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Evidence Supporting LI-RADS
Major Features for CT- and MR
Imaging-based Diagnosis of
Hepatocellular Carcinoma:

A Systematic Review!
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The Liver Imaging Reporting and Data System (LI-RADS)
standardizes the interpretation, reporting, and data col-
lection for imaging examinations in patients at risk for he-
patocellular carcinoma (HCC). It assigns category codes
reflecting relative probability of HCC to imaging-detected
liver observations based on major and ancillary imaging
features. LI-RADS also includes imaging features suggest-
ing malignancy other than HCC. Supported and endorsed
by the American College of Radiology (ACR), the system
has been developed by a committee of radiologists, hepa-
tologists, pathologists, surgeons, lexicon experts, and
ACR staff, with input from the American Association for
the Study of Liver Diseases and the Organ Procurement
Transplantation Network/United Network for Organ Shar-
ing. Development of LI-RADS has been based on literature
review, expert opinion, rounds of testing and iteration,
and feedback from users. This article summarizes and as-
sesses the quality of evidence supporting each LI-RADS
major feature for diagnosis of HCC, as well as of the LI-
RADS imaging features suggesting malignancy other than
HCC. Based on the evidence, recommendations are pro-
vided for or against their continued inclusion in LI-RADS.

©RSNA, 2017

Online supplemental material is available for this article.
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maging plays a critical role in the

management of hepatocellular car-

cinoma (HCC) in at-risk patients.
In contrast to other cancers, imaging
is frequently used to establish the di-
agnosis of HCC noninvasively (1,2).
Further, if a definitive diagnosis can be
established by means of imaging, clini-
cal practice guidelines do not mandate
pathologic confirmation prior to treat-
ment (3-9).

Since 2001, numerous international
scientific organizations and societies
have proposed imaging-based systems
for the diagnosis of HCC (10). Over
time, these diagnostic systems have
grown in sophistication and rigor, in-
corporating combinations of imaging
features on various modalities into
diagnostic algorithms. Despite their
advancement over the years, these
imaging-based  diagnostic  systems
have some persistent limitations and
inconsistencies.

In 2008, the American College of
Radiology convened a committee to

®m Arterial phase hyperenhancement
(APHE) is a sensitive imaging
feature for progressed hepatocel-
lular carcinoma (HCC) in at-risk
patients and, in combination
with “washout,” provides high
specificity.

B [arger observation diameter is a
predictor of malignancy and facil-
itates noninvasive imaging diag-
nosis of HCC in at-risk patients.

® Washout appearance, in combi-
nation with APHE, provides high
positive predictive value for HCC
in at-risk patients.

B Based on limited evidence,
capsule appearance provides high
specificity for HCC at-risk
patients.

B Although prospectively validated
estimates of diagnostic accuracy
are lacking, indirect evidence
and biologic plausibility indicate
that growth is a feature of malig-
nancy and helps to differentiate
HCC from benign entities.

develop a standardized Liver Imaging
Reporting and Data System (LI-RADS)
for interpretation, reporting, and data
collection of imaging studies in patients
at risk for developing HCC (1). The
committee was composed mainly of di-
agnostic radiologists, but also hepatol-
ogists, surgeons, pathologists, and in-
terventional radiologists. In addition to
establishing a standardized lexicon and
comprehensive imaging algorithm with
high specificity for HCC, the commit-
tee was motivated to maintain congru-
ence with the HCC diagnostic imaging
components of the American Associ-
ation for the Study of Liver Diseases
(AASLD) and the Organ Procurement
and Transplantation Network/United
Network for Organ Sharing (OPTN/
UNOS) systems (4,11,12).

In this narrative review, we summa-
rize and assess the quality of evidence
supporting each LI-RADS major feature
for diagnosis of HCC, as well as of the
LI-RADS imaging features suggesting
malignancy other than HCC. Based on
the evidence, we provide recommen-
dations for or against their continued
inclusion in the LI-RADS version 2017
update. Since the focus is on major fea-
tures, this review does not address the
evidence related to ancillary features,
including transitional phase or hepato-
biliary phase hypointensity, which can
only be seen with the use of hepatobili-
ary contrast agents.

This systematic review was developed
by the LI-RADS Evidence Working
Group. The study protocol was not
registered. The topics for the review
were chosen by members of the Work-
ing Group based on priorities identi-
fied by internal survey. The Working
Group was divided into six subgroups,
each comprising three or four mem-
bers and each assigned to a different
topic—either one of the five LI-RADS
major features (arterial phase hyper-
enhancement [APHE], observation di-
ameter, washout appearance, capsule
appearance, threshold growth) or
to the LI-RADS feature set suggest-
ing non-HCC malignancy. While the

selection of five major features was
based on expert opinion, the litera-
ture review was performed to ensure
that imaging-based diagnostic criteria
were able to achieve near-100% spec-
ificity for the noninvasive diagnosis
of HCC. This review focused on the
evidence supporting the inclusion of
imaging features and did not attempt
to gather evidence on the composition
of the LI-RADS diagnostic algorithm
and probability of HCC for different
combinations of criteria (other than
the hallmark combination of APHE
and washout appearance) in the LI-
RADS diagnostic table.

Each subgroup was charged with
developing key research questions and
then critically reviewing the literature
to answer research questions themati-
cally related to its assigned topic.

Search Strategy

The PICO (patient population, inter-
vention, comparison, and outcome)
format frequently used in structured re-
views does not lend itself well to studies
of diagnostic performance. Rather than
using PICO-style questions to guide
the searches, therefore, the subgroups
formulated free-form questions in ad-
vance with feedback from the other
subgroups. A total of 10 questions were
formulated under the framework and
with the understanding that their an-
swers would inform recommendations
for removing or continuing to include
the corresponding LI-RADS features.
After the questions were formulated,
each subgroup searched the PubMed

https://doi.org/10.1148/radiol.2017170554
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Diseases
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HCC = hepatocellular carcinoma

ICC = intrahepatic cholangiocarcinoma

LI-RADS = Liver Imaging Reporting and Data System

OPTN/UNOS = Organ Procurement and Transplantation
Network/United Network for Organ Sharing

TVDT = tumor volume doubling time
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database using the search queries listed
in Appendix E1 (online) and without
publication date restrictions. Restric-
tions were applied to only include stud-
ies pertaining to humans and published
in English.

Inclusion Criteria and Data Extraction

Publications resulting from the search-
es were assessed by members of each
working subgroup. Inclusion was based
on title or abstract. Disagreements in
the inclusion process were resolved by
consensus discussion within each work-
ing group. For each LI-RADS major
imaging features and imaging features
suggesting malignancy other than HCC,
the authors reviewed the full-text arti-
cles to summarize (a) the biologic basis
and rationale, (b) evidence supporting
or refuting their continued inclusion, (c)
estimates of diagnostic performance or
tumor volume doubling time, and (d)
knowledge gaps.

