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Abstract

Hepatocellular carcinoma (HCC) is the most common
primary liver cancer and a major public health problem
worldwide. Hepatocarcinogenesis is a complex multistep
process at molecular, cellular, and histologic levels with
key alterations that can be revealed by noninvasive im-
aging modalities. Therefore, imaging techniques play
pivotal roles in the detection, characterization, staging,
surveillance, and prognosis evaluation of HCC. Currently,
ultrasound is the first-line imaging modality for screening
and surveillance purposes. While based on conclusive
enhancement patterns comprising arterial phase hyper-
enhancement and portal venous and/or delayed phase
wash-out, contrast enhanced dynamic computed to-
mography and magnetic resonance imaging (MRI)
are the diagnostic tools for HCC without requirements
for histopathologic confirmation. Functional MRI tech-
niques, including diffusion-weighted imaging, MRI with
hepatobiliary contrast agents, perfusion imaging, and
magnetic resonance elastography, show promise in
providing further important information regarding tumor
biological behaviors. In addition, evaluation of tumor
imaging characteristics, including nodule size, margin,
number, vascular invasion, and growth patterns, allows
preoperative prediction of tumor microvascular invasion
and patient prognosis. Therefore, the aim of this article is
to review the current state-of-the-art and recent advances
in the comprehensive noninvasive imaging evaluation
of HCC. We also provide the basic key concepts of HCC
development and an overview of the current practice
guidelines.
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Core tip: Noninvasive imaging modalities allow diagnosis,
characterization, staging, surveillance, and prognosis
evaluation of hepatocellular carcinoma (HCC). Functional
magnetic resonance imaging techniques show promise in
providing further important information of tumor biological
behaviors, and, thus, improve the early detection ability
and characterization accuracies for HCC. Development of
prediction model comprising serological, imaging, texture,
and radiogenomic parameters may facilitate preoperative
evaluation of tumor recurrence and patient survival. Here,
we reviewed recent advances in imaging techniques for
noninvasive HCC assessment, basic key concepts of HCC
development, and current practice guidelines for HCC
management.
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In addition, microbubble enhanced US™”, perfusion

and dual-energy CT™®, and other evolving imaging
techniques have led to improved diagnostic accuracies
and better characterization of HCC!*®!. Moreover, func-
tional MR imaging techniques, including diffusion weight-
ed MR imaging (DWI)?”, MR hepatobiliary contrast
agentst?!! etc., show promise in providing further biological
information of HCC, enabling personalized treatment
decisions in the era of precision medicine.

In this review, we discuss the current state-of-the-
art and recent advances in the noninvasive imaging
assessment of HCC. The basic key concepts of HCC de-
velopment and an overview of current practice guidelines
are illustrated as well. Treatment assessment of HCC,
however, involves another complex system of different
imaging techniques and features and, thus, is not within
the scope of this review.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is a malignant epithelial
tumor derived from hepatocytes. HCC is the fifth most
common type of cancer and the second leading cause
of cancer-related death worldwide''!. Approximately
70%-90% of HCCs are developed on the background of
established liver cirrhosis or advanced fibrosis™”. Hepatitis
B virus (HBV) and/or hepatitis C virus (HCV) infection,
alcohol, and nonalcoholic fatty liver disease (NAFLD) are
the most predominant risk factors for HCC worldwide!®*®,

Currently, the most effective curative treatment for
HCC is liver transplantation” . However, its wide ap-
plication is limited by the shortage of liver grafts and the
possibility of tumor recurrence. Other major treatment
options include hepatic resection, local ablation, trans-
arterial chemoembolization, systematic therapy, and
best supportive care”*®. However, the prognosis of HCC
is largely dependent on the stage at which the tumor is
detected, with complete curative treatment of the early-
stage HCCs being the most effective way to improve
long-term patient survival.

