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Background:  Both Liver Imaging Reporting and Data System (LI-RADS) and histopathologic features provide prognostic information
in patients with hepatocellular carcinoma (HCC), but whether LI-RADS is independently associated with survival is uncertain.

Purpose:  To assess the association of LI-RADS categories and features with survival outcomes in patients with solitary resected HCC.

Materials and Methods: This retrospective study included patients with solitary resected HCC from three institutions examined with
preoperative contrast-enhanced CT and/or MRI between January 2008 and December 2019. Three independent readers evaluated

the LI-RADS version 2018 categories and features. Histopathologic features including World Health Organization tumor grade,
microvascular and macrovascular invasion, satellite nodules, and tumor capsule were recorded. Overall survival and disease-free survival
were assessed with Cox regression models. Marginal effects of nontargetoid features on survival were estimated using propensity score
matching.

Results: A total of 360 patients (median age, 64 years [IQR, 5670 years]; 280 male patients) were included. At CT and MRI, the
LI-RADS LR-M category was associated with increased risk of recurrence (CT: hazard ratio [HR] = 1.83 [95% CI: 1.26, 2.66],

P =.001; MRI: HR = 2.22 [95% CI: 1.56, 3.16], P < .001) and death (CT: HR = 2.47 [95% CI: 1.72, 3.55], P < .001; MRI:

HR = 1.80 [95% CI: 1.32, 2.46], P < .001) independently of histopathologic features. The presence of at least one nontargetoid
feature was associated with an increased risk of recurrence (CT: HR = 1.80 [95% CI: 1.36, 2.38], P < .001; MRI: HR = 1.93 [95%
CI: 1.81, 2.06], P < .001) and death (CT: HR = 1.51 [95% CI: 1.10, 2.07], P < .010) independently of histopathologic features. In
matched samples, recurrence was associated with the presence of at least one nontargetoid feature at CT (HR = 2.06 [95% CI: 1.15,

3.66]; P=.02) or MRI (HR = 1.79 [95% CI: 1.01, 3.20]; P = .048).

Conlusion:  In patients with solitary resected HCC, LR-M category and nontargetoid features were negatively associated with survival
independently of histopathologic characteristics.

© RSNA, 2024

Supplemental material is available for this article.

The Liver Imaging Reporting and Data System (LI-RADS)
is an established diagnostic algorithm that is highly spe-
cific for the diagnosis of hepatocellular carcinoma (HCC)
in high-risk patients with cirrhosis, chronic hepatitis
B virus infection, or current or prior HCC history (1,2).
Untreated observations are categorized into seven main
categories based on their probability of being HCC (LR-
1 to LR-5), non-HCC-specific malignant lesions (LR-M),
or tumor in vein (LR-TIV) (3,4). In addition to their

diagnostic value, LI-RADS categories and features may
provide prognostic information (5-8).

Surgical resection and local ablation are the treatment
options for patients with single HCC and preserved liver
function (4,9). The risk of recurrence after surgical resec-
tion remains high, with recurrence in up to 70% of pa-
tients within 5 years (4,10). Recent studies have evaluated
the prognostic role of LI-RADS features and categories in
patients with primary liver carcinoma, including HCC
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Abbreviations

DES = disease-free survival, HCC = hepatocellular carcinoma,
HR = hazard ratio, LI-RADS = Liver Imaging Reporting and Data
System, OS = overall survival

Summary

Liver Imaging Reporting and Data System LR-M category at CT or
MRI as well as histopathologic characteristics were independently
associated with survival in patients with solitary resected hepatocellular
carcinoma.

Key Results

m In this retrospective study of 360 patients with solitary resected
hepatocellular carcinoma, LR-M category at CT and MRI was
associated with increased risk of recurrence (HR = 1.83 and 2.22,
respectively; P=.001 and P < .001) and death (HR = 2.47 and
1.80; P < .001 for both).

m The presence of at least one nontargetoid feature was
independently associated with an increased recurrence risk (CT:

HR = 1.80, P<.001; MRI: HR = 1.93, P < .001).

and other primary non-HCC malignancies (11-14). Disease-
free survival (DFS) and overall survival (OS) were found to be
shorter in patients with observations categorized as LR-M than
in patients with observations categorized as LR-3, LR-4, or LR-5
following surgical resection in Eastern cohorts (11-14). How-
ever, histopathologic tumor characteristics such as size, grade,
macrovascular and microvascular invasion, satellite nodules, and
tumor capsule are also known to be associated with an increased
risk of recurrence in patients with resected HCC (15-17). While
several LI-RADS imaging features have been associated with
clinical outcomes (8,18), whether these imaging features are as-
sociated with clinical outcomes in patients with solitary HCC,
independently of histopathologic features of tumor aggressive-
ness, has not been evaluated.

The goal of this study was to assess the association of
LI-RADS categories and features and histopathologic tumor
features with survival outcomes in patients with solitary HCC
undergoing hepatic resection.

Materials and Methods

This retrospective study and chart review were performed ac-
cording to the Helsinki convention and with approval of the
Comité d’Ethique pour la Recherche en Imagerie Médicale
(CRM-2211-315). The requirement for informed consent was
waived. This study did not receive any support from industrial
partners. The authors fully controlled the data and the informa-
tion submitted for publication.

Study Sample

The medical records of three different academic medical cen-
ters (Hopital Beaujon [Center A], Hoépitaux Universitaires
Henri-Mondor [Center B], and Hopital Universitaire Pitié-
Salpétriere [Center C], France) were searched to select con-
secutive adult patients who underwent surgical resection for
HCC between January 2008 and December 2019. Inclusion
criteria for patient selection were as follows: (2) surgical resec-
tion performed for single HCC, (4) complete histopathologic

assessment with HCC tumor characteristics available, and
(¢) preoperative contrast-enhanced CT or MRI performed
within 3 months before surgery in the absence of any prior
treatment. Patients were excluded if (2) lesions were found to
be non-HCC malignancies at histopathologic analysis (includ-
ing combined hepatocellular-cholangiocarcinoma), (4) more than
one HCC was observed at histopathologic analysis, or (¢) massive
bleeding occurred in the tumor.

