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Abstract

Imaging plays a notable role in hepatocellular carcinoma (HCC) surveillance, diagnosis, and treatment response
assessment. Whereas HCC surveillance among at-risk patients, including those with cirrhosis, has traditionally
been ultrasound-based, there are increasing data showing that this strategy is operator-dependent and has
insufficient sensitivity when used alone. Several novel blood-based and imaging modalities are currently being
evaluated to increase sensitivity for early HCC detection. Multi-phase computed tomography (CT) or contrast-
enhanced magnetic resonance imaging (MRI) should be performed in patients with positive surveillance tests to
confirm a diagnosis of HCC and perform cancer staging, as needed. HCC is a unique cancer in that most cases can
be diagnosed radiographically without histological confirmation when demonstrating characteristic features such
as arterial phase hyperenhancement and delayed phase washout. The Liver Imaging Reporting and Data System
offers a standardized nomenclature for reporting CT or MRI liver findings among at-risk patients. Finally, cross-
sectional imaging plays a critical role for assessing response to any HCC therapy as well as monitoring for HCC
recurrence in those who achieve complete response.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the most common primary liver cancer and the fourth leading cause
of cancer-related death worldwide'. Common risk factors for the development of HCC include alcohol
use, chronic hepatitis B (HBV) or hepatitis C infection, and nonalcoholic fatty liver disease (NAFLD).
Prognosis for HCC depends on tumor stage at diagnosis; curative treatment options for early stage tumors
provide 5-year survival exceeding 70%, whereas late stage HCC is only amenable to palliative therapies
with a median survival of 2-3 years. Imaging plays a central role in the management of patients with HCC,
including surveillance, diagnosis, and assessing treatment response. The aim of this review is to discuss best
practices for imaging along the care spectrum of HCC.

ROLE OF IMAGING FOR HCC SURVEILLANCE

Given the strong association between early detection and improved survival, the American Association for
the Study of Liver Diseases (AASLD) and European Association for the Study of Liver (EASL) recommend
HCC surveillance in at-risk patients, including subgroups with chronic HBV and those with cirrhosis from
any etiology™”. HCC surveillance is supported by a large randomized controlled trial (RCT) in patients
with HBV that showed a 37% reduction in mortality'. Although there is no similar RCT among patients
with cirrhosis, several cohort studies have highlighted an association between surveillance and improved
early detection, curative treatment receipt, and overall survival'™.

Ultrasound for HCC surveillance

The preferred imaging modality for HCC surveillance across all major professional liver organizations
worldwide has been, and remains, abdominal ultrasound™**”. Ultrasound has many advantages including
being readily available, inexpensive, and non-invasive with a favorable safety profile. A systematic
review of test modalities for HCC surveillance found that ultrasound has a high sensitivity of 94%
to detect HCC at any stage; however, its sensitivity to detect early stage HCC is significantly lower at
only 63% . Furthermore, the wide variation in ultrasound sensitivity between studies highlights the
operator-dependent nature of the examination. High ultrasound quality relies heavily on the experience
of the individual performing the ultrasound examination as well as the radiologist interpreting the
examination™"”’. These challenges have been observed in breast cancer screening, with ultrasound being
more useful than mammography in women with dense breast tissue, but one of its limitations being
variable quality based on inherent operator dependence'”’. Standardization of examination technique
and establishment of minimum reporting requirements, as has been done for breast ultrasonography'”,
can improve the quality of ultrasound-based screenings[”]. For HCC, regional differences have been
observed in ultrasound sensitivity and align with differences in technique'. In the U.S., ultrasound is
typically performed by technicians with select frozen images interpreted by a radiologist at a later time,
whereas physicians in other regions of the world often perform and interpret ultrasound in real time"”.
Recent data have also highlighted the impact of patient characteristics on ultrasound effectiveness. In a
retrospective cohort study of 941 patients undergoing surveillance ultrasound, 191 (20.3%) were deemed to
be of inadequate quality for exclusion of HCC lesions"”. In multivariable analysis, inadequate ultrasound
quality was associated with obesity and alcohol- or nonalcoholic steatohepatitis (NASH)-related cirrhosis,
suggesting that inadequate ultrasound quality and poor sensitivity may be more common as the prevalence
of obesity and NASH continue to rise globally"*'”. Since this study, the Liver Imaging Reporting and
Data System (LI-RADS) has proposed that ultrasound assessment and reporting include an ultrasound
visualization score, including score A (no or minimal limitation), score B (moderate limitations that may
obscure small masses), and score C (severe limitations that significantly lower sensitivity for focal liver
lesions). The visualization score is based on liver heterogeneity, beam attenuation or shadowing, proportion
of liver visualized, and proportion of diaphragm visualized. Routine reporting of visualization is an
important step that helps clinicians interpret ultrasound results; however, further data are needed to verify
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that poor visualization is in fact associated with lower HCC detection as well as determining the optimal
surveillance strategies in patients with limited visualization. A recent pilot study suggests that repeat
ultrasound in patients with limited visualization (scores B or C) could have sufficient visualization (score A)
in approximately half of cases; however, validation of these results are needed in larger cohorts™.

Various surveillance intervals have been proposed"”. The AASLD and EASL recommend semi-annual
surveillance, which appears reasonable on the basis of the median doubling time of HCC tumors™’. A
retrospective multicenter study among 649 HCC patients from Italy found patients detected by semi-
annual surveillance had smaller tumor burden and improved survival compared to patients submitted to
annual surveillance (40.3 months vs. 30 months, respectively, P = 0.03)[21]. An RCT evaluated if shorter
intervals would further improve early detection and survival but found that a 6-month surveillance interval

[22]

provided similar early HCC detection compared to a 3-month surveillance interval (79% vs. 70%, P = 0.30) .

Role of biomarkers for HCC surveillance

Professional societies offer differing guidance regarding the additional value of serum biomarkers
over ultrasound alone for HCC surveillance. The best studied biomarker for HCC surveillance is
alpha fetoprotein (AFP), which has been validated in all five phases of biomarker development™’. The
AASLD and Asian Pacific Association for the Study of the Liver (APASL) both recommend ultrasound
with or without AFP®, whereas the EASL recommends ultrasound alone, citing the poor performance
characteristics of AFP™**” The AASLD and APASL guidelines cite the improvement in sensitivity when
adding AFP to ultrasound in clinical practice'™. Various AFP cutoffs have been proposed, with the AASLD
and APASL recommending AFP cutoffs of 20 and 200 ng/mL, respectively”. Notably, AFP levels can be
increased in patients with active hepatitis, and thus, AFP is less accurate in patients with active HCV
infection, whereas AFP has higher sensitivity in other subgroups (e.g., patients with cirrhosis and HIV
infection)™*. In contrast, AFP has better sensitivity in individuals with HBV and HCV, who are either
receiving or have completed antiviral treatments, and therefore, lower threshold values can be established
in using AFP for surveillance in this patient population[26’27].

Although AFP alone has poor sensitivity for early stage HCC and poor specificity in patients with viral
hepatitis, several studies have suggested a potential benefit of using AFP as an adjunct surveillance test
with ultrasound. A meta-analysis of cohort studies on this topic demonstrated that the combination of
ultrasound and AFP had a significantly higher sensitivity for early stage HCC compared to ultrasound alone
(63% vs. 45%, respectively)™. Although this was associated with a drop in specificity (92% for ultrasound
alone vs. 84% for ultrasound plus AFP), this was not felt to be clinically significant and the diagnostic
odds ratio of the combination remained higher using the two tests together 7(95%CI: 3-15) vs. 8(95%CI:
3-23, respectively). A study by Atiq and colleagues quantified physical harms related to ultrasound with
or without AFP, as not all false positive lesions may prompt diagnostic evaluation”. They found 1 in 4
patients with cirrhosis experience physical harms for false positive or indeterminate surveillance tests,
which are more often related to ultrasound than AFP monitoring - in part related to some patients having
diagnostic evaluation for indeterminate ultrasound results and providers not ordering diagnostic evaluation
in many patients with false positive AFP levels.

