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INTRODUCTION

Hepatocellular carcinoma (HCC) is the most common type 
of primary liver malignancy in patients with chronic liver 
disease [1]. However, in the same population, in addition 
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to typical HCCs with radiologic hallmarks, atypical HCCs 
and non-HCC primary liver malignancies such as combined 
HCC and cholangiocarcinoma (CCA) (cHCC-CCA) coexist, 
hindering diagnosis [1-4]. According to the Liver Imaging 
Reporting and Data System (LI-RADS), heterogeneous 
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primary liver malignancies that lack the typical radiologic 
features of HCC are collectively called “if probably or 
definitely malignant but not HCC specific” or “LI-RADS M 
(LR-M)” [2]. Since targetoid appearance is frequent in non-
HCC malignancies, the presence of any one targetoid feature 
is sufficient for LR-M categorization [5].

Targetoid primary liver malignancies require biopsy or 
further imaging for a conclusive diagnosis [4,6]. Thus, 
existing studies have focused on radiologic differential 
diagnosis [7-9]. Definitive surgery is the cure for feasible 
diseases with preserved liver function [4,6]. Accordingly, 
preoperative estimation of postoperative outcomes in 
targetoid primary liver malignancies is likely to influence 
therapeutic decision-making, potentially modifying the 
extent of the surgical field or, in patients with HCC, 
switching to liver transplantation. Studies have shown a poor 
prognosis for targetoid lesions regardless of the pathologic 
diagnosis [10-14], but further prognostic stratification within 
heterogeneous subsets of targetoid primary liver malignancies 
has rarely been reported. Risk stratification may be possible 
if other poor prognostic MRI features are added, such as a 
non-smooth tumor margin [15], corona enhancement [16,17], 
peritumoral hypointensity on the hepatobiliary phase (HBP) 
[11,18], and HBP hypointense nodules without arterial phase 
hyperenhancement (APHE) [19,20]. 

In this study, we aimed to assess the radiologic and 
clinical factors associated with recurrence and survival after 
curative surgery for targetoid primary liver malignancies, 
as well as establish and validate scoring systems for risk 
stratification.

MATERIALS AND METHODS

This study was approved by the Institutional Review 
Boards of the three participating centers. The requirement 
for informed consent was waived owing to the retrospective 
study design (IRB No. KC21RIDI0483, GDIRB2021-455, and 
AJIRB-MED-MDB-22-221).

Study Population
Consecutive adult patients with chronic liver disease 

who underwent curative surgery for suspicious liver lesions 
between January 2010 and December 2017 were recruited 
from three centers. The inclusion criteria were: 1) a single 
primary liver malignancy confirmed by surgical pathology, 
and 2) a preoperative gadoxetic acid-enhanced MRI 
examination within three months of surgery. The exclusion 

criteria were: 1) prior treatment, including resection, 
locoregional treatment, or systemic chemotherapy, 2) 
benign pathology, 3) synchronous or metachronous non-
hepatic malignancy, 4) invisible lesions on MRI, and 5) 
suboptimal MR image quality. Data from centers 1 and 2 
(Seoul St. Mary’s Hospital and Gil Medical Center) were used 
to develop the scoring system, and data from center 3 (Ajou 
University Hospital) was used for the external validation.

Clinicopathologic Data Collection
Clinical and laboratory data, including age at liver 

surgery, sex, etiology of liver disease, preoperative Child-
Pugh score, serum alpha-fetoprotein (AFP) levels, protein 
induced by vitamin K absence or antagonist II (PIVKA-II), 
and type of liver surgery, were collected. Pathological data 
included the histopathologic diagnosis of the lesion, the 
Edmondson–Steiner grade, a meta-analysis of histological 
data in viral hepatitis (METAVIR) score, microvascular 
invasion (MVI), a satellite nodule, and the resection margin 
status. The diagnosis of cHCC-CCA was made according to 
the 2010 World Health Organization classification [21].