Patient characteristics including sex, age at surgical resec-
tion, risk factors related to chronic liver disease, and the date
of recurrence or death were obtained from the medical records
by an author who did not participate in the imaging analysis
(EM.). According to the LI-RADS population criteria, pa-
tients were considered at high risk of HCC if they had cir-
rhosis, chronic hepatitis B virus infection, or a prior history of
HCC (3). After surgical treatment, patients underwent regular
clinical, laboratory, and imaging follow-up according to insti-
tutional protocols and clinical requirements. Patients were fol-
lowed up until December 31, 2021.

This study includes 253 of 277 (91%) previously reported
patients (19). The end point of the previous single-center study
did not overlap with the outcomes of the current study, as the
previous study aimed to describe the imaging features of differ-

ent HCC subtypes.

Imaging Procedures

Contrast-enhanced CT and MRI examinations were performed
with various scanners (16- to 64-row CT scanners; 1.5-T or
3-T MRI scanners) due to the multicenter study design. How-
ever, all the included examinations fulfilled LI-RADS techni-
cal recommendations (20). The typical MRI protocol included
T2-weighted sequences, diffusion-weighted imaging, and dual
gradient-echo sequences (in and out of phase). Multiphase
contrast-enhanced CT or MRI included precontrast, hepatic
arterial (acquired with the bolus tracking technique), portal
venous (70-90 seconds), and delayed (180 seconds) phase
sequences. Details of CT and MRI systems and contrast agents
used are provided in Appendix S1.

Image Evaluation

Three radiologists (M.D.B. [reader 1], R.S. [reader 2], and R.C.
[reader 3], with 10, 8, and 6 years of experience in abdominal and
liver imaging, respectively) independently reviewed all CT and
MRI examinations according to LI-RADS version 2018 criteria
(3). Readers were aware of the diagnosis of HCC but blinded to
histopathologic and survival data. The CT and MRI examinations
were assessed randomly to minimize recall bias. The presence of
tumor in vein, LR-M features (both targetoid and nontargetoid),
major features, ancillary features favoring malignancy, and ancil-
lary features favoring benignity were assessed according to the
LI-RADS version 2018 algorithm and definitions (3).

LI-RADS category was determined at the radiologist’s dis-
cretion after applying ancillary features and tiebreaking rules
for observations both in patients considered to be at high risk
according to LI-RADS and in patients not considered to be at
high risk (3). We are aware that LI-RADS categories should be
applied to diagnose HCC in high-risk patients only. However,
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Center A Center B
308 patients with resected 87 patients with resected
hepatocellular carcinoma hepatocellular carcinoma

Center C
45 patients with resected
hepatocellular carcinoma

* Excluded due to more
than one HCC (n = 50)

+ Excluded due to HCC
treatments before CT or
MRI (n=3)

» Excluded due to more

+ Excluded due to lack of

than one HCC (n = 3)
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complete histopathological
data (n=5)

« Excluded due to massive
tumor bleeding (n = 2)

360 patients with solitary HCC

Figure 1: Flowchart of patient selection. HCC = hepatocellular carcinoma.

» Excluded due to more
than one HCC (n = 3)

« Excluded due to lack of
complete histopathological
data (n = 14)

Table 1: Clinical and Histopathologic Characteristics of the Entire Sample and Patients with Available CT and MRI

Examination

All Patients Patients with CT Patients with MRI
Characteristic (n = 360) Examination (7 = 300) Examination (7 = 288)
Age (y)* 64.0 (56.0-70.0) 64.0 (55.3-70.0) 63.5 (56.0-69.0)
Sex

Male 280 (77.8) 234 (78.0) 225 (78.1)

Female 80 (22.2) 66 (22.0) 63 (21.9)

Age, male patients (y)* 62.5 (54.3-67.8) 63.0 (55.0-70.0) 63.0 (56.0-69.0)
Age, female patients (y)* 66.0 (57.0-70.8) 66.0 (58.5-70.3) 65.0 (55.0-70.0)
Chronic liver disease’

Hepatitis C virus 110 (30.6) 91 (30.3) 86 (29.9)

Hepatitis B virus 90 (25.0) 75 (25.0) 72 (25.0)

Alcohol abuse 73 (20.3) 60 (20.0) 59 (20.5)

NAFLD 102 (28.3) 85 (28.3) 84 (29.2)

Other 29 (8.1) 25 (8.3) 25 (8.7)

None 26 (7.2) 23 (7.7) 17 (5.9)
Cirrhosis 164 (45.6) 131 (43.7) 134 (46.5)
LI-RADS high-risk status* 222 (61.7) 180 (60.0) 177 (61.5)
Disease-free survival (mo)® 43.0 (32.2, 53.8) 39.0 (25.7, 52.3) 45.0 (33.4, 56.5)
Overall survival (mo)® 98.0 (84.7, 111.3) 92.0 (79.1, 104.9) 104.0 (83.4, 124.6)
Histopathologic features

WHO grade

I 113 (31.4) 93 (31.0) 93 (32.3)

II 219 (60.8) 183 (61.0) 175 (60.8)

111 28 (7.8) 24 (8.0) 20 (6.9)
Macrovascular invasion 35(9.7) 29 (9.7) 27 (9.4)
Microvascular invasion 172 (47.8) 149 (49.7) 132 (45.8)
Satellite nodules 79 (21.9) 67 (22.3) 61 (21.2)
Tumor capsule 237 (65.8) 201 (67.0) 187 (64.9)
Hepatic fibrosis stage

FO 29 (8.1) 25 (8.3) 21 (7.3)

il 39 (10.8) 35 (11.3) 30 (10.4)

F2 53 (14.7) 48 (16.0) 43 (14.9)

E3 75 (20.8) 62 (20.7) 60 (20.8)

F4 164 (45.6) 131 (43.7) 134 (46.5)

Note.—Categorical variables are expressed as numbers of patients, with percentages in parentheses. LI-RADS = Liver Imaging Reporting

and Data System, NAFLD = nonalcoholic fatty liver disease, WHO = World Health Organization.