Noninvasive imaging modalities, including ultrasound
(US), computed tomography (CT), and magnetic
resonance imaging (MRI), have played pivotal roles in
assessing HCC in recent decades. Several clinical practice
guidelines”*® have recommended noninvasive imaging
approaches as the first-line tools for the screening,
diagnosis, staging, and surveillance of HCC. Unlike
many other solid tumors, the diagnosis of HCC can be
established according to characteristic enhancement
patterns on dynamic multiphasic CT or MRI, without
further requirements for histopathologic confirmation.
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HEPATOCARCINOGENESIS

Hepatocarcinogenesis is a complex multistep process
at molecular, cellular, and histologic levels. Chronic
liver inflammation can result in repeated cell injury,
death, and regeneration cycles, leading to subsequent
epigenetic and genetic alterations of hepatocytes. At
the molecular level, important oncogenes (e.g. MYC)
and tumor suppressor genes (e.g. TP53, E-cadherin,
RASSF1, and PTEN) are either mutated or aberrantly
regulated due to structural genetic alterations?,
and several abnormally functioned signaling pathways
(e.g., Ras, epithelial growth factor receptor, and insulin-
like growth factor receptor 1 signaling)™. At the cellular
level, HCC can develop after malignant transformation
of mature hepatocytes or, as suggested by emerging
data, intrahepatic stem cells®*®, At the histologic level,
phenotypically abnormal precursor hepatic lesions, in-
cluding cirrhotic nodules, low-grade dysplastic nodules
(LGDN), and high-grade dysplastic nodules (HGDN),
dedifferentiate and gradually evolve to form early and
eventually progressed HCCs™”. This process is a biologic
continuum and may occur simultaneously at various
rates in different parts of the liver.

Several key alterations happen during hepatocarcino-
genesis. First, distinct hemodynamic changes take place
during the multistep process. The blood supply of the
nodules changes along with malignant transformation:
the number of intranodular portal tracts decreases gra-
dually, while the number of unpaired arteries increases.
Eventually, HCC is supplied mostly by the hepatic artery
system via abnormal unpaired arteries®®”). This results in
the characteristic enhancing pattern of hepatic arterial
phase hyperenhancement and portal venous and/or de-
layed phases wash-out relative to the background liver on
contrast enhanced multiphasic CT and MRI. In addition,
venous drainage of nodules evolves from hepatic veins to
sinusoids and portal veins, which may explain why HCC
mostly spreads through the portal venous system rather
than hepatic veins.

Second, the most morphologically prominent fea-
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tures during hepatocarcinogenesis are the formation
of a fibrous tumor capsule (a smooth, uniform and
enhancing rim surrounding most or all of a nodule)
and the “nodule-in-nodule” (smaller nodules with dif-
ferent imaging features within a larger outer nodule)
architecture. Notably, since cirrhotic nodules, dysplastic
nodules, and early HCC rarely present with a fibrous
capsule, the capsule appearance is more suggestive of
progressive HCC. The “nodule-in-nodule” architecture
can be the result of successively dedifferentiated clonal
populations or nodules with more fat development within
a larger outer nodule. Fat can accumulate in dysplastic
nodules and early HCC; however, the fat content usually
regresses as the nodule grows or in progressed HCC?**?,

Third, the expression of several important protein
transporters is altered significantly during hepatocarcino-
genesis. The organic anionic transporting polypeptides
(OATP) family includes proteins that are expressed on
the sinusoidal membranes of hepatocytes and involved
in the transportation of bile salts™®. MRI hepatobiliary
contrast agents are predominantly taken up by human
hepatocytes via OATP8 (also known as OATP1B1/3)"".
During hepatocarcinogenesis, the expression of OATP8
decreases progressively™, Most HCCs, many HGDNSs,
and some LGDNs present with OATP8 underexpression
relative to the background liver, resulting in hypointense
nodules observed in the hepatobiliary phase (HBP) on
MRI®, Moreover, emerging data suggest that OATP8
expression decreases before the reduction in portal
tracts and increases in unpaired arteries®**. Therefore,
hepatobiliary agents can help improve the sensitivity
in detecting early small HCCs™*.. In addition, OATP8
expression has been shown to be inversely correlated
with HCC tumor grade and aggressiveness™>*.,

NONINVASIVE DETECTION,
CHARACTERIZATION, AND DIAGNOSIS

OF HCC

The prognosis of HCC is highly dependent on the stage
at which the tumor is detected™!. Therefore, early
detection and accurate characterization are pivotal in
the management of HCC. Imaging modalities, including
US, CT, and MRI, play crucial roles in noninvasive HCC
diagnosis.

