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Abstract

Over the past 16 years, several scientific organizations have
proposed systems that incorporate imaging for surveillance,
diagnosis, staging, treatment, and monitoring of treatment
response of hepatocellular carcinoma (HCC). These systems
are needed to standardize the acquisition, interpretation, and
reporting of liver imaging examinations; help differentiate
benign from malignant observations; improve consistency
between radiologists; and provide guidance for management
of HCC. This review article discusses the historical evolution
of HCC imaging systems. We indicate the features differenti-
ating these systems, including targetpopulation, screeningand
surveillance algorithm, diagnostic imaging modalities, diag-
nostic scope, expertise and technical requirements, terminol-
ogy, major and ancillary imaging features, staging and
transplant eligibility, and assessment of treatment response.
We highlight the potential benefits of unifying the systems,
which we anticipate will enable sharing, pooling, and meta-
analysis of data; facilitate multi-center trials; and accelerate
dissemination of knowledge.
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Hepatocellular carcinoma (HCC) has high incidence and
high mortality. It is the sixth most common malignancy
worldwide and the second most common cause of mor-
tality from cancer [1]. Prior to the widespread adoption
of systematic screening and surveillance in patients at
risk for HCC, the mortality attributed to HCC was
similar to its incidence [2]. In 1990, the age-adjusted
mortality rate of liver cancer was 3.6 per 100,000 people
and the incidence was 3.9 per 100,000 people [3].
Unscreened patients present with symptomatic advanced
disease for which there are no effective options; with a
dismal prognosis, such patients usually die within one
year of presentation. By comparison, diagnosis of HCC
at an early stage, accompanied by potentially effective
and sometimes even curative therapy, can markedly im-
prove patient survival [4]. The 5-year survival markedly
improved after the mid-1990s with the introduction of
systematic screening and surveillance for HCC [3]. For-
mal surveillance was advocated in a seminal paper on
clinical management of HCC written after the European
Association for the Study of the Liver (EASL) Barcelona
conference [5]. The committee of experts on HCC was
composed of hepatologists, oncologists, hepatobiliary
surgeons, and radiologists [5].

Improvements in HCC mortality have in part been
attributed to the critical role that imaging now plays in
the screening, surveillance, diagnosis, staging, manage-
ment (treatment selection, eligibility, and priority for li-
ver transplantation) [6, 7], and monitoring (assessment of
treatment response) of HCC. In parallel to the growing
role of liver imaging in patients at risk for developing
HCC, several international scientific organizations and
societies have proposed systems for the interpretation of
imaging examinations performed for HCC surveillance
and diagnosis, staging and treatment planning, and
assessment of treatment response [8–24]. Reflecting the
state of radiology knowledge and technical state of the
art, these systems have been developed to standardize the
acquisition, interpretation, and reporting of liver imaging
examinations, improve consistency between radiologists,
and provide guidance for HCC management.

Over the past 16 years, 14 scientific organizations and
societies (three from Europe, six from Asia, four from
North America, and one by a global organization) have
published systems that include imaging-based criteria for
diagnosis of HCC. Nine of these systems have been up-
dated over time to reflect the evolution in imaging
technique and advances in understanding of HCC
imaging. Except for LI-RADS which has been designed

primarily by radiologists, other systems have been
developed by hepatologists, gastroenterologists, oncolo-
gists, and hepatobiliary transplant surgeons. However,
radiologists who interpret liver imaging examinations
should be familiar with the diagnostic systems used in
their geographical area because surveillance recommen-
dations, diagnostic criteria, and transplant eligibility
criteria very between different geographical areas. By
understanding the differences between HCC imaging
systems, radiologists will appreciate the potential benefit
of a unified HCC system.

The purpose of this study is to review the historical
evolution of HCC imaging systems by explaining why
they exist, how they differ, and what they contain. We
also highlight the potential benefits of unifying the var-
ious systems.

Why do HCC imaging systems exist?

