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Prior studies [8–10] have shown that MRI 
with hepatobiliary contrast agents may have 
significantly higher sensitivity than multi-
phasic CT and MRI with extracellular agents 
in the diagnosis of HCC in lesions measur-
ing 10–19 mm. Unfortunately, along with im-
proved sensitivity, use of hepatobiliary MRI 
contrast agents may also result in lower spec-
ificity, mainly owing to inability to differen-
tiate HCC from other liver lesions, including 
benign entities (e.g., hemangiomas, nodular or 
confluent areas of fibrosis, siderotic nodules) 
and non-HCC malignancies (e.g., intrahepat-
ic cholangiocarcinoma, metastases) [8–13]. 
Preserving high specificity for the diagnosis 
of HCC has important clinical implications, 
such as preventing unnecessary treatment of 
benign lesions and avoiding misallocation of 
transplant livers due to the different progno-
ses of HCC and non-HCC malignancy [11]. 
Because of the detrimental effect of lower 
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T
he Liver Imaging Reporting and 
Data System (LI-RADS) en-
dorsed by the American College 
of Radiology stratifies liver le-

sions in patients at high risk of hepatocellular 
carcinoma (HCC) into different categories 
reflecting their relative probability of being 
benign, HCC, or other hepatic malignant 
neoplasms [1]. Although LI-RADS has had 
high diagnostic performance in the charac-
terization of lesions 20 mm and larger [2–4], 
major diagnostic challenges—with a poten-
tial failure rate of 87%—remain in the as-
sessment of lesions measuring 10–19 mm 
that have arterial phase hyperenhancement 
(APHE) [5, 6]. This poses a serious clinical 
problem because these lesions are highly 
prevalent and difficult to diagnose definitive-
ly as HCC or benign and because early diag-
nosis of HCC is critical for improving patient 
survival [7].
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OBJECTIVE. The purpose of this study was to determine the diagnostic performance of 
hepatobiliary phase hypointensity and Liver Imaging Reporting and Data System (LI-RADS) 
major imaging features in the diagnosis of hepatocellular carcinoma (HCC) in hepatic lesions 
with arterial phase hyperenhancement (APHE) measuring 10–19 mm in patients at high risk 
of HCC. 

MATERIALS AND METHODS. A composite reference standard of pathologic analy-
sis and imaging follow-up was used. The diagnostic performance (sensitivity and specificity) 
of hepatobiliary phase hypointensity and LI-RADS major imaging features other than APHE 
for the diagnosis of HCC was assessed and compared by means of a logistic regression model. 

RESULTS. This retrospective dual-institution study included 189 LI-RADS LR-3 and 
LR-4 lesions measuring 10–19 mm and having APHE in 144 consecutively registered patients 
(96 men, 48 women; mean age, 58 years). Hepatobiliary phase hypointensity had significantly 
higher sensitivity (84% [92/109], p < 0.00001) than major imaging features in the diagnosis of 
HCC but lower specificity (84% [67/80]; p = 0.01). However, hepatobiliary phase hypointen-
sity in LR-3 observations measuring 10–19 mm and having APHE had moderately elevated 
sensitivity (73% [44/60]) and specificity (85%, 64/75). All three major imaging features had 
high specificity for the diagnosis of HCC, including 95% (76/80) for washout, 100% (80/80) 
for enhancing capsule, and 99% (79/80) for threshold growth. 

CONCLUSION. Major imaging features have high specificity for the diagnosis of HCC 
in lesions measuring 10–19 mm that have APHE. The finding of hepatobiliary phase hypoin-
tensity significantly improves sensitivity while moderately high specificity is maintained for 
the diagnosis of HCC in LR-3 lesions measuring 10–19 mm that exhibit APHE. 
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specificity on appropriate organ allocation 
to liver transplant candidates, most U.S. and 
European HCC diagnostic algorithms have 
not incorporated hepatobiliary MRI contrast 
agents as a first-line method in the diagnosis 
and staging of HCC [1, 11, 14]. This is also the 
reason that hepatobiliary phase hypointensity 
is regarded as an ancillary feature rather than 
a major imaging feature in the diagnosis of 
HCC by means of LI-RADS.

Several limitations may have negatively 
affected the results of prior studies of the di-
agnostic performance of hepatobiliary phase 
imaging in the diagnosis of HCC. For exam-
ple, most studies rely on results from only a 
single institution, are confounded by both se-
lection and misclassification biases [15], in-

clude the transitional phase for character-
izing major imaging features of HCC (e.g., 
washout and capsule appearances), and do 
not differentiate lesions suggestive of ma-
lignancies other than HCC (i.e., those with 
rim APHE or peripheral washout). These 
approaches may have unduly decreased the 
specificity of hepatobiliary contrast agents 
for the diagnosis of HCC.