Imaging modalities

US: US has been widely used as the screening test
for HCC, with a sensitivity ranging from 51%-87%
and a specificity from 80%-100%"">%, HCC is usually
characterized as a hypoechoic nodule with hyper-
enhancement in the arterial phase and washout in the
late phase on US™™”. Contrast-enhanced US (CEUS) with
microbubble contrast agents is useful for characterizing
focal liver lesions'*? and has added diagnostic value
to conventional US™’. More recently, the introduction of
Sonazoid (gaseous perflubutane, GE Healthcare, Oslo,
Norway) microbubbles has led to improved diagnostic
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capability of CEUS, enabling the imaging of Kupffer
cells™, CEUS has similar performance to CT and MRI for
characterizing focal liver lesions!™*®,

Relative to dynamic CT and MRI, US can be performed
real-time and is less expensive with no associated nephro-
toxicity™” or ionizing radiation. In addition, CEUS allows a
continuous imaging and characterization of the dynamic
wash-in and wash-out of contrast agents and can be
useful to resolve indeterminate vascular shunts detected
by CT or MRI. However, US is more prone to inter-
and intraobserver variabilities and requires recognized
expertise to perform good examinations. Besides, the
application of US is limited in obese patients and patients
with very cirrhotic heterogeneous livers. In addition,
the performance of US is usually deteriorated for deep,
subdiaphragmatic, multiple, and treated lesions. In gene-
ral, US is less accurate for diagnosing HCC than CT or
MRI®”*, Therefore, US is not yet recommended as the
first-line diagnostic tool for HCC, according to current
guidelines” .,

CT and MRI: Dynamic multiphasic CT and MRI are
considered the first-line diagnostic modalities for HCC" ™.
Characteristic imaging features of HCC include hyper-
enhancement in the hepatic arterial phase and wash-
out appearance in the portal venous and/or delayed
phases relative to the background liver”*® (Figures
1 and 2). Upon visualization of the above-mentioned
imaging features, diagnosis of HCC can be established
without further histopathologic confirmation. According
to recent meta-analyses®**’*°*! the sensitivities of
dynamic CT and of MRI were 63%-76% and 77%-90%,
respectively, and the specificities were 87%-98% and
84%-97%, respectively. Recently, several functional MR
imaging techniques have been developed to improve the
noninvasive evaluation of HCC. Among them, the most
significant techniques are DWI and hepatobiliary contrast
agents.

DWI is a functional MRI technique that allows quan-
titative measurements of proton diffusion in tissues®®”.
HCC and other malignancies are usually characterized
by increased cellularity and, thus, have restricted water
proton diffusion®***., Therefore, most HCCs are ob-
served as a hyperintense lesion on high b value DWI
with low apparent diffusion coefficient (ADC) value on
quantitative maps compared with background liver.
Intravoxel incoherent motion (IVIM) is a recently devel-
oped DWI-derived approach. IVIM can separate the
effects of perfusion-related diffusion from pure molecular
diffusion®®!, DWI and IVIM enable improved detection of
HCC and better characterization of small lesions™"**>*,
Therefore, “restricted diffusion” on DWI has been in-
corporated in the Liver Imaging Reporting and Data
System (LI-RADS) endorsed by the American College
of Radiology (ACR) as an ancillary imaging feature that
favors malignancies'®. Moreover, both ADC and IVIM-
derived parameters are significantly correlated with HCC
histologic grade™**.,

However, DWI and DWI-based techniques have
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Figure 1 Hepatocellular carcinoma in a 32-year-old male with chronic hepatitis B. Axial dynamic non-enhanced (A), late arterial phase (B), and portal venous
phase (C) CT images show the 8.5 cm mass with arterial phase hyperenhancement and portal venous phase wash-out appearance. The capsule is seen as a
hyperattenuating ring on portal venous phase (C, white arrow). The hematoxylin-eosin (HE) staining of the mass at 200 % magnification proved it to be Edmonson-

Steiner grade 1I (D).