Three challenges were encountered
by every subgroup in its literature re-
view. One challenge was that source
manuscripts used inconsistent terminol-
ogy. To address terminology differences
and achieve internal consistency, the
subgroup members in consensus con-
verted the source terms to their closest
LI-RADS equivalents. Another challenge
was that source manuscripts used dif-
ferent reference standards. Accordingly,
each subgroup was instructed to accept
composite reference standards—that is,
including a combination of follow-up im-
aging and pathology, even if the details
varied across studies. A third challenge
was that most studies reported the per-
formance of features in a limited number
of combinations. The combinations were
not consistent across studies, it was not
possible to extract the performance of
individual features, and not all possible
feature combinations were analyzed. For
many manuscripts, moreover, the ratio-
nale for selecting particular feature com-
binations was not provided, including
whether the combinations were selected
a priori or only after data analysis.

Quality Assessment

Based on its review, each subgroup sum-
marized and assessed the quality of the

evidence supporting inclusion of its as-
signed feature or feature set. Recommen-
dations then were issued according to the
Grades of Recommendation Assessment,
Development, and Evaluation (GRADE)
system, as this is used by the AASLD
for developing its newest clinical prac-
tice guidelines (13,14). Members of the
LI-RADS Evidence Working Group voted
independently and were blinded to each
other’s votes via SurveyMonkey on the
quality of evidence and strength of rec-
ommendations reported below. The op-
tions that gathered the most votes were
selected. The GRADE benchmarks and
survey results are reported in Appendix
E2 (online).

LI-RADS Major Imaging Criteria

1. Arterial Phase Hyperenhancement

Literature review question.—Should
APHE be included as a major imaging
criterion for the diagnosis of HCC?

Definition.—In LI-RADS, APHE re-
fers to the presence of non-rimlike en-
hancement in all or part of an observation
in the arterial phase that is unequivocally
greater than that of the liver. To qualify,
the enhancing portion must have higher
intensity (magnetic resonance [MR] im-
aging) or attenuation (computed tomog-
raphy [CT]) than background liver in the
arterial phase (Fig 1). APHE (not rim)
must be distinguished from rim APHE,
which is a spatially defined subtype of
APHE in which arterial phase enhance-
ment is most pronounced in observa-
tion periphery. Unlike APHE, which is a
major feature of HCC (discussed in this
section), rim APHE suggests malignancy
other than HCC (discussed in the section
on imaging features suggesting malig-
nancy other than HCC).

Biologic basis and rationale.—The
biologic basis of APHE as a major fea-
ture of HCC is that during hepatocar-
cinogenesis the intranodular blood sup-
ply undergoes characteristic changes
that eventually culminate in elevated
arterial flow (15,16). Initially, precur-
sor nodules such as dysplastic nodules
and early HCCs have similar or even
lower arterial flow than background
liver. As nodules advance to progressed

(overtly malignant) HCC, they develop
high arterial flow due to angiogenesis
and formation of nontriadal or un-
paired neoarteries (15). The formation
of neoarteries and the accompanying
high arterial flow manifests as APHE at
dynamic imaging.

Evidence.—The search query iden-
tified 342 studies. After reviewing the
abstracts, 18 studies were considered
relevant and the full text of each was
reviewed. Among the included studies,
14 were retrospective and four were
prospective.

Six studies reported that APHE
is more sensitive than other dynamic
contrast enhancement features (eg,
washout appearance, capsule appear-
ance) for diagnosis of progressed (ie,
malignant neoplasm with ability to in-
vade vessels and metastasize) HCC,
with reported sensitivities ranging from
65% to 96% (17-22). Because of its
high reported sensitivity for progressed
HCC, APHE has been included in vir-
tually all imaging algorithms for HCC.
The majority of diagnostic studies listed
in Table 1 were retrospective, however,
and are prone to incorporation and ver-
ification bias. As a result, the perfor-
mance reported in the radiology litera-
ture for APHE for detecting progressed
HCC may be overestimated. Supporting
this supposition, studies using explant
pathology have reported a lower overall
sensitivity of 74%, ranging from 43%
to 53% for lesions smaller than 1 cm
(23,24). Studies validated by means
of explant pathology may reflect more
closely the sensitivity for detecting HCC
as they are less confounded by verifi-
cation bias, although selection bias re-
mains a potential problem. Overcoming
selection bias is a persistent challenge
for radiology research, as it is neither
ethical nor feasible to biopsy all nodules
or to explant every liver.

Compared with its sensitivity for
progressed HCC, APHE has low sensi-
tivity for early, very well differentiated
HCCs due to incomplete neovascular-
ization and for poorly differentiated
HCCs due to conversion to glycolytic
metabolism and shut down of angiogen-
esis, but the exact sensitivities in these
lesions is unclear (25).

Radiology: \olume 286: Number 1—dJanuary 2018 = radiology.rsna.org
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Figure 1:  (a) Schematic of APHE (arrows). (b) Images in a 53-year-old man with HCC and hepatitis C virus cirrhosis. T1-weighted three-dimensional gradient-
recalled echo images with fat suppression obtained in (from left to right) unenhanced, late arterial, portal venous, and 3-minute delayed phases after administration
of gadolinium-based contrast agent show APHE (arrow) in the late arterial phase. LI-RADS schematic reproduced with permission from the American College of
Radiology.

Table 1

Diagnostic Performance of APHE

Study and Reference No. No. of Patients/No. of Nodules Modality Unit of Analysis AUC Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Oliver et al (19) 42/157 CT Per nodule 76
Yamashita et al (20) 42/72 CT Per nodule 0.87
MR imaging Per nodule 0.96
Laghi et al (131) 77/140 CT Per nodule 87 94
Lee etal (18) 51/51 CT Per patient 96
Forner et al (29) 89/89 MR imaging Per patient 85 90 94 74
Pitton et al (132) 28/162 CT Per nodule 74
MR imaging Per nodule 98
Sangiovanni et al (21) 64/67 CT Per nodule 65 81 85 59
MR imaging Per nodule 66 62 72 54
Kim et al (17) 96/116 MR imaging Per nodule 84 75 67 89
Rimola et al (22) 159/159 MR imaging Per patient 85 64 81 7
An et al (38) 86/135 MR imaging Per nodule 76 97 99 55

Note.—AUC = area under the receiver operating characteristic curve, PPV = positive predictive value, NPV = negative predictive value.
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Figure 2:  Schematic of observation diameter indicating measurement conventions recommended in LI-RADS (arrows). LI-RADS schematic reproduced with permis-

sion from the American College of Radiology.

Another limitation is that APHE
lacks specificity for HCC, as this fea-
ture can be present in benign entities
such as hemangiomas and perfusion
anomalies, premalignant lesions such
as dysplastic nodules, and non-HCC
malignant lesions such as intrahepatic
cholangiocarcinomas (ICCs) (although
rim APHE is observed with ICCs). For
these reasons, the positive predictive
value of APHE is not sufficient for it to
be a sole diagnostic imaging criterion
for HCC. In studies that have included
lesions other than HCC, the posi-
tive predictive value of APHE ranges
65%-81% (22,26-28), indicating that
a meaningful number of observations
with APHE are not HCC.

Combining APHE and “washout”
increases specificity for the diagnosis
of HCC (26). Many studies have shown
high specificities and positive predic-
tive value, varying from 81% to 100%
and from 87% to 100%, respectively,
with acceptable sensitivities, varying
from 43% to 98%, when liver nodules
demonstrated both APHE and washout
(21,22,29-31). However, this increase
in specificity is associated with a reduc-
tion in sensitivity, especially in smaller-
sized lesions, where washout is less
pronounced and APHE may be the only
major feature present (22,29,30,32).