We hypothesize that larger multicenter clin-
ical studies designed to overcome some of the 
limitations of prior investigations and focused 
on challenging hepatic lesions with APHE 
may show improved specificity of MRI with 
hepatobiliary contrast agents for the diagno-
sis of HCC with the LI-RADS lexicon. The 
purpose of this dual-institution study was to 

determine the diagnostic performance of hep-
atobiliary phase hypointensity and LI-RADS 
major imaging features for the diagnosis of 
HCC in hepatic lesions measuring 10–19 mm 
with APHE in patients at high risk of HCC.

Materials and Methods
This retrospective, dual-institution, HIPAA-

compliant study received institutional review 
board approval, and waivers of the requirement for 
informed consent were obtained. The two study 
institutions (Duke University, University of Pitts-
burgh) are referral centers for patients with liver 
disease, and each perform more than 80 liver trans-
plants per year. The authors had control of the data 
and the information submitted for publication. 
There was no industry support for this study.

Institution 1
852 patients

Ineligible patients (n = 629)
Criterion 1 (n = 457)
Criterion 2 (n = 172)

Excluded patients (n = 162)
- LR-3 or LR-4 without nonrim arterial
 hyperenhancement (n = 74)
- LR-3 or LR-4 < 10 mm or ≥ 20 mm (n = 45)
- Inadequate reference standard (n = 43)

Excluded patients (n = 175)
- LR-3 or LR-4 without nonrim arterial
 hyperenhancement (n = 72)
- LR-3 or LR-4 < 10 mm or ≥ 20 mm (n = 48)
- Inadequate reference standard (n = 55)

Ineligible patients (n = 993)
Criterion 1 (n = 757)
Criterion 2 (n = 236)

Institution 2
1251 patients

Target population
223 Patients with LR-3 and LR-4

observations

Target population
258 Patients with LR-3 and LR-4

observations

Final study population (institution 1)
61 Patients (mean age, 57 years; 39 men, 22 women)

83 Observations (mean size, 13 ± 2 mm)

Final study population
144 Patients (mean age, 58 years; 96 men, 48 women)

189 Observations (mean size, 13 ± 3 mm)

Final study population (institution 2)
83 Patients (mean age, 59 years; 57 men, 26 women)

106 Observations (mean size, 13 ± 3 mm)

LR-3
135 Observations (mean size, 13 ± 3 mm) in 101

patients (mean age, 57 years; 67 men, 34 women) 

LR-4
54 Observations (mean size, 13 ± 3 mm) in 48

patients (mean age, 62 years; 33 men, 15 women) 

75 Not HCC
Pathologic analysis, 24

Follow-up, 51

60 HCC
Pathologic analysis, 37

Follow-up, 23

49 HCC
Pathologic analysis, 23

Follow-up, 18

5 Not HCC
Pathologic analysis, 2

Follow-up, 3

4 Benign71 Benign 4 Malignant
non-HCC lesions

1 Malignant
non-HCC lesion

Fig. 1—Flowchart shows study enrollment based on recommended Standards for Reporting of Diagnostic Performance criteria and on reference standard. Enrollment 
began with database search at two institutions of records of 2103 patients at high risk of hepatocellular carcinoma (HCC) with at least one gadoxetate disodium–
enhanced MRI examination. Criterion 1 = no liver observations, only benign or probably benign observations (Liver Imaging Reporting and Data System version 2017 [LR] 
category 1 and 2) or observations that could not be categorized owing to image degradation of omission (LR-NC). Criterion 2 = only lesions categorized as definitely HCC 
(LR-5, LR-5g, and LR-5us), definite tumor in vein (LR-TIV), treated observation (LR-TR), or probably or definitely malignant but not HCC specific (LR-M).
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Study Cohort
Figure 1 shows the subject accrual flowchart, 

which followed the Strengthening the Reporting 
of Observational Studies in Epidemiology initia-
tive guidelines [16]. We retrospectively searched 
the departmental electronic databases at our ter-
tiary academic institutions for consecutively reg-
istered patients at high risk of development of 
HCC according to LI-RADS who underwent liv-
er MRI with a commercially available hepatobili-
ary contrast agent (gadoxetate disodium, Eovist, 
Bayer HealthCare) between January 1, 2009, and 
December 31, 2014. During this study time frame, 
gadoxetate disodium was the standard of care for 
HCC screening at both institutions.