More than 50% of patients with HCC present with an
intermediate or advanced tumor stage [25]. While ther-
apeutic options are limited for those who present with
advanced disease at presentation, several options
including curative therapy exist for those presenting with
very early or early stage disease [8, 9]. The 1-year survival
rate of HCC was 25% in 1992 and has improved to 47%
in 2004, an improvement attributed to diagnosis of HCC
at an early stage [2]. Further, the combination of early
detection of HCC and curative therapy has improved the
5-year survival from 40% to 70% [26, 27].

The ability to diagnose HCC early depends on
screening for detection of existing cases, and enrollment
into a surveillance program to detect new cases. HCC
screening and surveillance includes blood tests (typically
alpha-fetoprotein), imaging tests, or combination of
both. The use of blood tests for screening and surveil-
lance of HCC remains controversial [8, 9]. Although al-
pha-fetoprotein appears to be the single most useful
biomarker for detection of HCC, current Western
guidelines have excluded alpha-fetoprotein because of its
limited accuracy [8, 13]. At a threshold of 20 ng/mL, the
per-patient sensitivity of 59% is too low for screening
purpose despite a specificity of 90% [28]. At a lower
threshold of 10.3 ng/mL, the sensitivity is slightly im-
proved to 70% but at the expense of lower specificity at
82% [28]. According to a comprehensive meta-analysis
on imaging modalities for detection of HCC, ultrasound
without contrast had a per-patient pooled sensitivity of
78% and pooled specificity of 89%, whereas CT had a
pooled per-patient sensitivity of 84% and specificity of
99% [29]. Because of their higher sensitivities, imaging
tests are preferred over blood tests for screening and
surveillance in at-risk patients [8, 9, 13].

In turn, patients with positive screening test results
must undergo more comprehensive imaging to confirm
the diagnosis. Liver biopsy was previously the historical
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reference standard for diagnosis ofHCC.However, unlike
tissue sampling of superficial organs (e.g., breast or thy-
roid) or fine needle aspiration of deeper organs reachable
by endoscopic approaches (e.g., pancreas), biopsy of focal
liver lesions is associated with additional risks and com-
plications. This includes a 2.5% risk of significant bleeding
attributable to the hypervascular nature of HCCs [30] and
a 0.06% risk of mortality [31], a 10%–30% risk of false-
negative biopsies in patients with HCC [32–34], a 1.6% to
5.1% risk of tumor seeding along the biopsy tract [35–38],
and the risk of upstaging disease in liver transplant can-
didates [39]. Because of these concerns, the majority of
HCCs are now diagnosed by imaging alone, a trend that
has progressed over the last two decades [40]. Nowadays,
biopsy of focal liver lesions is reserved for equivocal cases,
including those where malignancy other than HCC is part
of the differential diagnosis, and research protocols that
require histological proof of cancer.

In a diagnostic (i.e., non-surveillance) setting, con-
trast-enhanced ultrasound has a per-lesion sensitivity of
75% and specificity of 97%, CT a sensitivity of 76% and
specificity of 89%, and MRI a sensitivity of 83% and
specificity of 87% according to the meta-analysis cited
above [29]. While these numbers represent pooled esti-
mates of diagnostic performance from studies performed
over a period covering almost two decades, more recent
literature indicates that stringent imaging-based diag-
nostic criteria are able to achieve near-100% specificity
for non-invasive diagnosis of HCC [41].

