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Background:  The Liver Imaging Reporting and Data System (LI-RADS) criteria have not been validated for patients with noncirrhotic chronic
hepatitis C (CHC), who are at a greater risk for hepatocellular carcinoma (HCC) than the general population.

Purpose:  To evaluate the diagnostic performance of LI-RADS category 5 (LR-5, indicating definite HCC) observations for HCC using CT and MRI
in patients with noncirrhotic CHC and to compare these findings with those in patients with cirrhotic CHC.

Materials and Methods:

This retrospective study included patients without cirrhosis with CHC with focal hepatic nodules of 1 cm or greater

on dynamic CT or MRI scans who underwent pathologic confirmation at two university hospitals from August 2002 to February 2022. This

group served as the test dataset. The primary outcome was the diagnostic performance of LR-5 for HCC using CT and MRI. When LI-RADS
categorization differed between CT and MRI, the MRI-based classification was used as the definitive category. Results were validated using a dataset
of patients with CHC from two additional hospitals based on the clinical composite reference standard. Sensitivity, specificity, and area under the

receiver operating characteristic curve (AUC) were calculated.

Results:

The test dataset comprised 458 patients (mean age, 64 years + 9 [SD]; 350 male; 219 without cirrhosis, 239 with cirrhosis). For noncirrhotic

livers, the LR-5 criteria achieved an AUC, accuracy, sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV) of
0.90 (95% CI: 0.86, 0.93), 85.1% (95% CI: 80.6, 89.7), 82.4% (95% CI: 77.0, 87.8), 97.6% (95% CI: 93.0, 100.0), 99.4% (95% CI: 98.2,
100.0), and 54.7% (95% CI: 43.4, 65.9), respectively. The AUC for LR-5 observations in diagnosing HCC was higher in the noncirrhotic liver group
compared with the cirrhotic liver group (AUC, 0.90 [95% CI: 0.86, 0.93] vs 0.79 [95% CI: 0.74, 0.84]; P = .002).The diagnostic performance of the
LR-5 criteria for diagnosing HCC was also excellent in patients with noncirrhotic CHC in the validation dataset, which included 155 lesions from
103 patients (mean age, 68 years + 12; 146 male). The AUC, accuracy, sensitivity, specificity, PPV, and NPV in the validation dataset were 0.91 (95%
CI: 0.84, 0.97), 96.1% (95% CI: 93.1, 99.2), 82.9% (95% CI: 70.4, 95.3), 100%, 100%, and 95.2% (95% CI: 91.5, 99.0), respectively.

Conclusion:
various clinical settings.
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Supplemental material is available for this article.

Long—lasting hepatic inflammation caused by the hepatitis C
virus (HCV) often leads to the sequential development of ad-
vanced fibrosis, cirrhosis, and hepatocellular carcinoma (HCC)
(1). However, evidence suggests that there is a 5-year risk of
1.35%—1.6% in patients with noncirrhotic chronic hepatitis C
(CHCQ) in developing HCC, pointing to the occurrence of di-
rect viral causation, possibly as a result of synergy between viral-
induced oncogenic and host-related pathways (2,3). More-
over, curing HCV with antiviral treatment does not entire-
ly eradicate the risk of HCC, even in patients without liver
cirrhosis (LC) (4,5).

Current practice guidelines from various sources recommend
diagnosing HCC via multiphasic CT or MRI without histologic
confirmation in high-risk patients (6-9). These guidelines vary in
their strictness and permissiveness. European guidelines do not
consider individuals infected with hepatitis B virus or HCV but
without LC as being high risk (7). In contrast, the Liver Imag-
ing Reporting and Data System (LI-RADS) criteria and the most

The diagnostic performance of LR-5 for HCC in patients with noncirrhotic CHC was comparable to that in patients with cirrhosis across

recent update from the American Association for the Study of
Liver Diseases accept an imaging-based diagnosis of HCC with-
out biopsy for LI-RADS category 5 (LR-5) lesions in patients
with noncirrthotic hepatitis B virus (6,10). However, these LI-
RADS-based imaging diagnosis criteria have not been validated
in populations with noncirrhotic HCV infection.

Considering the importance of radiologic diagnosis in the
context of HCC risk, this study aimed to evaluate the diagnostic
performance of LR-5 observations for HCC using CT and MRI
in patients with noncirrhotic CHC and to compare these find-
ings with those in patients with CHC and cirrhosis.

Materials and Methods

Study Design and Patients

This retrospective investigation was conducted at four hos-
pitals in the Republic of Korea (Asan Medical Center, Jeju
University Hospital, Hanyang University Guri Hospital, and
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Abbreviations

AUC = area under the receiver operating characteristic curve,

CHC = chronic hepatitis C, HCC = hepatocellular carcinoma,
HCV = hepatitis C virus, LC = liver cirrhosis, LI-RADS = Liver
Imaging Reporting and Data System, PPV = positive predictive value

Summary

Liver Imaging Reporting and Data System criteria demonstrated high
diagnostic accuracy for diagnosing hepatocellular carcinoma using CT
and MRI in patients with noncirrhotic chronic hepatitis C.

Key Results

m In this retrospective study of 458 patients with chronic hepatitis
C, Liver Imaging Reporting and Data System (LI-RADS) category
5 (LR-5) criteria demonstrated high diagnostic performance for
hepatocellular carcinoma (HCC) in noncirrhotic livers using CT and
MRI, with the area under the receiver operating characteristic curve
(AUC) of 0.90 (95% CI: 0.86, 0.93), sensitivity of 82.4% (95% CI:
77.0, 87.8), and specificity of 97.6% (95% CI: 93.0, 100.0).

m The AUC was higher in the noncirrhotic group than in the
cirrhotic group (AUC, 0.90 [95% CI: 0.86, 0.93] vs 0.79 [95%
CI: 0.74, 0.84]; P = .002).

m In the validation dataset of 103 patients with noncirrhotic chronic
hepatitis C, LR-5 criteria maintained high diagnostic accuracy of
96.1% (95% CI: 93.1, 99.2) for HCC.