Liver MRI Protocol
Liver MRI was performed using 1.5T (Magnetom Avanto, 

Siemens Healthineers; SignaHDxt, GE Healthcare) and 3T 
scanners (Verio and Skyra, Siemens Healthineers; Discovery 
750w, GE Healthcare). The MRI protocol commonly 
encompasses axial T2-weighted images, diffusion-weighted 
images (DWI; b = 0, 500, and 800 s/mm2), and dual 
gradient-echo images. Late hepatic arterial, portal venous, 
transitional phase (TP), and HBP images were acquired for 
a dynamic enhancement study. Detailed MRI parameters 
and dynamic enhancement study protocols are listed in 
Supplementary Table 1.

MR Image Analysis
Two abdominal radiologists (with more than nine years of 

experience in liver MRI) prescreened the MRI examinations 
to select targetoid liver lesions. After obtaining a consensus 
on discrepancies, the final targetoid lesions were included 
in further image analysis (Fig. 1). Three abdominal 
radiologists with different levels of experience in liver 
MRI (two with more than nine years and one with more 
than three years) independently reviewed the anonymized 
MR images of the development cohort. The reviewers 
were blinded to the clinicopathologic information of the 
patients but were aware that the images were of primary 
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liver malignancies in patients with chronic liver disease. 
Targetoid lesions were defined as the presence of at least 
one of the following features: rim APHE, peripheral washout, 
delayed central enhancement, or targetoid appearance on 
DWI, TP, or HBP [2,22]. Rim APHE was categorized as 1) 
a smooth, thin rim with a thickness within 25% of the in-
plane diameter of the tumor throughout the perimeter, and 
2) an irregular, thick rim with a thickness partly or entirely 
exceeding 25% of the tumor diameter (Figs. 2, 3) [7,23]. 
Furthermore, corona enhancement, capsule, intralesional 
fat, peritumoral bile duct dilatation, non-smooth tumor 
margin, radiologic vascular invasion by a tumor in the vein 
(TIV), vascular involvement other than TIV (encasement, 
narrowing, tethering, occlusion, or obliteration) [24], 
peritumoral hypointensity on HBP, and HBP hypointense 
nodules without rim or nonrim APHE [25] were assessed. 
In the presence of both TIV and vascular involvement 
other than TIV, given the established prognostic impact of 
TIV, TIV was prioritized but not vice versa [26]. Therefore, 
these two features were mutually exclusive. Only HBP 
hypointense nodules without APHE with a size of ≥ 3 mm 
that had not been surgically removed were considered. 
Detailed definitions of the imaging features are provided 
in Supplementary Table 2. The MR images of the validation 

cohort were similarly evaluated by two more experienced 
readers. A joint review resolved any disagreement in the 
interpretation. 

Outcome Measures
Patient follow-up was performed according to institutional 

protocols after surgery until April 15, 2021. The follow-
up protocols included multiphasic liver CT covering the 
pelvis or gadoxetic acid-enhanced MRI, serum tumor 
marker tests, and clinical evaluations every three to six 
months. For clinical or radiologic suspicion of recurrence, 
further assessments, including a chest CT, a bone scan, or 
18F-fluorodeoxyglucose PET-CT, were conducted. Recurrence-
free survival (RFS) was defined as the time from surgery to 
intra- or extrahepatic recurrence or death [27-29], while 
overall survival (OS) was defined as the time from surgery to 
death. Patients with no recurrence or death were excluded 
at the last follow-up before April 15, 2021.

Statistical Analysis
Continuous variables are expressed as means with 

standard deviations or medians with interquartile ranges 
after testing for normality. Categorical variables are 
expressed as numbers and percentages. A Student’s t test, 

Patients underwent surgery for suspicious liver lesion and gadoxetic acid-enhanced MRI between 2010 and 2017

431 lesions in 431 patients

120 targetoid lesions in 120 patients 77 targetoid lesions in 77 patients

Development cohort Validation cohort

HCC (n = 77) CCA (n = 31) cHCC-CCA (n = 12) HCC (n = 65) CCA (n = 6) NEC (n = 1)cHCC-CCA (n = 6)

318 lesions in 318 patients

Center 1
(349 patients)