To achieve consistent imaging-based diagnosis of
HCC, formal systems have been introduced to stan-
dardize the acquisition, interpretation, and reporting of
liver imaging examinations (Table 1). As discussed in the
next section, there are regional variations in the various
imaging systems which might be attributed to geographic
variation in the distribution of risk factors, patient
population, and incidence of HCC. These diagnostic
systems have become increasingly sophisticated over
time, and many have been updated in parallel with ad-

vances in radiological knowledge, better understanding
of HCC pathophysiology, and technological capabilities
(Fig. 1). For example, the earliest systems emphasized
only arterial phase hyperenhancement for the diagnosis
of HCC [5], whereas subsequent updates and newer
systems [8, 13, 42] have incorporated washout appear-
ance and other imaging features observable with multi-
phasic acquisitions, higher spatial resolution, and new
contrast agents. In addition, HCC imaging systems
provide management guidance at different steps of the
clinical care continuum—screening, surveillance, diag-
nosis, staging, treatment selection, treatment guidance,
and treatment response monitoring. Further, these
diagnostic systems have helped formalize a central role
for radiologists in HCC management by assigning them
the responsibility to detect suspected HCC on screening
or surveillance examinations and to verify the diagnosis
of HCC on call-back examinations. Lesions that meet
diagnostic criteria for HCC qualify for tumor staging
and are discussed in the setting of multidisciplinary tu-
mor boards to identify the most appropriate treatment
for individual patients.

How do HCC imaging systems differ?

Designs of the imaging systems vary in several ways.
HCC imaging systems differ in their target population,
clinical context (screening, surveillance, diagnosis, stag-
ing, assessment of treatment response), technical
requirements and specifications, intended users, termi-
nology, clinical, cultural and socioeconomic context,
breadth, and level of complexity. Differences are sum-
marized in Table 2 and discussed below.

Patient population

Although all current diagnostic systems apply to pa-
tients with cirrhosis or other risk factors for developing

Table 1. List of hepatocellular carcinoma (HCC) imaging systems (listed in alphabetical order within each continent)

Systems Abbreviations Region References

American Association for the Study of Liver Diseases AASLD North America [8, 9]
Asian Oncology Summit AOS Asia [10]
Asian Pacific Association for the Study of the Liver APASL Asia [11]
Belgian Association for the Study of the Liver BASL Europe [12]
European Association for the Study of the Liver-European

Organization for Research and Treatment of Cancer
EASL-EORTC Europe [13]

European Society for Medical Oncology ESMO Europe [14, 15]
Japanese HCC guidelines J-HCC Asia [16, 17]
Japan Society of Hepatology JSH Asia [18]
Korean Liver Cancer Study Group and the National Cancer Center KLCSG-NCC Asia [19]
Liver Imaging Reporting and Data System LI-RADS North America [20]
National Comprehensive Cancer Network NCCN North America [21]
Saudi Gastroenterology Association SGA Asia [22]
United Network for Organ Sharing and Organ Procurement and

Transplantation Network
UNOS-OPTN North America [23]

World Gastroenterology Organisation WGO Developing countries [24]
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HCC, they differ in how patients are selected. For
example, with the exception of cirrhosis due to a vas-
cular disorder (e.g., Budd–Chiari, hereditary hemor-
rhagic telangiectasia, nodular regenerative hyperplasia
or cardiac cirrhosis), cirrhosis due to congenital hepatic
fibrosis, or in pediatric patients [43], the CT/MRI
diagnostic system advocated by LI-RADS applies to all
cirrhotic and other high-risk patients, regardless of
whether they previously underwent ultrasound screen-
ing. By comparison, most other systems (European
Association for the Study of the Liver-European
Organization for Research and Treatment of Cancer
[EASL-EORTC] [13], American Association for the
Study of Liver Diseases [AASLD] [9], Japan Society of
Hepatology [JSH] [18], and Asian Pacific Association
for the Study of the Liver [APASL] [11]) apply only to
patients with positive screening or surveillance tests
subsequently called back for diagnostic imaging tests.
One system, United Network for Organ Sharing and
Organ Procurement and Transplantation Network
(UNOS-OPTN), applies only to liver transplant candi-
dates with HCC [23]. The differences in patient selec-
tion are pertinent because they affect the pre-test
probability of disease and so the positive predictive
value of a test. Hence, the diagnostic performance re-
ported for one system’s imaging criteria may not apply
to another system intended for a different patient
population [44, 45].

