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Abstract. — OBJECTIVE: To evaluate the per-
formance of major features, ancillary features,
and categories of Liver Imaging Reporting and
Data System (LI-RADS) version 2018 at magnet-
ic resonance (MR) imaging in the differentiation
of small hepatocellular carcinoma (HCC) from
dysplastic nodules (DNs).

PATIENTS AND METHODS: This retrospec-
tive study included cirrhotic patients with patho-
logically proven untreated HCCs and DNs (=
2 cm) and liver MR imaging performed with
gadobenate dimeglumine contrast agent within
3 months before pathological analysis, between
2015 and 2018. 37 patients with 43 observations
(17 HCCs and 26 DNs) met the inclusion criteria.
Two radiologists assessed major and ancillary
imaging features for each liver observation and

assigned a LI-RADS v2018 category in consen-
sus. Estimates of diagnostic performance of ma-
jor features, ancillary features, and LI-RADS cat-
egories were assessed based on their sensitiv-
ity, specificity, positive (PPV), and negative pre-
dictive values (NPV).

RESULTS: Major features (nonrim arterial
phase hyperenhancement, nonperipheral “wash-
out”, and enhancing “capsule”) had a sensitiv-
ity of 94.1%, 88.2%, and 41.2%, and a specifici-
ty of 57.7%, 42.3%, and 88.5% for HCC, respec-
tively. Ancillary features (hepatobiliary phase hy-
pointensity, mild-moderate T2 hyperintensity, re-
stricted diffusion, and fat in the lesion more than
adjacent liver) had a sensitivity of 94.1%, 64.7%,
58.8%, and 11.8%, and a specificity of 26.9%,
61.5%, 65.4%, and 76.9% for HCC, respective-
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ly. The LR-5 category (determined by using ma-
jor features only vs. the combination of major
and ancillary features) had a sensitivity of 88.2%
at both evaluations and a specificity of 76.9%
and 80.8% for HCC, respectively. The combina-
tion of LR-4, LR-5 categories (determined by us-
ing major features only vs. the combination of
major and ancillary features) had a sensitivity of
94.1% at both interpretations and a specificity of
65.4% and 26.9% for HCC, respectively. The use
of ancillary features modified LI-RADS catego-
ry in 25.6% of observations (11/43), predominant-
ly upgraded from LR-3 to LR4 (10/11), increasing
the proportion of low-grade DNs and high-grade
DNs categorized as LR-4 (from 15.4% to 61.5%
and from 7.7% to 46.1%, respectively).
CONCLUSIONS: The added value of ancillary
features in combination with major features is
limited for the non-invasive diagnosis of small
HCC; however, their use modifies the final cate-
gory in a substantial proportion of observations
from LR-3 to LR-4, thus allowing possible chang-
es in the management of patients at risk for HCC.
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Introduction

Hepatocellular carcinoma (HCC) is the most
frequent primary liver malignant neoplasm, the
second leading cause of cancer mortality world-
wide, and a major cause of death in patients
with cirrhosis'. Most HCCs develop through he-
patocarcinogenesis, a multistep process where
dysplastic nodules (DNs), which are about 1-1.5
cm in diameter?, represent a key stage having
histological features suggestive of a clonal cell
population, and can be divided into low and
high grade (LGDNs and HGDNs) based on their
architectural and cellular atypia. HGDNs are
premalignant lesions; early HCCs (E-HCCs) are
considered “carcinoma in situ”; in contrast, pro-
gressed HCCs (P-HCCs) are overt malignancies
that can invade vessels and metastasize®*. The
differentiation of small (< 2 cm) HCC from DNs
is pivotal in the management of cirrhotic patients
as only HCCs are considered malignant lesions
to be treated’”. Unlike most other cancers, HCC
can be diagnosed noninvasively with imaging
without pathology confirmation®”. Nowadays,
many diagnostic systems provide algorithms and
criteria for imaging-based diagnosis of HCC?,

and among these, the Liver Imaging Reporting
and Data System (LI-RADS), firstly released in
2011 and supported by the American College of
Radiology (ACR) represents a radiology-driven
and multidisciplinary collaborative categoriza-
tion system aimed at standardizing performance
of liver imaging in patients with or at risk for
HCC, as well as interpretation and reporting of
the results. With the changes introduced in the
last update in 2018°, LI-RADS was integrated
into the most recent HCC clinical practice guid-
ance by the American Association for the Study
of Liver Disease (AASLD)", due to the evidence
that its categories accurately stratify the prob-
ability of HCC and overall malignancy". This
represented a major step toward establishing a
universal approach to the imaging diagnosis of
HCC and further solidified the role of radiologists
in this process’.

LI-RADS assigns categories that reflect the
relative probability of benignity, HCC, or other
malignancy to detect untreated liver observations
based on the presence of major and ancillary
imaging features. Categories include LR-1 (defi-
nitely benign), LR-2 (probably benign), LR-3
(intermediate probability of malignancy), LR-4
(probably HCC), LR-5 (definitely HCC), LR-TIV
(definite tumor in vein), and LR-M (probably
or definitely malignant, not specific for HCC)’.
MR imaging is often used for the non-invasive
diagnosis of HCC as it provides considerable
tissue contrast and is the only modality that can
assess all major and ancillary imaging features’.
In LI-RADS lexicon, major features refer to the
five imaging features included in the diagnostic
table for categorizing LR-3, LR-4, and LR-5 ob-
servations'?. These features refer to nonrim ar-
terial phase hyperenhancement (nonrim APHE),
nonperipheral “washout”, enhancing “capsule”,
size, and threshold growth. In contrast, ancillary
features are divided in those favoring benignity,
those favoring malignancy in general, and those
favoring HCC in particular. Their use is optional,
thus, unlike major features, ancillary features are
applied at the radiologist’s discretion, and may
be used to improve detection or characterization,
increase confidence, or adjust observation cate-
gory, by up- or downgrading a category by one;
however, they cannot be used to upgrade to LR-5,
to preserve high specificity of this category’.