Sanggye Paik Hospital). The requirement for informed con-
sent was waived by the institutional review board of each in-
stitution. The study populations in both datasets were patients
aged 20 years or older with CHC in different health care set-
tings. CHC was defined by a positive anti-HCV antibody test
and a history of viremia lasting more than 6 months, regardless
of any anti-HCV treatment, which is in line with the interna-
tional guidelines (11,12). The test dataset consisted of patients
with CHC from the Asan Medical Center and Jeju University
Hospital enrolled between January 2000 and February 2022.
Inclusion criteria required that patients had at least one he-
patic lesion measuring 1 cm or greater, which is recognized as
the minimum nodule diameter for a noninvasive diagnosis of
HCC (6,7,13,14), and underwent biopsy or surgical resection
for histologic diagnosis of focal liver lesions. Exclusion criteria
in the test dataset included the following: () coinfection with
hepatitis B virus and/or HIV; (4) history of prior treatment
for any intrahepatic cancer, including HCC; (¢) those without
histologic liver parenchyma specimens; () those in whom the
interval between imaging and histopathologic examinations
exceeded 3 months; or (¢) those whose lesions were intraductal
or poorly delineated.

To generalize the results from the test dataset to a broader
population and minimize potential selection biases, a valida-
tion dataset consisting of patients with CHC was independently
established at two secondary hospitals, Hanyang University
Guri Hospital and Sanggye Paik Hospital, from March 2004 to
December 2022. The inclusion criteria required that the patients
have hepatic lesions measuring at least 1 cm at abdominal imag-
ing. Exclusion criteria in the test dataset included the following:
(a) coinfection with hepatitis B virus or HIV; (4) absence of le-
sions on dynamic contrast-enhanced CT or MRI scans; (¢) lack
of a definitive diagnosis; or () a history of prior treatment for
any intrahepatic cancer, including HCC. Detailed information
regarding study sample is available in Appendix S1.
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Diagnostic Definitions of Underlying Liver Fibrosis

In the test dataset, liver histologic findings were scored accord-
ing to the Meta-analysis of Histological Data in Viral Hepatitis,
or METAVIR, classification of fibrosis stages (FO-F4, where FO
indicates no fibrosis; F1, portal fibrosis without septa; F2, por-
tal fibrosis with few septa; F3, numerous septa without cirrhosis;
and F4, cirrhosis) (15), based on either a resection specimen or
biopsy. In the validation dataset, the presence of cirrhosis was de-
cided by a composite definition in order of preference of (2) a
pathologic report showing evidence of cirrhosis at resection; (4) a
pathologic report with cirrhosis noted at biopsy; or (¢) the pres-
ence of clinical, radiologic, endoscopic, or laboratory evidence of
cirrhosis and/or portal hypertension (eg, irregular hepatic surface,
esophageal or gastric varices, collaterals, recanalized umbilical
vein, ascites, and splenomegaly) (16).

Image Protocol
All CT examinations were performed with an 8-, 16-, 64-, or
128-channel multidetector CT scanner. After unenhanced im-
ages had been acquired, contrast-enhanced images were obtained
after intravenous injection of 1.5-2 mL/kg of body weight of io-
dinated contrast material (iopromide) at a rate of 3—4 mL/sec.
All MRI examinations were conducted with either a 1.5-T
or 3.0-T scanner. The MRI protocol included unenhanced
MRI sequences (T1-weighted dual gradient-echo in- and op-
posed-phase imaging, respiratory-triggered turbo spin-echo
T2-weighted imaging, and diffusion-weighted imaging) and
contrast-enhanced T1-weighted three-dimensional gradient-
echo imaging after injection of contrast media (gadolinium
ethoxybenzyl diethylenetriamine pentaacetic acid, gadobenate
dimeglumine, or gadoterate meglumine). Detailed imaging pa-
rameters are presented in Appendix S1.

Image Analysis

All imaging studies were anonymized and independently re-
viewed by two board-certified abdominal radiologists (R.2. and
S.H.C., with 5 and 10 years of experience, respectively) using a
standardized LI-RADS reporting template. In cases of discrepan-
cies between the two readers, the images were re-evaluated col-
laboratively, and a consensus was reached. To mitigate potential
recall bias, CT images were reviewed in the first session, and MRI
scans were reviewed in the second session. There was a 4-week
interval between the two sessions.

For the imaging characteristics of the target lesions, the read-
ers assessed lesion size and decided on the presence or absence of
major features (such as nonrim arterial phase hyperenhancement,
washout, an enhancing capsule, and threshold growth), ancillary
features, and targetoid or nontargetoid features in accordance
with LI-RADS version 2018 (10). When LI-RADS categoriza-
tion differed between CT and MRI, the MRI-based observation
was chosen as the final category due to the superior diagnostic

accuracy of MRI LI-RADS for HCC (10,17).

Reference Standard for Lesions of Each LI-RADS Category

In the test dataset, pathology-based reference standards with his-
topathologic proof were used for all nodules. Positive histologic
finding for HCC was considered only if the examination was per-
formed within 3 months after the last imaging session. For the
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A Test dataset

701 adult patients with chronic hepatitis C who had hepatic lesion(s)
21cm on dynamic contrast-enhanced CT and/or MRI, and whose
lesions were eventually diagnosed by histopathology
from Asan Medical Center and Jeju University Hospital
between August 2000 and February 2022

243 patients excluded

- HBV and/or HIV co-infection (n=131)

- Prior treatment for any intrahepatic
cancer including HCC (n=95)

- Pathology on liver parenchyma not available (n=7)

- Interval between imaging and histology exam
exceeded three months (n=3)

- Intra-ductal or unclearly delineated lesions (n=7)

512 hepatic lesions in 458 patients were included
in the test dataset

An and Park et al

B Validation dataset

453 adult patients with chronic hepatitis C
who had hepatic lesion(s) =1cm on abdominal imaging
from Hanyang University Guri Hospital and Sanggye Paik Hospital
between March 2004 and December 2022