Screening and surveillance algorithm

Several systems (EASL-EORTC, AASLD, National
Comprehensive Cancer Network [NCCN], and LI-
RADS) provide screening and surveillance algorithms.
These describe the frequency of periodic ultrasound,
sometimes in combination with serum tumor biomarkers
[9, 13, 20, 21], as well as the recommended management
based on test results. Some systems embed the surveil-
lance algorithm within a larger diagnostic algorithm [8,
13, 18], whereas others have separate surveillance algo-
rithms [20, 21].

For example, AASLD recommends ultrasound every
6 months in at-risk patients [8]; EASL-EORTC recom-
mends ultrasound every 6 months in at-risk patients,
ultrasound every 3–4 months when a nodule smaller than
1 cm has been detected and in the follow-up after
resection or locoregional therapies, and CT or MRI for
patients on waiting list for liver transplantation and
when technical factors prevent adequate ultrasound
assessment [13].

Diagnostic imaging modalities and techniques

All current systems recommend multiphase computed
tomography (CT) or magnetic resonance imaging (MRI)
as first-line diagnostic imaging modalities. Some systems
recommend specific modalities for second-line imaging:
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Fig. 1. Timeline of hepatocellular carcinoma (HCC) imaging systems.
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CEUS [11, 18], SPIO-enhanced MRI [11], hepatobiliary
phase MRI with gadoxetate [18–20], and CT during
hepatic arteriography (CTHA) and CT during arterial
portography (CTAP) [18]. LI-RADS does not differen-
tiate between first-line and second-line modalities, pro-

viding diagnostic imaging algorithms for all major
modalities and agents available in the United States for
HCC imaging, as there is insufficient evidence, especially
in the community setting, to preferentially recommend
particular modalities or agents.

Table 2. Summary of differences in hepatocellular carcinoma (HCC) imaging systems

Features Description

Patient population Systems target different patient populations:
� LI-RADS defines different patient populations for screening and surveillance, diagnosis and

staging, and treatment response monitoring [20]
� UNOS-OPTN is targeted to liver transplant candidates [23]
� Several systems (EASL-EORTC, AASLD, JSH, and APASL) are intended for patients with a

positive screening or surveillance test who are subsequently evaluated with diagnostic
imaging [9, 11, 13, 18]

Screening and surveillance algorithm Several systems (EASL-EORTC, AASLD, NCCN, and LI-RADS) include a screening and
surveillance algorithm or embed a surveillance algorithm within a larger diagnostic system [9,
13, 20, 21] but some do not

Diagnostic imaging modalities and techniques � All current systems recommend multiphase CT or MRI
� LI-RADS includes diagnostic imaging algorithms for CT, MRI with extracellular agents,

MRI with hepatobiliary agents, and CEUS [20]
� Some systems also recommend the use of second-line imaging modalities: CEUS (JSH and

APASL) [11, 18], SPIO-enhanced MRI (APASL) [11], hepatobiliary phase MRI with
gadoxetate (JSH) [18], and CTHA and CTAP (JSH) [18]

Diagnostic scope Systems vary in their diagnostic scope:
� Focus on distinction between HCC vs. non-HCC or broad coverage of the whole spectrum of

liver lesions [20]
� LI-RADS requires arterial phase hyperenhancement for definite diagnosis of HCC, although

iso- or hypoenhancing observations may qualify as probable HCC [20]
� Western systems address HCCs with arterial phase hyperenhancement [9, 13, 21, 23]
� Asian systems address HCCs that are hypo, iso, or hyperenhancing [11, 18, 19]

Contrast agents All current systems recommend extracellular contrast agents for multiphase CT and MRI
Some systems recommend alternative contrast agents that reveal different aspects of the

underlying tumor biology:
� Hepatobiliary contrast agents reflect hepatocellular uptake (JSH, KLCSG, LI-RADS) [18–

20]
� SPIO and Kupffer agents reflect uptake by reticulo-endothelial system (APASL) [11]

