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To determine for expert and novice radiologists repeat-
ability of major diagnostic features and scoring systems
(ie, Liver Imaging Reporting and Data System [LI-RADS],
Organ Procurement and Transplantation Network
[OPTN], and American Association for the Study of Liver
Diseases [AASLD]) for hepatocellular carcinoma (HCC)
by using magnetic resonance (MR) imaging.

Institutional review board approval was obtained and pa-
tient consent was waived for this HIPAA-compliant, retro-
spective study. The LI-RADS discussed in this article re-
fers to version 2013.1. Ten blinded readers reviewed 100
liver MR imaging studies that demonstrated observations
preliminarily assigned LI-RADS scores of LR1-LRS. Diam-
eter and major HCC features (arterial hyperenhancement,
washout appearance, pseudocapsule) were recorded for
each observation. LI-RADS, OPTN, and AASLD scores
were assigned. Interreader agreement was assessed by
using intraclass correlation coefficients and k statistics.
Scoring rates were compared by using McNemar test.

Overall interreader agreement was substantial for arterial
hyperenhancement (0.67 [95% confidence interval {Cl}:
0.65, 0.69]), moderate for washout appearance (0.48
[95%CI: 0.46, 0.50]), moderate for pseudocapsule (0.52
[95% CI: 050, 0.54]), fair for LI-RADS (0.35 [95% CI:
0.34, 0.37]), fair for AASLD (0.39 [95% CI: 0.37, 0.42]),
and moderate for OPTN (0.53 [95% CI: 0.51, 0.56]).
Agreement for measured diameter was almost perfect
(range, 0.95-0.97). There was substantial agreement for
most scores consistent with HCC. Experts agreed signifi-
cantly more than did novices and were significantly more
likely than were novices to assign a diagnosis of HCC
(P < .001).

Two of three major features for HCC (washout appear-
ance and pseudocapsule) have only moderate interread-
er agreement. Experts and novices who assigned scores
consistent with HCC had substantial but not perfect
agreement. Expert agreement is substantial for OPTN, but
moderate for LI-RADS and AASLD. Novices were less con-
sistent and less likely to diagnose HCC than were experts.

©RSNA, 2014
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n imaging-based diagnosis of he-
patocellular carcinoma (HCC) is
accepted as a surrogate for tissue
confirmation in patients with chronic
liver disease when classic
are met (arterial hyperenhancement,
washout appearance, pseudocapsule

Advances in Knowledge

B There was substantial to mod-
erate repeatability of major diag-
nostic features for hepatocellular
carcinoma (HCC) (arterial hyper-
enhancement, 0.67 [95% confi-
dence interval {CI}: 0.65, 0.69];
washout appearance, 0.48 [95%
CI: 0.46, 0.50]; pseudocapsule,
0.52 [95% CI: 050, 0.54]).

® Novices are less likely than
experts to assign a diagnosis of
HCC (Liver Imaging Reporting
and Data System [LI-RADS]
score of LRS, 17% [85 of 500] vs
28% [140 of 500], respectively;
P < .001; Organ Procurement
and Transplantation Network
[OPTN] score of 5, 17% [83 of
500] vs 29% [143 of 500], re-
spectively; P < .001).

criteria

B Overall interreader agreement
was significantly better for OPTN
(0.53 [95% CI: 0.51, 0.56]) than
LI-RADS (0.35 [95% CI: 0.34,
0.37]) because of the weak
agreement for intermediate-risk
LI-RADS categories (eg, LR2,
0.11 [95% CI: 0.08, 0.14]; LR3,
0.26 [95% CI: 0.23, 0.29]; LR4,
0.28 [95% CI: 0.25, 0.31]).

B Interreader agreement for size
(diameter) is almost perfect for
all imaging phases after adminis-
tration of contrast material and
reader experience levels, both
between readers (intraclass cor-
relation coefficient range, 0.95-
0.97) and within patients (intra-
class correlation coefficient
range, 0.94-0.98).

B The use of ancillary features to
adjust LI-RADS scores is signifi-
cantly associated with greater
variability in interreader
agreement (P = .002).

appearance, and size =2 cm) (1-5).
However, there is inconsistency in liver
lesion reporting between radiologists,
which can vary by experience level,
local medical culture, differences in in-
terpretation, and personal preference
(2,5,6). Because tissue confirmation is
often waived and major management
decisions (eg, liver transplantation) are
made when HCC is diagnosed with im-
aging, there is a need to provide reli-
able, consistent, and accurate reports
(1,2,7-9). Patients can undergo unnec-
essary and morbid therapy if HCC is er-
roneously diagnosed, which can affect
not only the index patient, but can have
a profound indirect effect on unrelated
patients because of a waste of scarce
resources (eg, unnecessary liver trans-
plantation) (5).

Recently, substantial efforts re-
sulted in a series of structured re-
porting systems based on imaging to
standardize the characterization and
reporting of imaging observations
made in the setting of chronic liver
disease (Liver Imaging Reporting
and Data System [LI-RADS]| version
2013.1 [6], revised Organ Procure-
ment and Transplantation Network
|[OPTN] criteria [1], American Asso-
ciation for the Study of Liver Diseases
[AASLD] practice guideline [3]). The
intention of these systems is twofold:
to ensure 100% specificity when HCC
is diagnosed with imaging, and to im-
prove the coherency and consistency
of radiology reports. If these two
goals are to be met, the system that
is used must have a high degree of

Implications for Patient Care

B Two of three major imaging-
based diagnostic criteria for
HCC, washout appearance and
pseudocapsule, have only mod-
erate interreader agreement,
which represents a challenge for
the noninvasive diagnosis of
HCC.