several limitations. First, the performance of DWI for
diagnosing HCC may be degraded due to unstandardized
DWI techniques and imaging protocols, including the
determination of optimal b values and breathing tech-
niques (respiratory-triggered, free-breathing, breath-
hold, respiratory-cardiac triggering, etc.) across different
modalities and medical centers. Therefore, universal
thresholds for ADC and other quantitative parameters
may not be acquirable. Second, DWI is sensitive to
motion artifact; thus, detection and characterization of
HCC can be greatly affected in the presence of motion
artifacts®™, Most importantly, DWI demonstrates re-
stricted specificity for HCC, because many lesions, in-
cluding hemangioma and other non-HCC malignancies,
can show restricted diffusion on DWI®“?, Therefore,
diffusion-weighted images should be interpreted with
images from other sequences with caution.

Hepatobiliary contrast agents, including gadobenate
dimeglumine (Gd-BOPTA) and gadoxetate disodium
(Gd-EOB-DTPA), can provide information regarding
tumor vasculature and hepatocyte function in a single
examination®®, As discussed above, hepatobiliary agents
are taken up by hepatocytes via OATPS8, and its expression
decreases progressively during hepatocarcinogenesis.
Therefore, most HCCs are hypointense relative to the
surrounding liver parenchyma in the HBP.

As the expression of OATP8 decreases prior to
neoangiogenesis, MRI with hepatobiliary contrast agents
demonstrated superior capacity for detecting early HCC
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lesions compared with dynamic multiphasic CT and MRI
with extracellular contrast agents®**!, Recently, Gd-EOB-
DTPA-enhanced MRI has been recommended by several
Asian guidelines as the first-line diagnostic modality for
HCC***4, Besides, hypointensity in the HBP has been
endorsed as an important ancillary imaging feature that
favors malignancies, although not exclusively HCC, by LI-
RADS™!, Moreover, Gd-EOB-DTPA can help differentiate
early HCCs from several types of benign or borderline
nodules, including cirrhosis-associated regenerative or
dysplastic nodules, focal nodular hyperplasia, and hyper-
vascular pseudolesions®® ", In addition, it has also been
shown that the lower relative enhancement ratio on
Gd-EOB-DTPA-enhanced MRI, which is defined as the
ratio of the relative signal intensity of HCC versus the
surrounding liver parenchyma on the HBP images to that
on unenhanced images, can be indicative of a higher
histologic grade'®”,

However, 5%-20% HCCs can be iso- or even hyper-
intense in the HBP probably due to overexpression of
OATP8V>"*], In addition, any lesion with abnormally
functioned hepatocytes, including benign lesions such
as hemangiomas and other non-HCC malignancies, can
appear hypointense on the HBP images. This results in
relatively low specificity of hepatobiliary agents for HCC
diagnosis. The specificity can be improved, however,
when incorporating images obtained from dynamic
phases and other sequences. Another important limi-
tation is that the delayed phase, which can better de-
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Figure 2 Hepatocellular carcinoma in 47-year-old male with chronic hepatitis B. 4.7-cm-sized mass in right anterior hepatic section shows hypointensity on
unenhanced T1-weighted image (A), hyperenhancement in arterial phase (B), hypointensity relative to the surrounding liver parenchyma in portal venous phase (C),
and 20 min hepatobiliary phase (D). An enhancing capsule (white arrow, the peripheral rim of smooth enhancement) in portal venous phase, mosaic architecture,
intermediate hyperintensity on T2-weighted images (E), and restricted diffusion (F) are also visible. The mass was confirmed as Edmonson-Steiner grade 1I at 200 x

magnification with hematoxylin-eosin (HE) staining (D).

pict the wash-out appearance than the portal venous
phase, is absent on Gd-EOB-DTPA-enhanced MRI.
Instead, it provides a transitional phase revealing the
transition from extracellular to intracellular-dominant
enhancement™, Therefore, the wash-out appearance
should only be recognized in the portal venous phase on
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Gd-EOB-DTPA-enhanced MRI, and caution is warranted
when interpreting the HBP images, particularly when
the enhancement patterns are atypical of HCCs in the
dynamic phases.