Diagnostic and technical expertise Systems vary in the level of diagnostic and technical requirements:
� LI-RADS is intended for ‘‘community and academic radiologists’’ [20]
� AASLD is intended for ‘‘radiologists with extensive expertise in liver imaging’’ [8], OPTN for

‘‘approved transplant centers’’ [23], and EASL-EORTC for ‘‘centers of excellence with high-
end radiological equipment’’ [13]

� Other systems do not specify requirements in diagnostic or technical expertise
Terminology Systems vary substantially in terminology:

� LI-RADS stratifies the spectrum from benign to HCC into 5 levels
� Other systems have a binary classification

Major imaging features Systems vary in their imaging requirements for the diagnosis of definite HCC:
� Arterial phase hyperenhancement
� Observation diameter
� Capsule appearance
� Washout appearance
� Threshold growth

Ancillary imaging features Only LI-RADS currently includes ancillary features [20]
Whereas other systems focus on major imaging features and do not include ancillary features

Staging, management, and transplant eligibility Systems vary in their approach to tumor staging, recommended treatment approaches for each
stage, and transplant eligibility criteria:

� The radiologic T-staging system is used by OPTN [23] and LI-RADS [20]
� The BCLC staging system is used by EASL-EORTC [13] and AASLD [8, 9]
� The mUICC staging system is used by KLCSG [19]

Treatment response Systems vary in their approach to assessment of tumor response:
� Use of RECIST or modified RECIST is advocated by EASL-EORTC [13], AASLD [9], and

KLCSG [19]
� A treatment response algorithm is advocated by LI-RADS [20]

Advances in knowledge Newer systems or version updates tend to integrate advances in radiology knowledge into their
diagnostic criteria

Technological advances Newer systems or version updates tend to integrate new imaging modalities and contrast agents
into their diagnostic algorithms

Treatment practices Treatment practices vary between geographical areas:
� In North America, high specificity is favored for transplant eligibility
� In Asia, high sensitivity is favored for detection of early HCC

A. Tang et al.: Hepatocellular carcinoma imaging systems 7



Diagnostic scope

Diagnostic imaging systems vary in their diagnostic
scope. LI-RADS primarily targets radiologists who
encounter the whole spectrum of observations seen in the
liver, including pseudolesions and lesions (non-tumoral
lesions and masses). Other systems, which were designed
as practice guidelines for clinicians, focus instead on the
distinction between definitely HCC and not definitely
HCC.

All Western systems currently address only HCCs
with arterial phase hyperenhancement [8, 9, 13, 20, 21,
23] and do not permit the diagnosis of HCC for lesions
without this feature, although LI-RADS does allow
arterial phase iso- or hypoenhancing observations to
qualify as probable HCC [20]. In contrast, Asian systems
provide criteria for hypo, iso, or hyperenhancing HCCs
[11, 18, 19]. The differences in diagnostic scope and de-
sign of criteria are motivated by different priorities in
treatment practices between geographic areas (discussed
below).

Contrast agents

All current systems recommend extracellular agents for
multiphase contrast-enhanced CT or MRI. JSH,
KLCSG, and LI-RADS provide guidance for hepato-
biliary contrast agents [18–20], whereas APASL provides
guidance for superparamagnetic iron oxides (SPIO) and
Kupffer cell agents [11]. These variations reflect regional
differences in the availability of contrast agents. These
alternative contrast agents reveal different aspects of the
underlying tumor biology: decrease uptake of the hepa-
tobiliary contrast agents or decrease uptake of SPIO and
Kupffer cell agents by reticulo-endothelial system during
hepatocarcinogenesis.

Diagnostic and technical expertise

Systems vary in the level of diagnostic and technical
requirements. LI-RADS is intended for both ‘‘commu-
nity and academic radiologists’’ [20]. Other systems ei-
ther do not mention their target audience or are designed
specifically for specialists. AASLD is intended for ‘‘ra-
diologists with extensive expertise in liver imaging’’ [8],
OPTN for ‘‘approved transplant centers’’ [23], and
EASL-EORTC for ‘‘centers of excellence with high-end
radiological equipment’’ [13].