The diagnostic performance of LI-RADS cat-
egories has been previously assessed'*!; also the
accuracy of major features for the diagnosis of
HCC has been widely evaluated'>'8. Neverthe-
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less, this has not been the case for most ancillary
features, indeed previous papers have included
these features as part of sets of diagnostic criteria
and few have reported their individual diagnostic
performance at MR imaging'"’. Furthermore,
even though several previous works?*2? have sug-
gested that LI-RADS ancillary features may be
helpful in differentiating hepatocellular nodules,
the precise characterization can be complex and
challenging, especially for small nodules, par-
ticularly because DNs and E-HCCs can show
overlapping imaging findings*%; in addition, the
added value of ancillary features in LI-RADS
categorization appears controversial according to
recent studies?®?’ assessing their clinical applica-
tion. Thus, there is the need to assess the impact
of ancillary features on major feature-determined
LI-RADS category and to assess the value of
their application in the diagnosis of HCC in at-
risk patients. This study aimed to evaluate the
performance of major features, ancillary features,
and LI-RADS v2018 categories at MR imaging
for the differentiation of small HCCs from DN,
and to assess the impact of the use of ancillary
features on LI-RADS v2018 categorization.

Patients and Methods

Patients

In this institutional review board-approved sin-
gle-site study, we retrospectively reviewed our
MR imaging database for cirrhotic patients with
pathologically proven < 2 cm lesions, including
both DNs and HCCs diagnosed at Fondazione
Policlinico Universitario A. Gemelli — IRCCS,
Rome. We strictly evaluated patients with liver
MR imaging performed within 3 months before
the pathological analysis. We excluded all the
patients with prior history and/or systemic treat-
ment of HCC, all the observations that had been
previously treated percutaneously, and all the ob-
servations without pathologic confirmation. All
MR exams were performed in our institution with
our routine protocol for the study of focal liver
lesions in patients at risk of HCC. We excluded
all the patients with MR imaging of insufficient
quality for diagnosis or performed without hepa-
tobiliary contrast agents. Between January 2015
and January 2018, 37 cirrhotic patients with a
total of 43 observations (29 men, 8 women; mean
age 64 years = 10) met inclusion criteria. Charac-
teristics of patients and observations included in
the final study cohort are summarized in Table I.

Table I. Characteristics of patients, observations, and tests
included in study cohort.

Characteristic Data
Patients 37
Sex
Male 29 (78%)
Female 8 (22%)
Age (y)
Mean + Standard Deviation 64.0 +10.2
Etiology of Cirrhosis
Hepatitis C Infection 14/37 (38%)
Hepatitis B Infection 3/37 (8%)
Alcoholic Liver Disease 11/37 (30%)
Nonalcoholic Steatohepatitis 3/37 (8%)
Primary Biliary Cholangitis 1/37 (3%)
Primary Sclerosing Cholangitis 1/37 (3%)
Hemochromatosis 2/37 (5%)
Cryptogenetic 2/37 (5%)
Alpha-fetoprotein
<200 ng/ml 36/37 (97%)
> 200 ng/ml 1/37 (3%)
Observations 43
HCC 17/43 (40%)
Early HCC 6/43 (14%)
Progressed HCC 11/43 (26%)
DN 26/43 (60%)
Low grade DN 13/43 (30%)
High grade DN 13/43 (30%)
Size (mm)
Mean + Standard Deviation 153+3.5
Range 9-20
HCC
Mean + Standard Deviation 15.8+£3.1
DN
Mean + Standard Deviation 15.3+£3.8

Reference Standard

FNB/CNB 23/43 (53.5%)
Hepatectomy 16/43 (37.2%)
Liver Explant 4/43 (9.3%)

Time interval between index
MR imaging and pathologic
analysis as reference
standard (d)

Mean + Standard Deviation 49.0 £28.5

Note: Unless otherwise specified, data are numerators and
denominators, and data in parenthesis are percentages. HCC
= hepatocellular carcinoma, DN = dysplastic nodule, FNB =
fine needle biopsy, CNB = core needle biopsy, LI-RADS =
Liver Imaging Reporting and Data System.

The diagnosis of cirrhosis was made using histo-
logical and/or clinical findings (laboratory and/
or imaging parameters). Histopathologic analysis
for each observation, which occurred 1 day to 3
months after the index MR examination, was the
diagnostic reference standard. The histological
diagnosis was provided by fine-needle biopsy
(FNB) or core-needle biopsy (CNB) specimens
(n = 23), by hepatectomy (n = 16) and explants
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specimens (n = 4), and it was made according
to the International Consensus Group for He-
patocellular Neoplasia®. There were 17 HCCs
(6 well-differentiated E-HCCs and 11 P-HCCs,
respectively) and 26 DNs (13 LGDNs and 13
HGDN:S, respectively). All observations were < 2
cm in size (mean size 1.53 cm [1.58 cm for HCCs,
1.53 cm for DNs]).

Liver MR Imaging Protocol

Liver MR imaging was performed with 1.5
Tesla system [Signa Horizon, General Electric
(GE) Healthcare, Milwaukee, W1, USA] with our
routine protocol for the study of focal liver lesions
in patients at risk of HCC, including dynamic
contrast-enhanced imaging performed after the
administration of gadobenate dimeglumine. MR
imaging technique is summarized in Table II.