The initial search yielded the records of 2103 
patients at high risk of HCC with applicable MRI 
examinations. Patients were then excluded if they 
met any of the following criteria on the basis of re-
view of available MRI reports and imaging analy-
sis of the lesions: no liver lesion or only definite-
ly benign or probably benign lesions (categories 
LR-1 and LR-2) (n  = 1174); only lesions consis-
tent with definite HCC (LR-5, LR-5g, and LR-5us), 
tumor in vein (LR-TIV), treated lesions (LR-TR), 
or probably or definitely malignant but not HCC 
specific (LR-M) (n = 408). In 40 patients, lesions 
could not be categorized because of image degra-
dation or omission (LR-NC).

The search yielded a target population of 481 
consecutive patients who were deemed eligible for 
inclusion in the study. In eligible patients, lesions 
were further excluded on the basis of the follow-
ing criteria: size smaller than 10 mm or larger than 
19 mm; absence of nonrim APHE, categorization 
as definite HCC (i.e., LR-5, LR-5g, or LR-5us), and 
inadequate reference standard (see later, Reference 
Standards, and Appendix 1). Categorization as def-
inite HCC, according to LI-RADS version 2017, 
included the presence of two or more major imag-
ing features apart from nonrim APHE (i.e., LR-5), 
presence of nonperipheral washout and visibility at 
screening ultrasound (LR-5us) or 50% or greater 
diameter increase in less than 6 months (LR-5g). 
By application of these exclusion criteria, only 
LR-3 and LR-4 lesions with APHE, measuring 10–
19 mm, and having only one additional major fea-
ture were included in this study. The presence of 
only a major feature in addition to APHE was not 
an exclusion criterion because these lesions mea-
suring 10–19 mm could not reach the LR-5 catego-
ry according to LI-RADS version 2017.

Using the electronic data repository systems 
at both institutions, we collected patient-related 
variables, including sex, age, Child-Pugh score 
[17, 18], Model for End-Stage Liver Disease score 
combined with sodium concentration (MELDNa) 
[19], and albumin-bilirubin score [20].

MRI Technique
Dynamic contrast-enhanced liver MRI exam-

inations had been performed with seven differ-
ent clinical MRI systems of four different types, 
including both 1.5-T and 3-T systems. Detailed 
pulse sequence parameters are listed in Table S1. 
(Tables S1 and S2 and Fig. S3 can be viewed in the 
AJR electronic supplement to this article, available 
at www.ajronline.org.) Given the dual-institution 
retrospective nature of this study, various MRI 
systems were used, but all of the MRI examina-
tions were performed with comparable, clinical-
ly appropriate liver protocols [21], which included 
unenhanced, single-breath-hold, T2-weighted 2D 
turbo spin-echo and T1-weighted 2D dual gradi-
ent-recalled echo MRI. After unenhanced imag-
ing, patients received a weight-based dose of 0.025 
mmol/kg of gadoxetate disodium (Eovist, Bayer 
HealthCare) injected with a power injector at a 
rate of 1–2 mL/s. Contrast administration was fol-
lowed by a 20-mL 0.9% saline flush at the same 
injection rate. T1-weighted 3D spoiled gradient-
recalled echo breath-hold images were obtained 
after contrast injection during the late hepatic ar-
terial, portal venous, and transitional phases and 
during the liver-specific hepatobiliary phase (20 
minutes after contrast administration). The op-
timal imaging delay for the late hepatic arterial 
phase was determined with a single-breath-hold 
triple arterial phase protocol or a single late arte-
rial phase acquisition [21–23].

MRI Analysis
Two radiologists with expertise in abdominal 

imaging reviewed the MRI examinations at each 
institution in consensus at the same time using 
a clinical PACS (Centricity 4.2, GE Healthcare; 
iSite PACS, Philips Healthcare). The radiolo-
gists were aware of the purpose and design of 
the study, but they were blinded to patient demo-
graphics, clinical history, clinical report, and ref-
erence standard.

For each lesion, the readers documented the 
presence of three major imaging features accord-
ing to LI-RADS version 2017 [1]: nonperipheral 
washout in the portal venous phase, enhancing 
capsule in either the portal venous or transitional 
phase, and threshold growth. These major imaging 
features are defined in Appendix 1. On the basis of 
analysis of major features only, lesions were cat-
egorized as LR-3 if no additional major features 
were present besides nonrim APHE; LR-4 if only 
one of the following additional major features 
was present: nonperipheral washout, enhancing 
capsule, or threshold growth, defined as 100% 
or greater increase in size in more than 6 months 
or previously unseen lesion and now growing 10 
mm or more in 24 months or less. LR-4 APHE le-

sions with 50% or greater increase in diameter in 
less than 6 months were categorized as LR-5g ac-
cording to LI-RADS version 2017. Therefore, they 
were considered ineligible according to our exclu-
sion criteria. Increase in size or growth of the le-
sions less than the aforementioned definitions—
defined as subthreshold growth—was not assessed 
in our study. To mitigate the potential confound-
ing effect of assessing multiple lesions in the same 
patient (i.e., clustering bias [17]), a maximum of 
three lesions per category (LR-3 and LR-4) were 
assessed in each patient.