B The LI-RADS system has fair-to-
slight interreader agreement for
intermediate-risk categories
(LR2-LR4) and may need further
refinement.

interreader agreement. To date, this
has not been well established.

The purpose of this study was
to determine for expert and novice
readers the repeatability of major diag-
nostic features and scoring systems (ie,
LI-RADS, OPTN, and AASLD) for HCC
by using magnetic resonance (MR)
imaging.

Materials and Methods

Institutional review board approval was
obtained and patient consent waived
for this Health Insurance Portability
and Accountability Act-compliant, ret-
rospective study. The LI-RADS dis-
cussed in this article refers to version
2013.1.

Subjects

A fellowship-trained abdominal radiol-
ogist (M.S.D., 2 years of experience)
reviewed dynamic contrast agent-en-
hanced liver MR examinations per-
formed on adult patients with chronic
hepatitis or cirrhosis by using gadoben-
ate dimeglumine (MultiHance; Bracco

Published online before print
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Diagnostics, Princeton, NJ) between
February 25, 2011, and January 12,
2013 (n = ~500). The radiologist identi-
fied and assigned a preliminary LI-RADS
score to hepatic observations until there
were 20 observations for each LI-RADS
score from LR1 to LRS. The first eligi-
ble observations were selected until the
quota had been filled. No patients who
had undergone locoregional therapy
with transcatheter arterial chemoem-
bolization or hepatic radiation therapy
before the study were included. Patients
who had undergone hepatic thermal
ablation before the study period were
permitted for inclusion as long as the
index observation was spatially distant
from the thermal ablation cavity. We did
not assess hepatobiliary phase imaging
because it is not considered in the LI-
RADS or OPTN classification schemes.
Only one observation per MR examina-
tion was included, which resulted in 100
observations in 100 MR examinations in
95 patients. The preliminary LI-RADS
scores were as follows: LR1, 20 prelimi-
nary scores; LR2, 20 preliminary scores;
LR3, 20 preliminary scores; LR4, 20
preliminary scores; LRS, 20 preliminary
scores. The study cohort consisted of
63 men (mean age, 61 years; age range,
35-82 years) and 32 women (mean age,
59 years; age range, 31-80 years). All
patients in the study group had chronic
viral hepatitis and/or cirrhosis.

Liver MR Protocol

All  liver MR examinations in-
cluded in this study were per-
formed by using either 1.5-T or 3-T
MR imagers (Achieva XR, Philips
Healthcare, Best, the Netherlands; In-
genia, Philips Healthcare; LX Signa
Excite 2, GE Healthcare, Milwaukee,
Wis; HD, GE Healthcare), and used
the following pulse sequences and pa-
rameters: breath-hold coronal single-
shot T2-weighted turbo spin echo
(repetition time msec/echo time msec,
shortest/255; flip angle, 90°; section
thickness, 8 mm; intersection gap, 0
mm; field of view, abdomen); breath-
held axial single-shot turbo spin echo
(shortest/235; flip angle, 90°; section
thickness, 8 mm; intersection gap, 0
mm; field of view, liver); breath-hold

axial T1-weighted dual-echo gradient-
recalled echo (185/2.3, 4.6; flip angle,
70°; section thickness, 8 mm; intersec-
tion gap, 0 mm; field of view, liver);
respiratory-triggered axial fat satura-
tion T2-weighted fast spin echo (short-
est/90; flip angle, 90°; section thickness,
8 mm; intersection gap, 0 mm; field
of view, liver; spectral presaturation
with inversion recovery fat saturation);
respiratory-triggered axial diffusion-
weighted imaging (echo-planar imag-
ing; b values, 0 and 800 sec/mm?; sec-
tion thickness, 6 mm; intersection gap,
0 mm; field of view, liver); breath-hold
axial T1-weighted fat-saturated three-
dimensional precontrast and dynamic
postcontrast (arterial, 20-30 seconds;
venous, 60-90 seconds; extracellular,
120-150 seconds; delayed, 180-210
seconds) gradient echo (1.3/3.6; flip
angle, 10°-12°; acquisition time, ~20
seconds; section thickness, 4 mm, in-
terpolated to 2 mm; field of view, liver,
spectral adiabatic inversion recovery fat
saturation). Arterial phase timing was
based on manual fluoroscopic (Acheiva
XR, Philips Healthcare; Ingenia, Phil-
ips Healthcare) or automated contrast
material bolus tracking (SmartPrep;
GE Healthcare). We used the contrast
agent gadobenate dimeglumine (Multi-
Hance; Bracco Diagnostics, Princeton
NJ), and the administered dose was se-
lected according to patient weight (0.1
mmol/kg; maximum dose, 20 mL).

Image Processing

All patient identifiers were removed
from each MR examination associated
with a study observation by using the
Radiological Society of North America
digital randomization tool (10), and
they were networked to a picture ar-
chiving and communications worksta-
tion (Horizon Medical Imaging PACS;
McKesson, Richmond, Canada) under
a dummy identifier. When one or more
comparison studies were available (64
of 100 studies; 48 MR abdomen stud-
ies, 16 computed tomographic [CT]
abdomen studies), the most relevant
comparison used to assign the prelim-
inary LI-RADS score was similarly dei-
dentified and migrated to the research
picture archiving and communications

workstation under the same dummy
identifier. All pulse sequences for both
the index and comparison study (if any)
were migrated and made available for
review.