Image Analysis

Two board-certified radiologists, experienced
in the interpretation of liver MR imaging (15 and
5 years of experience in abdominal imaging, re-
spectively), blinded to the pathologic result, retro-
spectively reviewed the MR images in consensus
and were informed of the exact location of each
nodule before imaging interpretation.

Readers assessed the presence or absence of all
major and ancillary imaging features for each liv-
er observation and assigned a LI-RADS category
in consensus. Assessment of observation catego-
ries based on LI-RADS v2018° was performed
first, according to the algorithm based on major
imaging features only, and second, the assess-

Table Il. MR Imaging protocol.

ment was provided based on major and ancillary
features in combination. When a feature could
not be assessed (for example, threshold growth
could not be evaluated in a patient without pre-
vious imaging examinations), then it was con-
sidered not applicable. To assess the added value
of ancillary features, the readers were allowed to
adjust (upgrading or downgrading) observation
category based on the presence of at least one
ancillary feature; however, they were not allowed
to adjust category in case of conflicting ancillary
features (i.e., one or more favoring malignancy
and one or more favoring benignity), and were
not allowed to upgrade LR-4 to LR-5 to preserve
high specificity for HCC with LR-5 category, as
specified by LI-RADS rules for the application of
the ancillary features’.

Statistical Analysis

Categorical variables were expressed as num-
bers and percentages; continuous variables were
expressed as means + standard deviations. Esti-
mates of diagnostic performance of major features,
ancillary features, and LI-RADS categories were
assessed based on their sensitivity, specificity, pos-
itive (PPV), negative predictive values (NPV), and
likelihood ratios (LR), and expressed with 95%
confidence intervals. The number and percentages
of HCCs and DN in each LI-RADS category were
documented at interpretation before and after the
use of ancillary features. The number and propor-
tion of observations in which the use of ancillary
features modified the final LI-RADS category
were calculated. The relationship between obser-

Sequence FS TR/TE (ms) FA ST (mm) SS (mm) FOV (cm) Matrix

Baseline
T1-w 2D FSPGR

In-phase No 160/4.8-2.3 60° 5 1 48x48 288x224

Out of-phase No 160/4.8-2.3 60° 5 1 48x48 288x224

T2-w SSFSE No 1500/100 90° 5 1 48x48 320%x224
T2-w SSFSE

Transverse Yes 1500/100 90° 5 1 48%48 320%224

Coronal No 1500/100 90° 5 0 48x48 320x224
Dynamic

T1-w 3D FSPGR Yes 4.6/2.1 12° 4 0 48x48 320%x224

DWI Yes 4500/79.2 90° 5 1 40%40 96x128

Note: FS = fat suppression, TR = repetition time, TE = echo time, FA = flip angle, ST = slice thickness, SS = slice spacing, FOV
= field of view, T1/T2-w = weighted, SSFSE = single-shot fast spin-echo, FSPGR = fast spoiled gradient-echo. Dynamic contrast
enhanced imaging was performed after the administration of hepatobiliary contrast agent (gadobenate dimeglumine). Imaging
was obtained in the pre-contrast, arterial (=30 s), portal venous (=60 s), equilibrium phase (=180 s), and hepatobiliary phase (=
90-120 min). A free-breathing single-shot echo-planar diffusion-weighted sequence was acquired at b-values 0 and 800 s/mm?

before contrast agent infusion.
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vations MR imaging features and histological clas-
sification was analyzed by Fisher’s exact test. All
analyses were performed on a per-lesion basis. A
p-value less than 0.05 was considered statistically
significant. All statistical analyses were performed
using Stata software (StataCorp. 2015. Stata Sta-
tistical Software: Release 14. College Station, TX,
USA: StataCorp LP).

Results

Characteristics of Observations

A total of 43 index observations were included
in this study. Characteristics of observations in-
cluding size, reference standard, final diagnosis,
and the time interval between index test and
reference standard are summarized in Table L.
All observations were < 2 cm with a mean size
of 1.53 cm. The mean size of HCCs and DNs
assessed in this study was 1.58 cm and 1.53 cm,
respectively. Table III shows MR imaging fea-
tures of observations assessed in the final study
cohort. LI-RADS categorization of observations
— according to major features only and according
to ancillary features in combination with major
features — is summarized in Table IV.

Diagnostic Performance of
Major Features

Table Va shows the diagnostic performance
parameters for major imaging features according
to the LI-RADS v2018 algorithm. Per-lesion sen-
sitivity of major features for HCC ranged from
41.2% to 94.1% and was highest for nonrim APHE.
Per-lesion specificity of major features ranged from
42.3% to 88.5% and was highest for enhancing
“capsule”. Per-lesion PPV of major features ranged
from 50% to 70% and was highest for enhancing
“capsule”. Estimates of diagnostic performance of
threshold growth could not be computed because
this feature was too infrequent or was not assess-
able for a substantial number of observations. Es-
timates of diagnostic performance of observation
size were not assessed as we strictly included < 2
cm observations in our study.