172 patients excluded

- HBV and/or HIV co-infection (n=13)

- No lesion detected in dynamic contrast-enhanced

» CT/MRI (n=123)

- Allack of final diagnosis (n=23)

- Prior treatment for any intrahepatic cancer
including HCC (n=13)

425 hepatic lesions in 281 patients were included
in the validation dataset

I
| }
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| }

Non-LC group LC group

235 hepatic lesions 277 hepatic lesions

in 219 patients in 239 patients

Non-LC group LC group

155 hepatic lesions 270 hepatic lesions

in 178 patients

in 103 patients

Figure 1: Flow diagram of patient enrollment in the (A) test dataset and (B) validation dataset. HBV = hepatitis B virus, HCC = hepatocellular carcinoma, LC = liver cirrhosis.

validation dataset, the primary diagnostic reference was patho-
logic examination. Composite clinical reference standards were
adopted for the final diagnosis in nodules for which pathologic
examination was unavailable, based on prior studies aiming to
closely mirror daily practice (18-20). Detailed information re-
garding benign lesions and non-HCC malignancy is available in

Appendix S1.

Statistical Analysis

Statistical analyses are detailed in Appendix S1. The diagnostic
performance of imaging observations for detecting HCC was
evaluated by calculating the accuracy, sensitivity, specificity, posi-
tive predictive value (PPV), negative predictive value, and area
under the receiver operating characteristic curve (AUC). The
DeLong test was used to compare the AUCs between models
(21). Logistic regression analysis was used to examine the factors
associated with LR-5 HCC.

To ascertain the required sample size in the test dataset, we em-
ployed the CI method using the exact Clopper-Pearson formula.
Assuming an HCC prevalence of 80% within the noncirrhotic
target population and based on a specificity of 0.9, a sensitivity
of 0.7, and a precision of 0.02, we estimated that a sample size
of 221 lesions was needed. Interreader agreement for LI-RADS
category assessment was evaluated using Cohen « statistic (22).

All statistical procedures were performed with R statistical
software (version, 4.2.1; R Foundation for Statistical Comput-
ing; hitp:/lcran.r-project.org). A threshold of P < .05 was applied

for statistical significance.
Results

Patient Characteristics
Of the 701 patients identified, 243 (34.7%) were excluded
(Fig 1A). Finally, 458 patients diagnosed with CHC were
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included in the test dataset (Table 1). Diagnostic imaging meth-
ods included CT for 70 patients (15.3%, 70 of 458), MRI for
17 patients (3.7%, 17 of 458), and a combination of methods
for 371 patients (81.0%, 371 of 458) (Table 2). Single lesions
were detected in 413 patients (90.2%, 413 of 458). The me-
dian diameter of the largest nodules was 3.0 cm, with an IQR
of 2.0-4.5 cm. Of the 458 patients, 129 (28.2%) had nodules
measuring 2 cm or less in diameter. Histologic confirmation
was obtained through surgical specimens from 426 patients, bi-
opsy specimens from 11 patients, and a combination of both
methods for 21 patients.

The study comprised 239 patients (52.2%, 239 of 458) with
underlying F4 fibrosis, and they were classified into the LC group,
while the remaining 219 patients (47.8%, 219 of 458) were clas-
sified into the non-LC group. The non-LC groups had a higher
proportion of male patients (184 of 219 [84.0%)] vs 166 of 239
[69.5%]; P < .001) and a larger diameter of the biggest lesion (3.4
cm vs 2.8 cm; P < .001). Diabetes mellitus was more common in

the LC group (43 of 219 [19.6%] vs 90 of 239 [37.7%]; P < .001).

Imaging and Histopathologic Analysis
A total of 512 lesions from 458 patients underwent pathologic
assessment. According to LI-RADS, 40 lesions were classified as
LR-3 (7.8%), 84 as LR-4 (16.4%), 325 as LR-5 (63.5%), 45
as LR-M (8.8%), and 18 as LR-TTV (tumor in vein) (3.5%).
LR-1 and LR-2 lesions were not included because pathologic ex-
amination of these lesions was not performed. Disagreement in
LI-RADS category between CT and MRI occurred in 98 of 417
(23.5%) nodules visualized at both MRI and CT, which is similar
to previous reports (Table S1) (18,23).

Interreader agreement for LI-RADS categorization showed
K of 0.82 (95% CI: 0.76, 0.87) for overall patients, 0.84 (95%
CI: 0.78, 0.89) for the CT subgroup, and 0.84 (95% CI: 0.78,
0.90) for the MRI subgroup. At histopathologic examination,

3
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Table 1: Demographic and Laboratory Characteristics of Patients in the Test Dataset
Entire Group Non-LC LC
Characteristic (n = 458) (n=219) (n =239) P Value*
Demographic variable
Age (y) .07

Mean + SD 64+9 65+8 63+9

Median 64 (41-86) 65 (41-86) 64 (41-82)
Sex <.001

Male 350 (76.4) 184 (84.0) 166 (69.5)

Female 108 (23.6) 35 (16.0) 73 (30.5)
Current smoking 131 (28.6) 57 (26.0) 74 (31.0) .29
Current alcohol consumption 206 (45.0) 106 (48.4) 100 (41.8) .19
Diabetes mellitus 133 (29.0) 43 (19.6) 90 (37.7) <.001
Body mass index (kg/m?) 24.2 (22.4-26.1) 23.8 (22.1-25.7) 24.6 (22.7-26.6) .008
Body mass index > 25 kg/m? 189 (41.3) 81 (37.0) 108 (45.2) .09