Other biomarkers, such as lens culinaris agglutinin-reactive AFP (AFP-L3) and des-gamma-carboxy-
prothrombin (DCP), have been evaluated in phase 2 (case-control) biomarker studies but appear to have
insufficient performance if used alone™. Therefore, there has been increasing interest in biomarker panels,
such as GALAD, which combines AFP, AFP-L3, and DCP with patient age and gender, and has been shown
to have promising performance in large case-control studies™”. In a large multi-national case-control
study with 6,834 patients (2,430 HCC and 4,404 controls), GALAD demonstrated a sensitivity of 60%-
80% for early HCC detection. A recent study by Yang et al.”" compared GALAD to ultrasound for HCC
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detection and found GALAD to be superior to ultrasound, with an area under the curve (AUC) of 0.95
(95%CI: 0.93-0.97) vs. 0.82 (95%Cl: 0.77-0.87), respectively. When the GALAD model was combined with
ultrasound, the GALADUS score had significantly better performance compared to ultrasound alone with
a sensitivity of 95%, specificity of 91% and an AUC of 0.98 (95%CI: 0.96-0.99). In addition, there has also
been increased interest in methylated DNA markers and circulating tumor cells (CTCs) for early detection
of HCC"**!, However, these biomarkers still require evaluation in large phase II and phase III studies
before adoption in clinical practice[“]

CT/MRI for HCC surveillance

Given the limitations of ultrasound-based surveillance, there has been increasing interest in alternative
imaging modalities, such as computed tomography (CT) or magnetic resonance imaging (MRI), but
neither is recommended by current practice guidelines™*”. Although both CT and MRI have been
shown to be superior in sensitivity and specificity for HCC diagnosis and staging compared to ultrasound
(discussed below), there are limited data evaluating these tests in a surveillance manner. A small
randomized trial comparing semi-annual ultrasound to annual multiphase CT found that ultrasound was
similar in sensitivity but less costly than CT™. Further, CT is associated with screening harms including
radiation exposure and potential contrast injury”®*”. Therefore, there has been increasing interest in
MRI surveillance, which obviates some of these concerns. A prospective cohort study from South Korea
(PRIUS study) comparing ultrasound and MRI surveillance in patients with cirrhosis found that MRI had
significantly higher sensitivity for early stage HCC (86% vs. 27.9%) as well as higher specificity (97% vs.
94.4%)"". The authors of this study subsequently performed a cost-effectiveness analysis, suggesting that
MRI may be cost-effective; however, these data still require validation in non-HBV Western populations"”

Furthermore, there would be concerns about radiologic capacity and patient acceptability if an MRI-based
strategy were adopted in larger populations. There have been increasing data on alternative MRI strategies,
including abbreviated MRI and non-contrast MRI. Abbreviated MRI protocols use selected sequences from
a full diagnostic protocol and can shorten the examination from ~45 min to ~15 min, which may address
some concerns about radiologic capacity and improve cost-effectiveness™. Abbreviated MRI protocols
have been studied for HCC diagnosis and characterization of lesions™”*"), but no trials or studies have been
done specifically for surveillance. There is an ongoing clinical trial at Seoul National University Hospital
comparing annual abbreviated MRI to ultrasound for early HCC detection (NCT03731923). Two recent
studies have also evaluated non-contrast MRI as a possible surveillance strategy. A post-hoc analysis of
the PRIUS study suggested that non-contrast MRI is superior to ultrasound for HCC detection, with per-
lesion and per-examination sensitivity of 77.1% and 79.1% for non-enhanced MRI compared to just 25.0%
and 27.9% for ultrasound, respectively'”. Specificity of non-contrast MRI was also higher than that of
ultrasound 97.9% vs. 94.5%, P < 0.001]. In addition, the estimated scan time was < 6 min with a total room
occupancy time of only 25-35 min. Two ongoing prospective trials, MIRACLE-HCC (NCT02514434) and
MAG[NL]IS—HCC (NCTo02551250), are comparing non-contrast MRI and ultrasound for surveillance of
HCC™™,

Most analyses for HCC surveillance have tried to implement a “one-size-fits-all” strategy for all at-risk
patients, despite known variation in HCC risk between patients with cirrhosis. For example, a validated
tissue-based signature has been shown to accurately risk stratify patients with cirrhosis into high,
intermediate, and low risk of HCC, with annual HCC incidences of 5.8, 2.2, and 1.5%, respectively“s].
Similarly, other risk stratification markers can accurately distinguish patients with high risk and low risk of
developing HCC™. Accurate risk stratification could allow more intensive and costly surveillance strategies
to be applied to those at highest risk, while using lower intensity and inexpensive surveillance strategies in
lower risk patients. A modeling study suggested that a risk-stratified approach was cost-effective compared
to ultrasound and AFP in all patients”. Currently, the Japan Society of Hepatology (JSH) is the only
professional society that recommends a differential HCC surveillance strategy by individual patient risk, i.e.,
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ultrasound and serum biomarkers for most patients, with multiphase CT or MRI considered in the highest
risk patients'”’.

Unfortunately, a systematic review found that less than 20% of patients with cirrhosis in the U.S. undergo

HCC surveillance, with even lower rates of guideline-concordant semi-annual surveillance'***”. Patients

and providers have reported potential barriers to surveillance including knowledge deficits, time

constraints, and financial costs of tests that need to be addressed to increase surveillance utilization"**".

Studies have demonstrated promise for inreach efforts such as electronic medical record reminders or
. . . . . . . . [52-54]

outreach strategies including mailed invitations to complete ultrasound surveillance™ .

While awaiting ongoing trial data for both novel biomarkers and cross-sectional imaging techniques,
ultrasound with or without AFP remains the gold standard surveillance strategy.

ROLE OF IMAGING IN HCC DIAGNOSIS

For surveillance to be effective, recall procedures must be followed for patients with abnormal surveillance
tests™™. In patients with an ultrasound nodule < 1 ¢cm in maximum diameter, the risk of HCC is low and
professional society guidelines recommend repeat short-interval ultrasound in ~3 months. If the lesion is
stable in size, it can be followed on ultrasound; however, diagnostic evaluation with cross-sectional imaging
(i.e., contrast-enhanced MRI or 4-phase CT) is recommended once a lesion is > 1 ¢cm in size™ [Figure 1].

HCC is unique compared to other cancers, in that the diagnosis can often be made radiographically without
histological confirmation. Historically, HCC diagnosis has been made on the basis of the presence of “arterial
enhancement and delayed washout’, i.e., hypervascularity during the arterial phase and hypointensity on
the portal venous or delayed phases of imaging. This classic appearance is related to the liver’s dual blood
supply, where the background liver receives most of its blood supply from the portal vein and HCC lesions
obtain most of their blood supply from hepatic artery branches. In the setting of cirrhosis, this appearance
was demonstrated to have a specificity of 95% for the diagnosis of HCC***”.