* Continuous variables expressed as medians, with IQRs in parentheses.

" More than one etiology could be present in each patient.

# LI-RADS high-risk status was defined as the presence of cirrhosis, chronic hepatitis B virus infection, or a prior history of

hepatocellular carcinoma.

$ Continuous variables expressed as medians, with 95% ClIs in parentheses.
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Table 2: Descriptive Analysis of the Study Samples According to LI-RADS Categories
Patients with CT Examination (7 = 300) Patients with MRI Examination (7 = 288)
Variable LR-3-5 LR-M LR-TIV PValue LR-3-5 LR-M LR-TIV P Value
No. of patients 267 15 18 251 24 13
Age (y)* 64.0 52.0 58.5 .002 64.0 56.0 57.0 .02
(57.0-70.0) (45.0-60.5) (54.3-64.8) (57.0-70.0) (50.8-64.5) (54.0-65.0)
Size (mm)* 38.0 58.0 97.5 <.001 34.0 41.0 88.0 <.001
(23.0-60.5)  (34.5-855)  (61.3-123.3) (22.0-555)  (24.5-563)  (60.0-110.0)
Size > 50 mm 84 (31.5) 8(53.3) 16 (88.9) <001 71(28.3) 9 (37.5) 11 (84.6) <001
Medical center .55 .65
A 198 (74.2) 13 (86.7) 15 (83.3) 175 (69.7) 15 (62.5) 11 (84.6)
B 50 (18.7) 2(13.3) 3 (16.7) 55 (21.9) 7 (29.2) 2 (15.4)
C 19 (7.1) 0 (0.0) 0(0.0) 21 (8.4) 2(8.3) 0 (0.0)
LI-RADS high-risk 161 (60.3) 10 (66.7) 9 (50.0) .60 151 (60.2) 19 (79.2) 7 (53.8) .16
status’
Male sex 206 (77.2) 14 (93.3) 14 (77.8) 34 195 (77.7) 19 (79.2) 11 (84.6) .84
Satellite nodules 52 (19.5) 7 (46.7) 8 (44.4) .003 44 (17.5) 9 (37.5) 8 (61.5) <.001
Microvascular 117 (43.8) 14 (93.3) 18 (100.0) <001 104 (41.4) 15 (62.5) 13 (100.0) <001
invasion
Macrovascular 11 (4.1) 2 (13.3) 16 (88.9) <.001 12 (4.8) 2 (8.3) 13 (100.0) <.001
invasion
Tumor capsule 189 (70.8) 8(53.3) 4(22.2) <.001 171 (68.1) 13 (54.2) 3(23.1) .002
WHO grade .002 <.001
I 89 (33.3) 2(13.3) 2(11.1) 88 (35.1) 4(16.7) 1(7.7)
I 162 (60.7) 10 (66.7) 11 (61.1) 152 (60.6) 16 (66.7) 7 (53.8)
III 16 (6.0) 3(20.0) 5(27.8) 11 (4.4) 4(16.7) 5 (38.5)
At least one LR-M 63 (23.6) 15 (100.0) 16 (88.9) <001 56(22.3) 22(91.7) 10 (76.9) <001
feature
At least one 1(0.4) 5(33.3) 0 (0.0) <.001 1(0.4) 16 (66.7) 1(7.7) <.001
targetoid feature
At least one 62 (23.2) 11 (73.3) 16 (88.9) <001  55(21.9) 12 (50.0) 10 (76.9) <.001
nontargetoid
feature
Note.—Categorical variables are expressed as numbers of patients, with percentages in parentheses, and were compared using Pearson ¥ test
or Fisher exact test, as appropriate. LI-RADS = Liver Imaging Reporting and Data System, WHO = World Health Organization.
* Continuous variables are expressed as medians, with IQRs in parentheses, and were compared using the Kruskal-Wallis test.
T LI-RADS high-risk status was defined as the presence of cirrhosis, chronic hepatitis B virus infection, or a prior history of
hepatocellular carcinoma.

the current study assesses the prognostic rather than the diag-
nostic value of LI-RADS. Thus, a final LI-RADS category was
intentionally determined for all observations assuming that the
HCC diagnosis had been made before applying the LI-RADS
algorithm, to explore the prognostic value of the system. Accord-
ing to LI-RADS version 2018, observations with nontargetoid
features were categorized as LR-M if they did not meet LR-5
or LR-TIV criteria (3). For binary features (eg, nonrim arterial
phase hyperenhancement), the feature was considered present if
it was reported by at least two of the three readers. In cases of
disagreement on LI-RADS category, a consensus reassessment
was performed to determine the final LI-RADS category.

Histopathologic Analysis
Expert liver pathologists (A.B. and ].C.) assessed resected
specimens and hematoxylin-cosin-saffron-stained slides of

each tumor at each referral center. The following macroscopic
and microscopic features were assessed in each patient: dif-
ferentiation grade (World Health Organization grade) (21),
microvascular invasion (presence of clusters of tumor cells
in vessels located in the tumor capsule or in the surrounding
nontumoral liver identified during microscopic examination
without being seen during macroscopic examination), macro-
vascular invasion (presence of tumor in vessels located in the
tumor capsule or in the surrounding nontumoral liver identi-
fied during macroscopic examination), satellite nodules (nod-
ules smaller than 2 cm and located less than 2 cm from the
main tumor), and tumor capsule (presence of fibrous tissue
surrounding the nodule and separating it from the adjacent
liver parenchyma).

The stage of fibrosis in the nontumoral liver was evaluated
according to the METAVIR (Meta-analysis of Histological Data

radiology.rsna.org = Radiology: Volume 310: Number 2—February 2024
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Figure 2: Imagesin a 55-year-old male patient with a history of hepatitis C virus—related cirrhosis and a 45-mm hepatocellular carcinoma (HCC).