Observation Atlas

Single images that best depicted each
observation (n = 100) were captured
and stored in a digital atlas (Power-
Point; Microsoft Corporation, Red-
mond, Wash) to guide the reviewers
and to allow for a targeted assessment
of individual observations. The image
that most clearly showed each obser-
vation was chosen, regardless of MR
sequence type or postcontrast phase.
Each slide of the atlas contained one
representative image that depicted the
targeted observation, an arrow that
highlights the observation, the date of
the study, the date and type of compar-
ison study (if any), and the deidentified
observation code to reference the study
on the institutional research picture
archiving and communications system.
No patient identifiers were included in
the atlas. The only link between the
deidentified images for review and the
deidentified atlas was the randomized
study observation code.

Image Review

For this study, five fellowship-trained
radiologists (P.S.C.L., K.E.M., R.K.K.,
A.P.W., M.\M.A., 6-11 years of experi-
ence after fellowships) at a liver trans-
plantation center and five novice radi-
ology residents (D.I.G., E.B.S., J.P,
D.K.S., B.L.V.) at the same center in-
terpreted MR examinations. Before the
beginning of the study, each reader (n
= 10) was provided 1 hour of lecture-
based and hands-on instruction that
explained in detail each liver observa-
tion scoring system (LI-RADS, OPTN,
AASLD) to be used in this study, with
emphasis on the similarities and differ-
ences among them. The definitions of
arterial hyperenhancement, washout
appearance, and pseudocapsule ap-
pearance were provided by using the
LI-RADS definitions (6). Differences
in size measurements between the
scoring systems were explained (eg,
diameter measured on late arterial or
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early venous imaging for OPTN [1] vs
diameter measured where observation
is best indicated while avoiding the
arterial phase if possible for LI-RADS
[6]). The distinctions between OPTN
S5A-g observations (1) and LR4A ob-
servations (6) were described. The
readers were advised that ancillary cri-
teria for HCC (defined in the LI-RADS
glossary) may be used in the LI-RADS
system (Fig E1 [online]), but they can-
not be used for an observation from
patient classification of LR4 or less to
LR35 (6). In addition, each reader was
provided 10 practice cases in a format
identical to the study cases to be used
for training purposes. Informal feed-
back was provided to the readers when
questions arose during the training set.
These steps were taken to minimize the
effects of training bias during the study.
The training cases were not included in
the study group.

Each reader was provided access
to a shared networked folder that con-
tained a blank reader sheet, the study
observation atlas, the official LI-RADS
atlas and glossary published by the
American College of Radiology (6), the
current OPTN liver lesion classification
system (1), and a recent publication of
the AASLD schema (3). The images in
the observation atlas were used as a
roadmap to direct readers to the target
observations. The complete MR exami-
nations (not the single images from the
observation atlas) were evaluated dur-
ing the image review process. Table E1
(online) describes the AASLD schema
assessed in our study. Table E2 (online)
describes the OPTN guideline.

For each observation, each reader
(who was blinded to other readers,
the preliminary LI-RADS score, the
distribution of preliminary LI-RADS
scores, and patient history) measured
the maximum diameter of the obser-
vation in each postcontrast phase (ar-
terial, venous, extracellular, delayed),
recorded the presence of major fea-
tures for HCC (arterial hyperenhance-
ment, washout appearance, pseudocap-
sule), and assigned scores according to
each of the three systems (LI-RADS,
OPTN, and AASLD). If the observation

could not be measured on one or more

phases, the reader was instructed not to
record a size for those phases. AASLD
does not have an official scoring system,
so a scoring system was adapted from
Bruix et al (3), where 1 = benign, 2 =
follow-up, 3 = biopsy (>1-cm arterial-
phase hyperenhanced observation with-
out washout appearance), 4 = definite
HCC (>1-cm arterial-phase hyperen-
hanced observation with washout ap-
pearance) (Table E1 [online]). For each
LI-RADS score, the reader indicated
whether LI-RADS ancillary features for
HCC (6) were used to assign that score.
Expert consensus for any given score or
scoring system combination was consid-
ered if at least three of the five expert
readers agreed on the same score.

Clinical Outcome

Whether follow-up, biopsy, resection,
or treatment was necessary for the
100 observations that were interpreted
by the readers was determined during
retrospective chart review by a radi-
ologist (M.S.D.). The median imaging
follow-up period was 8 months (range,
0-84 months). Observations that had
been considered consistent with HCC
without tissue confirmation were pre-
sented to an institutional multidisciplin-
ary liver tumor board before therapy.

Observations were arranged ret-
rospectively into the following general
categories based on the original pro-
spective management: (a) not definite
HCC according to imaging and clinical
criteria; (b) presumed to be HCC ac-
cording to imaging and clinical criteria
without tissue confirmation (and with
subcategorization based on the initial
subsequent treatment: thermal abla-
tion, chemoembolization, yttrium 90,
sorafenib, stereotactic radiation ther-
apy, hospice); (c) HCC confirmed by
histologic analysis; (d) benign mass
confirmed by histologic analysis; or (e)
cholangiocarcinoma confirmed by his-
tologic analysis. Retrospective reader
scores were stratified overall and by
experience level regarding the original
prospective management.

Data Analysis

Continuous variables were summa-
rized by using means and ranges.