In addition to the aforementioned major imag-
ing features, the readers also documented the pres-
ence or absence of hepatobiliary phase hypoin-
tensity—defined as intensity in the hepatobiliary 
phase unequivocally less, in whole or in part, than 
that of liver—which is currently regarded as one of 
the ancillary imaging features favoring malignan-
cy, not HCC in particular, according to LI-RADS. 
We did not assess transitional phase hypointensi-
ty—a different ancillary feature in the LI-RADS 
lexicon—in our study because there are only scant 
data about its added value for the diagnosis of 
HCC, and owing to our retrospective dual-institu-
tion study design, there was no standardization of 
the time for acquisition in transitional phases.

Reference Standard
The reference standard was established by one 

radiology fellow at each institution. These fellows 
had access to electronic patient medical records, 
including pathology reports and all images ob-
tained before and after the index examination, and 
reviewed all serial images obtained before and af-
ter the index examination for evaluation of final 
LI-RADS categorization of each lesion.

A composite reference standard of pathologic 
and imaging follow-up was used to establish ul-
timate diagnosis, including malignancy or be-
nignancy (Appendix 1). The diagnosis of HCC 
required pathologic proof of HCC or untreated le-
sion with conclusive criteria for the diagnosis of 
definitive HCC at imaging follow-up (i.e., lesion 
meeting the criteria for LR-5, LR-5us, or LR5-g). 
To minimize the potential confounding effect of 
misclassification bias (i.e., inappropriate inclusion 
of premalignant lesions at baseline, such as dys-
plastic nodules, due to the delay between imaging 
and the final diagnosis of HCC), a maximum in-
terval of 12 months was allowed between the in-
dex MRI examination and the date of HCC confir-
mation with the reference standard [4].

The benign nature of the lesions was based on 
either pathologic proof at any time or stability or 
resolution at imaging follow-up with CT or MRI 
for a minimum of 24 months. This interval time 
matches the LI-RADS version 2017 definition of 
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size stability, which is an ancillary feature favor-
ing benignancy [1].

Statistical Analysis
Data were summarized as counts and percent-

ages for categoric variables and by mean and SD 
and range or as median and interquartile range for 
continuous variables. Categoric and continuous 
variables were compared by Fisher exact test or 
chi-square test and t test as appropriate.

The diagnostic performance in the diagno-
sis of HCC in the lesions of interest (measuring 
10–19 mm with APHE) was determined and com-
pared between the two institutions as follows: per-
formance of each major imaging feature (except 
APHE, which was present in all lesions of inter-
est) and performance of hepatobiliary phase hy-
pointensity, assessed separately for the LR-3 and 
LR-4 lesions.

According to the Bayes theorem, positive and 
negative predictive values were not calculated be-
cause these values directly depend on the preva-
lence of the finding in the population being test-
ed and might be not indicative of the findings that 
might be observed in other settings

In the assessment of diagnostic performance, a 
result was regarded as true-positive when an im-

aging diagnosis of HCC was made and was con-
firmed with the reference standard, false-positive 
when an imaging diagnosis of HCC was made but 
a non-HCC diagnosis was made with the reference 
standard, false-negative when an imaging diagno-
sis of HCC was not made but the reference standard 
was diagnostic of HCC, and true-negative when an 
imaging diagnosis of HCC was not made but HCC 
was confirmed with the reference standard. 

Sensitivity and specificity of individual imag-
ing features were compared by fitting a model of 
the form

log = μ + αj + bi
pij

1 – pij

where pij is the probability of detection for the 
i-th HCC lesion (i = 1, . . . ,189) by use of the j-th 
imaging feature (j is nonperipheral washout, en-
hancing capsule, threshold growth, or hepatobili-
ary phase hypointensity). In the model, μ repre-
sents the baseline log-odds for detection (baseline 
marker is nonperipheral washout), αj is the effect 
of the j-th marker, that is, difference from base-
line, and bi is the effect of the i-th lesion, which is 
assumed to be random with a zero mean gaussian 
distribution. The model was fit by restricted maxi-
mum likelihood by use of the lme4 package in the 

R computing platform (version 3.4.3, R Project). 
Enhancing capsule was not included in this analy-
sis because its specificity was 100%, leading to in-
finite odds (1/0). For each analysis, p < 0.05 was 
considered statistically significant. All statistical 
tests were two sided. Missing data were exclud-
ed from the analysis. All statistical analyses were 
performed with the R computing platform (version 
3.4.3, R Project).