Knowledge gaps.—APHE has been
included in virtually all imaging algo-
rithms for HCC (4,11,33-37). Never-
theless, further research is necessary
to evaluate diagnostic performance of
APHE according to cirrhosis severity,
imaging modality, and type of contrast

agent. According to LI-RADS, APHE
may be in whole or in part; the per-
formance of APHE in whole and APHE
in part should be investigated inde-
pendently. The sensitivity and posi-
tive predictive value of APHE should
be assessed in studies controlling ver-
ification and incorporation bias. Pro-
spective studies are needed with in-
clusion of a suitably large number of
representative benign and malignant
non-HCC lesions in addition to HCCs
spanning the carcinogenesis spectrum.
The sensitivity of APHE for early HCC
or for some highly aggressive infiltra-
tive HCCs should be clarified. Future
research is needed to determine if the
diagnosis of HCC in these cases can
be established reliably in the absence
of APHE. APHE can be missed due to
arterial phase mistiming. Research is
needed to assess whether emerging
high-temporal-resolution MR imag-
ing techniques that improve arterial
phase capture increase the sensitivity
of APHE for detecting HCC. In the ma-
jority of studies, APHE has been as-
sessed on the native contrast-enhanced
images rather than subtraction images
(38); thus, the incremental value of
subtractions is not well understood.

Summary.—APHE is a sensitive im-
aging feature for progressed HCC in at-
risk patients and, in combination with
“washout,” provides high specificity.

Recommendation:

1. APHE should be a major crite-
rion for the diagnosis of HCC.

Quality of evidence: Moderate.

Strength of recommendation: Strong.

2. Observation Diameter

Literature  review  questions.—(a)
Should observation diameter be in-
cluded as a major imaging feature for
the diagnosis of HCC? (b) What par-
ticular sequence or phase for diameter
should be used for measurement?

Definition.—In LI-RADS, diameter
is defined as the largest dimension from
outer edge to outer edge of an obser-
vation (Fig 2). LI-RADS currently uses
two diameter thresholds to stratify the
risk of HCC: 10 and 20 mm.

While many publications have
classified observations by size qualita-
tively (eg, “small” HCC), the qualitative
meanings have evolved in parallel with
improvements in imaging technology.
HCCs were considered “small” if small-
er than 50 mm in the 1980s (39,40),
smaller than 30 mm in the following 2
decades (41-45), and smaller than 20
mm in the most recent publications
(29,46,47). It is therefore preferable
to report observation diameter quanti-
tatively by using a continuous measure
or a precisely defined diameter interval
rather than use qualitative terms.

Biologic basis and rationale.—It is
now well established that in multistep he-
patocarcinogenesis, progressively more
aggressive clonal cell populations acquire
a survival advantage, gradually replace
the neighboring cells, and expand to
form successively less-differentiated nod-
ules. As shown in numerous pathology
studies conducted mainly in the 1980s
and 1990s, premalignant nodules rarely
grow larger than about 15 mm (48-51).
As nodules progress to overt malignancy,

Radiology: \/olume 286: Number 1—January 2018 = radiology.rsna.org
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cellular proliferation increases and the
nodules may grow to larger sizes. Thus,
nonmalignant regenerative and dysplastic
nodules typically are smaller than 15 mm
and rarely exceed 20 mm. By compari-
son, HCCs may span a wide spectrum of
size from tiny to massive.

Evidence.—The search query iden-
tified 247 studies for question 2a. Af-
ter reviewing the abstracts, 31 were
considered relevant and the full text of
each was reviewed. Among the included
studies, 26 were retrospective and five
were prospective.

All included imaging studies showed
an association between nodule diameter
and HCC likelihood in at-risk patients.
The relationship between diameter and
HCC likelihood was observed regardless
of the applied stratification threshold
(nodules = 10 mm versus 11-20 mm
[49], < 10 mm versus 10-15 mm versus
16-20 mm [29], < 13 mm versus = 13
mm [52], and 10-20 mm versus 20-30
mm [533]) and regardless of the refer-
ence standard (histopathologic evalu-
ation alone [49], changes at follow-up
imaging [52], or composite [29,53]).

In addition to its biologic basis, size
contributes to the diagnosis of HCC
due to a technical consideration: larger
observations are easier to detect and
characterize with imaging techniques,
thus reducing both false-negative and
false-positive results. Several studies
have shown higher sensitivity with larger
observation diameters for different size
stratification thresholds: (< 10 mm ver-
sus 11-20 mm [49], < 10 mm versus
10-20 mm versus = 20 mm [54,55],
< 20 mm versus = 20 mm [56-59]).
This has been shown in the setting of
single-center studies (49,54,56,57) and
in meta-analyses (55,58,59) of diagnos-
tic test accuracy. Similarly, studies have
reported either an increase in specificity
(60) or similar specificity (57,61) with
larger observation size. A meta-anal-
ysis by Chou et al has found increases
in pooled specificity from 86% to 90%
with CT and from 95% to 98% with
MR imaging for observations 10-20 mm
versus greater than 20 mm (62). In 102
patients undergoing liver transplantation
based on clinical and radiologic findings,
pathologic examination of the explanted

livers showed lower false-positive rates
with increasingly larger size stratifica-
tion thresholds: 10 mm or less versus
20 mm or less versus 30 mm or less
versus greater than 30 mm (60). Since
both sensitivity and specificity tend to be
higher for larger lesions, overall diagnos-
tic accuracy tends to be better (58,63).
Higher areas under the receiver oper-
ating characteristic curves have been
achieved for diagnosis of HCCs of all size
than for tumors 15 mm or smaller (63).

Six articles relevant to question 2b
were identified (64-69). No article as-
sessed the accuracy of imaging phase or
sequence for measuring diameter, since
there is no valid method for establish-
ing the reference value in vivo. Instead,
studies have examined interreader
agreement on assessment of observation
diameter (64-68). These studies report
near-perfect agreement on observation
diameter, with intraclass correlation co-
efficients between 0.94 and 0.98 for re-
peatability of observation diameter be-
tween dynamic imaging phases (66) and
k of 0.99 for agreement on the vascular
phase that best demonstrated the obser-
vation (65,67). However, these studies
relied on an observation atlas depicting
individual observations (66) or on the
single series that provided the best visu-
alization (65,67). Among those studies,
only one analyzed the effect of vascular
phase on reader agreement: Davenport
et al (66) found that the agreement was
consistent across all vascular phases in
which an observation was visible and
that no vascular phase provided signif-
icantly higher agreement. No study has
assessed the effect of imaging sequence
on diameter agreement.