Axial (A) precontrast and (B=D) contrast-enhanced CT images in the (B) hepatic arterial, (€) portal venous, and (D) delayed phases show lesion

(arrow in B) with rim arterial phase hyperenhancement categorized as Liver Imaging Reporting and Data System category LR-M. (E) Photograph of

resected specimen shows a poorly demarcated HCC. (F) Photomicrograph (hematoxylin-eosin stain) reveals a poorly differentiated HCC with micro-

vascular invasion (arrows). Scale bar in F =600 pm. Intrahepatic recurrence was observed at 14 months after resection.

in Viral Hepatitis) staging system (22) and the system of Kleiner
et al (23) in patients with metabolic syndrome.

Statistical Analyses

Continuous data are expressed as medians and IQRs or medians
and 95% Cls and were compared using the Kruskal-Wallis test.
Categorical data are expressed as percentages and were compared
using Pearson y? test or Fisher exact test, as appropriate. The Fleiss
K test and the intraclass correlation coefficient (ICC) with an
absolute agreement with the two-way mixed-effects model were
calculated to evaluate interreader agreement on LI-RADS fea-
tures and size, respectively. Agreement was categorized as poor
( < 0.00), slight (k = 0.00-0.20), fair (k = 0.21-0.40), moderate
(k = 0.41-0.60), substantial (k = 0.61-0.80), or almost
perfect (k = 0.81-1.00) for Fleiss k and as poor (ICC < 0.50),
moderate (ICC = 0.50-0.75), good (ICC = 0.75-0.90), or
excellent (ICC > 0.90) for ICC (24).

OS was defined as the interval between surgical resection
and all-cause death. DFS was defined as the interval between
curative-intent surgical resection and tumor recurrence (intra-
hepatic or extrahepatic). All multivariable analyses were com-
plete case (ie, they included patients without missing data).
Right-censored outcomes (ie, OS and DFS) were quantified
using Cox proportional hazards regression models to estimate
conditional effects (ie, average effect of exposure on the in-
dividual; estimated effect sizes are expressed as hazard ratios

Radiology: Volume 310: Number 2—February 2024 = radiology.rsna.org

[HRs] with 95% Cls) with medical center—specific cluster-
robust variance (25-27). Survival probabilities were computed
using the Kaplan-Meier estimate and compared using the log-
rank test. Variables included in models were chosen based on
their clinical relevance (ie, acknowledged prognostic factors
after HCC resection). All regressions underwent convergence
and singularity checking. The proportional hazards assumption
for Cox models was checked using Schoenfeld residuals.

A model of exposure was estimated using 4:1 nearest neigh-
bor matching without replacement using propensity score dis-
tance (estimated with logistic regression) and a caliper less than
0.1 (Matchit package in R) to estimate the marginal effect (ie,
average effect of exposure on the population; estimated effect
sizes are expressed as HRs with 95% Cls) of being exposed to at
least one nontargetoid feature (28,29). Covariates included in
the propensity score estimation were chosen based on clinical
relevance and their imbalance regarding the matching variable
of interest. Covariate balance before and after matching was
estimated using standardized mean differences.

The marginal HRs in the matched samples were estimated
using a weighted (incorporating the matching weights) Cox
model without covariates (ie, noncollapsible HRs) with clus-
tered variance on matching pair membership (cluster-robust
standard errors).

Statistical significance testing was two-sided. P < .05 was
considered statistically significant for all tests. There were no
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Figure 3: Imagesin a 66-year-old male patient with a history of cirrhosis and a 140-mm hepatocellular carcinoma (HCC). Axial (A) T2-weighted
and (B=D) contrast-enhanced MRI scans in the (B) hepatic arterial, (€) portal venous, and (D) delayed phases show a lesion categorized as Liver
Imaging Reporting and Data System category LR-5 with nonrim arterial phase hyperenhancement, nonperipheral “washout,” enhancing “capsule,” and

necrosis or severe ischemia (nontargetoid feature; arrows in D). (E) Photograph and (F) photomicrograph (hematoxylin-eosin stain) of the resected

specimen show an encapsulated HCC with areas of internal necrosis (arrows). Scale bar in F =6 mm. Infrahepatic recurrence was observed at 39

months after resection.

missing values. All statistical analyses were performed by one
author (C.H.) using R version 4.2.0 (R Foundation for Statisti-
cal Computing) with the survival package.

Results

Characteristics of Patients and HCCs
The initial study sample included 486 patients. Patients were
excluded if () they had more than one HCC at histopatho-
logic analysis (7 = 56); () there was no available preoperative
contrast-enhanced CT and/or MRI examination (7 = 46);
(c) they were treated before the imaging examination (z = 3);
(d) complete histopathologic data were not available (7 = 19);
or (¢) massive bleeding occurred in the tumor (# = 2) (Fig 1).
The final cohort included 360 patients (median age, 64 years
[IQR, 5670 years]; 280 male patients and 80 female patients)
with solitary resected HCC (Fig 1). Hepatitis C was the most
common cause of underlying chronic liver disease (110 of 360
[30.6%] patients). Only 66.4% (239 of 360) of patients had
advanced fibrosis, including 164 of 360 (45.6%) patients with
cirthosis. The clinical and histopathologic features of the patients
and HCC:s are provided in Table 1.

Contrast-enhanced CT examinations were available in 300
of 360 (83.3%) patients, and contrast-enhanced MRI examina-
tions were available in 288 of 360 (80.0%) patients.