Excluded (120 patients)
  - Prior treatment (n = 68)
  - Multiple lesions (n = 39)
  -  Benign pathology (1 adenoma,  

2 DNs, 1 parasite infestation) (n = 4) 
  - No focal lesion on MRI (n = 7)
  -  New malignancy during follow-up  

(n = 2)

Excluded (311 patients)
  - Non-targetoid lesion (n = 307)
  -  Tumor in vein by non-targetoid 

lesion (n = 4)

Excluded (241 patients)
  -  Non-targetoid lesion 

(n = 241)

Excluded (57 patients)
  - Prior treatment (n = 15)
  - Multiple lesions (n = 27)
  -  Benign pathology (1 DN, 1 MCN)  

(n = 2)
  - Other concurrent malignancy (n = 7)
  - Poor image quality (n = 3)
  - No post-operative follow-up (n = 3)

Excluded (178 patients)
  - Prior treatment (n = 120)
  - Previous non-hepatic malignancy (n = 33)
  - Multiple lesions (n = 11)
  - New malignancy during follow-up (n = 7)
  -  Benign pathology (6 DNs, 1 endometriosis) 

(n = 7)

Center 2
(259 patients)

Center 3
(496 patients)

Fig. 1. A flowchart for the selection of the study population. CCA = cholangiocarcinoma, cHCC-CCA = combined HCC and CCA, DN = 
dysplastic nodule, HCC = hepatocellular carcinoma, MCN = mucinous cystic neoplasm, NEC = neuroendocrine carcinoma
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Wilcoxon rank-sum test, χ2 test, or Fisher’s exact test 
was used to compare variables between the development 
and validation cohorts. The binary cutoff values for AFP 
and PIVKA-II were calculated using the maximum Youden 
index value to differentiate between patients who had 
and did not have a recurrence. Cox proportional hazard 
analyses with backward elimination identified independent 
predictors of RFS and OS, with variables with p < 0.1 
in the univariable analysis transferred for multivariable 
analysis. Based on multivariable analysis, the risk score was 
calculated by dividing each correlation coefficient (β) by 
the smallest β and rounding it to the nearest integer [30]. 
The sum of the risk scores represented the risk of recurrence 
or death for each patient. The discriminatory power of the 
risk score was assessed using Harrell’s C-index and the area 
under the time-dependent receiver operating characteristic 

area under the curve (AUC) at one, two, and five years. 
Optimism-corrected C-indices were reported as the primary 
results [31]. The risk score stratified the risk groups based 
on the probability of recurrence or death. The Kaplan–Meier 
method was used to estimate RFS and OS, and differences 
between groups were compared using the log-rank test. 
Considering the clinical environment where gadoxetic acid-
enhanced MRI is unavailable or HBP imaging is suboptimal, 
we established two RFS models: model 1, excluding 
radiologic features accessible only on HBP, and model 2, 
including all significant factors in univariable analysis. 
Kappa (κ) statistics were used to evaluate the inter-
reader agreement as follows: fair (0.20–0.39), moderate 
(0.40–0.59), good (0.60–0.79), and excellent (0.80–1.00). 
All statistical analyses were performed using R software, 
version 3.6.1 (R Foundation for Statistical Computing), and 

Fig. 2. Preoperative gadoxetic acid-enhanced MR images of a 56-year-old male alcoholic patient with hepatitis. 
A-C. There is a 1.4-cm nodule (A) with thick arterial rim enhancement in S7 of the liver, with (B) portal venous phase washout and (C) no 
peritumoral hypointensity on the hepatobiliary phase. D-F. The nodule (D) shows a moderately hyperintense T2 signal with (E, F) restricted 
diffusion (b = 800 s/mm2). The patient belongs to the low-risk group for recurrence. Curative resection found cholangiocarcinoma without 
microvascular invasion or a satellite nodule. The patient has been disease-free for four years.

A

D

B

E

C

F
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IBM SPSS Statistics for Windows, version 24 (IBM Corp.). A 
two-tailed p < 0.05 indicated statistical significance.