Knowledge  gaps.—Despite  the
importance of nodule diameter, most
publications in the radiology literature,
even those that have assessed the di-
agnostic value of diameter, have not
described how nodules were measured,
leaving the definition of this critical fea-
ture ambiguous. To address this ambi-
guity, LI-RADS has provided a precise
definition of diameter and advocates
measuring observation diameter on the
sequence, phase, and imaging plane in
which the margins are most sharply
demarcated and in which there is no

anatomic distortion. Since the apparent
diameter in the arterial phase may be
affected by the exact timing of image
acquisition and perilesional enhance-
ment, LI-RADS recommends diameter
measurement in nonarterial phases
whenever possible, even though this
does not affect reader agreement as
shown by Davenport et al (66). By com-
parison, the OPTN/UNOS guidelines
require that diameter be measured in
the arterial phase, despite the potential
for timing-related variability. Scientific
evidence is lacking for recommending
a particular sequence, phase, and im-
aging plane for measuring observation
diameter. Further research is needed
to systematically assess sources of vari-
ability—including imaging modality, im-
aging phase, imaging technique, type of
contrast agent, and reader—in measur-
ing observation diameter without prior
selection of image on which measure-
ment should be performed. Research
is also needed to assess the impact on
observation diameter measurement of
multiarterial phase acquisitions by us-
ing emerging high-temporal-resolution
techniques (70,71). These knowledge
gaps also apply to threshold growth as
discussed below.

In 2005, the AASLD selected thresh-
olds of 10 and 20 mm, and these were
subsequently adopted by other organiza-
tions (10). Further research is needed
to determine if these thresholds should
be modified. As technology advances,
the ability to characterize smaller nod-
ules improves. Hence, it is plausible that
smaller thresholds may maintain similar
spectficity while improving sensitivity.

Summary.—Larger observation di-
ameter is a predictor of malignancy and
facilitates noninvasive imaging diagno-
sis of HCC in at-risk patients.

Recommendation:

2a. Observation diameter thresholds
of 10 mm and 20 mm should be a major
criterion for the diagnosis of HCC.

Quality of evidence: Moderate.

Strength of recommendation: Strong.

2b. Observation diameter should
be measured on the sequence or phase
in which the margins are most sharply
demarcated and in which there is no
anatomic distortion.

34

radiology.rsna.org = Radiology: \olume 286: Number 1—January 2018



>
i
S
=
S
o

REVIEW: LI-RADS Major Features for Hepatocellular Carcinoma Diagnosis

Tang et al

Arterial

€C&E
1111

“Washout”
appearance

Quality of evidence: Low.

Strength of recommendation: Weak.

2c. Observation diameter should
not be measured in the arterial phase
if the margins are clearly visualized on
another phase or sequence.

Quality of evidence: Low.

Strength of recommendation: Weak.

3. Washout Appearance

Literature review question.—Should
“washout” be included as a major im-
aging criterion for the diagnosis of
HCC?

Portal Venous Delayed

Definition.—In LI-RADS, washout

appearance or “washout” is defined
as a dual concept that includes (a) vi-
sually assessed temporal reduction in
enhancement relative to liver from an
earlier to a later phase resulting in (b)
extracellular phase hypoenhancement
relative to the background liver (Fig 3).
The extracellular phase is the phase in
which liver enhancement is attributable
mainly to extracellular distribution of a
contrast agent. Operationally, this re-
fers to the portal venous phase and the
3- to S-minute delay if an extracellular

Figure 3: (a) Schematic of APHE (all rows)
and washout appearance (arrows) of entire
observation in portal venous and delayed
phase (top row), washout in delayed phase
(middle row), and washout in delayed phase
relative to liver parenchyma which consists of
nodules and fibrosis (bottom row). (b) Images
in a 57-year-old man with HCC and hepatitis
C virus cirrhosis. Axial CT images obtained in
(from left to right) unenhanced, late arterial,
portal venous, and 3-minute delayed phases
after administration of an iodinated contrast
agent show washout appearance most
conspicuous in the 3-minute delayed phase
(arrow). LI-RADS schematic reproduced with
permission from the American College of
Radiology.

agent or gadobenate is given and to the
portal venous phase only if gadoxetate
is given. Thus, hypointensity in the tran-
sitional phase (which occurs about 2-35
minutes after injection of gadoxetate di-
sodium and corresponds temporally to
the delayed phase after injecting extra-
cellular space agents) does not qualify
as “washout.” If the liver parenchyma
visually consists of both nodules and fi-
brosis, then enhancement of the obser-
vation should be compared with that of
the composite liver tissue (ie, a visual
average of the nodules and fibrosis). If
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Table 2

Diagnostic Performance of Washout Appearance as a Standalone Feature

Study and Reference No.  No. of Patients/No. of Nodules ~ Modality Unit of Analysis  AUC  Sensitivity (%) ~ Specificity (%) PPV (%) NPV (%)
Sangiovanni et al (21) 64/67 CT Per nodule 53 100 100 57
MR imaging Per nodule 59 95 95 61
Kim et al (17) 96/116 MR imaging Per nodule 79 62 55 83
Rimola et al (22) 159/159 MR imaging in portal Per patient 50 89 90 49
venous phase
MR imaging in delayed phase  Per patient 68 88 91 60

Note.—AUC = area under the receiver operating characteristic curve, PPV = positive predictive value, NPV = negative predictive value.

only a portion of the observation shows
APHE, the component with washout
does not need to correspond to the
component that demonstrates APHE,
however the component does need to
enhance from earlier to later phase for
this feature to be present. LI-RADS
advocates the terms washout appear-
ance or “washout” (with quotes) over
washout (without quotes), because—as
discussed below—washout appearance
relies on subjective perception which
may be an optical illusion, rather than
representing true washout.

Biologic basis and rationale.—
“Washout” is considered a strong pre-
dictor and major criterion of HCC for
most imaging algorithms (4,10-12,36).
The visual perception of washout can
result from true de-enhancement of a
nodule, greater enhancement of the sur-
rounding liver, or a combination of both
factors. These in turn have been attrib-
uted to diminished portal venous blood
supply, high tumoral cellularity with
associated small extracellular volume
(15,16,72), and expanded extracellular
space of the surrounding fibrotic liver.
Additionally, the concomitant presence
of capsule appearance may produce an
optical illusion of “washout” not con-
firmed by objective measurement of sig-
nal intensity (68). Finally, intrinsic hy-
poattenuation or hypointensity before
contrast agent injection may contribute
to the perception of “washout.” Based
on current knowledge, washout appear-
ance should be considered absent if its
perception is due entirely to optical il-
lusion from the enhancing capsule (68).
On the other hand, washout appear-
ance should be considered present even

if intrinsic hypoattenuation or hypoin-
tensity is contributory.

Evidence.—The search query iden-
tified 135 studies. After reviewing the
abstracts, 25 studies were considered
relevant and the full text of each re-
viewed. Among the included studies,
18 were retrospective and seven were
prospective.

Included studies reported the di-
agnostic performance of “washout” by
using histopathologic evaluation alone
or a combination of histopathologic
evaluation and follow-up imaging, as
reference standards. These studies did
not attempt to distinguish the factors
underlying the perception of “washout”
(eg, nodule de-enhancement, paren-
chymal hyperenhancement, optical il-
lusion), Most studies were single cen-
ter, had limited sample sizes (64-159
patients, 50-139 individual lesions),
and assessed the combination of “wash-
out” and APHE, rather than “washout”
alone, as a criterion for HCC. Table 2
summarizes the diagnostic performance
of washout appearance alone and Table 3
the combination of APHE and “wash-
out.” Two prospective studies com-
pared the diagnostic performance of
“washout” alone with that of combined
“washout” and APHE and found “wash-
out” alone to have lower specificity and
positive predictive value (21,22).