Perfusion imaging permits quantitative evaluation
of the microcirculation within tissues'®. After admini-

June 14, 2018 | Volume 24 | Issue 22 |



stration of an iodinated tracer, serial images revealing
the variations in tracer concentrations over time are
rapidly acquired, and perfusion parameters are then
extracted and adjusted. Perfusion imaging can be
performed based on several modalities, including
CEUS, CT (perfusion CT), and MRI (dynamic contrast-
enhanced MRI). Perfusion imaging shows potential in
the detection and characterization of HCC by providing
important quantitative information regarding tumor
vasculature and angiogenesis. Several studies have
reported that the arterial hepatic blood flow and hepatic
perfusion index of HCC are significantly higher than the
surrounding liver parenchyma, while the portal venous
hepatic blood flow is lower”>”, In addition, perfusion
CT parameters are correlated with the tumor histologic
grade, with higher perfusion values being indicative of
well-differentiated HCC”®. In addition to its role in HCC
detection and characterization, perfusion imaging is most
frequently used to assess the treatment response to
several therapies, including locoregional treatment””””®,
transarterial chemoembolization”**", and anti-angiogenic
therapies™"®,

Major limitations of perfusion include the following.
First, patients are exposed to a large amount of radiation
with high-dose contrast agents when undergoing per-
fusion CT examinations. For dynamic contrast enhanced
MRI, image quality can be degraded by motion artifacts
and poor spatial resolution. In addition, imaging protocols
and MR techniques lack standardization across centers
and modalities. Therefore, low-dose perfusion imaging
with better image quality and more standardized pro-
tocols should be explored in future studies.

Magnetic resonance elastography (MRE) allows
the noninvasive measurement of tissue stiffness and
has been widely used in the evaluation of liver fibro-
sis!®l, Recently, Motosugi reported that higher liver
stiffness measured by MRE was a risk factor for HCC
development®: however, this finding was not in line
with Anaparthy’s study, which showed no significant
correlation between liver stiffness and HCC development
in patients with compensated cirrhosis®®. In addition,
it has been shown that MRE can help to differentiating
malignant focal liver lesions from benign ones, with
malignant liver lesions, including HCC, demonstrating
significantly higher mean shear stiffness than benign
lesions®®®”!, However, the evidence for MRE in HCC
remains scarce; thus, more studies are needed to refine
and validate the performance of MRE for diagnosing and
evaluating HCC.

Tumor metabolism imaging: positron emission
tomography

Positron emission tomography (PET) using '®F-fluoro-
deoxyglucose (**F-FDG) as a radiotracer can provide
information regarding tissue gluconeogenesis, which is
elevated in most malignancies, including HCC. '*F-FDG
PET is not used routinely in HCC imaging because of
its limited sensitivity (about 50%-70%)®**1, However,
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8F-FDG PET was reported to be useful in patient selection
before liver transplantation™, detection of extrahepatic
metastases®, and evaluation of tumor recurrence®?.
The introduction of novel radiotracers shows promise in
optimizing the sensitivity of PET for HCC, among which
choline has been studied the most. It has been reported
that the detection rate of '®F/*'C-choline for HCC was
84%"*, and ®F-fluorocholine demonstrated significantly
higher sensitivity for HCC detection than '*F-FDGP*.
Major imaging modalities and their reported diagnostic
performances, advantages, and limitations are illustrated
in Table 1.