LI-RADS criteria

More recently, the American Association for Cancer Research (AACR) and AASLD have adopted the
LI-RADS criteria for HCC diagnosis and classification, and have chosen specific populations for which
these criteria should be applied, namely patients with cirrhosis and chronic hepatitis B infection™”. The
LI-RADS criteria do not apply to pediatric patients or patients with cirrhosis secondary to vascular
disorders (e.g., Budd-Chiari syndrome, sinusoidal obstruction syndrome)”". The LI-RADS criteria include
a combination of major and minor imaging criteria, and classifies lesions on a scale ranging from LR-1
(definitely benign) to LR-5 (definitely HCC) or LR-M (malignant but not definite for HCC) [Table 1].
Major LI-RADS criteria include arterial phase hyperenhancement (APHE), delayed washout, enhancing
capsule, and threshold growth. Patients with LR-1 and LR-2 lesions are definitely and likely benign,
respectively, so most of these patients can return to ultrasound-based surveillance. Patients with LR-3
and LR-4 lesions have an intermediate risk of HCC, so these patients can be considered for continued
observation versus biopsy after multidisciplinary discussion. A recent systematic review found 38 and 74%
of LR-3 and LR-4 lesions were HCC, respectively, highlighting that these lesions should not be ignored and
must be followed clinically[”]. In this systematic review, LR-5 lesions had a positive predictive value of 94%
for being HCC, and therefore do not warrant biopsy for histological confirmation prior to treatment. The
LR-M classification is reserved for lesions that are suspicious for malignancy but have features that are not
definite for HCC, e.g., peripheral enhancement, and can be seen in other malignancies such as intrahepatic
cholangiocarcinoma. Therefore, biopsy is typically recommended in these cases to make a definitive
diagnosis. It should also be noted that the LI-RADS criteria do not apply to patients without cirrhosis
and/or chronic HBV infection, as the positive predictive value of the aforementioned classic imaging
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Diagnostic Algorithm for HCC
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. Therefore, these patients should typically undergo biopsy for histological



Osho et al. Hepatoma Res 2020;6:55 | http://dx.doi.org/10.20517/2394-5079.2020.42 Page 7 of 15

Table 1. LI-RADS classification for liver lesions

Non-rim arterial phase enhancement Absent Present

Observed size of lesion (mm) <20 >20 <10 10-19 >20

Presence of additional major features None LR-3 LR-3 LR-3 LR-3 LR-4
Enhancing “capsule” One LR-3 LR-4 LR-4 LR-4/LR-5*  LR-5

Nonperipheral washout

Threshold growth 2 Two LR-4 LR-4 LR-4 LR-5 LR-5

*If a lesion is classified in this category and has enhancing capsule, it is categorized as LR-4. However, if a lesion is classified in this
category and has either nonperipheral washout OR threshold growth, it is classified as LR-5. LI-RADS: Liver Imaging Reporting and Data
System

CT/MRI for HCC diagnosis

Several studies have compared the accuracy of CT and MRI for the diagnosis of HCC. In a meta-analysis
by Roberts et al.*", contrast-enhanced CT was compared to both extracellular contrast-enhanced MRI
and Eovist MRI for HCC diagnosis. Compared to CT, MRI had a significantly higher sensitivity (82% vs.
66%) with similar specificity (92% vs. 91%). In addition, MRI was more sensitive for diagnosis of HCC in
lesions < 1 cm compared to CT (69% vs. 49%), although specificity was lower (46% vs. 69%, respectively).
Conversely, MRI was associated with higher cost, greater technical complexity (including longer scan time),
and less consistent imaging quality (e.g., difficulty with breath holding, difficulty holding still, large volume
ascites). Thus, although MRI was noted to have marginally higher sensitivity compared to CT in this meta-
analysis, one imaging modality could not be definitively recommended over the other, and the choice of
modality should be individualized considering both the risks of either imaging test and the patient’s clinical
status'®”

Although contrast-enhanced MRI and 4-phase CT are the primary modalities used for HCC diagnosis
in the Western world, APASL guidelines recommend the use of hepatobiliary agents (e.g., gadoxetic acid
or Eovist), which can provide information on hepatocellular function in addition to blood flow. This
recommendation is largely based on data suggesting increased sensitivity to detect HCC lesions compared
to dynamic CT and MRI. A 2015 meta-analysis compared the diagnostic performance of dynamic CT, MRI
using conventional extracellular contrast agents, and MRI using hepatobiliary contrast agents. Overall, on a
per-lesion basis, MRI was more sensitive than CT for HCC diagnosis (80% vs. 68%, P = 0.02). In subgroup
analyses, the per-lesion sensitivity of gadoxetic acid-enhanced MRI was significantly higher compared to
MRI using other contrast agents (87% vs. 74%, P = 0.03)"”, However, gadoxetic acid-based MRI has some
limitations in the diagnosis of HCC. While HCC are usually hypointense on the hepatobiliary phase (due to
lack of contrast uptake by the tumor compared to the background liver showing peak enhancement at this
time), up to 20% of HCCs will have uptake of the contrast and instead appear hyperintense[“]. Additionally,
the classic feature of “pseudocapsule” may not be apparent due to lack of a delayed phase, leading to
misdiagnosis[ﬁ]. Furthermore, in patients with more advanced cirrhosis, decreased contrast uptake in the

background liver may lead to lower sensitivity for HCC detection',

PET for HCC diagnosis

The use of positron-emission tomography (PET) has been evaluated for diagnosis of HCC but has not
produced favorable results for detection of primary tumors. The most widely used radiotracer is "*F-fluoro-
deoxy-6-glucose phosphate (FDG), which has added utility in assessing metabolic cellular function, but
“F-FDG uptake in PET/CT for primary HCC has only been seen in 40% of cases*”. This is due to high
"F-FDG uptake by both normal hepatocytes and malignant neoplastic cells associated with HCC, resulting
in difficulty in identifying HCC lesions***”. However, PET may be beneficial for diagnosis of extrahepatic
or metastatic HCC. One of the most common sites for extrahepatic HCC metastasis is the retroperitoneal
lymph nodes, and the sensitivity of FDG PET/CT to detect lymph node metastasis is greater than in other
areas of the body"®”. Other forms of PET imaging that have been studied for HCC diagnosis include PET
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MRI and immuno-PET/CT. PET MRI has the benefit of improved soft tissue contrast and a lack of ionizing
radiation. However, its availability is limited and requires a technologist experienced in both nuclear
medicine and MRI for accurate interpretation'’. Immuno-PET/CT uses ¥Zr-tagged monoclonal antibodies
to target glypican-3, a cell surface protein that is highly expressed in HCC, and has shown improvement in
differentiating primary HCC cells from normal hepatocytes and identifying small HCC lesions compared
to PET alone'”. However, studies evaluating immuno-PET have been limited to animal models, and

further studies are needed before its routine use in clinical practice[m]

Contrast-enhanced ultrasound for HCC diagnosis

There has also been increasing interest in the role of contrast-enhanced ultrasound (CEUS) for HCC
diagnosis. This imaging modality uses the intravenous administration of microbubble contrast agents to
evaluate the hyperenhancement of a liver nodule in “real-time” These contrast agents have a short half-
life of only a few minutes and are eliminated through respiration, eliminating concerns for potential
renal toxicity seen with most contrast agents used for CT and MRI"". The LI-RADS criteria have been
modified for using CEUS for characterization of liver nodules, similar to the LI-RADS criteria for CT/
MRI". A meta-analysis showed that the pooled sensitivity and specificity of CEUS to detect HCC was 85
and 91%, respectively; however, the authors noted the findings were limited by publication bias”*. There
are several notable limitations of CEUS that are similar to conventional ultrasound in HCC diagnosis.
First, ultrasound is operator-dependent, which may lead to inconsistencies in diagnosis outside of expert
centers”". Second, CEUS can also be limited by patient-level factors, including large body habitus,
overlying bowel gas, poor acoustic windows, and movement artifact””*. A limitation of CEUS in HCC
diagnosis that differs from conventional ultrasound involves the nuances of contrast administration to
properly characterize suspicious lesions. Multiple injections of contrast may be needed to properly classify
lesions, thereby limiting its role for staging, and the administration of contrast must be done in a medically
controlled setting to ensure safety”". Lastly, CEUS has lower detection rate for washout than CT/MRI",
and its ability to distinguish HCC from intrahepatic cholangiocarcinoma (ICC) has been controversial ™"
However, some studies have suggested that dynamic, timed administration of contrast can be used in
CEUS to help distinguish the two malignancies, as the rapid loss of signal intensity in the early portal phase
is more characteristic of ICC than HCC"", Additional criteria have been proposed to distinguish ICC and
HCC using CEUS with reported improved performance but require further validation””. Based on current
practice guidelines, CEUS is reserved as a second-line diagnostic imaging modality when multiphase CT or
MRI are indeterminate in HCC diagnosis, although data continue to evolve regarding its potential role'”.