Results
Our final study population consisted of 

144 patients (mean age, 58 ± 10 years; range 
20–81 years; 96 men [mean age, 59 ± 9 years; 
range, 31–81 years], 48 women [mean age, 
57  ± 13 years; range, 20–80 years]) (Fig. 
1). Characteristics of the study population 
at each institution are summarized in Ta-
ble S2. A total of 189 lesions (mean diam-
eter, 13 ± 3 mm; range, 10–19 mm) were in-
cluded in the study, including a single lesion 
in 108 patients (mean diameter, 13 ± 3 mm; 
range, 10–19 mm), two lesions in 28 patients 
(13 ± 2 mm; range, 10–19 mm), three lesions 
in seven patients (13 ± 3 mm; range, 10–17 
mm]), and four lesions in one patient (includ-
ing two category LR-3 and two LR-4, 14 ± 
3 mm; range, 11–18 mm). Of these 189 le-
sions, 135 (71%) were categorized LR-3 (13 ± 
3 mm; range, 10–19 mm) because of lack of 
additional major imaging features other than 
APHE. Fifty-four (29%) lesions were cate-
gorized LR-4 (mean diameter, 13  ± 3 mm; 
range, 10–19 mm) on the basis of nonperiph-
eral washout in 34 lesions (63%), enhancing 
capsule in eight (15%), and threshold growth 
in 12 (22%). Of note, 109 of the 189 lesions 
were diagnosed as HCC with the reference 
standard, including 60 lesions categorized 
LR-3 and 49 lesions categorized LR-4.

All three major imaging features had 
high specificity for the diagnosis of HCC: 
95% (76/80; 95% CI, 87–99%) for washout, 
100% (80/80) for enhancing capsule, and 
99% (79/80; 95% CI, 93–100%) for thresh-
old growth (Table 1 and Fig. 2). Low sensi-
tivity values were observed for all major im-
aging features, ranging from 7% (8/109; 95% 
CI, 3–14%) for enhancing capsule to 28% 
(30/109; 95% CI, 19–37%) for washout (Ta-
ble 1 and Fig. 3). Compared with the major 
imaging features, hepatobiliary phase hy-
pointensity had significantly higher sensi-
tivity (84% [92/109]; 95% CI, 76–91%; p < 
0.00001) for the diagnosis of HCC with an 
odds ratio of 15.03 (Fig. 3 and Table 2). This 
improvement in sensitivity, however, came 
at the cost of significantly lower specifici-

TABLE 1: Diagnostic Performance of Major Imaging Features and Hepatobiliary 
Phase Hypointensity in Diagnosis of Hepatocellular Carcinoma (HCC) 
by Institution

Imaging Feature

Sensitivity (%)a Specificity (%)b

Value 95% CI Value 95% CI

Entire study population

Nonperipheral washout 28 (30/109) 19–37 95 (76/80) 87–99

Enhancing capsule 7 (8/109) 3–14 100 (80/80)

Threshold growthc 10 (11/109) 5–17 99 (79/80) 93–100

Hepatobiliary phase hypointensity 84 (92/109) 76–91 84 (67/80) 74–91

Institution 1

Nonperipheral washout 35 (11/31) 19–55 94 (49/52) 84–99

Enhancing capsule 10 (3/31) 2–26 100 (52/52) 90–100

Threshold growthc 0 (0/31) 98 (51/52)

Hepatobiliary phase hypointensity 84 (26/31) 66–95 90 (47/52) 79–97

Institution 2

Nonperipheral washout 24 (19/78) 15–35 96 (27/28) 82–100

Enhancing capsule 6 (5/78) 2–14 100 (28/28)

Threshold growthc 14 (11/78) 7–24 100 (28/28)

Hepatobiliary phase hypointensity 85 (66/78) 75–92 71 (20/28) 51–87

Note—No significant differences in sensitivity or specificity were observed between the two institutions for 
any imaging feature (p > 0.06).

aValues in parentheses are number of HCCs.
bValues in parentheses are number of lesions not HCCs.
cThreshold growth based on 100% or greater increase in size in more than 6 months or previously unseen and 

now 10 mm or greater in 24 months or less.
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ty (84% [67/80]; 95% CI, 74–91%; p = 0.01 
for all comparisons) due to 13 false-positive 
findings in the hepatobiliary phase, includ-
ing three combined HCC-cholangiocarci-
nomas (Fig. S3), one angiomyolipoma, one 
macroregenerative nodule with fatty infiltra-
tion (Fig. 4), and eight benign lesions, which 
were proved benign on the basis of stability 
for a minimum of 24 months (n = 5) or reso-
lution at follow-up with CT or MRI (n = 3).