Using extracellular agents, “wash-
out” may be perceived during the por-
tal venous phase or delayed venous
phases. However, three included stud-
ies showed greater perceptibility of this
feature in the delayed phase (22,30,73).
Luca et al reported a 59% increase in
HCC detection by using the delayed

phase compared with the portal venous
phase (30). These results support the
inclusion of delayed phase imaging in
multiphasic protocols for HCC.

With one exception, all included
studies defined “washout” subjectively.
A prospective study by Liu et al evalu-
ated an objective method of quantifying
“washout” at multiphasic CT. These au-
thors reported that a percentage atten-
uation ratio of 107 or greater yielded
a sensitivity, specificity, and positive
and negative predictive values of 100%,
75.8%, 63.6%, and 100%, respectively,
for characterization of washout, with
histopathologic findings on explanted
livers used as the reference standard
(74). Their results revealed that while
quantitative assessment of washout
showed better sensitivity than quali-
tative assessment, this improvement
is obtained at the expense of a higher
number of false-positive findings (74).
A recent retrospective study by Sofue
et al showed that a lesion-to-liver signal
intensity ratio of 0.88 at MR imaging
correlated most strongly with readers’
visual interpretation of washout (68).

Less is known about the character-
ization of washout with hepatobiliary
agents. Although some studies have
shown that transitional phase hypoin-
tensity is strongly predictive of HCCs
(75-77), LI-RADS requires that “wash-
out” after gadoxetate disodium injection
be assessed in the portal venous phase,
prior to the transitional or hepatobili-
ary phases. Due to rapid uptake of the
agent by background hepatocytes, the
liver is substantially enhanced in the
transitional and hepatobiliary phases.
As a result, relative hypointensity of an
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Table 3

Diagnostic Performance of APHE and Washout Appearance

Study and Reference No. No. of Patients/No. of Nodules ~ Modality Unit of Analysis ~ AUC  Sensitivity (%)  Specificity (%) PPV (%) NPV (%)
Lopez Hénninen etal (133)  33/50 CT Per nodule 80
Burrel et al (23) 50/127 CT Per patient 100 96
MR imaging Per patient 100 90
CT Per nodule 61 66 87 30
MR imaging Per nodule 0.98 76 75 90 50
Marrero et al (72) 94/94 MR imaging Per patient 89 95 98 82
Forner et al (29) 89/89 MR imaging Per patient 62 97 97 55
Denecke et al (24) 30/76 CT Per nodule 78 91
Luca et al (30) 125/158 CT Per nodule 43 93 95 34
Sangiovanni et al (21) 64/67 CT Per nodule 44 100 100 52
MR imaging Per nodule 44 100 100 54
Rimola et al (22) 159/159 MR imaging Per patient 58 96 97 56
Serste et al (31) 74/92 CT Per nodule 74 81 87 65
MR imaging Per nodule 81 85 90 72
CT and/or MR imaging  Per nodule 98 81 90 96
CT and MR imaging Per nodule 57 85 87 53
Jang et al (26) 96/110 CT Per nodule 57 99

Note.—AUC = area under the receiver operating characteristic curve, PPV = positive predictive value, NPV = negative predictive value.

observation in these phases may reflect
rapid drainage of contrast material,
lack of functional hepatocytes relative
to background liver, or a combination
of the two (63). For these reasons,
transitional phase hypointensity is not
specific for HCC, even in combination
with APHE, and it can be seen with
hemangiomas, non-HCC malignancies,
some dysplastic nodules, siderotic nod-
ules, and other benign entities. A recent
study confirmed that transitional phase
hypointensity can lead to false-positive
interpretations and hence lower spec-
ificity for the diagnosis of HCC (77).
Given its lack of specificity, transitional
phase hypointensity does not have the
same diagnostic implication as “wash-
out” and does not constitute a major
feature in LI-RADS.

Knowledge gaps.—“Washout” re-
lies on the apparent relative hypoen-
hancement of HCC compared with
progressively enhancing adjacent liver
parenchyma during extracellular phase
imaging. However, in patients with ad-
vanced cirrhosis, the liver parenchyma
may have altered enhancement dy-
namics. In such cases, liver heterogene-
ity may obscure small areas of “wash-
out.” Also, the relative sensitivity and

specificity of “washout” characterized
with CT and MR imaging in the same
subjects i1s not well known. Hence, fur-
ther research is necessary to evaluate
diagnostic performance of “washout”
according to cirrhosis severity, imaging
modality, and type of contrast agent.
Additionally, the diagnostic potential of
quantitative determination of true wash-
out, via subtraction images or region of
interest measurements at different time
points, remains to be determined.

Summary.—Washout appearance,
in combination with APHE, provides
high positive predictive value for HCC
in at-risk patients.

Recommendation:

3. “Washout” should be included as
a major imaging criterion for the diag-
nosis of HCC.

Quality of evidence: Moderate.

Strength of recommendation: Strong.

4. Capsule Appearance

Literature review question.—In at-risk
patients, should capsule appearance be
included as a major imaging criterion
for the diagnosis of HCC?
Definition.—Capsule  appearance
is defined as a smooth, uniform,
sharp border around most or all of an

observation, unequivocally thicker or
more conspicuous than fibrotic tissue
around background nodules, and de-
tected as an enhancing rim in portal
venous, delayed, or transitional phases
(Fig 4). The rim of enhancement does
not always represent a true tumor
capsule and may instead represent a
pseudocapsule, thought to result from
perilesional compressed liver tissue.
The distinction between true tumor
capsule and pseudocapsule cannot be
made definitely by imaging (78), but
only at pathologic evaluation (78-82).
This is why LI-RADS favors the terms
“capsule” or capsule appearance. Im-
portantly, capsule appearance is recog-
nized as a major feature of HCC by the
OPTN/UNOS guidelines (11) but not
the AASLD guidelines (4).

Biologic basis and rationale.—
Capsule formation is a characteristic
histopathologic feature of progressed
HCCs with expansile growth (78). By
comparison, capsule formation is rare
in early, very well-differentiated HCCs
and in infiltrative, poorly differentiated
HCCs, and it does not occur with ICC
(83). The capsule appearance on im-
ages does not necessarily represent a
true fibrous capsule but may comprise
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Figure 4:  (a) Schematic of observations with (top three
rows) and without (bottom row) capsule appearance.
Observations with “capsule” (arrows) show unequivocal
peripheral rim enhancement in portal venous phase or
delayed phase. The degree of enhancement usually is
greater in the delayed phase than in the portal venous
phase. Such observations may have APHE (top row

and third row) or arterial phase iso- or hypoenhance-
ment (second row). A rim of APHE also may be present.
However, if rim enhancement is only seen in the arterial
phase (bottom row), this should not be characterized as
“capsule.” (b) Images in a 54-year-old man with HCC
and hepatitis C virus. T1-weighted 3D gradient-recalled
echo images with fat suppression obtained in (from left to
right) unenhanced, late arterial, portal venous, and 3-mi-
nute delayed phase after administration of gadolinium-
based contrast agent show capsule appearance in portal
venous and delayed phases (arrows). LI-RADS schematic
reproduced with permission from the American College
of Radiology.