ROLE OF IMAGING FOR POST-TREATMENT RESPONSE AND SURVEILLANCE

Patients with early stage HCC are typically eligible for curative therapies including local ablation, surgical
resection, or liver transplantation. Although resection and local ablation are considered curative, they are
associated with a high risk of recurrence, approaching up to 70% at 5 years™™. Therefore, close observation
is critical, with most centers performing CT or MRI every 3 months for the first 1-2 years and then semi-
annual surveillance with CT or MRI thereafter. Some centers return to ultrasound-based surveillance
after a period of 4-5 years, although there is substantial center-to-center variation. Liu and colleagues
used clinical and tumor features to risk stratify patients into 3 categories (low, intermediate, and high risk
of recurrence) following surgical resection to determine the optimal time interval for post-hepatectomy
surveillance imaging™"’. They calculated recurrence detection rates between consecutive CT for each
surveillance schedule for each risk group, and found surveillance schedules could be tailored on the basis
of risk; for example, low-risk patients could undergo surveillance CT every four months for the first two
years and yearly over the next three years without compromising surveillance benefits while reducing
examination costs and radiation burden.
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Surveillance after liver transplantation

Liver transplantation has the advantage of curing not only HCC but also the underlying cirrhosis, and is
thus associated with significantly lower recurrence rates (~10% at 5 years) when restricted to patients within
the Milan criteria on imaging (one lesion < 5 cm or 2-3 lesions each < 3 cm, without vascular invasion
or extrahepatic spread)®. More recently, liver transplant criteria have been expanded to include patients
who are “downstaged”, i.e., patients with larger tumor burden who are treated with locoregional therapy
(LRT) and brought to within Milan criteria. Radiographic response is used as a prognostic biomarker and
serves as a surrogate for tumor biology, with those who exhibit response likely having favorable tumor
biology. Several single and multicenter studies have shown similar survival and rates of post-transplant
recurrence among extended-criteria patients who were successfully downstaged with LRT compared to
those who initially presented within Milan criteria™*!. In the largest multicenter study to date including
patients with HCC from 10 of 11 UNOS regions that underwent liver transplantation, Kardashian et al™!
found 5-year overall survival to be acceptable in patients downstaged to within Milan criteria compared to
those initially within Milan criteria (64% vs. 71%). In addition, the authors noted that AFP response to LRT
provided a useful adjunct to radiographic response in assessing likelihood of successful downstaging[“].
Post-transplant, HCC surveillance is evolving from a one-size-fits-all strategy to a tailored one based on
an individual’s risk of recurrence. The Risk Estimation of Tumor Recurrence After Transplant (RETREAT)
score developed and validated in a multicenter study by Mehta and colleagues includes 3 variables - AFP
at time of transplantation, presence of microvascular invasion, and the largest viable tumor diameter (cm)
plus the number of viable tumors on explant pathology*”’. Patients are assigned a risk score of 0-8 based on
the presence or absence of these features. The RETREAT score accounts for the effect of pre-transplant LRT
(as only viable tumor on explant is counted) and stratifies 5-year HCC recurrence risk - noted to be < 3% in
patients with a score of 0 to > 75% in patients with a score > 5. Post-operative imaging surveillance intervals
can then be tailored on the basis of an individual patient’s RETREAT score. For instance, a patient with a
RETREAT score of five might undergo surveillance with CT chest and abdomen every three to four months
for the first two years followed by every six months through year five, while patients with a RETREAT score
of zero might not require post-transplant imaging surveillance at all.

Surveillance after locoregional therapies

LRTs, including ablation, transarterial chemoembolization, transarterial radioembolization, and radiation
therapy, are a standard treatment for patients with early to intermediate stage HCC who are not candidates
for surgical resection or liver transplantation. Furthermore, as previously mentioned, LRT also has a role
in downstaging and “bridging” patients to surgical treatments including transplantation. Response to LRT
is typically assessed radiographically using CT or MRI, with serum biomarkers used as adjuncts. One
of these such systems is known as the Response Evaluation Criteria in Solid Tumors (RECIST), which
uses tumor size and characteristics, involvement of lymph nodes, maximum number of target lesions,
and disease progression to qualify treatment response for malignancy™”. The use of RECIST has several
limitations for HCC response assessment, as it does not consider tumor necrosis nor decrease in tumor size
in HCC treated with LRT, and antitumor activity may be poorly correlated. To overcome these limitations,
EASL recommended measuring change in area of tumor enhancement to assess treatment response, and
in 2008, the AASLD proposed modified RECIST (mRECIST) criteria to include change in lesion size,
lesion characteristics, and viable portions of the lesions determined by arterial phase enhancement to
determine the response to treatment*™*”. Both RECIST and mRECIST criteria classify treatment response
for HCC lesions as complete, partial, stable disease, progressive disease, or development of new lesion(s).
Overall response by both the EASL and mRECIST criteria have been associated with survival and are
thus preferable to RECIST for HCC response assessment””. Still, mRECIST has some notable limitations.
First, the response assessment requires radiologic expertise as ascertainment of viable tumor may not be
straightforward. Second, patients with underlying renal disease or impairment may be unable to tolerate
a contrast-enhanced examination and, therefore, nRECIST evaluation™". In addition, timing of contrast
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administration and imaging acquisition must be precise to prevent misinterpretation. LI-RADS has also
proposed a nomenclature for reporting response, categorizing patients as having residual disease (LR-TR
viable), having complete response with no viable tumor (LR-TR non-viable), or situations in which it is
unclear if there is viable tumor remaining (LR-TR equivocal). There are few, if any, data comparing LI-RADS
response assessment to other response assessments such as mRECIST.

Surveillance after systemic therapy

Systemic therapy is the mainstay of treatment for patients with advanced HCC, and valid radiologic
response criteria are critical for the assessment of treatment response in clinical trials. Sorafenib, an oral
multikinase inhibitor, was the first chemotherapy agent approved for first-line treatment of HCC in the
U.S. on the basis of data from the multicenter, randomized, double-blind placebo-controlled Sorafenib
Hepatocellular Carcinoma Assessment Randomized Protocol (SHARP) trial®*. Since 2017, several
additional tyrosine kinase inhibitors (TKIs) for HCC have been approved for first- and second-line
indications, including lenvatinib, regorafenib and cabozantinib”**", A study by Edeline et al.”” compared
RECIST to mRECIST in patients receiving sorafenib for treatment of advanced HCC and found mRECIST
objective response correlated with an increased overall survival. Similarly, Kudo et al.”” demonstrated
that objective response per mRECIST was associated with improved survival in a post-hoc analysis of
the REFLECT Trial including patients treated with sorafenib or lenvatinib. Median overall survival for
patients with an objective response was 22.4 months, compared to 11.4 months for non—responders[”]
Most recently, Llovet and colleagues evaluated 21 clinical trials in HCC and found a moderate correlation
between progression-free survival or time to progression and overall survival; however, a hazard ratio
of < 0.6 appeared to be a potential surrogate for improved survival®™. Overall, these data highlight the
importance of monitoring for both response and progression.