The diagnostic performance of hepatobi-
liary phase hypointensity in the diagnosis 
of HCC was substantially different between 
LR-3 and LR-4 lesions. For LR-4 lesions, 
hepatobiliary phase hypointensity had near-
ly perfect sensitivity (98% [48/49]; 95% CI, 
89–100%]) but substantially lower specific-
ity (60% [3/5]; 95% CI, 15–95%) (Figs. 4 and 
S3 and Table 3). Conversely, the sensitivity 
was lower (73% [44/60]; 95% CI, 60–84%]) 
and specificity higher (85% [64/75]; 95% CI, 
75–92%]) for hepatobiliary phase hypointen-
sity in the subset of LR-3 lesions (Fig. 3 and 
Table 3).

Discussion
Our results showed that compared with 

current LI-RADS major imaging features, the 
finding of hepatobiliary phase hypointensity 
improves sensitivity in the diagnosis of HCC 
in APHE lesions measuring 10–19 mm (odds 
ratio, 15.03; p  < 0.00001). The result likely 
reflects reduced expression of organic anion 
transporting polypeptide 1B1/3 (OATP1B/3), 
which leads to decreased uptake of the hep-
atobiliary contrast agent into the lesion and 
hypointensity on hepatobiliary phase images, 
a hepatocarcinogenic step that may precede 

the occurrence of washout in small early or 
progressed HCCs [24]. In our study, assess-
ment of hepatobiliary phase hypointensity led 
to identification of 73% (44/60) of HCCs in 
lesions with intermediate probability of ma-
lignancy (i.e., category LR-3), which poses a 
common diagnostic conundrum.

Our data showed a significant decrease in 
specificity for hepatobiliary phase hypoin-
tensity compared with major imaging fea-
tures, which is in agreement with previous 
literature [8, 10, 12, 13]. In our study, how-

ever, the specificity of hepatobiliary phase 
hypointensity remained high (85% [64/75]; 
95% CI, 75–92%) for the subset of LR-3 le-
sions (n  = 135) lacking major features be-
sides APHE. This specificity level compares 
favorably with that of washout appearance 
for similar observations in a recent study 
[24]. Our results may provide preliminary 
evidence to justify the use of hepatobiliary 
phase hypointensity for mandatory upgrade 
to LR-4 of all LR-3 lesions measuring 10–19 
mm that have APHE. The proposed change 

A
Fig. 2—71-year-old man with alcohol-related cirrhosis and observation categorized as Liver Imaging Reporting and Data System version 2017 LR-4 according to major 
imaging features. Pathologic specimen was obtained during laparoscopic ablation of lesion 6 months after this imaging examination. Final diagnosis at pathologic 
analysis was hepatocellular carcinoma (HCC). In this LR-4 lesion measuring 14 mm, presence of enhancing capsule in addition to arterial phase hyperenhancement (not 
rim) should be considered sufficient for diagnosis of HCC.
A, Gadoxetate disodium–enhanced MR image shows 14-mm lesion (arrow) with arterial phase hyperenhancement (not rim) (lack of nonperipheral washout).
B, Portal venous phase image shows evidence of enhancing capsule (arrow).
C, Hepatobiliary phase image shows hypointensity.

CB

A
Fig. 3—59-year-old man with hepatitis B virus cirrhosis and observation categorized as Liver Imaging 
Reporting and Data System version 2017 LR-3 according to major imaging features.
A, Arterial phase gadoxetate disodium–enhanced MR image shows 10-mm lesion (arrow) with 
hyperenhancement (not rim).
B, Portal venous phase image shows lack of nonperipheral washout or enhancing capsule.

B

(Fig. 3 continues on next page)
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in the current diagnostic algorithm may have 
important clinical implications, resulting in 
more aggressive management (such as biop-
sy or decreasing the imaging follow-up inter-
val) of these clinically challenging lesions.

Our study showed that 93% of lesions cat-
egorized LR-4 with LI-RADS version 2017 
are HCC, the specificity of current major im-
aging features being nearly perfect (> 95%) 
for the diagnosis of HCC in APHE lesions 

measuring 10–19 mm. Our data corroborate 
the results of prior studies showing specifici-
ty between 89% and 99% for the combination 
of APHE in conjunction with nonperipheral 
washout or capsule appearance for the diag-
nosis of HCC [4, 8, 11]. This accumulating 
literature supports the modifications made in 
LI-RADS version 2018 [11, 25], which call 
for use of a single major imaging feature (ei-
ther nonperipheral washout or tumor growth) 

for the confirmatory diagnosis of HCC (i.e., 
LR-5) in APHE lesions larger than 10 mm. 
Rapid implementation of these new guide-
lines is important to enable earlier diagnosis 
of HCC, decrease the time from diagnosis to 
treatment, decrease the number of unneces-
sary diagnostic biopsies and follow-up exam-
inations, and improve patient outcomes.