Terminology

Systems vary widely in their terminology, reflecting the
inconsistent and imprecisely defined language encoun-
tered in the radiology literature.

LI-RADS introduced a standardized lexicon of pre-
cisely defined terms supported by diagrams and an

imaging atlas [20]. Different from most other HCC
diagnostic systems, LI-RADS codifies the confidence of
benign versus malignant into 5 levels, ranging from
definitely benign to definitely HCC. Uniquely, LI-RADS
also provides other categories for suspected non-HCC
malignancy and for designating an observation uninter-
pretable due to image omission or degradation. Other
systems, by comparison, provide a binary approach in
which lesions are either definitely HCC or not definitely
HCC.

Major imaging features of HCC

Systems vary in their imaging requirements for the
diagnosis of definite HCC. Although all systems recog-
nize that the combination of arterial phase hyperen-
hancement and washout appearance constitutes a
hallmark feature of definite HCC, they differ in their
specific requirements. Unlike Western systems, for
example, Asian systems do not mandate arterial phase
hyperenhancement for the definite diagnosis of HCC [11,
18, 19], as discussed above.

Except for guidelines by the JSH and APASL, which
permit the diagnosis of definite HCC regardless of size
[11, 18], all guidelines impose a minimal observation
diameter of 10 mm as a requirement for definite HCC
diagnosis. In addition, EASL-EORTC, LI-RADS, and
OPTN systems stratify the risk of HCC with an addi-
tional size threshold for observations equal or larger than
20 mm [13, 20, 23] or 50 mm [23].

Capsule appearance constitutes a major imaging
feature of HCC in two systems (LI-RADS and OPTN)
[20, 23].

Threshold growth also constitutes a major imaging
feature of HCC in LI-RADS and OPTN [20, 23].
However, the definitions differ. LI-RADS defines
threshold growth as a ‘‘diameter increase of a mass by a
minimum of 5 mm and by at least 50% if time interval
is 6 months or less or by at least 100% diameter in-
crease if more than 6 months.’’ In addition, a new mass
that measures at least 10 mm also represents threshold
growth if previously not seen within 24 months. In
contrast, OPTN recognizes threshold growth only as
‡50% increase in size in £6 months. This has implica-
tion for OPTN staging and conversion of LI-RADS to
OPTN classes as discussed by Tang et al. in this special
issue [46].

Ancillary imaging features of HCC

LI-RADS is the only system that integrates ancillary
features that modulate the probability of HCC [20].
Some of these ancillary features favor malignancy in
general, some favor HCC in particular, and others favor
benign entities.
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Staging and transplant eligibility

Systems vary in their approach to tumor staging, rec-
ommended treatment approaches for each stage, and
transplant eligibility criteria. The radiologic T-staging
system is advocated by OPTN and LI-RADS [20, 23], the
Barcelona Clinic Liver Cancer (BCLC) staging system by
EASL-EORTC and AASLD [8, 9, 13], and the Modified
Union for International Cancer Control (mUICC) by
KLCSG [19].

HCC tumor stages eligible for liver transplantation
are further discussed by Tang et al. [46].

Treatment response

Systems vary in their approach to treatment response
assessment. The new treatment response algorithm [20]
advocated by LI-RADS v2017 is further discussed by
Do et al. in this special issue. AASLD advocates RE-
CIST and references mRECIST, EASL-EORTC advo-
cates the use of mRECIST, and KLCSG advocates
both RECIST and mRECIST [8, 9, 13, 19, 47, 48].
Hence, systems reference RECIST, mRECIST, or both.
Such references imply tacit endorsement of RECIST
and/or mRECIST, but the endorsement is not made
explicit and therefore subject to interpretation. More-
over, since KLCSG references both RECIST and
mRECIST, there is ambiguity regarding which partic-
ular system to use.