With the introduction of checkpoint inhibitors (e.g., nivolumab, pembrolizumab, atezolizumab/
bevacizumab), durable response rates in approximately 15%-30% of patients have been observed™. In
an exploratory analysis of data from Checkmate 040, patients with durable objective responses appeared
to have prolonged survival compared to those with stable disease or progressive disease™". However,
it is possible some patients treated with immunotherapy may display “pseudoprogression”, a distinct
radiologic pattern in which deep and durable responses occur after initial progression"****”. Although this
is well described for other tumor types, e.g., melanoma, it is currently unclear how commonly this occurs
in patients with HCC. This phenomenon has resulted in the development of specific imaging response
assessment guidelines (irRECIST and iRECIST) for this population, in which radiographic progression
must be confirmed with repeat imaging 4-8 weeks after the first response assessment***”. These various
response assessment classifications are being used in ongoing HCC clinical trials and there has yet to
emerge a standard across all trials"*. Despite this potential uncertainty regarding optimal ways to assess
response, monitoring for treatment response or disease progression can identify patients who are benefiting
from therapy and those who may benefit from transition to an alternative treatment. Our institutional
practice is to monitor patients with cross-sectional imaging every 2 months while on systemic therapy.

FUTURE DIRECTIONS FOR IMAGING IN HCC

Radiomics, the automated high-throughput extraction and analysis of quantitative and phenotypic features
from radiographic images"*”, has emerged as a non-invasive tool for diagnosis and prognostication in
several cancers, including HCC"™. Qualitative and quantitative radiomics features may predict HCC
recurrence and treatment response’*”, and are promising as novel biomarkers that may be complementary
to existing serum biomarkers for HCC surveillance and treatment response assessment. However, lack
of reproducibility is a major challenge and further validation studies are needed prior to the adoption of
radiomics in routine clinical practice.
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SUMMARY

Imaging has played a significant role in the advancements of surveillance, diagnosis, and treatment of HCC.
Across all professional societies, ultrasound is the most recognized imaging modality for HCC screening
among at-risk patients. CT and MRI are currently not recommended for surveillance given similar
sensitivities as ultrasound and cost-effectiveness, but recent trials are studying abbreviated MRI protocols
for surveillance. Non-invasive diagnosis of HCC relies heavily on CT and MRI with application of the
LI-RADS in classifying suspicious lesions for HCC. PET imaging is best utilized to identify extrahepatic
metastases but has poor performance for diagnosis of primary HCC. CEUS has also been studied for its
role in HCC diagnosis and is currently accepted as a second line imaging modality in most professional
societies. Imaging with CT and MRI has also been shown to be effective in monitoring treatment response,
with most centers using RECIST or mRECIST for trial analysis.

DECLARATIONS
Authors’ contributions

Conception of manuscript: Singal AG

Drafting of manuscript: Osho A, Rich NE

Critical revisions of manuscript: Rich NE, Singal AG
Administrative support: Singal AG

Availability of data and materials
Not applicable.

Financial support and sponsorship

Dr. Singal’s research is supported in part by NIH (Ro1 CA212008, and Ro1 CA222900). The content is
solely the responsibility of the authors and does not necessarily represent the official views of the National
Institutes of Health.

Conflicts of interest

Dr. Singal AG has served on advisory boards or as consultant for Genentech, Bayer, Eisai, Exelixis, BMS,
Merck, Wako Diagnostics, Glycotest, Exact Sciences, Roche, and TARGET Pharmasolutions. Other authors
declared that there are no conflicts of interest.

Ethical approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Copyright
© The Author(s) 2020.

REFERENCE

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, et al. Global cancer statistics 2018: GLOBOCAN estimates of incidence and
mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin 2018;68:394-424.

2. Marrero JA, Kulik LM, Sirlin CB, Zhu AX, Finn RS, et al. Diagnosis, staging, and management of hepatocellular carcinoma: 2018
Practice Guidance by the American Association for the Study of Liver Diseases. Hepatology 2018;68:723-50.

3. European Association for the Study of the Liver. European association for the study of the liver. EASL Clinical practice guidelines:
management of hepatocellular carcinoma. J Hepatol 2018;69:182-236.

4. Zhang BH, Yang BH, Tang ZY. Randomized controlled trial of screening for hepatocellular carcinoma. J Cancer Res Clin Oncol
2004;130:417-22.



Page 12 of 15 Osho et al. Hepafoma Res 2020;6:55 | http://dx.doi.org/10.20517/2394-5079.2020.42

5.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

Singal AG, Pillai A, Tiro J. Early detection, curative treatment, and survival rates for hepatocellular carcinoma surveillance in patients
with cirrhosis: a meta-analysis. PLoS Med 2014;11:¢1001624.

Omata M, Cheng AL, Kokudo N, Kudo M, Lee JM, et al. Asia-Pacific clinical practice guidelines on the management of hepatocellular
carcinoma: a 2017 update. Hepatol Int 2017;11:317-70.

Kokudo N, Takemura N, Hasegawa K, Takayama T, Kubo S, et al. Clinical practice guidelines for hepatocellular carcinoma: the Japan
Society of Hepatology 2017 (4th JSH-HCC guidelines) 2019 update. Hepatol Res 2019;49:1109-13.

Tzartzeva K, Obi J, Rich NE, Parikh ND, Marrero JA, et al. Surveillance imaging and alpha fetoprotein for early detection of
hepatocellular carcinoma in patients with cirrhosis: a meta-analysis. Gastroenterology 2018;154:1706-18.¢1.

Jeong WK. Surveillance of hepatocellular carcinoma: is only ultrasound enough? Clin Mol Hepatol 2017;23:222-3.

Lee CI, Chen LE, Elmore JG. Risk-based breast cancer screening: implications of breast density. Med Clin North Am 2017;101:725-41.
Berg WA, Blume JD, Cormack JB, Mendelson EB. Operator dependence of physician-performed whole-breast US: lesion detection and
characterization. Radiology 2006;241:355-65.

Madjar H, Rickard M, Jellins J, Otto R. IBUS guidelines for the ultrasonic examination of the breast. Eur J Ultrasound 1999;9:99-102.
Choi EJ, Lee EH, Kim YM, Chang YW, Lee JH, et al; on the behalf of the Alliance for Breast Cancer Screening in Korea (ABCS-K).
Interobserver agreement in breast ultrasound categorization in the Mammography and Ultrasonography Study for Breast Cancer
Screening Effectiveness (MUST-BE) trial: results of a preliminary study. Ultrasonography 2019;38:172-80.

Finberg HJ. Whither (wither?) the ultrasound specialist? J Ultrasound Med 2004;23:1543-7.

Simmons O, Fetzer DT, Yokoo T, Marrero JA, Yopp A, et al. Predictors of adequate ultrasound quality for hepatocellular carcinoma
surveillance in patients with cirrhosis. Aliment Pharmacol Ther 2017;45:169-77.

Mellinger JL, Shedden K, Winder GS, Tapper E, Adams M, et al. The high burden of alcoholic cirrhosis in privately insured persons in
the United States. Hepatology 2018;68:872-82.

Perumpail BJ, Khan MA, Yoo ER, Cholankeril G, Kim D, et al. Clinical epidemiology and disease burden of nonalcoholic fatty liver
disease. World J Gastroenterol 2017;23:8263-76.

Schoenberger H, Fetzer D, Yokoo T, Marrero J, Singal AG. Correlates of ultrasound quality for HCC surveillance in patients with
cirrhosis. Gastroenterology 2020;158:S-91.

Santagostino E, Colombo M, Rivi M, Rumi MG, Rocino A, et al; Study Group of the Association of Italian Hemophilia Centers. A
6-month versus a 12-month surveillance for hepatocellular carcinoma in 559 hemophiliacs infected with the hepatitis C virus. Blood
2003;102:78-82.