“Capsule”
appearance

Not
“capsule”
appearance

6Ce6

fibrous tissue (collagen), prominent si- “capsules” were true-negative) respec- the characteristic progressive tempo-

ral enhancement.

nusoids, and/or compressed liver pa-
renchyma at histopathologic examina-
tion (78-82). In a radiology-pathology
study by Ishigami et al (78) 15 of 106
of HCCs (14.2%) had a capsule appear-
ance at imaging that did not correlate
to a true fibrous capsule at histopath-
ologic examination. In this study, the
sensitivity and specificity of MR imag-
ing in the diagnosis of histologic fibrous
capsule was 94.0% (47 of 50 “capsules”
were true-positive) and 73.2% (41 of 56

tively, with an accuracy of 83.0% (88
of 106).

Histologic studies (84,85) have
demonstrated that the “capsule” de-
rives its blood supply primarily from
the portal system, which
may in part account for the delayed
“capsule” enhancement on portal ve-
nous phase images. The fibrous and/
or prominent sinusoidal components
of the “capsule,” with their expanded
extracellular space, likely contribute to

venous

Evidence.—The search query iden-
tified 344 studies. After reviewing the
abstracts, two studies were considered
relevant and the full text of each was
reviewed.

Both included studies were single-
center studies, one prospective and the
other retrospective, and each evaluated
the imaging diagnostic performance of
capsule appearance (22,56) as summa-
rized in Table 4.
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Table 4

Diagnostic Performance of Capsule Appearance

Study and Reference No. No. of Patients/No. of Nodules Modality Unit of Analysis AUC Sensitivity (%) Specificity (%) PPV (%) NPV (%)
Khan et al (56) 80/116 MR imaging Per nodule 64 86 89 87
Rimola et al (22) 159/159 MR imaging Per patient 42 96 96 47

Note.—AUC = area under the receiver operating characteristic curve, PPV = positive predictive value, NPV = negative predictive value.

Khan et al (56) retrospectively as-
sessed the diagnostic utility of capsule
appearance as an indicator of HCC in
arterially enhancing nodules 5 cm or
smaller in cirrhotic liver. The study
population included 80 patients with
116 nodules, 74 of which were HCC.
Biopsy, explant correlation, and/or
follow-up imaging were the reference
standard. The sensitivity and specificity
of capsule appearance for the diagno-
sis of HCC were, respectively, 55% and
83% for nodules smaller than 2 cm,
75% and 100% for nodules 2-5 cm,
and 64% and 86% for nodules = 5 cm.
In general, capsule appearance had a
slightly higher sensitivity but similar
specificity to washout appearance. This
study suggested that capsule appear-
ance is a predictor of HCC, which, as
a standalone feature or in combination
with size (= 2 cm), may be a better
predictor of HCC than washout appear-
ance alone.

Rimola et al (22) prospectively
assessed the diagnostic accuracy of
capsule appearance in HCC nodules 2
cm or smaller. The study population
included 159 patients in an U.S.-based
surveillance program with 159 sono-
graphically detected nodules, 103 of
which were HCC measuring 9-32 mm
in size. Biopsy or follow-up imaging
was the reference standard. Capsule
appearance had a sensitivity and spec-
ificity of 42% and 96%, respectively,
which was very similar to the sensi-
tivity and specificity of “typical vas-
cular pattern” of HCCs of APHE with
“washout” (sensitivity: 58%, specificity:
96%). This study demonstrated that
capsule appearance is specific for HCC
in lesions 2 cm or smaller, but its over-
lap with the “typical vascular pattern”
of HCC limits its incremental value in

overall imaging diagnostic sensitivity.
In addition, capsule appearance has a
relatively low frequency in observations
2 cm or smaller. As the study was re-
stricted to sonographically detected
HCCs, however, the generalizability of
the results to all HCCs is unclear.
Although not identified in the for-
mal search, three additional studies
suggest that the presence of capsule
appearance can help reduce the risk of
mistaking small HCCs for ICCs (86-88).
Knowledge gaps.—Published stud-
ies have assessed capsule appearance
on portal venous or delayed images and
not on images obtained with other se-
quences. Future research is necessary
to assess capsule appearance with other
sequences, including T2-weighted im-
ages and the transitional and hepatobi-
liary phases of imaging performed with
hepatobiliary agents. Further research
is also needed to determine the incre-
mental diagnostic value of “capsule” in
addition to APHE and “washout,” and
its utility as a diagnostic criterion in ob-
servations smaller than 2 cm given its
low sensitivity below this size threshold.
A recent article has shown that, in
some cases, the presence of a capsule
creates the visual perception of wash-
out, even when a mass is not hypoin-
tense to background liver (68). Because
this was an unrecognized phenome-
non until recently, some prior studies
may have failed to distinguish washout
appearance from the optical illusion
of washout created by an enhancing
capsule. Further quantitative studies
will be required to define an objective
measure of “washout.”
Summary.—Based on limited ev-
idence, capsule appearance provides
high specificity for HCC at-risk patients.
Capsule appearance is a recognized

feature of HCC in the OPTN/UNOS
guidelines.
Recommendation:
4. Capsule appearance should be a
major criterion for diagnosis of HCC.
Quality of evidence: Moderate.
Strength of recommendation: Strong.

5. Threshold Growth

Literature  review  questions.—(a)
Should threshold growth be included as
a major imaging criterion for the diag-
nosis of HCC? (b) In patients at risk for
HCC, does observation growth allow
differentiation of malignant from non-
malignant observations? (c¢) What is
the tumor growth or doubling time for
HCC, ICC, and nonmalignant tumors?
(d) Are there imaging-based studies of
diagnostic test accuracy that use growth
as a reference standard for HCC or
malignancy?

Definition.—In LI-RADS, threshold
growth refers to increase in diameter of
a mass compared with its baseline by a
minimum of 5 mm and by at least 50%
diameter increase if time interval is less
than 6 months or by at least 100% di-
ameter increase if more than 6 months.
In addition, a new mass measuring at
least 10 mm also represents threshold
growth, regardless of the time interval
(89). Definitions of threshold growth
are illustrated in Figure 5. While arbi-
trary, the LI-RADS definition of thresh-
old growth was dictated by the need for
congruency with the OPTN/UNOS defi-
nition which requires “50% or larger in
diameter increase on a CT scan or MR
image obtained 6 months or less apart
and that measures at least 10 mm at the
time of diagnosis” (90). The “100% di-
ameter increase if more than 6 months”
was introduced by LI-RADS and based
on expert opinion to address cases in

Radiology: \olume 286: Number 1—dJanuary 2018 = radiology.rsna.org

39



Radiology

REVIEW: LI-RADS Major Features for Hepatocellular Carcinoma Diagnosis

Tang et al

Prior (Comparison) Exam

< 6 months
earlier

> 6 months
earlier

< 24 months
earlier

= 50%

Current Exam

Size increase

=100%

Size increase

New

= 10 mm observation

Figure 5:  Schematic illustrates the three LI-RADS definitions of threshold growth: increase in diameter of a mass compared
with its baseline by a minimum of 5 mm and by at least 50% diameter increase if time interval is less than 6 months (top row)
or by at least 100% diameter increase if more than 6 months (middle row). In addition, a new mass measuring at least 10
mm that was previously unseen within the last 24 months also represents threshold growth (bottom row). LI-RADS schematic
reproduced with permission from the American College of Radiology.