Advances in knowledge and technology

Newer systems tend to integrate advances in radiology
knowledge from the scientific literature, including from
other diagnostic systems, into their own diagnostic cri-
teria. Further, regularly updated systems are more likely
to reflect the current state of the art in imaging inter-
pretation, and to integrate new imaging modalities, se-
quences, and contrast agents into their diagnostic
algorithms. This is reflected in the technical requirements
specified by LI-RADS and OPTN [20, 23].

From a historical perspective, different regions
worldwide have adapted guidelines that best suit their
local practices given geographic differences in patient
population, etiology of liver disease, policies on organ
transplantation, imaging resources, and technology. The
guidelines have been updated and modified over time as
new data and evidence accrue, and as the aforementioned
factors change and evolve.

For example, in 2001, given the rising incidence of
HCC as well as existing controversies regarding its
diagnosis and management, the EASL organized a
Monothematic Conference on Clinical Management of
Hepatocellular Carcinoma in 2001. It was at this con-
ference that the first non-invasive criteria for HCC

diagnosis based on imaging were developed, and the
concept of arterial phase hyperenhancement (APHE)
introduced, in the EASL 2001 guidelines [5].

By 2005, imaging technology had evolved to include
contrast-enhanced ultrasound, multidetector computed
tomography (CT), and dynamic magnetic resonance
imaging (MRI). Emerging evidence demonstrated that
the dynamic vascular pattern of HCC could be assessed
using these imaging modalities, in particular APHE fol-
lowed by washout appearance. Recognizing these ad-
vances in technology and new evidence, the AASLD
amended the EASL 2001 imaging criteria, and intro-
duced the concept of APHE and washout appearance as
a hallmark feature of HCC, in the AASLD 2005 guide-
lines [42].

As of 2010, the AASLD 2005 concept of APHE and
washout appearance being a hallmark feature of HCC
had been validated. New evidence, however, demon-
strated that at contrast ultrasound, intrahepatic cholan-
giocarcinoma (ICC) in cirrhosis might show a similar
enhancement pattern as HCC, i.e., APHE followed by
washout appearance. The AASLD amended its guideli-
nes accordingly, and the AASLD 2010 guidelines no
longer recommended contrast ultrasound for the diag-
nosis of HCC [8].

UNOS-OPTN is the network in the United States
that develops policies that determine eligibility and pri-
ority for organ transplantation. Because there are not
enough livers for all patients that require liver transplant,
in 2011 UNOS-OPTN developed stringent diagnostic
criteria for liver transplant candidates with HCC. The
criteria aimed at high specificity of HCC diagnosis so as
to prevent high-risk liver transplantation procedures in
patients with false-positive diagnoses of HCC [49].

Recognizing the need for an imaging system that
addresses the entire spectrum of liver findings in patients
at risk for HCC, and the need for standardized termi-
nology with a lexicon and an illustrative atlas, the LI-
RADS system was developed in 2011 and has undergone
regular updates (2013, 2014, and 2017) that take into
account new evidence and technological advances. For
example, unlike the initial LI-RADS 2011 version, the
current LI-RADS 2017 version incorporates imaging
criteria for hepatobiliary agents and contrast-enhanced
ultrasound [20].

Treatment practices

The design of imaging systems is influenced by treatment
practices which vary between geographic areas. In North
America, the diagnostic criteria are intentionally de-
signed to achieve high specificity (rather than high sen-
sitivity) for the diagnosis of definite HCC [20, 23, 50].
Since patients with definite HCC may undergo liver
transplantation for curative therapy based on imaging
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alone, stringent diagnostic criteria are used to avoid
false-positive HCC diagnoses [51].

In Asia, diagnostic criteria favor high sensitivity for
detection of early HCC [11, 18, 19]. This is justified by
the larger use of locoregional ablative therapies such as
percutaneous ethanol injection, radiofrequency ablation,
and transarterial chemoembolization [52].