Rich NE, John BV, Parikh ND, Rowe I, Mehta N, et al. Hepatocellular carcinoma demonstrates heterogeneous growth patterns in a multi-
center cohort of patients with cirrhosis. Hepatology 2020; doi: 10.1002/hep.31159.

Santi V, Trevisani F, Gramenzi A, Grignaschi A, Mirici-Cappa F, et al; Italian Liver Cancer (ITA.LI.CA) Group. Semiannual surveillance
is superior to annual surveillance for the detection of early hepatocellular carcinoma and patient survival. J Hepatol 2010;53:291-7.
Trinchet JC, Chaffaut C, Bourcier V, Degos F, Henrion J, et al; Groupe d’Etude et de Traitement du Carcinome Hépatocellulaire
(GRETCH). Ultrasonographic surveillance of hepatocellular carcinoma in cirrhosis: a randomized trial comparing 3- and 6-month
periodicities. Hepatology 2011;54:1987-97.

Rich N, Singal AG. Hepatocellular carcinoma tumour markers: current role and expectations. Best Pract Res Clin Gastroenterol
2014;28:843-53.

Gopal P, Yopp AC, Waljee AK, Chiang J, Nehra M, et al. Factors that affect accuracy of a-fetoprotein test in detection of hepatocellular
carcinoma in patients with cirrhosis. Clin Gastroenterol Hepatol 2014;12:870-7.

Yang JD, Dai J, Singal AG, Gopal P, Addissie BD, et al. Improved performance of serum alpha-fetoprotein for hepatocellular carcinoma
diagnosis in HCV cirrhosis with normal alanine transaminase. Cancer Epidemiol Biomarkers Prev 2017;26:1085-92.

Minami T, Tateishi R, Kondo M, Nakagomi R, Fujiwara N, et al. Serum alpha-fetoprotein has high specificity for the early detection of
hepatocellular carcinoma after hepatitis C virus eradication in patients. Medicine (Baltimore) 2015;94:¢901.

Wong GL, Chan HL, Tse YK, Chan HY, Tse CH, et al. On-treatment alpha-fetoprotein is a specific tumor marker for hepatocellular
carcinoma in patients with chronic hepatitis B receiving entecavir. Hepatology 2014;59:986-95.

Atiq O, Tiro J, Yopp AC, Muffler A, Marrero JA, et al. An assessment of benefits and harms of hepatocellular carcinoma surveillance in
patients with cirrhosis. Hepatology 2017;65:1196-205.

Berhane S, Toyoda H, Tada T, Kumada T, Kagebayashi C, et al. Role of the GALAD and BALAD-2 serologic models in diagnosis of
hepatocellular carcinoma and prediction of survival in patients. Clin Gastroenterol Hepatol 2016;14:875-86.e6.

Best J, Bechmann LP, Sowa JP, Sydor S, Dechéne A, et al. GALAD score detects early hepatocellular carcinoma in an international
cohort of patients with nonalcoholic steatohepatitis. Clin Gastroenterol Hepatol 2020;18:728-35.e4.

Yang JD, Addissie BD, Mara KC, Harmsen WS, Dai J, et al. GALAD score for hepatocellular carcinoma detection in comparison with
liver ultrasound and proposal of GALADUS score. Cancer Epidemiol Biomarkers Prev 2019;28:531-8.

Ye Q, Ling S, Zheng S, Xu X. Liquid biopsy in hepatocellular carcinoma: circulating tumor cells and circulating tumor DNA. Mol Cancer
2019;18:114.

Ahn JC, Teng PC, Chen PJ, Posadas E, Tseng HR, et al. Detection of circulating tumor cells and their implications as a novel biomarker
for diagnosis, prognostication, and therapeutic monitoring in hepatocellular carcinoma. Hepatology 2020; doi: 10.1002/hep.31165.
Chalasani NP, Ramasubramanian T, Bruinsma JJ, et al. Combined methlylated DNA and protein markers: An accurate blood-based test
for early stage detection of hepatocellular carcinoma, In American Association for the Study of Liver Diseases: Hepatology 2019; 70(S1):
72A-73A. Available from https://aasldpubs.onlinelibrary.wiley.com/doi/10.1002/hep.30940 [Last accessed on 26 Aug 2020]

Pocha C, Dieperink E, McMaken KA, Knott A, Thuras P, et al. Surveillance for hepatocellular cancer with ultrasonography vs. computed



Osho et al. Hepatoma Res 2020;6:55 | http://dx.doi.org/10.20517/2394-5079.2020.42 Page 13 of 15

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

tomography -- a randomised study. Aliment Pharmacol Ther 2013;38:303-12.

Harris PS, Hansen RM, Gray ME, Massoud OI, McGuire BM, et al. Hepatocellular carcinoma surveillance: an evidence-based approach.
World J Gastroenterol 2019;25:1550-9.

Andersson KL, Salomon JA, Goldie SJ, Chung RT. Cost effectiveness of alternative surveillance strategies for hepatocellular carcinoma
in patients with cirrhosis. Clin Gastroenterol Hepatol 2008;6:1418-24.

Kim SY, An J, Lim YS, Han S, Lee JY, et al. MRI with liver-specific contrast for surveillance of patients with cirrhosis at high risk of
hepatocellular carcinoma. JAMA Oncol 2017;3:456-63.

Kim HL, An J, Park JA, Park SH, Lim YS, et al. Magnetic resonance imaging is cost-effective for hepatocellular carcinoma surveillance
in high-risk patients with cirrhosis. Hepatology 2019;69:1599-613.

Lee JY, Huo EJ, Weinstein S, Santos C, Monto A, et al. Evaluation of an abbreviated screening MRI protocol for patients at risk for
hepatocellular carcinoma. Abdom Radiol (NY) 2018;43:1627-33.

Khatri G, Pedrosa I, Ananthakrishnan L, de Leon AD, Fetzer DT, et al. Abbreviated-protocol screening MRI vs. complete-protocol
diagnostic MRI for detection of hepatocellular carcinoma in patients with cirrhosis: An equivalence study using LI-RADS v2018. ] Magn
Reson Imaging 2020;51:415-25.

Park HJ, Jang HY, Kim SY, Lee SJ, Won HJ, et al. Non-enhanced magnetic resonance imaging as a surveillance tool for hepatocellular
carcinoma: comparison with ultrasound. J Hepatol 2020;72:718-24.

An C, Kim DY, Choi JY, Han KH, Roh YH, et al. Noncontrast magnetic resonance imaging versus ultrasonography for hepatocellular
carcinoma surveillance (MIRACLE-HCC): study protocol for a prospective randomized trial. BMC Cancer 2018;18:915.

Kim HA, Kim KA, Choi JI, Lee JM, Lee CH, et al. Comparison of biannual ultrasonography and annual non-contrast liver magnetic
resonance imaging as surveillance tools for hepatocellular carcinoma in patients with liver cirrhosis (MAGNUS-HCC): a study protocol.
BMC Cancer 2017;17:877.

Hoshida Y, Villanueva A, Sangiovanni A, Sole M, Hur C, et al. Prognostic gene expression signature for patients with hepatitis C-related
early-stage cirrhosis. Gastroenterology 2013;144:1024-30.

Ioannou GN, Green P, Kerr KF, Berry K. Models estimating risk of hepatocellular carcinoma in patients with alcohol or NAFLD-related
cirrhosis for risk stratification. J Hepatol 2019;71:523-33.

Goossens N, Bian CB, Hoshida Y. Tailored algorithms for hepatocellular carcinoma surveillance: Is one-size-fits-all strategy outdated?
Curr Hepatol Rep 2017;16:64-71.