Laboratory findings
AST level (IU/L) 49 (29-80) 35 (24-58) 65 (41-90) <.001
ALT (IU/L) 35 (20-61) 30 (18-49) 42 (23-67) .001
Total bilirubin level (mg/dL) 0.9 (0.6-1.3) 0.8 (0.6-1.1) 1.1 (0.7-1.6) <.001
International normalized ratio 1.2 (1.1-1.3) 1.1 (1.1-1.2) 1.2 (1.1-1.3) <.001
Albumin level (g/dL) 3.2 (2.8-3.6) 3.3 (3.0-3.7) 3.1 (2.6-3.5) .001
Platelet count (x10°/L) 149 (107-190) 167 (137-208) 120 (84-166) <.001
AFP level (ng/mL)" 8.7 (3.5-41.1) 5.6 (2.7-27.9) 11.3 (4.8-46.6) <.001
AFP > 20 ng/mL' 150 (32.9) 61 (28.1) 89 (37.2%) 049
HCV-related factor
HCV RNA positive at lesion detection 282 (61.6) 126 (57.5) 156 (65.3) .038
Previous treatment of HCV* .039
Direct-acting antiviral 131 (28.6) 62 (28.3) 69 (28.9)
Interferon 68 (14.8) 29 (13.2) 39 (16.3)
None 252 (55.0) 121 (55.3) 131 (54.8)
Unknown 7 (1.5) 7 (3.2)
Note.—Continuous data are presented as medians, with IQRs in parentheses. Categorical data are presented as numbers, with percentages in
parentheses. Body mass index was calculated as weight in kilograms divided by height in meters squared. AFP = a-fetoprotein, ALT = alanine
aminotransferase, AST = aspartate aminotransferase, HCV = hepatitis C virus, LC = liver cirrhosis.
* P values for comparison between noncirrhotic and cirrhotic groups were calculated using the %* test or Fisher exact test for categorical
variables and the 7 test or Mann-Whitney U test for continuous variables.
T AFP values at the time the lesions were detected were not available for two patients.
 Of the patients treated for HCV, 84.9% (169 of 199) achieved a sustained virologic response.

434 lesions were classified as HCC (84.8%), 52 as other ma-
lignant lesions (10.2%), and 26 as benign lesions (5.1%).
Of the 434 HCCs, 340 underwent gadoxetic acid—enhanced
MRI: 261 showed nonrim arterial phase hyperenhancement
and portal venous washout, 56 showed nonrim arterial phase
hyperenhancement without portal venous washout but with
hepatobiliary phase hypointensity, and 10 showed hepatobili-
ary phase hyperintensity.

A per-nodule analysis revealed that 325 of the nodules
(63.5%) exhibited the typical enhancement pattern for HCC
(ie, LR-5) on CT and/or MRI scans (Table 3). Of these, 321
(98.8%) were histopathologically confirmed as HCC: 159 of
160 (99.4%) in the non-LC group and 162 of 165 (98.2%) in
the LC group. One hepatic lesion in the non-LC group, classi-
fied as LR-5 but not as HCC, was identified as combined he-
patocellular-cholangiocarcinoma. In the LC group, three LR-5
lesions were diagnosed as follows: two as combined hepatocellu-
lar-cholangiocarcinoma and one as cholangiocarcinoma. In the
non-LC and LC groups, actual HCCs constituted seven of 15
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(46.7%) and 15 of 25 (60.0%), respectively, of the LR-3 nod-
ules,15 of 22 (68.2%) and 54 of 62 (87.1%), respectively, of
the LR-4 nodules, four of 27 (14.8%) and four of 18 (22.2%),
respectively, of the LR-M nodules, and eight of 11 (72.7%) and
six of seven (85.7%), respectively, of the LR-TIV nodules.

When we examined the characteristics of the HCCs in non-
cirthotic HCV-infected livers, we observed a higher prevalence of
male patients and current alcohol consumption among the pa-
tients with HCC. Furthermore, F3 fibrosis, serum a-fetoprotein
levels of 20 ng/mL or greater, and a history of anti-HCV therapy,
particularly with direct-acting agents, were also more prevalent in
the HCC group (Table S2). Figures 2 and S1 show a representa-
tive LR-5 HCC case in the non-LC group.

Further multivariable analysis indicated that a solitary tumor
(adjusted odds ratio [OR], 2.32; 95% CI: 1.21, 4.47; P = .011)
and larger tumor size (= 2 cm) (adjusted OR, 2.92; 95% CI:
1.89, 4.51; P < .001) were factors independently associated with
HCCs meeting the LR-5 criteria in the 458 patients; however,
there was no evidence of a difference in the presence of LC (OR,
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Table 2: Imaging and Pathologic Characteristics of the Patients in the Test Dataset

Entire Group Non-LC LC
Characteristic (n = 458) (n=219) (n=239) P Value*
Indication for dynamic imaging 12

Surveillance setting 298 (65.1) 151 (68.9) 147 (61.5)

Nonsurveillance setting’ 160 (34.9) 68 (31.1) 92 (38.5)
Type of dynamic imaging .054

CT and MRI* 371 (81.0) 174 (79.5) 197 (82.4)

CT alone 70 (15.3) 32 (14.6) 38 (15.9)

MRI alone* 17 (3.7) 13 (5.9) 4(1.7)
No. of lesions per patient .019

One 413 (90.2) 203 (92.7) 210 (87.9)

Two 37 (8.1) 16 (7.3) 21 (8.8)

Three or more 8 (1.7) 8 (3.3)
Diameter of largest lesion (cm) 3.0 (2.0-4.5)° 3.4 (2.2-5.5) 2.8 (2.0-3.9) <.001

< 129 (28.2) 47 (21.5) 82 (34.3) 003

2 329 (71.8) 172 (78.5) 157 (65.7)
Type of specimen for pathologic diagnosis .19

Resection 426 (93.0) 199 (90.9) 227 (95.0%)

Biopsy 11 (2.4) 6 (2.7) 5(2.1)

Biopsy and resection 21 (4.6) 14 (6.4) 7 (2.9)

Hepatic steatosis 168 (36.7) 55 (25.1) 113 (47.3) <.001
METAVIR fibrosis scorell <.001

FO 16 (3.5) 16 (7.3)

F1 37 (8.1) 37 (16.9)

F2 65 (14.2) 65 (29.7)

F3 101 (22.0) 101 (46.1)

F4 239 (52.2) 239 (100.0)
Note.—Continuous data are presented as medians, with IQRs in parentheses. Categorical data are presented as numbers, with percentages in
parentheses. LC = liver cirrhosis, METAVIR = Meta-analysis of Histological Data in Viral Hepatitis.