LI-RADS Categories at CT and MRI

LI-RADS—defined high-risk criteria were present in 222 of 360
(61.7%) patients. LI-RADS imaging features and categories by
reader, and interreader agreement, for contrast-enhanced CT
and MRI examinations are reported in Tables S1 and S2, re-
spectively; intramodality differences are reported in Table S3.
Descriptive analyses of patients in the CT and MRI study sam-
ples according to LI-RADS categories are displayed in Table 2.
Of the 300 observations in patients who underwent contrast-
enhanced CT, the numbers of observations in each consensus
LI-RADS category were as follows: LR-3, 10 (3.3%); LR-4, 33
(11%); LR-5, 224 (74.7%); LR-M, 15 (5%); and LR-TTV, 18
(6%). The interreader agreement was moderate for LI-RADS
category (k = 0.58 [95% CI: 0.58, 0.58]) and substantial for the
presence of at least one LR-M feature (k = 0.67 [95% CI: 0.67,
0.68]). Of the 288 observations in patients who underwent
contrast-enhanced MRI, the numbers of observations in each
consensus LI-RADS category were as follows: LR-3, two (0.7%);
LR-4, 25 (8.7%); LR-5, 224 (77.8%); LR-M, 24 (8.3%); and
LR-TIV, 13 (4.5%) The interreader agreement was substantial
for LI-RADS category (k = 0.62 [95% CI: 0.62, 0.62]) and for
the presence of at least one LR-M feature (k = 0.64 [95% CI:
0.64, 0.64]). Figures 2 and 3 show example images in a patient
who underwent CT examination and a patient who underwent
MRI examination, respectively.

radiology.rsna.org = Radiology: Volume 310: Number 2—February 2024



Cannella et al

Table 3: Univariable and Multivariable Cox Models with Medical Center-Specific Robust Variance for Recurrence and
All-Cause Death in the CT and MRI Samples
Recurrence Death
CT MRI CT MRI
Variable Hazard Ratio P Value Hazard Ratio P Value Hazard Ratio P Value Hazard Ratio P Value
Univariable analyses
LR-5 Ref Ref Ref Ref
LR-3 or -4 0.98 (0.61, 1.57) .94 0.90 (0.51, 1.57) .70 1.42 (0.82,2.46) .21 0.85 (0.41,1.79) .67
LR-M 2.15(1.59,2.90) <.001 2.61 (1.62,4.19) <.001  3.06 (1.76,5.31) <.001 1.75(1.29, 2.38) <.001
LR-TIV 1.82 (1.20, 2.77) .005 1.66 (1.31,2.10) <.001 1.58 (1.11,2.24) .01 2.22 (1.61, 3.05) <.001
Multivariable
analyses
LI-RADS category
LR-3-5 Ref Ref Ref Ref
LR-M 1.83 (1.26, 2.66) .001 2.22 (1.56,3.16) <.001 2.47(1.72,3.55) <.001 1.80 (1.32, 2.46) <.001
LR-TIV 0.71 (0.46, 1.08) 11 0.72 (0.56,0.92)  .009 0.70 (0.41, 1.20) .19 1.04 (0.86, 1.27) .66
LI-RADS high- 1.35 (1.24, 1.47) <.001 1.13 (1.01, 1.27) .04 0.95 (0.83, 1.08) .42 0.65 (0.40, 1.07) .09
risk status*
Size (mm)*
<Q1 1.01 (0.83, 1.23) .93 0.90 (0.71,1.13) .36 1.64 (1.14,2.36)  .008 1.06 (0.81, 1.38) .68
Q1-Q3 1.26 (1.06, 1.49) .007 0.95 (0.67, 1.34) .75 2.05 (1.09, 3.86) .03 1.21 (0.79, 1.83) .38
>Q3 2.62 (2.50, 2.74) <.001 2.02(1.27,3.21) .003 3.11 (2.19,4.42) <.001 1.82 (1.08, 3.05) .03
Age (y)*
<Q1 1.38 (1.22, 1.57) <.001 0.90 (0.51, 1.57) .70 1.54 (1.16,2.05)  .003 1.10 (0.87, 1.38) .42
Q1-Q3 1.43 (1.25,1.63) <.001 0.87 (0.50, 1.52) .63 1.56 (1.09, 2.23) .014 1.04 (0.78,1.39) .77
>Q3 1.23 (1.07, 1.41) .003 0.86 (0.53, 1.41) .56 1.48 (0.97,2.25) .07 1.28 (1.26, 1.29) <.001
Male sex 1.47 (0.99, 2.16) .05 1.84 (1.35,2.52) <.001 2.02(1.19,3.41) .009 2.43 (1.43,4.11) <.001
Satellite nodules 1.12 (0.85, 1.47) 42 1.19 (0.95, 1.48) .13 1.28 (1.19, 1.37) <.001 0.98 (0.66, 1.47) .94
Microvascular 1.30 (0.83, 2.04) .25 1.39 (1.23, 1.57) <.001 1.20 (0.58,2.48) .63 1.39 (0.97,1.99) .08
invasion
WHO grade
I Ref Ref Ref Ref
II 1.10 (0.69, 1.75) .69 1.06 (0.93, 1.20) .38 1.36 (0.95, 1.94) .09 1.56 (1.33, 1.82) <.001
111 1.55 (0.88, 2.72) .13 1.09 (0.35, 3.44) .88 3.07 (1.68, 5.61) <.001 2.36 (0.80,6.92) .12
Note.—Data in parentheses are 95% Cls. Time to recurrence and time to death were right-censored response variables. LI-RADS = Liver
Imaging Reporting and Data System, Q1 = quartile 1, Q3 = quartile 3, Ref = reference, WHO = World Health Organization.
* LI-RADS high-risk status was defined as the presence of cirrhosis, chronic hepatitis B virus infection, or a prior history of hepatocellular
carcinoma.
* For tumor size, Q1 and Q3 thresholds are 25 and 70 mm for CT examinations and 25 and 60 mm for MRI examinations.
# For age, Q1 and Q3 thresholds are 55 and 70 years for both CT and MRI examinations.

LI-RADS Categories Associated with Survival

The median follow-up times were 56 months (95% CI: 51,
61) and 56 months (95% CI: 52, 62) in the CT and MRI
samples, respectively.

