusion (CTP) is an intriguing modality for patients with
HCC because treatment response is often related to the early
changes in perfusion that occur with embolic locoregional
therapies, such as TACE.103,104 CTP is analyzed using software
packages that can produce a variety of parameters, such as
blood flow, blood volume, hepatic arterial liver perfusion
(HAP), hepatic portal perfusion (HPP) and hepatic arterial per-
fusion index (HAPI). Su et al.105 found that HAP, HAPI and HPP
values may be useful predictors of treatment response to
TACE. Tamandl et al.106 conducted a prospective study inves-
tigating whether CTP performed at 1 day postTACE could
predict early response to TACE for HCC when compared to
assessment with 6-week imaging using mRECIST criteria.
The study enrolled 16 patients, with median follow-up of 19
months, and found that CTP could detect CR and PR within 1
day of treatment. Others have proposed utilizing pretreatment
CTP to predict response to locoregional therapies. Reiner
et al.107 performed a retrospective study of 16 patients who
underwent radioembolization for HCC. HAP values were ana-
lyzed on pretreatment CTP images and then voxel-by-voxel
histograms of the HAP values for each lesion were created
and results were compared to findings on posttreatment

imaging using mRECIST criteria. The study determined that
mean HAP values of target lesions did not show significant
differences between responders and nonresponders. It also
showed that the coefficient of variation for histogram analysis
of the lesions, a metric that represents tumor heterogeneity,
was not significantly different between responders and non-
responders. The study did demonstrate, however, that
tumors with higher HAP values for the 75th and 50th percentiles
(representing increased vascularization) were significantly
higher in responders.

Conclusions

The incidence of HCC is growing worldwide. A radiologic
diagnosis of HCC is considered definitive as long as established
criteria are followed. Patients have a variety of treatment
options depending on their stage of disease. Enhancement-
based radiologic response criteria, such as EASL andmRECIST,
are key in assessing treatment response and predicting patient
survival even though many emerging imaging technologies
have shown promise in HCC.
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