Diagnostic algorithms and comparison of guidelines
According to the advantages and limitations of different
imaging techniques for HCC, various diagnostic algo-
rithms have been recommended by guidelines from
different regions and countries. Among them, guidelines
proposed by the American Association for the Study of
Liver Diseases (AASLD)", the ACR!, the European
Association for the Study of the Liver and the European
Organization for Research and Treatment of Cancer
(EASL-EORTC)™!, the Asian Pacific Association for the
Study of the Liver (APASL)"!, the Japan Society of
Hepatology and the Liver Cancer Study Group of Japan
(JSH-LCSG)™, the Korean Liver Cancer Study Group and
the National Cancer Center (KLCSG-NCC)™, China™%,
and the Indian National Association for study of the
Liver (INASL)™® are the most influential ones. Notably,
these diagnostic algorithms should only be applied to
patients with increased risks of developing HCC, including
adult patients with cirrhosis, chronic HBV and/or HCV
infections, or current or prior HCC. The size-based di-
agnostic algorithms were endorsed by five guidelines
(KLCSG-NCC, INASL, China, EASL-EORTC, and AASLD).
When a nodule is detected in a high-risk patient, further
evaluation and diagnosis should be made according to
the nodule diameter. The diagnostic cut-off size of 1 cm is
recommended by most guidelines, except for the Chinese
guideline, in which a cut-off size of 2 cm is adopted. The
non-size-based diagnostic algorithms stratify nodules by
their typical enhancement patterns on dynamic CT or
MRI regardless of the nodule sizes, as recommended by
the remaining two guidelines (JSH-LCSG and APASL).
Generally, contrast-enhanced dynamic CT and/or MR are
the recommended noninvasive diagnostic modalities,
and the prime diagnostic criteria endorsed by most
guidelines with typical patterns comprising arterial phase
hyperenhancement and portal venous and/or delayed
phase wash-out. Biopsy is considered only for suspicious
nodules without typical dynamic enhancement pattern,
or nodules still inconclusive after a second alternative
imaging technique.

Despite similarities in the diagnostic criteria for HCC
across different guidelines, discrepancies also exist in the
use of tumor markers such as alpha-fetoprotein (AFP),
the number of required imaging modalities, and the use
of CEUS and/or the hepatobiliary contrast agent Gd-
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Table 2 Comparison of guidelines of different countries and regions

Region Year Country/society Stratification Cut-off size AFP CEUS EOB-MRI
Asia 2014 Japan/JSH-LCSG Dynamic pattern / Not included Included First-line
2014 Korea/KLCSG-NCC Size-based 1cm Included Not included Preferentially recommended
2014 India/INASL Size-based 1cm Not included Included According to availability
2017 China/NHFPCPRC Size-based 2cm Included Included Optional
2017 APASL Dynamic pattern / Not included Included First-line
Europe 2012 EASL-EORTC Size-based lcm/ 2cm Not included
America 2011 USA/AASLD Size-based 1lcm Not included

AFP: Alpha fetoprotein; CEUS: Contrast-enhanced ultrasonography; EOB-MRI: Gadoxetic acid-enhanced MRI; JSH-LCSG: Japan Society of Hepatology -
Liver Cancer Study Group of Japan; KLCSG-NCC: Korean Liver Cancer Study Group - National Cancer Center; INASL: The Indian National Associa-tion
for Study of the Liver; NHFPCPRC: National Health and Family Planning Commission of the Peo-ple’s Republic of China; APASL: Asia-Pacific Association
for the Study of the Liver; EASL-EORTC: Eu-ropean Association for the Study of the Liver - European Organization for Research & Treatment of Can-cer;

AASLD: The American Association for the Study of Liver Diseases.

Notably, the LI-RADS system proposed by the ACR
provided a separate algorithm for US screening and
surveillance of HCC and guidance on the diagnosis of
non-HCC malignancies and macrovascular invasion,
which have been beyond the scope of other diagnostic
systems thus far. Moreover, several ancillary imaging
features were incorporated into the LI-RADS algorithm.
Although the levels of evidence supporting these ancil-
lary features remain relatively low, these features dem-
onstrate great potential for improving detection and
characterization of liver nodules. In addition, a treatment
response assessment algorithm for malignant hepatic
lesions treated with locoregional therapies has been
advocated in the most recent LI-RADS system, allowing
a comprehensive assessment of treatment response
to different locoregional therapies. Therefore, the LI-
RADS system shows promise in optimizing the diagnostic
accuracies of current noninvasive modalities for liver
nodules, but more studies are needed to validate further
the performance of this algorithm in prospective cohorts.

STAGING OF HCC

Several staging systems based on dynamic contrast-
enhanced multiphasic CT and MRI have been developed
for HCC. The Barcelona Clinic Liver Cancer (BCLC)
classification is currently the most widely used staging
system and has been endorsed by the EASL-EORTC!”
and the AASLD™ as the standard staging system for
HCC. The BCLC classification incorporates radiologic
staging of HCC (size and number of HCC nodules, pre-
sence of nodal and macrovascular invasion and extra-
hepatic metastases), with liver function and physiologic
status®. A corresponding treatment schedule, from
liver resection and transplantation to best supportive
care, is recommended for each stage. The BCLC system
demonstrated superior capacity in treatment guidance,
particularly for patients with early stage HCC*, and
prognosis prediction® . However, the performance of
this system may be affected due to considerable hetero-
geneity of disease severity within the intermediate stage
(BCLC-B)"Y., In addition, a worldwide consensus on the
optimal staging system for HCC has not been reached
yet.