Our study showed higher specificity of 
capsule appearance compared with both 
nonperipheral washout and threshold growth 
for the diagnosis of HCC in APHE lesions 
measuring 10–19 mm. In accordance with 
other observations [24, 26, 27], our results 
indicate that capsule appearance is a highly 
specific imaging feature of HCC, and though 
less commonly present, it may be compara-
ble to nonperipheral washout and threshold 
growth for the diagnosis of HCC in APHE 
lesions larger than 10 mm. By upgrading 
LR-4 APHE lesions measuring 10–19 mm 
to LR-5, sensitivity for the diagnosis of HCC 
would be significantly improved. Therefore, 
enhancing capsule may be considered a ma-
jor feature for categorizing APHE lesions 
larger than 10 mm as LR-5.

Limitations
In addition to its retrospective design, 

several limitations of our study deserve at-
tention. First, we did not have patholog-
ic proof in 40% (44/109) of lesions, which 
proved to be HCC at imaging follow-up. Al-
though this approach has been widely adopt-
ed in previous studies because it reflects rou-
tine practice in guiding clinical decisions for 
patients at risk of HCC (including potential 
liver transplant candidates), this approach 
may have led to incorporation bias, and we 
cannot entirely rule out the possibility of 
misdiagnosis in a small number (≈ 5%) of 
lesions categorized as LR-5 at imaging fol-
low-up [24].

Second, the specificity of hepatobiliary 
phase hypointensity was only 60% (95% CI, 
15–95%) for the diagnosis of HCC in LR-4 
lesions. Caution is warranted in the inter-
pretation of this finding because of the very 
low number (n  = 5) of non-HCC lesions in 
the subset of LR-4 lesions, which may have 
significantly skewed our results. Future stud-
ies in larger patient cohorts are warranted to 
validate our preliminary results.

Third, we analyzed only hepatobiliary 
phase hypointensity, excluding analysis of 
the presence of other ancillary features. We 
used this approach because hepatobiliary 
phase hypointensity is reported in 79–99% of 

Fig. 3 (continued)—59-year-old man with hepatitis B virus cirrhosis and observation categorized as Liver 
Imaging Reporting and Data System version 2017 LR-3 according to major imaging features.
C, Hepatobiliary phase image shows hypointensity (arrow). 
D, Four-month follow-up CT image shows lesion upgraded to LR-5 (size ≥ 20 mm, arterial phase 
hyperenhancement, and threshold growth).

C D

TABLE 2: Logistic Regression Models Comparing Diagnostic Performance 
Across Imaging Features

Imaging Feature Log Odds Odds SE z p

Model for sensitivity

Baseline; nonperipheral washout –0.99 0.37 0.24 –4.18

Enhancing capsule –1.58 0.21 0.43 –3.65 0.0003

Hepatobiliary phase 2.71 15.03 0.41 6.59 < 0.00001

Hypointensity

Threshold growtha –1.23 0.29 0.39 –3.15 0.002

Model for specificity

Baseline: nonperipheral washout 10.08 23,860.99 2.5 4.03

Hepatobiliary phase –3.65 0.03 1.37 –2.66 0.01

Hypointensity

Threshold growtha 2.12 8.33 1.46 1.45 0.15

Note—Baseline for these models is lesions with nonperipheral washout. Enhancing capsule was not included 
in the model for specificity because its specificity of 100% led to infinite odds (1/0). SE = standard error.

aThreshold growth based on 100% or greater increase in size in more than 6 months or previously unseen and 
now 10 mm or greater in 24 months or less.
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HCCs and its incorporation as a key diagnos-
tic feature is highly debated in the radiolog-
ic literature, whereas other ancillary features 
occur less frequently [9, 24, 28]. In addition, 
the MRI techniques were not strictly consis-
tent with LI-RADS imaging guidelines, ow-
ing to thicker slices for some dynamic im-
ages. Furthermore, because these are older 
cases, the technology and image quality may 
not be representative of newer MRI systems, 
separate from compliance with the minimal 
LI-RADS imaging guidelines.

Fourth, the imaging analysis was per-
formed in consensus, and we did not calcu-

late interreader agreement. Although this 
may have introduced evaluation bias, other 
investigators [29] had already reported high 
agreement for characterization of major fea-
tures. Our rationale was to provide reliable 
results on hepatobiliary phase hypointensity.

Finally, it is conceivable that our reported 
low sensitivity of the major imaging features 
for the diagnosis of HCC may be partial-
ly related to the evaluation of nonperipher-
al washout during the portal venous phase 
only, owing to the lack of conventional de-
layed phase imaging with gadoxetate diso-
dium [21]. Prior evidence on conventional 

extracellular contrast agents indicates supe-
rior diagnostic performance of delayed phase 
compared with portal venous phase imaging 
for the detection of washout and capsule [30].