* P values for comparison between noncirrhotic and cirrhotic groups were calculated using the y? test or Fisher exact test for categorical
variables, and the 7 test or Mann-Whitney U test for continuous variables.

T 'The indications for dynamic imaging in these patients included presence of symptoms (7 = 54), incidental findings (2 = 85), and abnormal
liver function tests (7 = 21).

# Among the 388 patients who underwent dynamic MRI, imaging was enhanced with gadolinium ethoxybenzyl diethylenetriamine
pentaacetic acid (Gd-EOB-DTPA) in 355 (91.5%), gadobenate dimeglumine in 16 (4.1%), and gadoterate meglumine in 17 (4.4%).

$ The median sizes of the largest lesions in patients under surveillance and those from a nonsurveillance setting were 2.5 cm (range,

2.0-3.2 cm) and 5.3 cm (range, 3.8-7.8 cm), respectively (P < .001).

I'FO indicates no fibrosis; F1, portal fibrosis without septa; F2, portal fibrosis with few septa; F3, numerous septa without cirrhosis; and F4, cirrhosis.

0.76; 95% CI: 0.51, 1.12; P = .16), diabetes (OR, 0.74; 95%
CI: 0.49, 1.13; P = .17), or hepatic steatosis (OR, 1.11; 95% CI:
0.75, 1.67; P = .60) (Table S3). The variance inflation factor for
the variables in the multivariable regression model ranged from
1.00 to 1.02. The P value of Hosmer-Lemeshow test was .25,
indicating goodness of fit.

Diagnostic Performance of LI-RADS 5 Imaging

Criteria for HCC

For all lesions, the LI-RADS 5 criteria demonstrated the fol-
lowing diagnostic performance for HCC: accuracy of 77%
(95% CI: 73.5, 80.8), sensitivity of 74% (95% CI: 69.8,
78.1), specificity of 95% (95% CI: 90.0. 99.8), PPV of 99%
(95% CI: 97.6, 100.0), and negative predictive value of 40%
(95% CI: 32.6, 46.6), as outlined in Table 4. For nodules in
patients with noncirrhotic CHC, the corresponding values
were 85% (95% CI: 80.6, 89.7), 82% (95% CI: 77.0, 87.8),
98% (95% CI: 93.0, 100.0), 99% (95% CI: 98.2, 100.0),
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and 55% (95% CI: 43.4, 65.9). The diagnostic accuracy of
the LR-5 observations remained consistent regardless of the
presence of LC. Notably, the AUC was higher in the noncir-
rhotic group than in the cirrhotic group (0.90 [95% CI: 0.86,
0.93] vs 0.79 [95% CI: 0.74, 0.84]; P = .002). The LI-RADS
5 criteria also yielded a high Nagelkerke R* value of 0.59 and
a low Brier score of 0.15 in patients with noncirrhotic CHC.
The diagnostic performance of LR-5 and LR-TIV nodules for
HCC diagnosis according to the presence of LC was similar to
the results of LR-5 only (Table S4).

Tables 5 and S5 provide stratified analyses based on factors
that include the stage of liver fibrosis, imaging modality, type of
contrast agent, and obesity, defined as body mass index of 25 kg/
m? or greater in Asian populations. There was no evidence of a
difference in the diagnostic performance. The AUCs were greater
than 0.80 across these subgroups in the non-LC group, except
for patients with FO-F1 fibrosis compared with those with F2
fibrosis (AUC, 0.96 vs 0.84; P = .037).
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Table 3: LI-RADS and Histopathologic Characteristics of Hepatic Lesions according to Presence of LC in the Test Dataset
LI-RADS Category
Lesions in Non-LC (2 = 235) Lesions in LC (2 = 277)
Pathologic
Diagnosis All Lesions LR-3 LR-4 LR-5 LR-M LR-TIV LR-3 LR-4 LR-5 LR-M LR-TIV
No. of lesions 512 15 (64) 22(94) 160(68.1) 27(11.4) 11(47) 25(9.0) 62(22.4) 165(59.6) 18(6.5) 7(2.5)
Diameter of 3.0 1.8 2.6 3.2 3.4 4.0 1.5 2.0 3.0 2.6 6.0
largest lesion (2.0— (1.3—- (2.0— 2.3- (2.0— (3,2 (1.0 (1.7- (2.0— (2.0— (4.0
(cm) 4.2) 2.4) 5.0) 5.8) 5.2) 6.4) 2.0) 3.0) 4.0) 3.4) 8.1)
HCC 434 (84.8) 7(46.7) 15(68.2) 159(99.4) 4(148) 8(727) 15(60.0) 54(87.1) 162(982) 4(222) 6(85.7)
Other malignant ~ 52(10.2)  1(6.7) 7(31.8) 1(0.6)  21(77.8) 3(27.3) 3(48) 3(18) 12(66.7) 1(14.3)
lesion
Combined 13 .. 2 1 3 2 2 3
HCC-CCA
Intrahepatic CCA 21 1 2 6 2 1 1 7 1
Metastatic cancer 18 3 12 1 2
Benign lesion 26 (5.1) 7 (46.7) ... 2(7.4) 10 (40.0) 5(8.1) 2 (11.1)
Angiomyolipoma 1 e e 1
Inflammatory 2 2
nodule
Hepatic cyst 3 3
Eosinophilic 1 1
granuloma
Hemangioma 2 1 1
Dysplastic nodule 13 8 5
Regenerative 4 2 2
nodule
Note.—Continuous data are presented as medians, with IQRs in parentheses. Categorical data are presented as numbers, with percentages
in parentheses. CCA = cholangiocarcinoma, HCC-CCA = combined hepatocellular-CCA, LC = liver cirrhosis, LI-RADS = Liver Imaging
Reporting and Data System, TIV = tumor in vein.