Singal AG, Yopp A, S Skinner C, Packer M, Lee WM, et al. Utilization of hepatocellular carcinoma surveillance among American
patients: a systematic review. J Gen Intern Med 2012;27:861-7.

Singal AG, Li X, Tiro J, Kandunoori P, Adams-Huet B, et al. Racial, social, and clinical determinants of hepatocellular carcinoma
surveillance. Am J Med 2015;128:90.e1-7.

Farvardin S, Patel J, Khambaty M, Yerokun OA, Mok H, et al. Patient-reported barriers are associated with lower hepatocellular
carcinoma surveillance rates in patients with cirrhosis. Hepatology 2017;65:875-84.

Simmons OL, Feng Y, Parikh ND, Singal AG. Primary care provider practice patterns and barriers to hepatocellular carcinoma
surveillance. Clin Gastroenterol Hepatol 2019;17:766-73.

Beste LA, Ioannou GN, Yang Y, Chang MF, Ross D, et al. Improved surveillance for hepatocellular carcinoma with a primary care-
oriented clinical reminder. Clin Gastroenterol Hepatol 2015;13:172-9.

Singal AG, Tiro JA, Murphy CC, Marrero JA, McCallister K, et al. Mailed outreach invitations significantly improve HCC surveillance
rates in patients with cirrhosis: a randomized clinical trial. Hepatology 2019;69:121-30.

Singal AG, Tiro JA, Marrero JA, McCallister K, Mejias C, et al. Mailed outreach program increases ultrasound screening of patients with
cirrhosis for hepatocellular carcinoma. Gastroenterology 2017;152:608-15.e4.

Fetzer DT, Rodgers SK, Harris AC, Kono Y, Wasnik AP, et al. Screening and surveillance of hepatocellular carcinoma: an introduction to
ultrasound liver imaging reporting and data system. Radiol Clin North Am 2017;55:1197-209.

Marrero JA, Hussain HK, Nghiem HV, Umar R, Fontana RJ, et al. Improving the prediction of hepatocellular carcinoma in cirrhotic
patients with an arterially-enhancing liver mass. Liver Transpl 2005;11:281-9.

Tang A, Bashir MR, Corwin MT, Cruite I, Dietrich CF, et al; LI-RADS Evidence Working Group. Evidence supporting LI-RADS major
features for CT- and MR imaging-based diagnosis of hepatocellular carcinoma: a systematic review. Radiology 2018;286:29-48.

Elsayes KM, Kielar AZ, Chernyak V, Morshid A, Furlan A, et al. LI-RADS: a conceptual and historical review from its beginning to its
recent integration into AASLD clinical practice guidance. J Hepatocell Carcinoma 2019;6:49-69.

van der Pol CB, Lim CS, Sirlin CB, McGrath TA, Salameh JP, et al. Accuracy of the liver imaging reporting and data system in
computed tomography and magnetic resonance image analysis of hepatocellular carcinoma or overall malignancy-a systematic review.
Gastroenterology 2019;156:976-86.

Shao S, Liang Y, Kuang S, Chen J, Shan Q, et al. Diagnostic performance of LI-RADS version 2018 in differentiating hepatocellular
carcinoma from other hepatic malignancies in patients with hepatitis B virus infection. Bosn J Basic Med Sci 2020;20:401-10.

Roberts LR, Sirlin CB, Zaiem F, Almasri J, Prokop LJ, et al. Imaging for the diagnosis of hepatocellular carcinoma: a systematic review
and meta-analysis. Hepatology 2018;67:401-21.

Lee YJ, Lee JM, Lee JS, Lee HY, Park BH, et al. Hepatocellular carcinoma: diagnostic performance of multidetector CT and MR
imaging-a systematic review and meta-analysis. Radiology 2015;275:97-109.

Kim JY, Kim MJ, Kim KA, Jeong HT, Park YN. Hyperintense HCC on hepatobiliary phase images of gadoxetic acid-enhanced MRI:
correlation with clinical and pathological features. Eur J Radiol 2012;81:3877-82.



Page 14 of 15 Osho et al. Hepafoma Res 2020;6:55 | http://dx.doi.org/10.20517/2394-5079.2020.42

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

71.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.
90.

91.

92.

93.

94.

Sirlin CB, Hussain HK, Jonas E, Kanematsu M, Min Lee J, et al. Consensus report from the 6th International forum for liver MRI using
gadoxetic acid. ] Magn Reson Imaging 2014;40:516-29.

Lu RC, She B, Gao WT, Ji YH, Xu DD, et al. Positron-emission tomography for hepatocellular carcinoma: Current status and future
prospects. World J Gastroenterol 2019;25:4682-95.

Brix G, Ziegler SI, Bellemann ME, Doll J, Schosser R, et al. Quantification of [(18)F]FDG uptake in the normal liver using dynamic PET:
impact and modeling of the dual hepatic blood supply. J Nucl Med 2001;42:1265-73.

Waudel LJ Jr., Delbeke D, Morris D, Rice M, Washington MK, et al. The role of [18F]fluorodeoxyglucose positron emission tomography
imaging in the evaluation of hepatocellular carcinoma. Am Surg 2003;69:117-24; discussion 124-6.

Jadvar H. Hepatocellular carcinoma and gastroenteropancreatic neuroendocrine tumors: potential role of other positron emission
tomography radiotracers. Semin Nucl Med 2012;42:247-54.

Ehman EC, Johnson GB, Villanueva-Meyer JE, Cha S, Leynes AP, et al. PET/MRI: Where might it replace PET/CT? J Magn Reson
Imaging 2017;46:1247-62.

Hernandez R, Sun H, England CG, Valdovinos HF, Ehlerding EB, et al. CD146-targeted immunoPET and NIRF imaging of hepatocellular
carcinoma with a dual-labeled monoclonal antibody. Theranostics 2016;6:1918-33.

Jo PC, Jang HJ, Burns PN, Burak KW, Kim TK, et al. Integration of contrast-enhanced US into a multimodality approach to imaging of
nodules in a cirrhotic liver: how I do it. Radiology 2017;282:317-31.

Kim TK, Noh SY, Wilson SR, Kono Y, Piscaglia F, et al. Contrast-enhanced ultrasound (CEUS) liver imaging reporting and data system
(LI-RADS) 2017 - a review of important differences compared to the CT/MRI system. Clin Mol Hepatol 2017;23:280-9.

Zhang J, Yu 'Y, Li'Y, Wei L. Diagnostic value of contrast-enhanced ultrasound in hepatocellular carcinoma: a meta-analysis with evidence
from 1998 to 2016. Oncotarget 2017;8:75418-26.

Bartolotta TV, Taibbi A, Midiri M, Lagalla R. Contrast-enhanced ultrasound of hepatocellular carcinoma: where do we stand?
Ultrasonography 2019;38:200-14.

Aubé C, Oberti F, Lonjon J, Pageaux G, Seror O, et al; CHIC Group. EASL and AASLD recommendations for the diagnosis of HCC to
the test of daily practice. Liver Int 2017;37:1515-25.

Vilana R, Forner A, Bianchi L, Garcia-Criado A, Rimola J, et al. Intrahepatic peripheral cholangiocarcinoma in cirrhosis patients may
display a vascular pattern similar to hepatocellular carcinoma on contrast-enhanced ultrasound. Hepatology 2010;51:2020-9.

Chen LD, Xu HX, Xie XY, Xie XH, Xu ZF, et al. Intrahepatic cholangiocarcinoma and hepatocellular carcinoma: differential diagnosis
with contrast-enhanced ultrasound. Eur Radiol 2010;20:743-53.