Univariable Cox models (Table 3) with LR-5 as the refer-
ence category showed that the LR-M category (CT: HR = 2.15
[95% CI: 1.59, 2.90], P < .001; MRI: HR = 2.61 [95% CI:
1.62, 4.19], P < .001) and LR-TIV category (CT: HR = 1.82
[95% CI: 1.20, 2.77], P = .005; MRI: HR = 1.66 [95% CI:
1.31, 2.10], P < .001) were associated with increased risk of
recurrence in both the CT and MRI samples.

The LR-M and LR-TIV categories were associated with
histopathologic features related to poor prognosis (Table 2). A
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multivariable Cox model (Table 3) showed that the LR-M cat-
egory was associated with increased risk of recurrence (CT: HR
=1.83[95% CI: 1.26, 2.66], P = .001; MRIL: HR = 2.22 [95%
CI: 1.56, 3.16], P<.001) and death (CT: HR = 2.47 [95% CI:
1.72, 3.55], P < .001; MRI: HR = 1.80 [95% CI: 1.32, 2.46],
P <.001), independently of these histopathologic features.

LR-M, Targetoid, and Nontargetoid Features

In the CT and MRI samples, 94 of 300 (31.3%) and 88 of
288 (30.1%) patients, respectively, had tumors displaying at
least one LR-M feature. Among them, at least one targetoid
feature was observed in six of 94 (6.4%) and 18 of 88 (20.5%)

patients, and at least one nontargetoid feature was observed in
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Figure 4: Graphs show crude Kaplan-Meier curves for (A) disease-free survival (DFS) and (B) overall survival (OS) in

patients with CT examinations according to the presence of

89 of 94 (94.7%) and 77 of 88 (87.5%) patients, respectively.
Over 60% of observations with at least one LR-M feature were
classified as LR-5, and 67.4% and 70.1% of observations with
at least one nontargetoid feature were classified as LR-5 in the
CT and MRI samples, respectively. The comparative analysis of
patients with and without at least one LR-M feature is shown

in Table S4.

Influence of Nontargetoid Features on Survival
Crude DES (log-rank test, P < .001 for both CT and MRI sam-
ples) and OS (log-rank test, P < .001 for CT sample and P = .03

at least one nontargetoid feature (Fig 4 continues).

for MRI sample) were decreased in patients with at least one
nontargetoid feature compared with patients without nontarge-
toid features (Fig 4). The comparative analysis between patients
with and without at least one nontargetoid feature is displayed
in Table 4. A multivariable Cox model (Table 5) showed that the
presence of at least one nontargetoid feature was independently
associated with an increased risk of recurrence (CT: HR = 1.80
[95% CI: 1.36, 2.38], P < .001; MRI: HR = 1.93 [95% CI: 1.81,
2.06], P < .001). The presence of at least one nontargetoid fea-
ture was also associated with an increased risk of death in the CT
sample (HR = 1.51 [95% CI: 1.10, 2.07]; P = .01).

radiology.rsna.org = Radiology: Volume 310: Number 2—February 2024
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Figure 4 (continued).

Graphs show crude Kaplan-Meier curves for (€) DFS and (D) OS in patients with MRI exami-

nations according to the presence of at least one nontargetoid feature.

Marginal Effect of Nontargetoid Features on Survival
Patients with and without at least one nontargetoid feature
were matched (matching specifications are displayed in Table
S5) in the CT and MRI samples to balance the following co-
variables: medical center, size greater than 50 mm, LI-RADS
high-risk status, satellite nodules, micro- and macrovascular
invasion, World Health Organization grade, and LI-RADS
category. In the CT sample, 42 patients with at least one non-
targetoid feature were matched to 74 patients without nontar-
getoid features. In the MRI sample, 41 patients with at least
one nontargetoid feature were matched to 75 patients without
nontargetoid features.
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The marginal HR of recurrence associated with the presence
of at least one nontargetoid feature in the CT and MRI matched
samples was 2.06 (95% CI: 1.15, 3.66; P =.02) and 1.79 (95%
Cl: 1.01, 3.20; P = .048), respectively. The marginal HR of death
associated with the presence of at least one nontargetoid feature
in the CT and MRI matched samples was 2.72 (95% CI: 1.20,
6.14; P = .02) and 1.06 (95% CI: 0.51, 2.24; P = .87), respec-
tively. Survival curves after matching are displayed in Figure 5.

Discussion

Recent data have validated the role of the Liver Imaging Re-
porting and Data System (LI-RADS) algorithm for diagnosing
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Table 4: Comparative Analysis of Patients with and without Nontargetoid Features in the CT and MRI Samples
Patients with CT Examination Patients with MRI Examination
(7 = 300) (n =288)
Without With Without With
Nontargetoid Nontargetoid Nontargetoid Nontargetoid

Variable Features Features PValue  Features Features P Value
No. of patients 211 89 211 77
Age (y)* 64.0 (56.0-70.0)  64.0 (55.0-70.0) .90 63.0 (56.5-69.0)  64.0 (54.0-70.0) .56
Size (mm)* 32.0 (21.0-43.0)  90.0 (60.0-135.0) <.001  29.0 (20.0-40.5) 81.0 (55.0-122.0)  <.001
Size > 50 mm 35 (16.6) 73 (82.0) <001 28 (13.3) 63 (81.8) <001
Medical center .001 .008

A 147 (69.7) 79 (88.8) 137 (64.9) 64 (83.1)

B 45 (21.3) 10 (11.2) 56 (26.5) 8 (10.4)

C 19 (9.0 0 (0.0) 18 (8.5) 5 (6.5)
LI-RADS high-risk status’ 140 (66.4) 40 (44.9) .001 140 (66.4) 37 (48.1) .007
Male sex 165 (78.2) 69 (77.5) >.99 166 (78.7) 59 (76.6) .83
Satellite nodules 33 (15.6) 34 (38.2) <.001 35 (16.6) 26 (33.8) .003
Microvascular invasion 90 (42.7) 59 (66.3) <.001 86 (40.8) 46 (59.7) .006
Macrovascular invasion 8 (3.8) 21 (23.6) <.001 12 (5.7) 15 (19.5) .001
Tumor capsule 142 (67.3) 59 (66.3) .97 134 (63.5) 53 (68.8) 46
WHO grade .003 .02