Diagnostic Performance of Ancillary
Features in Favor of Malignancy or HCC
The diagnostic performance parameters for
ancillary features in favor of malignancy — or
HCC in particular — are summarized in Table Vb.
Per-lesion sensitivity of ancillary features in favor
of malignancy — or HCC in particular — ranged

7790

from 11.8% to 94.1% and was highest for the
hepatobiliary phase (HBP) hypointensity. Per-le-
sion specificity of ancillary features in favor of
malignancy — or HCC in particular — ranged from
26.9% to 76.9% and was highest for fat in mass.
Per-lesion PPV of ancillary features in favor of
malignancy — or HCC in particular — ranged
from 25% to 52.6% and was highest for restricted
diffusion. Estimates of diagnostic performance
could not be computed for subthreshold growth,
corona enhancement, fat sparing, and iron spar-
ing in solid mass, as these features were too infre-
quent. Transitional phase hypointensity was not
included in the evaluation of ancillary features
favoring malignancy due to the exclusive use of
gadobenate dimeglumine as paramagnetic con-
trast agent. Estimates of diagnostic performance
could not be performed for further ancillary fea-
tures favoring HCC in particular (such as non-en-
hancing “capsule”, nodule-in-nodule appearance,
mosaic architecture, and blood products in mass),
as well for ancillary features in favor of benignity
because of the small number of observations dis-
playing these features.

Diagnostic Performance of
LI-RADS v2018 Categories

Table VI shows the diagnostic performance
parameters for stratified LI-RADS categories ac-
cording to major features only and in combina-
tion with ancillary features. The per-lesion sen-
sitivity and specificity of LR-5 category for HCC
were 88.2% and 76.9% when considering major
features only. The per-lesion sensitivity and spec-
ificity of LR-5 were similar — 88.2% and 80.8%,
respectively — when considering major features in
combination with ancillary features. The per-le-
sion sensitivity and specificity of the combina-
tion of LR-4 and LR-5 for HCC were 94.1% and
65.4% when considering major features only, and
94.1%-26.9% with the use of ancillary features
in combination with major features. Thus, when
considering the combination of LR-4 and LR-
5, the per-lesion sensitivity for HCC increased
for both interpretations; however, the specificity
decreased, and notably, was markedly lower for
interpretation that included ancillary features.

LI-RADS Classification and
Impact of Ancillary Features
on Observation Categories

LI-RADS categorization of observations —
according to major features only and accord-
ing to ancillary features in combination with



LI-RADS major and ancillary features: differentiation of small HCC from dysplastic nodules at MRI

ez

“(3591 108X2 S, 19ySI,])

SUOI}EAIISQO JO UOHBOYISSE]D [2O130[0)SIY PUL SINJEJ YA JO UOIIBIOOSSE JO UOHBN[BAD o1} 10J sanjea d ‘oseyd Arerjiqojeday = JgH “GudwadsueuaiodAH aseyd [eLony = FHY 270N

80T°0 (%I'6) 1 (%L91) 1 L)1 (%5°89) S 90 (%I€D) 9 (%8°11) T SSeur ur jeq
100°0 (%6°06) 01 (%0°0) 0 (%5°89) S (%8°0¢) ¥ 6070 (%9t¢) 6 (%8°89) 01 UOISTIJIP POIOLIISOY
1T0 (%LTL) 8 (%0°09) € (%I'9t) 9 (%8°0¢) ¥ ¥T1'0 (%'8¢€) 01 (%L¥9) 11 ApsusjuriodAy 71 9yeIopow-plI
90€°0 (%0°0) 0 (%L9D) 1 (%I°€0) € (%1€ € SIT0 (%I€D) 9 (%69 1 Aysudurost ggH
S9T°0 (%0°001) 11 (%¢€¢8) S (%6°9L) 01 (%T'69) 6 611°0 (%l°¢L) 61 (%I't6) 91 AnsuyurodAy ggH
T10°0 (%S'+9) 9 ©%L91) 1 (%1€ € (%00) 0 ¥€0°0 (%S'11) € (%T 1Y) L «Ansded,, Furoueyuy
1000 > (%6°06) 01 (%€€8) S (%I9%) 9 L)1 1000 > (%692 L (%Z°88) ST Jnoysem,, + JHJV WLIUON
061°0 (%6°06) 01 (%¢€€8) § (%$°19) 8 (%8°¢€S) L S¥0°0 (%L'LS) ST (%T'88) S1 Jnoysem,, [erdydrraduoN
£00°0 (%6°06) 01 (%0°001) 9 (%8°¢S) L (%8°0¢) ¥ 100°0 (%€ Th) 11 (%I't6) 91 HHdV WLIUON
anjen-d (1L =u) DOH (9 =u) (€L = u) (€L = u) anjen-d (9z = u) (£1 = u) sauneay buibewi yN
passaiboud JDH Aple3 NdDH Nao1 Na JDOH

"SUOIIBAIOSqO JO saIneo) SurSewt YA “J11 d1gel

7791



A.M. De Gaetano, M. Catalano, M. Pompili, M.G. Marini, P. Rodriguez Carnero, et al.

Table IV. Categorization according to LI-RADS v2018 algorithm and table (major features only) and categorization according

to major and ancillary features.