What do HCC imaging systems
contain?

As summarized in Table 3, these systems may have sev-
eral components: description of the patient population,
inclusion of surveillance algorithm, diagnostic criteria,
diagnostic algorithm, diagnostic table, ancillary features,
tumor staging (either in the form of table or diagrams),
assessment of treatment response, management guideli-
nes, reporting guidelines, standardized lexicon, imaging
atlas, and technical requirements.

LI-RADS v2017 integrates many components found
in other systems as well as unique components (e.g., le-
vels of confidence that correspond to management op-
tions, ancillary features, reporting guidelines,
standardized lexicon, and imaging atlas).

Potential benefits of unification
and standardization of HCC imaging
systems

There are several potential benefits of unification and
standardization of HCC imaging systems. Adoption of
standard terminology would facilitate communication

between radiologists and with other stakeholders:
pathologists, hepatologists, and hepatobiliary surgeons.
This would also facilitate dissemination of knowledge
and adoption of research findings from other institutions
adopting the same terminology. A standard terminology
has the potential to reduce variability between radiolo-
gists, as inter-reader agreement has already been shown
to be moderate to excellent for major imaging features
[53–56].

System unification also will facilitate development of
common data registries; data sharing, pooling, and meta-
analysis; multi-center observational studies and clinical
trials; trials; and scientific knowledge dissemination.

Based on this historical perspective, we anticipate that
the future will see the development of a single unified
system for international use. Developing such a system
will require international feedback and leverage the pool
of international talent, expertise, and perspective on
HCC imaging and patient care. For reasons discussed
above, we anticipate that standardized terminology
should be adopted first, both in research and clinical
care. Standardization of technical requirements, diag-
nostic criteria and algorithm, treatment response assess-
ment criteria and algorithm, and management guidelines
would then follow. The unification and standardization
of HCC imaging systems will require identification of
potential barriers to adoption of the unified system in
different geographic areas. Ultimately, such a unified
system will share core components with appropriate
adjustments to optimize local healthcare systems, clinical
practices, and resources.

Table 3. Components defined in major hepatocellular carcinoma (HCC) imaging systems

Region Asia Europe North America

Components JSH 2014
[18]

APASL
2010 [11]

KLCSG-NCC
2015 [19]

EASL-EORTC
2012 [13]

AASLD
2011 [8]

UNOS-OPTN
2017 [23]a

LI-RADS
2017 [20]

Population + + + + + + +
Surveillance algorithm + - - + + - +
Diagnostic criteria + + + + + + +
Diagnostic algorithm + + + + + - +
Diagnostic table - - - - - + +
Ancillary features - - - - - - +
Tumor staging - - mUICC

and BCLC
BCLC BCLC Radiologic

T-staging system
Radiologic

T-staging system
Treatment response

monitoring
+ - + + + - +

Management + + + + + ± +
Reporting guidelines - - - - - - +
Standardized lexicon - - - - - - +
Imaging atlas - - - - - - +
Technical requirements - - - - - + +

a UNOS-OPTN applies to United States only
mUICC, modified Union for International Cancer Control; BCLC Barcelona clinic liver cancer staging system
A plus (+) sign indicates that this component is present and a minus (-) sign that it is absent from the corresponding imaging system
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Conclusion

Over the past 16 years, several scientific organizations
have proposed systems that incorporate imaging for
surveillance, diagnosis, staging, treatment, and moni-
toring of treatment response of HCC. These systems
have been developed to standardize the acquisition,
interpretation, and reporting of liver imaging examina-
tions; help differentiate benign from malignant obser-
vations; improve consistency between radiologists; and
provide guidance for management of HCC. The designs
of these systems vary between geographic areas to ad-
dress different target populations, resources, and treat-
ment practices. These systems contain many components
and have evolved to incorporate advances in radiological
knowledge and technological capabilities.
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