Categorical variables were summa-
rized with counts and proportions.
Intraclass  correlation  coefficients
and 95% confidence intervals (Cls)
were used to assess the interread-
er agreement as well as interphase
agreement for liver observation size
(maximum diameter). Mixed uncon-
ditional mean models were used for
intraclass correlation coefficient cal-
culations adjusted between readers
and between subject correlations,
as appropriate. Multirater Fleiss k
statistics and 95% Cls were used to
assess the interreader agreement for
scoring systems and major diagnostic
features of HCC (ie, arterial hyperen-
hancement, washout appearance, and
pseudocapsule). Bonferroni
tion was applied to the k statistic Cls
of the three major scoring systems
stratified by experience level. The Cls
that were related to major diagnostic
features of HCC were not adjusted
because they were not involved in hy-
pothesis testing. Other reported tests
are considered exploratory.

k results were stratified qualitatively
by score (slight agreement, 0.01-0.20;
fair agreement, 0.21-0.40; moder-
ate agreement, 0.41-0.60; substantial
agreement, 0.61-0.80; almost perfect
agreement, 0.81-0.99 [11]). Scoring
was compared by using McNemar
test. To evaluate the effect of use of
ancillary imaging features for HCC on
LI-RADS scores, the variability of LI-
RADS scores within 10 reader obser-
vations was assessed by analyzing the
standard deviation of LI-RADS scoring
as a dependent variable in a regression
model. Two-tailed P values less than
.05 indicated statistical significance.
Data analysis was performed with sta-
tistical software (SAS 9.2; SAS Insti-
tute, Cary, NC).

The distribution of LI-RADS, OPTN,
and AASLD scores per reader is
shown in Table 1. By expert consen-
sus, none of the MR studies were
nondiagnostic (ie, OPTN 0). Ex-
pert consensus was not reached for
19 LI-RADS observations, 19 OPTN

correc-
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Table 1

Number of Observations in the Dataset Stratified by Expert Consensus, Individual Reader, and Scoring System Assignment

Score Expert Consensus ~ Reader 1 Reader2 Reader3 Reader4 Reader5 Reader6 Reader7 Reader8 Reader9 Reader 10

LI-RADS scores
LR1 16 28 17 14 15 20 8 18 14 17 15
LR2 1 15 10 9 5 13 1 17 26 13 23
LR3 26 15 27 31 31 18 29 35 26 34 18
LR4A 9 10 12 8 14 19 17 11 15 14
LR4B 2 7 7 6 7 2 17 8 9 4 10
LR5A 4 6 3 6 9 5 6 1 4 5
LR5B 20 16 18 25 13 18 12 10 12 12 15
LR5V 3 3 6 1 6 5 0 1 1 0
No consensus 19 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

OPTN scores
0 0 0 1 0 0 0 0 3 0 0 0
Deferred to LI-RADS* 56 76 72 67 70 71 83 81 86 83 81
5A 4 5 2 7 9 5 5 3 0 3 3
5A-g 0 1 1 0 2 0 0 0 1 1 1
5B 14 12 17 17 12 15 9 9 6 11 10
5B-g 0 0 0 0 1 1 1 1 3 1 0
5X 7 6 7 9 6 8 2 3 4 1 5
No consensus 19 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

AASLD scores
1 19 36 19 21 16 24 11 34 33 21 25
2 23 15 20 31 28 32 46 26 21 40 16
3 16 15 32 12 29 8 21 22 29 20 16
4 33 34 29 36 27 36 22 18 17 19 43
No consensus 9 N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A

Note—Readers 1-5 were experts and readers 6—10 were novices. There were 100 observations in the dataset. An expert consensus score was assigned if at least three of five expert readers gave

the same score or it was scored as no consensus.

* Scored as neither a category 5 nor category 0 OPTN observation; per OPTN guidelines, characterization is deferred to the LI-RADS system. AASLD scores are as follows: 1 = benign, 2 = follow,

3 = hiopsy, 4 = HCC.

observations, and nine AASLD obser-
vations. Figure 1 and Figure 2 are ex-
amples of two study cases that caused
substantial reader  disagreement.
Scores of LR2 were variably assigned
(median number of LI-RADS scores of
LR2 by reader per 100 observations,
13 [all readers], 10 [expert readers],
17 [novice readers]), but inconsis-
tently so (ie, only one observation was
considered LR2 by expert consensus).
OPTN scores of 5A-g and 5B-g were
rarely assigned (n = 0 with expert con-
sensus; OPTN 5A-g range by reader,
0-2; OPTN 5B-g range by reader,
0-3). Novices were less likely than
were experts to assign a diagnosis of
HCC (LRS3: 17% [85 of 500] vs 28%
[140 of 500], respectively; P < .001;
OPTN 5: 17% [83 of 500] vs 29%
[143 of 500], respectively; P < .001;

AASLD 4: 24% [119 of 500] vs 32%
[161 of 500], respectively; P < .001).
Novices were also less likely than
were experts to assign a score that
would contraindicate liver transplan-
tation (LR5V: 1% [five of S00] vs 4%
[21 of 500], respectively; P < .001;
OPTN 5X: 3% [15 of 500] vs 7% [36
of 500], respectively; P < .001).