Categorization According to LI-RADS v2018 Algorithm and Table (Major Features Only)
LR-3 LR-4 LR-5 LR-M Total
HCC 0 (0.0%) 1 (5.9%) 15 (88.2%) 1 (5.9%) 17 (100.0%)
E-HCC 0 (0.0%) 1 (16.7%) 5 (83.3%) 0 (0.0%) 6 (100.0%)
P-HCC 0 (0.0%) 0 (0.0%) 10 (90.9%) 1 (9.1%) 11 (100.0%)
DN 16 (61.5%) 3 (11.5%) 6 (23.1%) 1 (3.9%) 26 (100.0%)
LGDN 9 (69.2%) 2 (15.4%) 1.(7.7%) 1.(7.7%) 13 (100.0%)
HGDN 7 (53.8%) 1(7.7%) 5(38.5%) 0 (0.0%) 13 (100.0%)
Categorization According to Major and Ancillary Features
LR-3 LR-4 LR-5 LR-M Total
HCC 0 (0.0%) 1(5.9%) 15 (88.2%) 1(5.9%) 17 (100.0%)
E-HCC 0 (0.0%) 1 (16.7%) 5(83.3%) 0 (0.0%) 6 (100.0%)
P-HCC 0 (0.0%) 0 (0.0%) 10 (90.9%) 1 (9.1%) 11 (100.0%)
DN 6 (23.1%) 14 (53.8%) 5 (19.2%) 1 (3.9%) 26 (100.0%)
LGDN 4 (30.8%) 8 (61.5%) 0 (0.0%) 1.(7.7%) 13 (100.0%)
HGDN 2 (15.4%) 6 (46.1%) 5 (38.5%) 0 (0.0%) 13 (100.0%)

Note: HCC =hepatocellular carcinoma, E-HCC = early hepatocellular carcinoma, P-HCC = progressed hepatocellular carcinoma,
DN = dysplastic nodule, LGDN = low grade dysplastic nodule, HGDN = high grade dysplastic nodule.

major features — is summarized in Table IV.
Taken together, most of the HCCs were catego-
rized as LI-RADS category 5 (88.2% [15/17])
at both interpretations (i.e., before and after
the application of the ancillary features); in
particular, most of the E-HCCs (83.3% [5/6])
and most of the P-HCCs (90.9% [10/11]) were
classified as LR-5. DNs were mostly classified
as LR-3 (61.5% [16/26]), according to major
features only, while they were mostly classified
as LR-4 (53.8% [14/26]), according to ancil-
lary features. In particular, at the interpreta-
tion according to major features only, LGDNs
were predominantly classified as LR-3 (69.2%
[9/13]), while, they were mostly categorized
as LR-4 (61.5% [8/13]) at the interpretation
that included ancillary features. HGDNs were
frequently classified as LR-3 (53.8% [7/13]) at
evaluation according to major features only,
while they were frequently categorized as LR-4
(46.1% [6/13]) at the interpretation that includ-
ed ancillary features. At both interpretations, a
substantial proportion of HGDNs was catego-
rized as LR-5 (38.5% [5/13]). In contrast, only
1 of 13 LGDNs was classified as LR-5 and the
observation category was downgraded to LR-4
by using ancillary features.

Table VII illustrates the numbers and percent-
ages of observation categories that were identical,

upgraded or downgraded after application of an-
cillary features. The category of 74.4% of obser-
vations (32/43) was identical at both evaluations
(according to major features only or according to
the major features in combination with ancillary
features). Among the 25.6% observations (11/43)
that were modified by the application of ancil-
lary features, the category was upgraded in 10
of 11 observations (90.9%) from LR-3 to LR-4,
and downgraded in 1 of 11 observations from
LR-5 to LR-4, with 66.7% of LR-4 observations
(10/15) being upgraded from LR-3. All of the ob-
servations that were upgraded by using ancillary
features in combination with major features were
confirmed to be DNs at pathologic analysis (10/10,
of which 5 were LGDNSs, and 5 were HGDNS).
According to the LI-RADS v2018 rules for the
application of ancillary features, the observation
category was upgraded in 10 of 16 observations
(62.5%) eligible for category upgrade, with HBP
hypointensity being the most frequently ancillary
feature observed, as it was present in all of the
upgraded observations (10/10). The category was
downgraded in 1 of 41 observations (2.4%) eligi-
ble for category downgrade, due to the presence
of HBP isointensity.

Figure 1 shows an example of HCC diagnosed
based on major imaging features. Figures 2 and
3 illustrate two examples of liver observations in
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Table VII. Impact of ancillary features on observation cat-
egories, numbers, and percentages of observation categories
that were identical *, upgraded ** or downgraded *** after

the application of ancillary features.

Major Features Only

IR-3 |6
(14.0%)

(0.0%)

0

(0.0%)

0

(0.0%)

10%*

(23.3%)

4%

(9:3%)

e

(23%)

0

(0.0%)

0

(0.0%)

0
(0.0%)

0

(0.0%)

0.0%) | (0.0%)

Major and Ancillary Features

Note: 10 hepatic observations were upgraded to LR-4 by the pres-
ence of one or more of the following ancillary features: hepatobi-
liary hypointensity (n 10); mild-moderate T2 hyperintensity (n 5);
restricted diffusion (n 4); intralesional fat (n 4). 1 hepatic obser-
vation was downgraded to LR-4 by the presence of hepatobiliary
phase isointensity. Color coding of each category is identical to
conventionally used in official LI-RADS documents (9).

Figure 1. MR images show
a liver observation measur-
ing 18 mm in segment II
with nonrim arterial phase
hypenhancement and non-
peripheral “washout” cate-
gorized as LR-5 according to
major features of LI-RADS
v2018 algorithm. (A) Axi-
al T2-weighted; (B) Axial
T1-weighted with fat satura-
tion; (C) Diffusion weighted
imaging; (D) Post-contrast
arterial phase; (E) Post-con-
trast portal venous phase;
(F) Hepatobiliary phase.
The observation presents
moderate T2 hyperinten-
sity (A), is hypointense to
the liver on the pre-contrast
T1-weighted image (B) and
shows restricted diffusion
(C). At post-contrast imag-
ing, the observation shows
nonrim arterial phase hy-
perenhancement (D), non-
peripheral “washout” (E)
and hypointensity on hepa-
tobiliary phase (F). In this
case, ancillary features did
not modify the LI-RADS
category. Progressed hepa-
tocellular carcinoma was
confirmed with pathologic
analysis after hepatectomy.
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which the final category was upgraded due to the
application of ancillary features.