Conclusion
Our data suggest that the finding of hep-

atobiliary phase hypointensity significantly 
improves sensitivity for the diagnosis of HCC 
in APHE lesions measuring 10–19 mm while 
maintaining moderately high specificity for 
lesions with intermediate probability of ma-
lignancy (i.e., LR-3). Our data also showed 
nearly perfect specificity of all LI-RADS 
major imaging features, which supports the 
recently revised clinical practice recommen-
dations for single major imaging feature (i.e., 
nonperipheral washout or tumor growth) for 
the definitive diagnosis of HCC in APHE le-
sions larger than 10 mm.
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Arterial Phase Hyperenhancement 
(Not Rim)

Nonrimlike enhancement in the arterial 
phase unequivocally greater in whole or in 
part than enhancement of liver. Enhancing 
part must have higher attenuation or inten-
sity than liver in arterial phase.

Washout (Not Peripheral)
Nonperipheral visually assessed temporal 

reduction in enhancement in whole or in part 
relative to composite liver tissue from earlier 
to later phase resulting in hypoenhancement 
in the extracellular portion of the portal ve-
nous phase.

Enhancing Capsule
Smooth, uniform, sharp border around most 

or all of an observation, unequivocally thicker 
or more conspicuous than fibrotic tissue around 
background nodules, and visible as an enhanc-
ing rim in portal venous or transitional phase.

Size
Largest outer edge–to–outer edge dimen-

sion of an observation.

Threshold Growth
Size increase of a mass by a minimum of 5 

mm and one of the following: 100% or great-
er increase in size in more than 6 months or 
previously unseen on CT or MRI, now 10 
mm or larger in 24 months or less.

APPENDIX 1:  Definitions of Major Imaging Features According to Liver Imaging Reporting and Data System 
(LI-RADS) Version 2017

(Greater than 50% diameter increase in 
less than 6 months was not considered for 
threshold growth in this study, because le-
sions with arterial phase hyperenhancement 
and 50% or greater diameter increase in less 
than 6 months were categorized as LR-5g 
and therefore excluded.)

Reference Standard
The diagnosis of hepatocellular carci-

noma (HCC) required one of the following 
conditions: pathologic proof of tumor pres-
ence obtained after liver transplant (n = 39), 
partial hepatectomy (n = 6), or biopsy (n = 
19, 10 of which were obtained during laparo-
scopic ablation) or at autopsy (n = 1) or un-
treated lesion with conclusive LI-RADS ver-
sion 2017 criteria for the diagnosis of HCC 
at follow-up contrast-enhanced CT (n = 4) or 
gadolinium-enhanced MRI (purely or preva-
lently extracellular contrast agent) (n = 40). 
The reference standard was considered inad-
equate if the lesion was treated before reach-
ing the diagnosis of definitive HCC accord-
ing to the reference standard. The median 
time between the initial imaging study and 
the diagnosis of HCC was 127 days (inter-
quartile range, 48–189 days) for pathologic 
analysis and 199 days (range, 100–282 days) 
for imaging.

The diagnosis of malignancy other than 
HCC was made at pathologic analysis for 
three lesions in two patients, all three of 

which were combined HCC-cholangiocar-
cinoma at liver transplant. The diagnosis of 
malignancy was made at follow-up imag-
ing for two lesions in one patient (metasta-
ses from neuroendocrine tumor at follow-up 
MRI). The diagnosis of neuroendocrine me-
tastases was based on evidence at multiple 
follow-up MRI examinations (the last per-
formed more than 6 years after index MRI) 
of an enlarging neuroendocrine tumor in the 
body of the pancreas and new multiple addi-
tional hepatic metastases that were identical 
to the primary pancreatic tumor.

The benign nature of other lesions was 
based on either pathologic proof at any time 
(n = 23) or stability or resolution at imaging 
follow-up with CT or MRI for a minimum 
of 24 months (n = 52). Among the 23 lesions 
proved benign at pathologic analysis, nine 
were macroregenerative nodules and one was 
an angiomyolipoma; finally, no malignancy 
was detected at pathologic analysis in the 
other 13 patients (i.e., liver transplant [n = 9], 
partial hepatectomy [n = 1], biopsy [n = 3]). 
In five of these 13 patients the benignancy 
of the lesion was also confirmed at follow-up 
MRI for a minimum of 24 months. Among 
the 52 lesions that were proved benign at fol-
low-up imaging (51 with MRI, one with CT), 
26 had resolved at follow-up, 23 were stable 
(one found to be benign focal fatty infiltra-
tion), one decreased in size, and two were ul-
timately found to be blood vessels.

F O R  Y O U R  I N F O R M A T I O N

The data supplement accompanying this web exclusive article can be viewed by 
clicking “Supplemental” at the top of the article.
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