I 76 (36.0) 17 (19.1) 75 (35.5) 18 (23.4)

II 123 (58.3) 60 (67.4) 126 (59.7) 49 (63.6)

11 12 (5.7) 12 (13.5) 10 (4.7) 10 (13.0)
LI-RADS category <.001 <.001

LR-3 10 (4.7) 0 (0.0) 2(0.9) 0 (0.0

LR-4 31 (14.7) 2 (2.2) 24 (11.4) 1(1.3)

LR-5 164 (77.7) 60 (67.4) 170 (80.6) 54 (70.1)

LR-M 4(1.9) 11 (12.4) 12 (5.7) 12 (15.6)

LR-TIV 2(0.9) 16 (18.0) 3 (1.4) 10 (13.0)
At least one LR-M feature 5 (2.4) 89 (100.0) <.001 11 (5.2) 77 (100.0) <.001
At least one targetoid feature 4(1.9) 2(2.2) >.99 10 (4.7) 8 (10.4) .14
At least one nontargetoid feature 0 (0.0) 89 (100.0) <.001 0 (0.0) 77 (100.0) <.001
Note.—Categorical variables are expressed as numbers of patients, with percentages in parentheses, and were compared using Pearson
%’ test or Fisher exact test, as appropriate. LI-RADS = Liver Imaging Reporting and Data System, WHO = World Health Organization.
* Continuous variables are expressed as medians, with IQRs in parentheses, and were compared using the Kruskal-Wallis test.
T LI-RADS high-risk status was defined as the presence of cirrhosis, chronic hepatitis B virus infection, or a prior history of
hepatocellular carcinoma.

hepatocellular carcinoma and have shown that different LI-
RADS categories and imaging features have potential prognostic
value. In the current study, observations categorized as LR-M
were associated with lower overall and disease-free survival. Im-
portantly, while LR-M observations were found to have more
frequent negative histoprognostic features (higher World Health
Organization grade, greater frequency of microvascular and
macrovascular invasion, satellite nodules, less frequent tumor
capsule), the LR-M category was shown to bear independent
prognostic value. Moreover, the presence of at least one nontar-
getoid feature was independently associated with an increased
recurrence risk (CT: hazard ratio [HR] = 1.80 [95% CI: 1.36,
2.38], P < .001; MRI: HR = 1.93 [95% CI: 1.81, 2.06], P <
.001), regardless of the LI-RADS category.

Our results support prior studies (13,14) showing a poorer
prognosis with LR-M category tumors after surgical resection in

10

patients with solitary HCCs. In a single-center study including
281 HCC:s in patients who underwent contrast-enhanced MRI,
Shin et al (13) reported that tumor size of 3 cm or greater and
LR-M category were independently associated with early HCC
recurrence after resection. Choi et al (12) also showed that in
patients with cirrhosis undergoing surgical resection of primary
liver cancers, the LR-M category at preoperative imaging pre-
dicted shorter overall survival and recurrence-free survival rela-
tive to the LR-4 or LR-5 categories. Importantly, most studies
have focused on the value of targetoid LR-M features, especially
rim arterial phase hyperenhancement. For instance, Moon et al
(14) reported that LR-M observations with rim arterial phase
hyperenhancement were associated with shorter OS and DES in
patients, while no difference in survival was observed between
LR-4 or LR-5 and LR-M category observations without rim
arterial phase hyperenhancement (14).

radiology.rsna.org = Radiology: Volume 310: Number 2—February 2024
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Table 5: Multivariable Cox Models with Medical Center-Specific Robust Variance for Recurrence and Death in the CT and

MRI Samples
Recurrence Death
CT MRI CT MRI
Variable Hazard Ratio PValue Hazard Ratio PValue Hazard Ratio PValue Hazard Ratio P Value
At least one 1.80 (1.36, 2.38) <.001 1.93 (1.81, 2.06) <.001 1.51 (1.10, 2.07) .01 1.05 (0.69, 1.60) .83
nontargetoid
feature
At least one 0.93 (0.84, 1.03) .18 1.59 (0.73, 3.49) 24 1.21 (1.01, 1.43) .04 1.53 (0.96, 2.41) .07
targetoid
feature
LI-RADS high- 1.34 (1.29, 1.39) <.001 1.10 (0.92, 1.32) .29 0.93 (0.80, 1.07) .29 0.64 (0.43, 0.96) .03
risk status*
Size (mm)*
<Ql 45 32 05 74
Q1-Q3 1.01 (0.89, 1.14) .94 0.75 (0.52, 1.08) 12 1.61 (0.89, 2.90) 11 1.14 (0.75, 1.74) .54
>Q3 1.46 (1.28, 1.65) <.001 1.02 (0.62, 1.66) .95 1.78 (1.50, 2.10) <.001 1.62 (1.02, 2.55) .04
Age (y)!
<Q1 <.001 26 .005 .03
Q1-Q3 1.27 (1.10, 1.46) <.001 0.75 (0.46, 1.23) 26 1.50 (1.04, 2.16) .03 1.04 (0.94, 1.15) 47
>Q3 1.06 (0.92, 1.23) 43 0.75 (0.50, 1.12) .16 1.41 (0.92, 2.15) 12 1.25 (1.03, 1.52) .02
Male sex 1.45 (0.97, 2.16) .07 1.78 (1.26,2.51) <.001 2.14 (1.32, 3.47) .002 2.40 (1.49, 3.87) <.001
Satellite nodules  0.99 (0.73, 1.36) .97 1.13 (0.91, 1.40) .28 1.16 (1.07, 1.24) <.001 0.93 (0.59, 1.46) .75
Microvascular 1.42 (0.98, 2.06) .07 1.40 (1.09, 1.80)  .009 1.27 (0.61, 2.65) .52 1.33(0.88,2.02) .18
invasion
Macrovascular 0.90 (0.79, 1.03) .13 1.23 (0.66, 2.28) .52 1.02 (0.81, 1.30) .84 1.50 (1.07, 2.09) .02
invasion
WHO grade
I Ref Ref Ref Ref
11 1.05 (0.65, 1.69) .85 1.07 (0.84, 1.36) .59 1.31 (0.87, 1.98) .19 1.56 (1.34, 1.80) <.001
111 1.37 (0.88, 2.14) .16 0.90 (0.29, 2.77) .85 2.70 (1.60, 4.55) <.001 2.18 (0.76, 6.23) 15

hepatocellular carcinoma.