which the time interval between exami-
nations exceeds 6 months (89).
Biologic basis and rationale.—
Growth is an indicator of malignancy
and, while not specific to HCC, has
been studied widely in HCC (91).
Measuring maximum tumor diameter
on at least two serial studies assesses
its doubling time. Physiologically, tu-
mor volume doubling time (TVDT) is
an indicator of the biologic potential
of a tumor and its blood supply (92).
While benign lesions tend to remain
stable or grow slowly over time, ma-
lignant tumors grow more rapidly.
Further, TVDT reflects the degree of
differentiation of malignant tumors,
as well-differentiated HCCs tend to
grow more slowly than moderately and
poorly differentiated HCCs.
Evidence.—The search query iden-
tified 297 studies. After reviewing the
abstracts, 42 studies were considered
relevant and the full text of each was
reviewed. Among the included studies,

40 were retrospective and two were
prospective.

Figure 6 summarizes data from
retrospective studies reporting TVDT
of HCCs. The natural history of HCC
growth has been documented in un-
treated patients, who were either poor
surgical candidates or have refused
treatment, retrospectively when prior
examinations were false-negative (86),
or in treated patients with tumor re-
currence. Additionally, as the growth
rate of HCC varies according to its de-
gree of differentiation and vasculariza-
tion, reported TVDTs depend in part
on the criteria used for tumor detec-
tion and diagnosis. Hence, the report-
ed TVDTs may not represent those of
treatment-naive HCCs eligible for cu-
rative therapy and may depend in part
on study design and applied imaging
technology.

Accounting for these methodolog-
ical limitations, the available evidence
reveals that HCCs exhibit a broad range

of TVDTs, from as low as 9 days (93)
to as high as several years (94,95). The
median TVDT in untreated primary
HCCs is 178 days, while the median
TVDT of recurrent HCCs after local-
regional treatment is 82 days (96).

Well-differentiated HCCs tend to
be slow growing, whereas moderately
and poorly differentiated HCCs are fast
growing, although there is overlap in the
reported TVDTs of HCCs with varying
degrees of differentiation (93,97,98).
Imaging features associated with short-
er TVDT include APHE (92,99-101),
presence of “washout” (100,102), T2
hyperintensity (99), and diameter less
than 1 cm at baseline (94,103).

The TVDT of ICC in cirrhosis is un-
known. In the noncirrhotic liver, it has
been reported as 70 days (range, 15 to
512 days) in one study (104).

No included studies provided data
on the TVDT of benign or premalignant
lesions in the cirrhotic liver. The TVDT
of hemangiomas in the noncirrhotic
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Figure 6:  Graph of HCC TVDT (expressed in days) in observational studies. The median doubling time of primary HCC is 178 days and that of recurrent HCC is 82 days.

liver ranges from 17 to 178 months
(105,106). Hemangiomas are uncom-
mon in livers with advanced cirrhosis,
however, with a large series showing
hemangiomas in only nine of 508 ex-
planted livers (1.7%) (107). Although
the low prevalence of these lesions in
cirrhosis is not entirely understood,
the aforementioned study reported
areas of fibrosis surrounding the nine
hemangiomas at pathologic examina-
tion, suggesting they are obliterated
by cirrhotic scarring. With progres-
sive fibrosis, hemangiomas in cirrhotic
livers frequently become smaller and

are associated with capsular retraction
(108). Thus, in the setting of cirrhosis,
a growing mass is highly unlikely to be
a hemangioma.

Knowledge gaps.—The effect of an-
tiviral and antifibrotic therapy on the
TVDT of HCC is unknown.

Despite reports on HCC TVDT,
there is a lack of data on the TVDT
of non-HCC observations in cirrho-
sis. Further research is required to
determine whether specific growth
thresholds may permit differentiation
of HCCs from benign (eg, cirrhosis as-
sociated nodules), premalignant (eg,

dysplastic nodules), and other malig-
nant tumors (eg, ICC).

A limitation of growth as a diag-
nostic criterion is that its diagnostic
performance for the diagnosis of HCC
has not been assessed prospectively.
Doing so would require further vali-
dation in a representative sample of
untreated observations with imaging
features diagnostic of HCC. However,
because of the availability of curative
and palliative treatment options for
HCC, it would be unethical to prospec-
tively assess the diagnostic accuracy of
growth thresholds while withholding
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treatment. Determination of growth
rate by retrospective detection on prior
false-negative images (86) introduces
substantial selection bias, likely favor-
ing well-differentiated tumors that have
less obvious imaging features. Hence,
the evidence in favor of tumor growth
is likely to remain indirect, based on
observational studies. The knowledge
gaps listed above regarding observation
diameter are also applicable to thresh-
old growth. Cross-modality compari-
sons between CT and MR imaging may
introduce a source of measurement var-
iability in addition to those related to
sequence, phase, and imaging plan.

Summary.—Although prospectively
validated estimates of diagnostic accu-
racy are lacking, indirect evidence and
biologic plausibility indicate that growth
is a feature of malignancy and helps to
differentiate HCC from benign entities.
Growth is not specific for HCC, how-
ever, and there is no evidence or plausi-
ble basis to suggest that it can differen-
tiate HCC from non-HCC malignancies.

Recommendation:

5. Threshold growth should be a
major criterion for diagnosis of HCC.

Quality of evidence: Low.

Strength of recommendation in fa-
vor of diagnostic criterion: Strong.

6. Imaging Features Suggesting
Malignancy Other than HCC (LR-M)

Literature review question.—In patients
at risk for HCC, what imaging features
suggest ICC rather than HCC?
Definition.—In LI-RADS, LR-M is
defined as a probable or definite ma-
lignancy, not specific for HCC. A mass
with features suggestive of malignancy
(diffusion restriction, growth, signal in-
tensity different than background liver-
T2 hyperintensity, iron or fat sparing)
but lacking specific features of HCC
(classic APHE and washout/capsule
appearance, intralesional fat or blood
products) may be appropriately clas-
sified as LR-M. To preserve specificity
for diagnosis of HCC, it is important
to identify and appropriately classify
malignant observations that either
demonstrate features of other malig-
nancies (most commonly intrahepatic

mass forming cholangiocarcinoma,

ICC) or lack imaging features that are
sufficiently specific for HCC. LR-M ob-
servations may still be HCC, but may
also represent other malignancies, such
as ICC, hepatocholangiocarcinomas, or
metastases.