Discussion

For major features, we found that nonrim
APHE showed highest sensitivity (94.1%) for
the diagnosis of HCC, in agreement with pri-
or literature'®'®, with a 57.7% specificity, sim-
ilarly to previously reported by Sangiovanni
et al'®. Furthermore, enhancement on arterial
phase significantly correlated to the histological
classification of nodules (p = 0.001), being sig-
nificantly more frequent in HCCs. However, a
substantial proportion of HGDNs (53.8% [7/13])
showed nonrim APHE in our series. LGDNs and
most HGDNs have relatively preserved normal
arterial blood supply; therefore, they usually
are isoenhancing relative to liver background
parenchyma on the arterial phase of CT or MR
imaging®; nevertheless, arterial flow in some
HGDNSs increases owing to neoangiogenesis,
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Figure 2. MR images show a liver observation measuring 19 mm in segment IV categorized as LR-3 according to LI-
RADS v2018 algorithm and upgraded to LR-4 after applying ancillary features. (A) Axial T2-weighted; (B) Axial T1-weighted
with fat saturation; (C)Diffusion weighted imaging; (D) Post-contrast arterial phase; (E) Post-contrast delayed phase; (F)
Hepatobiliary phase. The lesion is mildly hyperintense on the T2-weighted image (arrow in A), isointense to the liver on the
pre-contrast T1-weighted image (B) with no evidence of restricted diffusion (C). At post-contrast imaging, the observation
shows no arterial phase hyperenhancement (D), presents nonperipheral “washout” (E) and is hypointense on hepatobiliary
phase (F). In this case, ancillary features (mild T2 hyperintensity and hypointensity on hepatobiliary phase), led to category
upgrade to LR-4. HGDN was confirmed with pathologic analysis after biopsy.

resulting in the potential misdiagnosis of a
hypervascular HCC?***. Recently, Granata et
a"” observed that most of the DNs included in
their study (70% [17/24]) showed APHE. Thus,
precise differentiation of HCCs and DNs based
on APHE may be difficult. Moreover, we found
that all of the E-HCCs (100% [6/6]) showed
nonrim APHE. Although it has been reported
that early, very well differentiated HCCs can be
iso-hypovascular in the arterial phase*-** due to

incomplete neoangiogenesis, Di Martino et al®
also referred a non-negligible amount of APHE
in well-differentiated HCCs included in their
series (82.2% [37/45]), thus, the sensitivity of
APHE for E-HCCs should still be clarified and
future research is needed in this field'?.
Interestingly, we found that nonperipheral
“washout” had high sensitivity (88.2%) for the
diagnosis of HCCs nodules, above showed values
from 59% to 79%'%""; however, with a 42.3%



A.M. De Gaetano, M. Catalano, M. Pompili, M.G. Marini, P. Rodriguez Carnero, et al.

Figure 3. MR images show a liver observation measuring 12 mm in segment I1I categorized as LR-3 according to LI-RADS v2018
algorithm and upgraded to LR-4 after applying ancillary features. (A) Axial T1-weighted in-phase; (B) Axial T1-weighted out-of-
phase; (C) Post-contrast arterial phase; (D) Post-contrast portal venous phase; (E) Hepatobiliary phase. The observation shows
inhomogeneous signal loss in the out-of-phase image (B), a finding consistent with intralesional fat. At post-contrast imaging,
the observation shows no arterial phase hyperenhancement (C), while presents nonperipheral “washout” (D) and hypointensity
on hepatobiliary phase (E). In this case, ancillary features (fat in the lesion, more than adjacent liver and hypointensity on
hepatobiliary phase) led to category upgrade to LR-4. LGDN was confirmed with pathologic analysis after biopsy.

specificity, lower than previously found (from
62% to 95%)'"". These results can be explained
by the fact that this feature was detected in a
substantial proportion of DNs in our series (57.7%
[15/26]). Notably, 53.8% of LGDNs (7/13), 61.5%
of HGDNs (8/13), 83.3% of E-HCCs (5/6) and
90.9% of P-HCCs (10/11) showed nonperipheral
“washout”. Other recent studies have revealed a
high percentage of DNs showing this feature; in
particular, Di Martino et al® also indicated that
washout was present in most of the DNs included
in their series (89% [26/29]); additionally, Kim et
al?* found this feature in 76.5% of HGDNs (13/17).
However, in the present work, we confirmed that
the combination of nonrim arterial phase hyper-
enhancement and nonperipheral “washout” was
significantly correlated to the histological classi-
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fication of nodules (p < 0.001) and increased both
specificity and PPV for the diagnosis of HCC*”.

Enhancing “capsule” showed a high specificity
(88.5%) for HCC, in agreement with the values
ranging from 86% to 96%'®*, with a 41.2% sen-
sitivity, similar to previously reported (42%)".
This feature was significantly correlated to the
histological classification of nodules (p = 0.012)
and was most frequently observed in P-HCCs
(54.5% [6/11]).