The details of the repeatability of
the scoring systems are in Table 2.
Experts were in agreement more than
were novices for all scoring systems
(LI-RADS: 0.43 [95% CI: 0.41, 0.45]
vs 0.35 [95% CI: 0.33, 0.37], respec-
tively; OPTN: 0.64 [95% CI: 0.60,
0.68] vs 0.50 [95% CI: 0.46, 0.54],
respectively; AASLD: 0.46 [95% CI:
0.42, 0.50] vs 0.36 [95% CI: 0.32,
0.40], respectively). The OPTN system
was significantly more repeatable

(0.33 [95% CI: 0.31, 0.56]) than ei-
ther LI-RADS (0.35 [95% CI: 0.34,
0.37]) or AASLD (0.39 [95% CI:
0.37, 0.42]). Interreader agreement
for LI-RADS scores of LR2 (0.11 [95%
CI: 0.08, 0.14]), LR3 (0.26 [95% CI:
0.23, 0.29]), and LR4 (0.28 [95% CI:
0.25, 0.31]) were significantly worse
than the interreader agreement for
LI-RADS scores of LR1 (0.54 [95%
Cl: 0.51, 0.57]) and LRS (0.62 [95%
CI: 0.59, 0.63]). Scores that were
considered to be diagnostic of HCC
had substantial repeatability between
experts for all scoring systems (LI-
RADS score of LR5: 0.71 [95% CI:
0.65, 0.77], OPTN 35: 0.70 [95% CI:
0.63, 0.76], AASLD 4: 0.61 [95% CI:
0.55, 0.67]). Table 3 shows the inter-
reader agreement for all readers and
scoring systems in the study group.
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Figure 1

a.

Figure 1: MR images of a liver mass, originally
detected at CT examination, in a 65-year-old
woman with history of breast cancer and biopsy-
confirmed cirrhosis. The 3-cm finding (arrow) was
assigned a preliminary LI-RADS score of LR2. There
was no expert consensus LI-RADS score for this
observation (two scores of LR5B, one score of LR4B
and two scores of LR2). Four experts gave this an
AASLD score of 4, one expert gave this an AASLD
score of 1, and two experts gave this an OPTN
score of 5B. The abnormality was biopsied and
confirmed to be focal steatosis on a background of
nonalcoholic fatty liver disease—induced cirrhosis.
Images show (a) unenhanced, (b) arterial, and (c)
venous phase breath-hold axial T1-weighted three-

dimensional spoiled gradient-recalled-echo imaging with fat saturation, and (d) opposed-phase and (e) in-phase breath-hold axial T1-weighted two-dimensional
dual-echo gradient-recalled-echo imaging with echo times of 2.3 msec and 4.6 msec, respectively.

Overall interreader agreement
was substantial for arterial hyper-
enhancement (0.67 [95% CI: 0.65,
0.69]), moderate for washout appear-
ance (0.48 [95% CI: 0.46, 0.50]),
and moderate for pseudocapsule
(0.52 [95% CI: 050, 0.54]) (Table 4).
Expert-assigned
were marginally but significantly more
repeatable than novice-assigned size
measurements for all postcontrast im-
aging phases, observation scores, and
scoring systems (range of intraclass
correlation coefficients for all readers
and phases: 0.90-0.98). This persisted
when only expert consensus LI-RADS
scores of LR5A, LRSB, and LR5V were
considered (range for novice readers,
0.93-0.96; range for expert readers,
0.97-0.98; range for all readers, 0.94-
0.96). However, repeatability of size de-
termination was almost perfect for all
readers, regardless of experience level.

size measurements

Measured diameters are stratified
by expert consensus score in Table
E3 [online]. There was almost perfect
agreement for observation size within
readers at both experience levels for
observations across imaging phases af-
ter administration of contrast material
(intraclass correlation coefficient range,
0.94-0.98) (Table E4 [online]), which
indicated that the size recorded for
an observation in one phase was fairly
consistent across all imaging phases af-
ter administration of contrast material
in which that observation was visible.

Ancillary imaging features for HCC
were commonly used by all readers
when assigning LI-RADS scores (Table
ES [online]), but experts used them
significantly more often than did nov-
ices (25% [126 of 500] vs 18% [92 of
500]; P = .004). Overall use of ancil-
lary features for LI-RADS scoring was
associated with a significant increase in

the variability of the assigned score (P =
.002). For every additional reader that
used ancillary features for any given
observation, the standard deviation of
LI-RADS scoring for that observation
increased by 0.09.

The prospective clinical outcome is
shown in Table E6 (online) and strati-
fied by scoring system assignment. Of
the liver observations that were de-
termined by a combination of imaging
and clinical criteria not to be consis-
tent with HCC in actual clinical prac-
tice, 6% (16 of 280) of expert scores
and 3% (seven of 280) of novice scores
for those observations were LRS and
6% (17 of 280) of expert scores and
3% (seven of 280) of novice scores
were OPTN 5. Of the liver observa-
tions that were treated in actual clin-
ical practice as consistent with HCC
on the basis of imaging and clinical pa-
rameters, 0% (zero of 150) of expert
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a.

Figure 2: MR images of a liver mass, originally
detected at CT examination, in a 55-year-old

man with elevated liver enzymes and an elevated
alpha-fetoprotein (9.1 ng/mL). The 3.3-cm finding
(arrow) was assigned a preliminary LI-RADS score
of LR4. There was no expert consensus LI-RADS
score for this observation (two scores of LR5B,

one score of LR4B, and two scores of LR3). The
assigned expert AASLD scores were also without
consensus (two scores of 4, one score of 3, and
two scores of 2). Two experts assigned a score of
OPTN 5B. The mass was biopsied and proved to be
cirrhosis with steatohepatitis. At follow-up imaging
9 months later, the mass had decreased in size and
the intracellular lipid within the mass had resolved.

d.