Evaluating Pretest and Posttest Probabilities of LR-5 HCC in
Patients with Noncirrhotic CHC

Figure 3 showcases a Fagan nomogram, delineating the shift in pre-
test to posttest probabilities of HCC after receipt of positive versus
negative LR-5 results. Given the average prevalence of 82.1% in
the test sample, the positive likelihood ratio would yield a posttest
probability for HCC of 99% for an LR-5 result. However, a nega-
tive LR-5 outcome reduced this likelihood dramatically to 42%.
Further exploration of how pretest probability influences the LI-
RADS 5 criteria in settings of varying HCC prevalence is shown in
Table S6. For instance, when the pretest probabilities stood at 40%
and 60% and the LR-5 criteria were met, the resulting posttest
probabilities soared to 96% and 98%, respectively.

Validation Dataset Results

Of the 453 patients identified, 172 (35%) were excluded
(Fig 1B). The baseline characteristics of 281 patients in the vali-
dation dataset, including 103 without LC and 178 with LC, are
detailed in Table S7.

A per-nodule analysis included a total of 425 lesions, of
which 155 were in noncirrhotic livers and 270 were in cirrhotic
livers (Table S8). In terms of the method used for diagnosing
hepatic lesions, 48 of 425 (11%) were identified at histopatho-
logic examination and 377 of 425 (89%) by using a clinical
composite reference standard, with no evidence of a difference
according to the presence of LC (P = .75). According to the
LI-RADS classification, 154 lesions were categorized as LR-1
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(36%), 15 as LR-2 (3.5%), 21 as LR-3 (5%), ecight as LR-4
(29%), 176 as LR-5 (41%), 20 as LR-M (5%), and 31 as LR-
TIV (7%). The final assignment of the lesions was HCC in 212
(50%), other malignant lesions excluding HCC in 18 (4%),
and benign lesions in 195 (46%). The prevalence of HCC was
23% (35 of 155) in patients without LC and 66% (177 of 270)
in patients with LC.

Regarding the diagnostic performance of LR-5 for HCC in
patients with noncirrhotic CHC, the accuracy, sensitivity, speci-
ficity, PPV, and negative predictive value were 85%, 82%, 98%,
99%, and 55% respectively, as shown in Table S9. There was no
evidence of a difference between the AUC for the non-LC group
and the LC group (AUC, 0.91 [95% CI: 0.84, 0.97] vs 0.92 [95%
CI: 0.89, 0.94]; P = .98); the former had a higher Nagelkerke &
value (0.809 vs 0.749) and a lower Brier score (0.039 vs 0.111).
The diagnostic performance of LR-5 and LR-TTV nodules for
HCC diagnosis, according to the presence of LC, is presented in
Table S10. There was no evidence of a difference in diagnostic
performance according to the imaging modality in the non-LC

group of validation dataset (Table S11).

Discussion

This study evaluated the performance of Liver Imaging Re-
porting and Data System (LI-RADS) category 5 (LR-5)
criteria using CT and MRI for diagnosing hepatocellular car-
cinoma (HCC) in patients with noncirrhotic chronic hepa-

titis C (CHC) across different HCC prevalence settings. The
6
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Figure 2: Imagesin a 46-year-old male patient with chronic hepatitis C without liver cirthosis undergoing biannual hepatocellular carcinoma
(HCC) surveillance. Because of the risk of tumor seeding, surgical resection was performed without prior biopsy. (A=€) Multiphase contrast-
enhanced CT scans show a 2.0-cm arterial phase hyperenhancing mass in segment V (A), with enhancing capsule on portal venous phase
(B) and washout on delayed phase image (€). (D=F) Gadoxetic acid-enhanced MRI scans also show (D) arterial phase hyperenhancement,
(E) portal venous washout, and (F) hepatobiliary phase hypointensity. This mass (arrow) was classified as Liver Imaging Reporting and Data
System category 5 at both CT and MRI and was surgically confirmed as HCC. (@) Photograph of the cut surface of the resected specimen. The
tumor (black arrow) appears yellow and round, measuring 1.0 cm in its maximum dimension. (H) Photomicrograph shows highly pleomorphic
tumor cells (yellow arrows), consistent with poorly differentiated HCC. (Hematoxylin-eosin stain; original magnification, x400.) (1) Background
liver parenchyma shows moderate porfal inflammation (green arrow) without evidence of cirrhosis. (Hematoxylin-eosin stain; original magnifica-
tion, x400.) Scale bar = 50 pm.

investigation demonstrated high accuracy, with specificity of ~ a near one-to-one correspondence between image-detected le-
97.6% and positive predictive value (PPV) of 99.4% for HCC  sions and resected specimens, enhancing the reliability of the

diagnosis in rigorously defined patients with noncirrhotic  radiologic-pathologic correlation. These findings were consis-
CHC with complete histologic data. The high proportion of  tent even in patients with FO-F2 fibrosis, who are not typi-
single lesions in our test dataset (90% of patients) provided  cally considered candidates for HCC surveillance according to
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Table 4: Performance of LR-5 Criteria in the Per-Lesion
Diagnosis of HCC according to Presence of LC in the Test
Dataset
Total Non-LC LC
Parameter  (z=512) (n=235) (n=277)
Accuracy  77.2 85.1 70.4
(%) (73.5-80.8) (80.6-89.7) (65.0-75.8)
Sensitivity ~ 74.0 82.4 67.2
(%) (69.8-78.1) (77.0-87.8) (61.3-73.2)
Specificity  94.9 97.6 91.7
(%) (90.0-99.8) (93.0-100.0) (82.6-100.0)
AUC* 0.84 0.90 0.79
(0.81-0.88) (0.86-0.93) (0.74-0.84)
Likelihood 14.42 34.60 8.07
ratio (11.38-18.28) (25.27-47.38) (5.64-11.54)
positive
Likelihood 0.27 0.18 0.36
ratio (0.24-0.31) (0.15-0.21) (0.30-0.43)
negative
PPV (%)  98.8 99.4 98.2
(97.6-100.0) (98.2-100.0) (96.1-100.0)
NPV (%)  39.6 54.7 29.5
(32.6-46.6) (43.4-65.9) (21.0-37.9)
Brier score  0.229 0.149 0.296
Nagelkerke 0.424 0.593 0.297
R value
Note.—AUC = area under the receiver operating characteristic
curve, HCC = hepatocellular carcinoma, LC = liver cirrhosis,
NPV = negative predictive value, PPV = positive predictive
value.
* P values with the DeLong test = .002.