Among the ancillary features in favor of
malignancy in general, we confirmed the high
sensitivity of hepatobiliary phase hypointensity
(94.1%) for the diagnosis of HCC, in agreement
with the values ranging from 75% to 95%2%3.
However, the specificity of this feature found in
our study (26.9%) was much lower than previ-
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ously shown (42%-96%)?*?. These data can be
explained by the fact that a substantial proportion
of DNs (73.1% [19/26]) showed HBP hypointen-
sity in our series. In particular, this feature was
seen in 69.2% of LGDNs (9/13), 76.9% of HGDNs
(10/13), 83.3% of E-HCCs (5/6), and 100% of
P-HCCs (11/11) and thus, no significant difference
was appreciable among the histological classifi-
cation of nodules. Recently Renzulli et al** also
verified that the specificity of HBP hypointensity
for diagnosing HCCs was poor due to the high
proportion of HGDNs displaying this feature;
Kim et al** also observed HBP hypointensity
in most of the HGDNs (82.4%) in their series.
Similarly, we found that HBP hypointensity — as
a standalone feature — provided a limited perfor-
mance for differentiating HCCs from DN, thus
demonstrating that this ancillary feature may be
an early event of hepatocarcinogenesis and is not
a peculiar finding of HCC but may also be seen
in dysplastic nodules®*.

Mild-moderate T2 hyperintensity showed mod-
erate sensitivity (64.7%) and specificity (61.5%)
for HCC, similar to values of Hecht et al®*. This
feature was observed in 30.8% of LGDNs (4/13),
46.1% of HGDNs (6/13), 50% of E-HCCs (3/6)
and 72.7% of P-HCCs (8/11). Thus, although
mild-moderate T2 hyperintensity did not signifi-
cantly correlate to the histological classification
of nodules (p > 0.05), it was mostly encountered
in P-HCCs, in agreement with the literature®®-’.

Sensitivity and specificity of restricted diffu-
sion were respectively of 58.8% and 65.4% for the
diagnosis of HCC, much lower than previous val-
ues'™**. These results can be explained by the fact
that none of the E-HCCs included in our series
showed restricted diffusion. In particular, this
ancillary feature was seen in 30.8% of LGDNs
(4/13), 38.5% of HGDNs (5/13), and 90.9% of
P-HCCs (10/11). Some studies®®*! supported the
utility of diffusion weighted imaging (DWI) in
diagnosing HCC®, especially when combined
with dynamic post-contrast findings***' or HBP
hypointensity**. Nevertheless, other papers docu-
mented only moderate to no added value of DWI
compared with conventional MR imaging**, as
some HCCs, particularly those with well-differ-
entiated components, may show no or minimal
restricted diffusion®. Kim at al** reported that re-
stricted diffusion was present in a low percentage
of E-HCCs (21%) included in their series. In our
study population, restricted diffusion had mod-
erate sensitivity and specificity — as a standalone
feature — for the diagnosis of HCC, nevertheless,

was significantly more frequent in P-HCCs (p =
0.001), likely reflecting higher histological tumor
grading**®.

Fat in a mass, more than in the adjacent liver,
was observed in 11.8% of HCCs, with a speci-
ficity of 76.9%, consistent with the literature'™'®.
However, we encountered intralesional fat in
23.1% of DNs (6/26), 5 of which were LGDNSs.
Therefore, in our study, fat in mass was not sig-
nificantly correlated to histological classification
of nodules. The contribution of the ancillary fea-
ture to overall diagnostic performance hence is
limited because fat in a mass, more than in back-
ground liver, does not allow reliable distinction of
E-HCCs from high-grade and even LGDNs and
may coexist in P-HCCs'®.

For LI-RADS category indicating definitely
HCC (LR-5), interpretation that included ancil-
lary features did not remarkably modify sensitiv-
ity and specificity compared with categorization
according to major features only. In fact upgrade
from LR-4 to LR-5 category is not permitted by
LI-RADS. Furthermore, in our study, the cat-
egory was downgraded in 1 of 41 observations
eligible for category downgrade (2.4%) and in
particular, it was downgraded to LR4 in 1 of
21 LR-5 observations (4.7%). Thus, we did not
observe a notable impact of ancillary features
on LR-5 category diagnostic performance. The
present work certifies confirms that LR-5 cate-
gory provides high specificity for the diagnosis
of HCC; nevertheless, the specificity that we
observed was lower than the near-perfect values
previously stated (89.9%-97.1%)**?". These dis-
crepancies are probably due to our study series
which, was strictly limited to small observations
(£2 cm) and did not include LR-1/LR-2 and LR-
TIV observations.

Additionally, when combining LI-RADS cat-
egories indicating probably HCC or definitely
HCC (LR-4, LR-5), we observed that sensitivity
improved from 88.2% to 94.1% at both interpre-
tations (i.e., including or not ancillary features).
However, specificity was poor, and notably, the
interpretation that included ancillary features
further decreased specificity for HCC (from
80.8% to 26.9%) compared with categorization
according to major features only (from 76.9%
to 65.4%).