Baishidenge ~ WJG | www.wjgnet.com

2355

SURVEILLANCE OF HCC

Several guidelines have recommended US as the
first-line surveillance modality for HCC in high-risk
patients”*®, including cirrhotic patients and noncirrhotic
patients with chronic HBV and/or HCV infection or
high HBV-DNA levels. Noncirrhotic patients with family
history of HCC and NAFLD should also undergo routine
surveillance!”*®, US demonstrated a sensitivity of
40%-81% and specificity of 80%-100% for surveillance
purposes”*'*%? The recommended screening interval
for HCC is 6 months. In cirrhotic patients, subcentimeter
nodules (< 1 cm) detected by US should be followed
every 3"-4") months during the first year and every
6 months thereafter, while nodules over 1 cm should
undergo further imaging work-ups and/or biopsy for
characterization.

US is a noninvasive, real-time imaging technique
with good patient acceptance, relatively low cost, and
no radiation exposure. However, the performance of
US is highly dependent on the equipment quality and
operator expertise. In addition, US may not be sensitive
enough to detect early-stage HCCs, with a pooled
sensitivity of 63%"°". To improve the sensitivity of US
in HCC surveillance, the 2017 APASL guideline endorsed
the combination of AFP levels and US as the standard
surveillance strategy for HCCY!. However, emerging
data have shown that AFP provided limited diagnostic
benefits of a low (6%-8%) additional detection rate with
increased false positive results and surveillance cost when
combined with US™", In addition, AFP levels can be
within the normal range in up to 35% of small HCCs and
elevated in patients with active hepatocyte regeneration
due to various etiologies'”. Thus, the measurement of
AFP levels is not within the recommended surveillance or
diagnostic scheme in the most recent AASLD™ or EASL-
EORTC!™! guidelines.

NONINVASIVE PROGNOSTIC
EVALUATION

Tumor characteristics evaluated by noninvasive imaging
techniques can be indicative of HCC prognosis after
treatment. It has been shown that presence of cirrhosis,
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Figure 3 Hepatocellular carcinoma in a 71-year-old male with recognized cirrhosis. Gd-EOB-DTPA-enhanced MR image demonstrates a 5.3 cm lobulated
HCC in right posterior section of liver. The lesion shows peritumor enhancement in arterial phase (B, white arrow) and peritumor hypointense (D, black arrow) in
hepatobiliary phase. Capsular disruption and non-smooth tumor margin are present (white triangles) in arterial phase (B) and portal venous phase (C). The lesion was
histopathologically proven to be Edmonson-Steiner 1l grade with hematoxylin-eosin (HE) staining at 200 x magnification (G). Prominent microvascular invasion was

detected at 200 x magnification with CD31 immunohistochemical staining (H).

large tumor size (> 3 cm), multifocality, vascular in-
vasion, and Eggel’s growth classification (type 2 and
3) were associated with higher recurrence rates and
worse prognosis after liver resection!®**”? or liver trans-
plantationt 0,

Microvascular invasion (MVI), defined as micro-
scopically detected tumor thrombi within small tumor
or peritumoral vessels (central hepatic vein, portal vein
branches, and venous vessels in tumor capsule and/or
fibrous septa)™!, has drawn worldwide attention in
recent years. MVI is indicative of early infiltration of
tumor cells into the tumor vessels. The presence of MVI
should be recognized based on microscopy, but several
imaging features may be predictive of MVI. The presence
of non-smooth tumor margins, no or incomplete capsule,
multifocality, intratumoral arteries, and large tumor size
detected on contrast-enhanced dynamic CT and MRI
were reported to be associated with an increased risk for
MVII'2 18 In addition, Eggel’s growth dlassification type
2 (single nodule with extranodular growth) and type 3
(multiple confluent nodules) were also correlated with
higher MVI risk!"'***"" Moreover, it has been shown that
arterial phase peritumoral enhancement, possibly due
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to compensatory arterial hyperperfusion after decreased
portal venous flow caused by tumor thrombi occlusion
of the minute portal venules around the tumor, was also
indicative of a higher risk of MVI'?'#,