Wildner D, Pfeifer L, Goertz RS, Bernatik T, Sturm J, et al. Dynamic contrast-enhanced ultrasound (DCE-US) for the characterization of
hepatocellular carcinoma and cholangiocellular carcinoma. Ultraschall Med 2014;35:522-7.

Chen LD, Ruan SM, Liang JY, Yang Z, Shen SL, et al. Differentiation of intrahepatic cholangiocarcinoma from hepatocellular carcinoma
in high-risk patients: a predictive model using contrast-enhanced ultrasound. World J Gastroenterol 2018;24:3786-98.

Shiina S, Teratani T, Obi S, Sato S, Tateishi R, et al. A randomized controlled trial of radiofrequency ablation with ethanol injection for
small hepatocellular carcinoma. Gastroenterology 2005;129:122-30.

Liu D, Fong DY, Chan AC, Poon RT, Khong PL. Hepatocellular carcinoma: surveillance CT schedule after hepatectomy based on risk
stratification. Radiology 2015;274:133-40.

Pavel MC, Fuster J. Expansion of the hepatocellular carcinoma Milan criteria in liver transplantation: Future directions. World J
Gastroenterol 2018;24:3626-36.

Yao FY, Mehta N, Flemming J, Dodge J, Hameed B, et al. Downstaging of hepatocellular cancer before liver transplant: long-term
outcome compared to tumors within Milan criteria. Hepatology 2015;61:1968-77.

Yao FY, Xiao L, Bass NM, Kerlan R, Ascher NL, et al. Liver transplantation for hepatocellular carcinoma: validation of the UCSF-
expanded criteria based on preoperative imaging. Am J Transplant 2007;7:2587-96.

Kardashian A, Florman SS, Haydel B, Ruiz RM, Klintmalm GB, et al. Liver transplantation outcomes in a U.S. multicenter cohort of 789
patients with hepatocellular carcinoma presenting beyond milan criteria. Hepatology 2020; doi: 10.1002/hep.31210.

Mehta N, Heimbach J, Harnois DM, Sapisochin G, Dodge JL, et al. Validation of a risk estimation of tumor recurrence after transplant
(RETREAT) score for hepatocellular carcinoma recurrence after liver transplant. JAMA Oncol 2017;3:493-500.

Eisenhauer EA, Therasse P, Bogaerts J, Schwartz LH, Sargent D, et al. New response evaluation criteria in solid tumours: revised
RECIST guideline (version 1.1). Eur J Cancer 2009;45:228-47.

Bruix J, Sherman M, Llovet JM, Beaugrand M, Lencioni R, et al. Clinical management of hepatocellular carcinoma. conclusions of the
barcelona-2000 EASL conference. J Hepatol 2001;35:421-30.

Lencioni R, Llovet JM. Modified RECIST (mRECIST) assessment for hepatocellular carcinoma. Semin Liver Dis 2010;30:52-60.
Gillmore R, Stuart S, Kirkwood A, Hameeduddin A, Woodward N, et al. EASL and mRECIST responses are independent prognostic
factors for survival in hepatocellular cancer patients treated with transarterial embolization. J Hepatol 2011;55:1309-16.

Fournier L, Ammari S, Thiam R, Cuénod CA. Imaging criteria for assessing tumour response: RECIST, mRECIST, Cheson. Diagn Interv
Imaging 2014;95:689-703.

Llovet JM, Ricci S, Mazzaferro V, Hilgard P, Gane E, et al; SHARP Investigators Study Group. Sorafenib in advanced hepatocellular
carcinoma. N Engl J Med 2008;359:378-90.

Cheng A, Kang Y, Chen Z, Tsao C, Qin S, et al. Efficacy and safety of sorafenib in patients in the Asia-Pacific region with advanced
hepatocellular carcinoma: a phase III randomised, double-blind, placebo-controlled trial. Lancet Oncol 2009;10:25-34.

Abou-Alfa GK, Meyer T, Cheng AL, El-Khoueiry AB, Rimassa L, et al. Cabozantinib in patients with advanced and progressing



Osho et al. Hepatoma Res 2020;6:55 | http://dx.doi.org/10.20517/2394-5079.2020.42 Page 15 of 15

95.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.
106.

107.

108.

109.

hepatocellular carcinoma. N Engl J Med 2018;379:54-63.

Bruix J, Qin S, Merle P, Granito A, Huang Y, et al. Regorafenib for patients with hepatocellular carcinoma who progressed on sorafenib
treatment (RESORCE): a randomised, double-blind, placebo-controlled, phase 3 trial. Lancet 2017;389:56-66.

Kudo M, Finn RS, Qin S, Han K, Ikeda K, et al. Lenvatinib versus sorafenib in first-line treatment of patients with unresectable
hepatocellular carcinoma: a randomised phase 3 non-inferiority trial. Lancet 2018;391:1163-73.

Edeline J, Boucher E, Rolland Y, Vauléon E, Pracht M, et al. Comparison of tumor response by response evaluation criteria in solid
tumors (RECIST) and modified RECIST in patients treated with sorafenib for hepatocellular carcinoma. Cancer 2012;118:147-56.

Kudo M, Finn RS, Qin S, Han K, Ikeda K, et al. Analysis of survival and objective response (OR) in patients with hepatocellular
carcinoma in a phase III study of lenvatinib (REFLECT). JCO 2019;37:186.

Llovet JM, Montal R, Villanueva A. Randomized trials and endpoints in advanced HCC: role of PFS as a surrogate of survival. J Hepatol
2019;70:1262-77.

Bangaru S, Marrero JA, Singal AG. Review article: new therapeutic interventions for advanced hepatocellular carcinoma. Aliment
Pharmacol Ther 2020;51:78-89.

El-khoueiry AB, Melero I, Yau TC, Crocenzi TS, Kudo M, et al. Impact of antitumor activity on survival outcomes, and nonconventional
benefit, with nivolumab (NIVO) in patients with advanced hepatocellular carcinoma (aHCC): Subanalyses of CheckMate-040. JCO
2018;36:475.

Grierson P, Crites D, Ruzinova MB, Yano M, Lim KH. Distinct clinical and magnetic resonance features of metastatic hepatocellular
carcinoma treated with pembrolizumab: a case report of late response after pseudoprogression. Hepatol Commun 2018;2:148-51.

Wong DJ, Lee J, Choo SP, Thng CH, Hennedige T. Hyperprogressive disease in hepatocellular carcinoma with immune checkpoint
inhibitor use: a case series. Immunotherapy 2019;11:167-75.

Seymour L, Bogaerts J, Perrone A, Ford R, Schwartz LH, et al. iRECIST: guidelines for response criteria for use in trials testing
immunotherapeutics. Lancet Oncol 2017;18:e143-52.

Henze J, Maintz D, Persigehl T. RECIST 1.1, irRECIST 1.1, and mRECIST: how to do. Curr Radiol Rep 2016;4.

Edeline J, Karwal M, Zhu AX, Finn RS, Cattan S, et al. RECIST v1.1 and irRECIST outcomes in advanced HCC treated with
pembrolizumab (pembro). JCO 2020;38:528.

Zwanenburg A, Vallieres M, Abdalah MA, Aerts HIWL, Andrearczyk V, et al. The image biomarker standardization initiative:
standardized quantitative radiomics for high-throughput image-based phenotyping. Radiology 2020;295:328-38.

Kim Y, Furlan A, Borhani AA, Bae KT. Computer-aided diagnosis program for classifying the risk of hepatocellular carcinoma on MR
images following liver imaging reporting and data system (LI-RADS). ] Magn Reson Imaging 2018;47:710-22.

Hectors SJ, Lewis S, Besa C, King MJ, Said D, et al. MRI radiomics features predict immuno-oncological characteristics of hepatocellular
carcinoma. Eur Radiol 2020;30:3759-69.