The value of ancillary features favoring ma-
lignancy (including ancillary features favoring
HCC in particular) to upgrade LR-3 observations
is controversial in literature, as well the combina-
tion of LR-4 and LR-5 to diagnose HCC. Recently
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Cerny et al”’ remarked that, the use of ancillary
features to upgrade LR-3 observations to LR-4
increased sensitivity for HCC (from 76% to 88%),
while preserved high specificity (from 88% to
86%) for the combination of LR-4, LR-5 and LR-
5V (equivalent of LR-TIV in version 2018). In a
separate study Ronot et al?*, combined LR-4 with
LR-5/LR-5V, and the sensitivity increased (from
72.5% to 87%) but the specificity decreased (from
89.9% to 69%) at MRI. Moreover, in the same
work?®, the use of ancillary features favoring
malignancy (including ancillary features favoring
HCC in particular) to upgrade LR-3 observations
to LR-4 increased sensitivity for HCC (from 87%
to 97%), but further reduced specificity (from
69% to 51%) at MRI. Our findings are similar to
the latter study. Although LR-TIV observations
were not included in our series, we observed that
the combination of LR-4 and LR-5 for the diag-
nosis of HCC markedly increased the sensitivity
for both interpretations (i.e., before and after
application of ancillary features), but resulted in
an unacceptably low specificity, especially when
applying ancillary features (26.9%). Therefore,
as Ronot et al?® we strongly believe that LR-4 and
LR-5 categories should not be combined for the
diagnosis of HCC. Our results can be explained
by the fact that the application of ancillary fea-
tures increased the proportion of LR-4 observa-
tions that were confirmed to be DNs at patho-
logic analysis. Prior works assessing the clinical
application of ancillary features have shown that
their use modifies the final category in 15-35% of
observations!*?74¢ with about 63% of LR-4 obser-
vations being upgraded from LR-3. Similarly, we
discovered that application of ancillary features
modified the final category in 25.6% of observa-
tions (11/43), predominantly upgraded from LR-3
to LR-4 (10/11), with 66.7% of LR-4 observations
(10/15) being upgraded from LR-3. Of note, all of
the observations that were upgraded from LR-3
to LR-4 by using ancillary features in combina-
tion with major features were confirmed to be
DN (10/10, of which 5 were LGDNSs, and 5 were
HGDNSs). Thus, although, DNs are not clearly
classified in a particular LI-RADS category**,
we detected that the use of ancillary features in-
creased the overall proportion of DNs categorized
as LR-4 (from 11.5% to 53.8%, respectively), and
in particular, we found that not merely HGDNs
were frequently categorized as LR-4 by using an-
cillary features (46.1%), similarly to that reported
by Kim et al*, but also LGDNs were mostly cat-
egorized as LR-4 with their application (61.5%).
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Recently, it has been shown that a minority
of LR-4 observations progress to LR-5; nev-
ertheless, it has been reported that cumulative
incidence of progression to a malignant category
is higher for LR-4 observations than for LR-3
observations®. Therefore, our data suggest that
the application of ancillary features may be used
to adapt patient management in LR-4 observa-
tions, prompting close follow up or even a more
aggressive approach, including liver biopsy. In-
deed, this approach should be validated on a large
scale. However, further work is needed to assess
the incremental benefit of these features for LI-
RADS categorization, as well studies are needed
to define the optimal workup strategy of LR-4
observations, as it is still unclear if they should
undergo biopsy™®. In this regard, the role of mul-
tidisciplinary management is pivotal to achieve a
tailored workup of each patient.

Our study had some limitations. First, the
retrospective nature of the study, as well as the
application of a strict requirement of pathologic
proof as reference standard for all observations,
imply the possibility of selection bias. Second,
although, all observations were pathologically
proven, sampling error or mistargeting may
have decreased the reliability of the histological
diagnosis for those lesions that only underwent
FNB/CNB, as shown by one LR-M observation
included in our series which was confirmed be-
ing an LGDN at FNB. Third, the number of in-
vestigated lesions was relatively small, thus, we
were not able to compute the diagnostic perfor-
mance for some infrequently observed features.
Moreover, as clinical practice guidelines do
not mandate pathologic proof for observations
that meet their imaging criteria for HCC>7, this
contributed to restricting our study to a small
number of observations, some of which were
reasonably considered atypical from a radio-
logical point of view. This context this could
explain the high percentage of LGDNSs display-
ing HBP hypointensity in our series. Therefore,
further investigation on a larger series of cases
is needed to assess diagnostic performance and
clinical application of major and ancillary fea-
tures in differentiating HCC from DN in at-risk
patients. Fourth, we did not compute diagnos-
tic performance of ancillary features favoring
benignity, as they were infrequently observed
in our series. Nevertheless, when assigning LI-
RADS v2018 category at imaging analysis, the
presence of hepatobiliary phase isointensity was
taken in count by the two revising radiologists
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and determined downgrade in one of 41 obser-
vations eligible for category downgrade, thus
not affecting diagnostic performance of LR-5
and the combination of LR-4, LR-5 categories.
Finally, the evaluation of MR images by two
radiologists in consensus, gave no data about
the interobserver agreement, reducing the abil-
ity to make conclusive statements concerning
accuracy.

Conclusions

The results of our study of diagnostic per-
formance suggest that LI-RADS major features
have moderate to high specificity for diagnosing
small HCCs, except for nonperipheral “washout”.
When considered in combination, nonrim APHE
and nonperipheral “washout” more significant-
ly correlate to the histological classification of
nodules providing higher specificity and PPV for
HCC in at-risk patients, than when considered as
stand-alone features. LI-RADS ancillary features
in favor of malignancy — or HCC in particular
— have moderate to low specificity, providing
limited value for non-invasive diagnosis of small
HCCs. Notably, none of the ancillary features
favoring malignancy — or HCC in particular —
were observed significantly more often in HCCs
than in DNs, except for restricted diffusion in
P-HCCs. Thus, they cannot reliably discriminate
small observations in at-risk patients, and precise
differentiation of preneoplastic lesions may be
uncertain due to the overlap of imaging find-
ings. However, the application of ancillary fea-
tures modified the final category in a substantial
proportion of observations from LR-3 to LR-4,
increasing the overall proportion of dysplastic
nodules categorized as LR-4. This approach may
be used to allow possible changes in the man-
agement of these patients. Finally, regarding the
diagnostic performance of LI-RADS categories,
our results show that the highest sensitivity for
HCC is observed with the combination of LR-4
and LR-5 categories, in contrast, higher specifici-
ty is provided with LR-5 alone.
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