Images show (a) unenhanced, (b) arterial, and (c) venous phase breath-hold axial T1-weighted three-dimensional spoiled gradient-recalled-echo imaging with fat-
saturation, and (d) opposed-phase and (e) in-phase breath-hold axial T1-weighted two-dimensional dual-echo gradient-recalled-echo imaging with echo times of 2.3

msec and 4.6 msec, respectively.

scores and 5% (seven of 150) of nov-
ice scores were either LR1 or LR2. No
expert or novice assigned a low-risk
LI-RADS score of LR1 or LR2 to a his-
tologic-analysis confirmed HCC (zero
of 40 expert scores; zero of 40 nov-
ice scores). Experts often assigned a
high-risk LI-RADS score of LR4 (24%
[six of 25]) or LRS (16% [four of 23])
to observations that were shown to
be benign through histologic analysis,
while novice radiologists did so less
often (LI-RADS score of LR4, 16%
[four of 23]; LI-RADS score of LRS,
0% [zero of 25]). In general, experts
assigned high-risk scores (LI-RADS
scores of LR4 and LRS, OPTN score of
5, and AASLD score of 4) more often
than did novices (Table E6 [online]),
and were less likely than were novices
to assign a low-risk score (LI-RADS
scores of LR1 or LR2) to observations
clinically treated as HCC.

Our data demonstrate that there is sub-
stantial variation in liver observation
reporting by both experts and novices
when standardized reporting schema
are used. Although experts consistently
had significantly higher agreement than
novices, only experts who used OPTN
had substantial interreader agreement.
The remaining scoring system and
experience level combinations had
agreement that was only fair to moder-
ate. This appeared to be directly related
to the following key issues: (a) imper-
fect interreader repeatability of qualita-
tive major diagnostic features for HCC
(ie, arterial hyperenhancement [sub-
stantial repeatability], washout appear-
ance [moderate repeatability|, pseudo-
capsule [moderate repeatability]); (b)
fair-to-slight interreader repeatability
of intermediate-suspicion categories in

the LI-RADS system (LR2, LR3, LR4)
and AASLD system (AASLD scores of
2 and 3); and (c) variability in inter-
reader repeatability (P = .002) when
subjective ancillary features for HCC
were used.

The OPTN system is designed to
indicate whether a patient is suited
for transplantation on the basis of an
imaging diagnosis of HCC, while the
AASLD and LI-RADS systems add addi-
tional frameworks for the management
of findings that are not consistent with
HCC (1,3,6). It is critical that OPTN
scores of 5 always indicate HCC be-
cause transplantation decisions are
made based on those designations. Our
data show that there was substantial
but not perfect repeatability for most
scores considered diagnostic of HCC
across the three scoring systems, with
smaller masses having less repeatability
than larger masses.
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Table 2

Repeatability of Liver Observation Scoring Systems Stratified by Experience Level

Characteristic Novice Readers

Expert Readers All Readers

HCC scoring systems

LI-RADS score (overall) 0.35(0.31,0.38)

OPTN score 0.50 (0.45, 0.55)
AASLD score 0.36 (0.31,0.41)
Observation, not diagnostic
OPTN O N/A
Low-risk observation
LR1 0.54 (0.48, 0.60)
LR2 0.11 (0.04,0.17)
AASLD 1 0.40 (0.34,0.47)
AASLD 2 0.29 (0.23, 0.35)
Intermediate-risk observation
LR3 0.26 (0.20, 0.32)
AASLD 3 0.27 (0.21,0.33)

High-risk observation
LR4 (includes LR4A and LR4B)
LR4A
LR4B
Observation indicates HCC
LR5 (includes LR5A, LR5B,

0.34 (0.28, 0.40)
0.39 (0.33, 0.45)
0.34(0.28,0.41)

0.62 (0.56, 0.68)

or LR5V)
LR5A 0.37(0.31, 0.43)
LR5B 0.60 (0.54, 0.66)
LR5V 0.19(0.13, 0.25)
OPTN 5 (includes 5A, 5A-g, 0.62 (0.56, 0.68)
5B, 5B-g, or 5X)
OPTN 5A 0.27 (0.20, 0.33)
OPTN 5A-g N/A
OPTN 5B 0.55 (0.49, 0.61)
OPTN 5B-g N/A
OPTN 5X 0.42 (0.35, 0.48)
AASLD 4 0.48 (0.41,0.54)

0.43 (0.41,0.46)
0.64 (0.59, 0.69)
0.46 (0.41,0.51)

0.35(0.34, 0.37)
0.53 (0.51, 0.56)
0.39 (0.37,0.42)

N/A N/A

0.65 (0.59, 0.71) 0.54 (0.51,0.57)
0.11 (0.05,0.17) 0.11 (0.08, 0.14)
0.57 (0.51,0.64) 0.47 (0.44, 0.50)
0.33 (0.27,0.39) 0.31(0.28, 0.34)

0.31 (0.24,0.37)
0.26 (0.20, 0.32)

0.26 (0.23, 0.29)
0.24 (0.21,0.27)

0.33(0.27, 0.40)
0.36 (0.30, 0.43)
0.18 (0.11,0.24)

0.28 (0.25,0.31)
0.34 (0.32, 0.38)
0.23 (0.20, 0.26)

0.71(0.65,0.77) 0.62 (0.59, 0.65)