Apart from conventional dynamic CT and MRI, func-
tional MR techniques play a pivotal role in evaluating
MVI. Studies have shown that higher tumor-to-liver sig-
nal intensity ratio and lower ADCs value measured on
DWI can predict MVI in HCC"?*?, This may be due to
higher cellularity with restricted diffusion and decreased
perfusion in MVI-positive HCCs compared with MVI-
negative ones. In addition, it has also been shown that
increased mean kurtosis values measured by diffusion
kurtosis imaging, which is a DWI-based MR technique,
were independent risk factors for MVI*?,

Gd-EOB-DTPA-enhanced MRI is another useful tool
for assessing MVI in HCC patients. The presence of a
faint hypointense halo around the tumor in the HBP
can predict the presence of MVI'*?****! (Figure 3). One
possible explanation for this specific imaging feature is
that MVI can cause hemodynamic changes surrounding
the tumor due to obstruction of minute vessels, resulting
in impaired hepatocytic function and decreased uptake of
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Gd-EOB-DTPA in these areas.

Comprehensive predictive models incorporating
several imaging and serological parameters have been
developed recently to predict the presence of MVI. Lei
et af* conducted a retrospective study including 1004
consecutive HBV-related HCC patients and developed a
nomogram for preoperative estimation of MVI. A large
tumor diameter, multiple nodules, incomplete capsule,
typical dynamic pattern of HCC on contrast-enhanced
MRI, elevated AFP levels, elevated HBV DNA load, and
decreased platelet count were incorporated into the
predictive model. The sensitivities of the training and
validation cohorts were 74% and 62%, respectively,
while the specificities were 77% and 81%, respectively.
Another study demonstrated that radiogenomic venous
invasion, which was derived from a 91-gene HCC “venous
invasion” gene expression signature consisting of three
major imaging features (“internal arteries”, “hypodense
halo” and “tumor-liver difference”) on contrast-enhanced
CT, was able to predict MVI with a sensitivity and
specificity of 76% and 94%, respectively!''¥,

Although substantial progress has been made in
the noninvasive evaluation of HCC prognosis with com-
binations of various imaging features and modalities,
there is still debate over the optimal predictive model
for tumor recurrence and patient survival. In addition,
the current data are mostly limited to single-center ex-
periences with relatively small numbers of HCC cases.
Therefore, further large-scale multicentered studies
are necessary to develop the comprehensive predictive
models to assess HCC prognosis, particularly those that
use artificial intelligence techniques in the era of radio-
mics and radiogenomics.

CONCLUSION

HCC is a major public health problem worldwide. Non-
invasive imaging techniques play significant roles in the
surveillance, diagnosis, characterization, staging, and
prognosis evaluation of HCC. Currently, US is the first-
line imaging modality for screening and surveillance
purposes. Contrast enhanced dynamic multiphasic CT
and MRI are diagnostic tools for HCC based on char-
acteristic enhancement patterns that do not require
histopathologic confirmation. Functional MRI techniques,
including DWI, MRI with hepatobiliary contrast agents,
perfusion imaging, and MRE, show promise in providing
further important information regarding tumor biological
behavior. In addition, several imaging features based on
different imaging modalities enable the prediction of MVI,
patient recurrence, and survival.

However, as the prognosis of HCC is largely de-
pendent on the stage at which the tumor is detected;
early detection and accurate assessment are critical for
patient management and survival. Nevertheless, early
diagnosis of HCC is still one of the most challenging areas
in liver imaging. Moreover, comprehensive prediction
models for preoperative evaluation of HCC prognosis are
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still urgently needed. Therefore, more multicentered,
large-scale, prospective studies are encouraged to ex-
plore the biological behaviors of HCC and to develop
comprehensive diagnostic and predictive models based
on serological, imaging, texture, and radiogenomic
parameters.
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