international guidelines (6,12). In our noncirrhotic validation
dataset with a prevalence of HCC likely to be encountered in
routine practice, the PPV and specificity of LR-5 HCC nod-
ules were also close to 100%, although this does not entirely
exclude the possibility of combined hepatocellular-cholangio-
carcinoma when using composite clinical reference. The higher
negative predictive value for LR-5 in the validation dataset
compared with the test set was primarily due to the inclusion
of LR-1 and LR-2 lesions. Furthermore, modeling of the test
performance demonstrated that the PPV was excellent—above
95%-—-across a range of pretest probabilities.

Most clinical practice guidelines worldwide allow noninvasive
diagnosis of HCC in high-risk individuals (6,7,9). Although evi-
dence supports the growing role of histoprognostic factors and
molecular biology in prognosis and clinical decision-making,
biopsies of liver tumors present potential risks (9,24). Instances
of bleeding and needle track seeding are relatively rare and typi-
cally manageable (25), but challenges include targeting lesions
in difficult areas of the liver, distinguishing lesions from nodular
backgrounds, and the low sensitivity of biopsies—especially for
tumors less than 2 cm (26,27). Our study provides evidence sup-
porting the inclusion of patients with noncirrhotic HCV as an
indication for the use of noninvasive LI-RADS criteria.

The diagnostic performances of noncirrhosis in our test
and validation datasets were on a par with those observed in
patients with cirrhosis. In theory, for a diagnostic test to ef-
fectively bypass biopsy, its PPV and specificity should be close
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to 100% to minimize false-positive findings (28). It is well-
known that LC, irrespective of its cause, is a potential risk
factor for non-HCC hepatic malignancies such as cholangio-
carcinoma and combined hepatocellular-cholangiocarcinoma
(29,30). It was therefore not surprising to find that the cir-
rhotic group in the test sample had a lower per-observation
accuracy (AUC, 0.90 vs 0.79; P = .002 with DeLong test;
LR positivity, 34.60 vs 8.07) for LR-5 HCCs, with 1.8% of
the category including cancers with cholangiocarcinoma dis-
ease. Factors such as hepatic steatosis, diabetes mellitus, male
sex, higher degree of fibrosis, and HCV viremia, which have
been linked to an elevated risk of HCC (5,28), did not in-
fluence the diagnostic performance of LR-5 for noncirrhotic
HCC. Further analyses revealed that neither lower nodule size
(2 cm) nor MRI method—both of which potentially influ-
ence LI-RADS imaging sensitivity (17,18)—affected the out-
comes. On the other hand, the diagnostic results for LR-5
HCC in our two LC datasets were consistent with prior data
from populations with cirrhosis affected by various diseases
(18,31,32). This consistency underscores the reliability of our
performance metrics.

Crucially, it is reported that up to 20% of all HCC:s origi-
nate in noncirrhotic backgrounds, including those infected
with HCV. These often manifest with typical histopathologic
and radiologic features (33,34). Even patients with HCV in
whom the disease has not progressed to LC, or those who
have experienced LC regression after antiviral treatment, still
have a heightened risk of developing HCC compared with the
general population—albeit a somewhat lower risk than indi-
viduals with concurrent LC (5,35). Given the remarkably high
rates of HCV clearance achieved by contemporary antiviral
therapies (11,12), moving forward, the ability to diagnose
HCC accurately and noninvasively will likely become increas-
ingly critical for cured patients without LC. However, the di-
rect oncogenic mechanisms exerted by HCV proteins—over
and above the progressive effects of chronic liver inflammation
(33,36)—remain elusive.

In our test dataset, 321 of the 434 (74.0%) actual HCCs
were classified as LR-5, and among patients without cirrhosis
but with HCC, 159 of 193 (82.4%) were classified as LR-5.
These values align with previous findings that assessed typical
HCCs based on the European Association for the Study of
the Liver, or EASL, radiologic criteria, notably nonrim arterial
phase hyperenhancement and either portal venous or delayed
washout (7). The LI-RADS system, which has gained superior
recognition over other imaging criteria, stipulates that liver
nodules in the LR-3, LR-4, LR-M, and LR-TIV categories
(excluding LR-5) should be recommended for biopsy (10).
This recommendation is driven by the perceived insufficient
pretest ability of imaging alone to provide a conclusive diag-
nosis of malignancy.