Note.—Data in parentheses are 95% Cls. Time to recurrence and time to death were right-censored response variables. LI-RADS = Liver
Imaging Reporting and Data System, Q1 = quartile 1, Q3 = quartile 3, Ref = reference, WHO = World Health Organization.

* LI-RADS high-risk status was defined as the presence of cirrhosis, chronic hepatitis B virus infection, or a prior history of

" For tumor size, Q1 and Q3 thresholds are 25 and 70 mm for CT examinations and 25 and 60 mm for MRI examinations.
# For age, Q1 and Q3 thresholds are 55 and 70 years for both CT and MRI examinations.

The LR-M category and LR-M features including rim arte-
rial phase hyperenhancement have been associated with nega-
tive histoprognostic features such as microvascular invasion
or poorer tumor differentiation (8,30). Therefore, one may
hypothesize that the prognostic value of the LR-M category
is but the reflection of the pathologic phenotype of tumors.
In the current study, differences in OS or DFS were observed
when patients were stratified by several histopathologic fea-
tures, such as World Health Organization grade, microvascu-
lar invasion, and satellite nodules. However, the multivariable
analysis including imaging and pathologic characteristics con-
firmed that the LR-M category remained negatively associated
with survival independently of histopathologic features. Al-
though the recent study by Centonze et al (31) did not iden-
tify any prognostic value in LI-RADS categories compared
with microvascular invasion and satellite nodules, that study
excluded all HCCs categorized as LR-M. In a separate study

Radiology: Volume 310: Number 2—February 2024 = radiology.rsna.org

of patients with single and multifocal HCC, the performance
of a preoperative score based on clinical, laboratory, and radio-
logic variables was found to be similar to that of a postopera-
tive score that included histopathologic features of the tumor
(32). Overall, our results confirm that the LR-M category
should be considered in addition to pathology.

One major finding of our study is the association between
nontargetoid features (ie, infiltrative appearance, marked diffu-
sion restriction, and necrosis or severe ischemia) and the risk
of recurrence, independently of the LI-RADS category. This
was confirmed after matching patients for medical center, size
greater than 50 mm, LI-RADS high-risk status, satellite nodules,
micro- and macrovascular invasion, World Health Organization
grade, and LI-RADS category. Nontargetoid features were fre-
quent in our study sample, as at least one nontargetoid feature
was observed in 94.7% and 87.5% of patients at CT and MRI,
respectively. Of note, only a minority of HCCs with at least one
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Figure 5:  Graphs show Kaplan-Meier curves for (A) disease-free survival (DFS) and (B) overall survival (OS] in patients

with CT examinations according to the presence of at least one nontargetoid feature after matching (Fig 5 continues).

nontargetoid feature were classified as LR-M (12.4% and 15.6%
at CT and MRI, respectively), and most were categorized as
LR-5 (67.4% and 70.1% at CT and MRI, respectively). Evi-
dence supporting the prognostic value of nontargetoid features
per se is scarce. Several studies have shown that most macro-
trabecular-massive HCCs—a proliferative subgroup, often with
poor prognosis—are categorized as LR-5 but frequently contain
necrosis or ischemia (19,33). Overall, our study shows that non-
targetoid features are frequent, underrecognized, yet important
prognostic features worth considering in refining LI-RADS
as a prognostic tool (especially for LR-5 observations).

The interreader agreement was moderate to substantial for
the presence of at least one LR-M feature, major features, and

12

LI-RADS categories, which is consistent with the agreement
values reported in recent meta-analyses (34,35). However, de-
spite intermodality differences between CT and MRI in the
percentage of enhancing “capsule,” fat sparing in solid mass,
fat in mass, and blood products in mass, LR-M category and
the presence of at least one nontargetoid feature were associ-
ated with survival and risk of recurrence for both modalities.

This study has several limitations. First, while the mul-
ticenter design improves the generalizability of the results,
the imbalance in caseload between the enrolled centers
must be taken into consideration. Second, retrospective as-
sessment of histopathologic data from different pathologists
without a centralized review precluded any measurement

radiology.rsna.org = Radiology: Volume 310: Number 2—February 2024
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Figure 5 (continued).

Graphs show Kaplan-Meier curves for (€) DFS and (D) OS in patients with MRI examinations

according fo the presence of af least one nontargetoid feature after matching.

of the agreement between different pathologists. Third,
this study did not consider HCC subtypes (because sub-
type data were available from only one center) or the ves-
sels encapsulating tumor clusters pattern, which are also
associated with poor survival in patients with HCC (33,36).
Finally, observations were collected over a period of 12 years
with different scanners and contrast agents, although all the
imaging examinations were acquired in accordance with LI-
RADS technical recommendations.

In conclusion, Liver Imaging Reporting and Data Sys-
tem (LI-RADS) LR-M category at CT or MRI was asso-
ciated with decreased disease-free and overall survival in
patients with solitary hepatocellular carcinoma undergoing

Radiology: Volume 310: Number 2—February 2024 = radiology.rsna.org

resection. Additionally, the presence of at least one nontar-
getoid feature was independently associated with increased
recurrence risk, regardless of LI-RADS category, and should
be carefully reported.
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