0.36 (0.30, 0.42) 0.36 (0.33, 0.39)
0.67 (0.61,0.73) 0.59 (0.56, 0.62)
0.58 (0.52, 0.64) 0.40 (0.37, 0.43)
0.70 (0.63, 0.76) 0.61 (0.58, 0.64)

0.38 (0.31, 0.44) 0.32 (0.29, 0.34)
N/A N/A
0.69 (0.63, 0.75) 0.58 (0.55, 0.61)
N/A N/A
0.78 (0.71,0.84) 0.57 (0.54, 0.60)
0.61 (0.55, 0.67) 0.52 (0.49, 0.55)

Note.—Data are k statistics. Data in parentheses are 95% Cls. There were 100 observations, five expert readers, and five novice
readers. N/A = no repeatability measurement was calculated because there were zero expert consensus observations with this

designation.

The OPTN system was significantly
more repeatable overall than both the
LI-RADS and AASLD systems. This is
because OPTN scores are basically re-
stricted to those that indicate that an
HCC is present (a designation shown
in our study to have substantial repeat-
ability). When only observations scored
LRS and AASLD 4 (ie, observations
believed to be diagnostic of HCC) are
considered, the repeatability is similar
to that of OPTN 5 observations. The
similarity between LI-RADS score of
LRS5 and OPTN score of 5 is not sur-
prising because the category definitions

are nearly identical. AASLD score of 4
had somewhat lower agreement, which
is likely because it allows smaller (11-
19 mm) arterial-phase hyperenhanced
observations with washout appearance
to be consistent with HCC without re-
quiring a pseudocapsule or threshold
growth (at least one of which is re-
quired in addition to the other features
to meet criteria for either OPTN score
of 5 or LI-RADS score of LR3).

Size was not a source of discrepancy
between readers, and there was almost
perfect agreement across all observa-
tion types for both reader experience

levels. Interestingly, measurement sizes
also were fairly similar within readers
across imaging phases after adminis-
tration of contrast material, which in-
dicated that the size measured in one
phase was fairly consistent with the size
measured in other phases as long as the
observation remained visible. This in-
formation has relevance for diameter
measurements of liver observations,
which is a key determinant of hepatic
transplant eligibility with respect to
Milan criteria (1,8,9). OPTN protocol
requires that the measurement of a
liver observation be made on the late
hepatic arterial or early portal venous
phase (1), while LI-RADS allows for
the measurement to be made on the
sequence where the observation is best
outlined (6). Additionally, if the obser-
vation is best outlined on a sequence
other than the late hepatic arterial
phase, LI-RADS guidelines state that
the late hepatic arterial phase should
not be used for measurement purposes
(6). The recommendations for diam-
eter measurement between the two
systems are nearly opposite, but this
difference does not appear to play a
substantial role in discrepant report-
ing. The method of size measurement
is not explicitly specified for the AASLD
system (3).

Although our study was not designed
to directly assess the diagnostic perfor-
mance of the various liver observation re-
porting systems, we did find some inter-
esting results when we cross-referenced
our retrospective findings with the orig-
inal prospective management. Experts
were significantly more likely to assign
a retrospective HCC diagnosis (OPTN 3,
AASLD 4, and LI-RADS scores of LR4
and LR5) than were novices, but this
was true even for observations that were
prospectively managed as benign. Ex-
perts were also significantly more likely
than were novices to assign a score that
would contraindicate liver transplanta-
tion. In general, experts behaved with
greater sensitivity for HCC than novices.
Because our study was not designed to
primarily investigate clinical outcome, it
is not clear whether these retrospective
high-risk designations were more accu-
rate than the prospective interpretations
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Table 4

Repeatability of Quantitative and Qualitative Liver Observation Assessment Stratified

by Experience Level

Characteristic

Novice Readers

Expert Readers All Readers

Major HCC features (k)

Arterial hyperenhancement
Washout appearance
Pseudocapsule

Intraclass correlation coefficients of size for

all observations

0.67 (0.61,0.73)
0.56 (0.50, 0.62)
0.52 (0.46, 0.58)

Arterial 0.96 (0.96, 0.97)
Venous 0.95 (0.94, 0.95)
Extracellular 0.94 (0.93, 0.95)
Delayed 0.94 (0.93, 0.94)
Largest size 0.96 (0.96, 0.97)

Intraclass correlation coefficients of size for

LI-RADS scores of LR5A, LR5B, or LR5V
Arterial
Venous
Extracellular
Delayed
Largest size

Intraclass correlation coefficients of size

for LI-RADS scores of LR4A, LR4B,
LR5A, LR5B, or LR5V

Arterial

Venous

Extracellular

Delayed

Largest size

Intraclass correlation coefficients of size for

OPTN scores of 5A, 5A-g, 5B, 5B-g, or 5X

0.94 (0.93,0.95)
0.95 (0.94, 0.95)
0.94 (0.94, 0.95)
0.90 (0.89,0.92)
0.97 (0.97,0.98)

0.92 (0.90, 0.93)
0.93 (0.92,0.93)
0.92(0.92,0.93)
0.90 (0.89, 0.92)
0.96 (0.96, 0.97)

Arterial 0.94 (0.93, 0.95)
Venous 0.95 (0.94, 0.95)
Extracellular 0.94 (0.94, 0.95)
Delayed 0.90 (0.89, 0.92)
Largest size 0.97 (0.97,0.98)
Intraclass correlation coefficients of size
for AASLD scores of 3 or 4
Arterial 0.95 (0.94, 0.96)
Venous 0.94 (0.94, 0.95)
Extracellular 0.94 (0.94, 0.95)
Delayed 0.94 (0.93, 0.95)
Largest size 0.97 (0.96, 0.97)