Biologic basis and rationale.—The
most common malignancy other than
HCC in the setting of chronic liver
disease is ICC. Compared with HCCs,
ICCs tend to be more cellular and vas-
cular at their periphery while having a
more fibrotic and watery stroma cen-
trally. This concentric histologic struc-
ture accounts for the characteristic
“targetoid” enhancement pattern of
these lesions: APHE of the vascular-
ized periphery, creating a rimlike pat-
tern; subsequent wash out appearance
of the lesion periphery; and delayed or
progressive contrast agent accumula-
tion centrally within the watery stroma.
Similarly, a targetoid pattern has been
described on diffusion weighted im-
ages: The outer cellular zone tends to
demonstrate more diffusion restriction
than the central more watery core. A
targetoid pattern may be present in the
hepatobiliary phase with hepatobiliary
contrast agents: central mild retention
of contrast material, thought to be due
to trapping of contrast materialin the
fibrotic stroma, in combination with
lack of retention in the cholangiocellu-
lar periphery.

Hepatocholangiocarcinomas are
rare primary “biphenotypic” hepatic
malignancies that may show features
overlapping HCC and ICC (109). Some
authors suggest that the imaging fea-
tures more closely resemble those of
ICC and that prospective differentiation
of ICC from a combined tumor can be
difficult (109-111).

Evidence.—The search query iden-
tified 19 studies. After reviewing the
abstracts, all these studies were consid-
ered relevant and the full text of each
was reviewed. All the included studies
were retrospective.

Four included studies described the
dynamic postcontrast imaging features
of ICC on CT and MR images with ex-
tracellular and hepatobiliary contrast
agents (112-115). While there are
varying descriptions of APHE patterns,

rimlike APHE is the most commonly
reported among the included studies,
being present in 50%-84% of report-
ed lesions, depending on the study.
As mentioned above, rimlike APHE
suggests malignancy other than HCC
whereas APHE not limited to a rim fa-
vors HCC. At portal venous and delayed
phase imaging with extracellular agents,
a pattern of delayed or progressive cen-
tral enhancement emerges was reported
in 42%-96% of lesions. A targetoid pat-
tern characterized by rimlike or periph-
eral APHE and progressive delayed cen-
tral enhancement may depend on lesion
size. Small ICC (< 3 cm) may not display
this pattern, and differentiation from
HCC can be challenging (116). Wash-
out appearance is less well described
and presents an added challenge in
deciphering the literature. Few authors
made a distinction between peripheral
and nonperipheral “washout” patterns.
Additionally, with gadoxetate disodium-
enhanced MR imaging, distinction be-
tween “washout appearance” assessed
on the portal venous phase images from
hypointensity in the transitional or hepa-
tobiliary phases is not always made clear
in the publication (113,114). Despite
these potential confounding factors,
“washout” is described in a minority
(4%-6%) of cases with ICC (113-115).
Capsule appearance is even less com-
monly described for ICC (87), which is
not surprising since ICCs do not have
true tumor capsules pathologically.

Other ancillary features associated
with ICC include hepatic capsular re-
traction, peripheral biliary duct dila-
tion, central T2 hypointensity, and tar-
get appearance on diffusion-weighted
images (113-115,117-120).

While there is ample evidence sup-
porting the classic imaging features of
ICC, few studies test the ability of these
features to help differentiate ICC from
HCC, and fewer studies focus on these
lesions in patients with defined risk fac-
tors or cirrhosis (ie, the LI-RADS popu-
lation) (87,116,117,119,121-123). The
studies that have attempted to deter-
mine the discriminatory power of diag-
nostic imaging for differentiating HCC
from ICC have focused on atypical HCC
in the comparator group. Despite these
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limitations, target appearance on hepa-
tobiliary phase images and presence of
rimlike APHE and peripheral “washout”
may help differentiate ICC from HCC
(113,117).

To date, only a few publications have
described the imaging appearance of
hepatocholangiocarcinomas. The evolv-
ing pathologic definition of this tumor
type and the inconsistent use of radio-
logic terminology to describe it limits
the conclusions that can be drawn. A
majority of cases report rim APHE with
washout appearance in the periphery
(86,110,120,124-130). In  combina-
tion with delayed central enhancement
(110,128), these imaging features are sim-
ilar to ICC described above. Rarely, these
tumors may display features of HCC, in-
cluding diffuse APHE and nonperipheral
washout appearance, or have both HCC
and ICC features (124,129,130). The
preponderance of HCC or ICC imaging
features may correspond to lesional path-
ologic features (124,129). Unlike HCC,
these tumors frequently arise in patients
without cirrhosis or known risk factors
for HCC (110,127,130).

Knowledge gaps.—A number of
studies have described the appearance
of ICC in both cirrhotic and noncirrhot-
ic patients, with or without hepatitis or
other risk factors for HCC. However,
most of these studies have not explicitly
separated the appearance of ICC in pa-
tients with from those without chronic
liver disease or risk factors for HCC
(86,113,117,119,122). It is not known
whether ICCs arising in the setting of
chronic liver disease and cirrhosis have
a similar imaging appearance to those
arising in absence of risk factors. Ad-
ditionally, some prior literature did not
clearly separate intrahepatic from peri-
ductal infiltrating cholangiocarcinomas.

Given the rarity of non-HCC ma-
lignancies and relative absence of pre-
dictable risk factors for mass-forming
ICC, all of the current evidence is ret-
rospective and comprises single-center
experiences. No prospective data are
available to better quantify the diagnos-
tic accuracy of the above described im-
aging features. It is believed that many,
if not most, observations categorized as
LR-M are probably atypical HCCs due

to the higher pretest probability of HCC
in at-risk patients, but this is unknown
and needs further study.

In regard to hepatocholangiocarci-
nomas, the optimal management and
prognosis are not well known. While
resection appears to offer the best
survival advantage in most patients,
transplantation and hepatic-directed
therapies have been suggested as al-
ternative options in patients who can-
not undergo resection due to underly-
ing liver disease. The AASLD and the
OPTN/UNOS do not currently provide
guidance on the diagnosis or transplant
eligibility of these patients.

Summary.—Emerging evidence sug-
gests that a targetoid imaging appear-
ance at dynamic imaging, diffusion-
weighted imaging, and hepatobiliary
phase imaging suggests the possibility
of ICC or hepatocholangiocarcinoma.
The targetoid appearance may be at-
tributable the concentric structure typ-
ical of ICC pathologically, with cellular
and vascular elements in the periphery
and stromal fibrosis in the center.

Recommendation:

6. LR-M should be chosen over other
LI-RADS categories when an observa-
tion has a targetoid imaging appear-
ance—characterized by one or more of
the following: rim APHE, delayed cen-
tral enhancement, target appearance
at hepatobiliary phase imaging, target
appearance at diffusion-weighted imag-
ing—and no imaging features indicating
hepatocellular origin.

Quality of evidence: Moderate.

Strength of recommendation in fa-
vor of diagnostic criterion: Strong.

Unlike other cancers, the definitive di-
agnosis and staging of HCC is frequently
based on imaging without mandatory
histopathologic confirmation. The aim
of imaging-based diagnostic criteria is
to achieve near-100% specificity for the
noninvasive diagnosis of HCC.
LI-RADS major imaging criteria
currently include APHE, observation
diameter, “washout,” “capsule,” and
threshold growth. In this review article,
we summarized the evidence, assessed

the level of evidence, identified knowl-
edge gaps, and evaluated the strength
of recommendations supporting the
inclusion of each major criterion for
diagnosis of HCC, as well as imaging
features indicative of malignancy other
than HCC.
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