Few other studies have explored the diagnostic accuracy of
LI-RADS for HCC in patients with CHC but without LC. A
nonconsecutive study by Ludwig et al (37), which evaluated
the LI-RADS version 2018 criteria for the diagnosis of HCC
among primary liver cancers of hepatocellular and/or chol-
angiocellular origin in 131 patients with noncirrhotic disor-
ders—including six carriers of HCV—reported that LR-5 was
highly specific (97%-100%). This striking observation might
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Table 5: Performance of LI-RADS 5 Criteria for Per-Lesion Diagnosis of HCC according to Fibrosis Stage and Imaging
Modality in the Non-LC Group of the Test Dataset
MRI with
Extracellular
MRI with Contrast
FO0-F1 F2 F3 CT MRI Gd-EOB-DTPA  Agents
Parameter (n=56) (n=67) (n=112) (n=221) (n=203) (n=179) (n = 24)
Accuracy (%) 96.4 83.6 80.4 79.6 84.7 85.5 79.2
(91.6-100.0)  (74.7-92.5)  (73.0-87.7) (74.3-85.0) (79.8-89.7) (80.3-90.6) (62.9-95.4)
Sensitivity (%) 94.1 79.6 80.0 77.2 81.9 83.7 61.5
(86.2-100.0) (68.9-90.4) (72.4-87.7) (71.1-83.2) (76.1-87.8) (77.8-89.5) (35.1-88.0)
Specificity (%) 100.0 100.0 85.7 91.9 97.3 96.2 100.0
(59.8-100.0) (83.1-100.0) (92.1-100.0) (88.8-100.0)
AUC 0.97 0.90 0.83 0.85 0.90 0.90 0.81
(0.93-1.00) (0.83-0.94)  (0.69-0.93) (0.79-0.89) (0.86-0.93) (0.85-0.94) (0.65-0.92)
Likelihood ratio Not estimable*  Not estimable* 5.60 9.52 30.31 21.75 NE*
positive (2.50-12.55)  (6.72-13.48)  (21.66-42.42)  (14.59-32.43)
Likelihood ratio 0.06 0.20 0.23 0.25 0.19 0.17 0.38
negative 0.04-0.08)  (0.15-0.27)  (0.16-0.34)  (0.21-0.30)  (0.16-0.22) (0.14-0.21) (0.19-0.77)
PPV (%) 100.0 100.0 98.8 97.9 99.3 99.2 100.0
(96.5-100.0)  (95.6-100.0)  (97.8-100.0)  (97.7-100.0)
NPV (%) 91.7 54.2 222 44.7 54.6 50.0 68.8
(80.6-100.0)  (34.2-74.1)  (6.5-37.9) (33.6-55.9) (42.5-66.6) (36.1-63.9) (46.0-91.5)
No. of LR-5 nodules 32 43 85 152 137 129 8
HCCat pathologic ~ 100.0 100.0 98.8 99.3 99.3 99.2 100.0
examination of
LR-5 nodule (%)
Note.—Data in parentheses are 95% Cls. P values according to the DeLong test for two receiver operating characteristic (ROC) curves are as
follows: FO—F1 versus F2, P = .037; F2 versus F3, P = .38; FO—F1 versus F3, P = .067; CT versus MRI, P = .14; MRI with Gd-EOB-DTPA
versus MRI with extracellular contrast agents, P = .23. AUC = area under the ROC curve, Gd-EOB-DTPA = gadolinium ethoxybenzyl
diethylenetriamine pentaacetic acid, HCC = hepatocellular carcinoma, LC = liver cirrhosis, LI-RADS = Liver Imaging Reporting and Data
System, NPV = negative predictive value, PPV = positive predictive value.
* Cannot be estimated due to a specificity of 100%.

be attributed to the fact that only the three malignant patho-
logic conditions were included, not benign neoplasms. In a re-
cent U.S. pivotal cross-sectional study, where LR-5 or LR-TTV
is taken as diagnostic for HCC, those criteria confirmed HCC
with a specificity of 81.5% and PPV of 93.4% in 338 focal le-
sions from noncirrhotic hepatitis B virus livers (38). The preva-
lence of HCC nodules in this cohort was 76%. These values are
comparable to those of our HCV dataset without LC. Based on
these findings, the American Association for the Study of Liver
Diseases no longer requires histologic confirmation for LR-5
hepatic nodules in patients with noncirrhotic hepatitis B virus
with a high pretest probability (6). Indeed, in several studies
the probability of LR-5 indicating HCC ranged from 95% to
99% in patients with LC, regardless of etiology (18,31,32).
Therefore, biopsies might also be avoidable when diagnosing
LR-5 HCC in HCV cases without LC.

Our study had some limitations. First, its retrospective de-
sign imposes inherent constraints, underscoring the need for
prospective investigations with a protocol-based diagnostic
work-up of nodules. The ultimate benefit associated with the
relevant use of LI-RADS criteria should be tested in such a
population. Second, despite the large number of patients, and
because our study was performed in a racially homogeneous
Asian dataset, it needs to be validated in other racial popula-
tions to ensure the generalizability of the results. Third, the long
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(20-year) study period may have introduced bias due to evolv-
ing CT and/or MRI technology. However, this effect is likely
to have been minimal as most examinations (> 80%) in the
dataset as a whole were performed after 2010, and the large
sample size should have helped to mitigate potential inconsis-
tencies. Fourth, the lack of an independent central imaging re-
view could introduce potential bias. To mitigate this, the readers
were blinded to histopathologic findings and clinical data, in-
cluding prior interpretations or clinical outcomes. Additionally,
imaging analyses for CT and MRI were conducted separately
with a 4-week interval between them.

In conclusion, Liver Imaging Reporting and Data System
category 5 (LR-5) demonstrated exemplary performance in
diagnosing hepatocellular carcinoma (HCC) in patients with-
out cirrhosis with persistent or cured hepatitis C virus infec-
tion, consistent across various HCC prevalence settings. These
findings suggest that individuals with noncirrhotic chronic
hepatitis C (CHC) may be candidates for imaging-based di-
agnosis of LR-5 HCC. Future prospective studies are needed
to confirm these results and further evaluate the use of imag-
ing criteria in cases with noncirrhotic CHC, especially when
biopsy is not feasible.

Deputy Editor: Kathryn Fowler
Scientific Editor: Elizabeth Weintraub
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Figure 3:

Pre- and posttest probabilities, along with likelihood ratios, of hepatocellular carcinoma (HCC) according to Liver Imaging Reporting and Data System (LI-RADS)

category 5 (LR-5) criferia. Fagan nomogram was used to calculate posttest probabilities of HCC based on LR-5 criteria, assuming theorefical pretest probabilities of 40%, 60%,

and 80% in patients with noncirthotic chronic hepatitis C, using the diagnostic performance data from the test dataset. The orange line indicates the posttest probability if the
test is positive; the blue line indicates the posttest probability if the test is negative; dotted gray line indicates he posttest probability when the test provides no diagnostic value

(likelihood rafio = 1).
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