0.72 (0.66, 0.78)
0.54 (0.48, 0.60)
0.63 (0.57, 0.69)

0.98 (0.98, 0.98)
0.98 (0.98, 0.98)
0.97 (0.97, 0.98)
0.98 (0.97, 0.98)
0.98 (0.98, 0.98)

0.97 (0.97, 0.98)
0.98 (0.97,0.98)
0.97 (0.96, 0.97)
0.97 (0.97, 0.98)
0.97 (0.97, 0.98)

0.97 (0.97,0.98)
0.98 (0.97,0.98)
0.97 (0.96,0.97)
0.97 (0.97, 0.98)
0.97 (0.97, 0.98)

0.97 (0.97, 0.98)
0.98 (0.97,0.98)
0.97 (0.96,0.97)
0.97 (0.97, 0.98)
0.97 (0.97,0.97)

0.98 (0.97, 0.98)
0.98 (0.97, 0.98)
0.97 (0.97,0.97)
0.97 (0.97, 0.98)
0.97 (0.97, 0.98)

0.67 (0.65, 0.69)
0.48 (0.46, 0.50)
0.52 (0.50, 0.54)

0.97 (0.96, 0.98)
0.96 (0.95, 0.97)
0.95 (0.94, 0.96)
0.95 (0.95, 0.96)
0.97 (0.96, 0.97)

0.95 (0.95, 0.96)
0.96 (0.95, 0.97)
0.95 (0.94, 0.96)
0.94 (0.92, 0.95)
0.96 (0.96, 0.97)

0.94 (0.93, 0.96)
0.95 (0.93, 0.96)
0.94 (0.92, 0.96)
0.94 (0.92, 0.96)
0.96 (0.94, 0.97)

0.95 (0.95, 0.96)
0.96 (0.95, 0.97)
0.95 (0.94, 0.96)
0.93 (0.92, 0.95)
0.96 (0.96, 0.97)

0.96 (0.95, 0.97)
0.95 (0.94, 0.96)
0.94 (0.93,0.95)
0.94 (0.93,0.95)
0.96 (0.96, 0.97)

Note.—Data in parentheses are 95% Cls. There were five expert readers and five novice readers.

(ie, HCC was present but not recognized
prospectively), or less so (ie, HCC was
over-diagnosed in the retrospective
review).

LI-RADS scores of LR2 were un-
commonly assigned by experts and
rarely agreed upon. The LR2 desig-
nation was not applied by experts to

observations that were managed pro-
spectively as HCC. Expert-assigned
scores of LR3 were more common,
and were assigned in cases where
the observation was prospectively
treated as benign (33% [102 of 303])
and where the observation was pro-
spectively treated as HCC (11% [20 of

190]). Based on these data, retrospec-
tive expert-assigned LI-RADS scores of
LR1 and LR2 indicated a negligible risk
for HCC, while expert-assigned scores
of LR3 and higher indicated a nontrivial
risk of HCC.

Our study had several limitations.
This study was designed to assess the
repeatability of major diagnostic fea-
tures and scoring systems for HCC.
Therefore, follow-up data and his-
tologic confirmation of the imaging
findings are limited. A study that is
dedicated to this goal, and has length-
ier follow-up and greater histologic
confirmation of findings is needed to
permit stratification of HCC risk by
LI-RADS designation (similar to the
Breast Imaging Reporting and Data
System [12]). The specific explana-
tion or explanations for why individ-
ual readers disagreed on fundamental
diagnostic criteria for HCC despite
the use of clearly stated definitions
(ie, LI-RADS glossary) is difficult to
explain. However, this variation of
subjective criteria interpretation is
precisely the reason why standardized
scoring systems for liver imaging have
evolved. We show in our data that the
use of similarly subjective minor an-
cillary criteria for HCC is inherently
associated with greater variability in
scoring repeatability. A study regard-
ing the decision-making process when
a radiologist determines whether a
subjective feature is present would
be enlightening. Some of the sub-
categories within the LI-RADS and
OPTN scoring systems were not of-
ten scored by either expert or novice
readers (eg, OPTN S5A-g, OPTN 3B-
g, and LI-RADS scores of LRSA and
LR5V). Therefore, these scores may
be underrepresented in our dataset.
Although the repeatability between
readers in our study was substantial
for both LR5S and OPTN 5, we may
not be able to generalize the results
to these less well-represented sub-
categories. Finally, our study only in-
cluded MR examinations, and is not
directly applicable to the assessment
of liver observations with CT imaging.

In conclusion, two of three major
qualitative MR imaging features for
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HCC (washout appearance and pseu-
docapsule) have only moderate inter-
reader agreement. Experts and nov-
ices who assigned scores that were
consistent with HCC had substantial
but not perfect agreement. Expert
agreement was substantial for OPTN,
but moderate for both LI-RADS and
AASLD. This difference likely relates
to the significantly poorer repeatability
for scores that indicated an interme-
diate risk for HCC (ie, not definitively
malignant and not definitively benign).
Further refinement to the LI-RADS
system, particularly for scores LRZ,
LR3, and LR4, is needed. The benefits
of the use of subjective ancillary crite-
ria for LI-RADS score assignment must
be balanced against the cost of greater
interreader variability.
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