RESULTS

Patient Characteristics
Of the 1104 patients with chronic liver disease who had 

curative surgery for suspicious liver lesions and preoperative 
gadoxetic acid-enhanced MRI examinations at three 
centers, 749 patients with single-treatment-naïve primary 
liver malignancy were selected based on the inclusion and 
exclusion criteria. After screening for targetoid liver lesions, 
197 patients (120 in the development cohort and 77 in 

the validation cohort) were included in the study (Fig. 
1). Clinicopathological characteristics of the patients are 
summarized in Table 1. Most patients (80.2%; 95 in the 
development cohort and 63 in the validation cohort) had 
chronic hepatitis B viral infection or cirrhosis. Additionally, 
102 (51.8%) and 95 (48.2%) patients were imaged using 
3T and 1.5T MR units, respectively. Of the excluded benign 
lesions, parasite infestations (n = 1) had a targetoid 
appearance. 

Gadoxetic Acid-Enhanced MRI Findings of Targetoid 
Lesions and Inter-Reader Agreement

Table 2 summarizes the MRI findings of the targetoid 

Fig. 3. Preoperative gadoxetic acid-enhanced MR images of a 52-year-old female patient with chronic hepatitis B.
A-C. There is a 2.8-cm nodule (A) with thin arterial rim enhancement in S5 of the liver, with (B) equivocal portal venous phase washout and 
(C) tumor vascular encasement (arrow). D-F. The nodule (D) shows a moderately hyperintense T2 signal with (E, F) restricted diffusion. The 
patient belongs to the intermediate-risk group for recurrence. A curative resection found hepatocellular carcinoma with microvascular invasion. 
Intrahepatic recurrence developed after eight months, and the patient underwent liver transplantation. The patient has been disease-free for 
seven years since transplantation.
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Table 1. Clinical and Pathologic Characteristics of Study Patients
Development Cohort (n = 120) Validation Cohort (n = 77) P

Age, year* 55.4 (9.9) 64.2 (10.1) < 0.001
Sex (male) 83 (69.2) 71 (92.2) < 0.001
Etiology of liver disease > 0.05

Hepatitis B virus 89 (74.2) 61 (79.2) 0.481
Hepatitis C virus 4 (3.3) 3 (3.9) 0.969
Alcohol 4 (3.3) 3 (3.9) 0.969
NAFLD 9 (7.5) 3 (3.9) 0.835
Others 14 (11.7) 7 (9.1) 0.860

Cirrhosis (F4) 50 (41.7) 26 (33.8) 0.268
Hepatitis B virus 44/50 (88.0) 24/26 (92.3)
Hepatitis C virus 3/50 (5.9) 0 (0)
Alcohol 1/50 (2.0) 2/26 (7.7)
Others 2/50 (4.0) 0 (0)

Child-Pugh class < 0.001
A 103 (85.8) 77 (100)
B 16 (13.3) 0 (0)
C 1 (0.8) 0 (0)

Tumor markers
AFP† 8.3 (3.2, 138.3) 17.2 (4.5, 238.6) 0.147
> 147 ng/mL 28 (23.3) 25 (32.5) 0.156
PIVKA II† 45 (20.0, 459.8) 91 (25.8, 309.8) 0.383
> 219 mAU/mL 29 (24.2) 14 (18.2) 0.321

Tumor size, cm† 3.5 (2.8, 5.7) 3.5 (2.5, 6.1) 0.707
Pathologic diagnosis

HCC 77 (64.2) 65 (84.4) 0.002
Edmondson grade

I or II 24 (31.2) 27 (35.1) 0.570
III or IV 53 (68.8) 40 (51.9) 0.017

Non-HCC malignancy
cHCC-CCA 12 (10.0) 5 (6.5) 0.395
CCA 31 (25.8) 6 (7.8) 0.002
NEC 0 (0) 1 (1.3) 0.212

Pathologic MVI 51 (42.5) 39 (50.6) 0.267
Pathologic satellite nodule 18 (15.0) 12 (15.6) 0.909
Type of liver surgery

Anatomic resection 102 (85.0) 56 (72.7) 0.035
Non-anatomic resection 13 (10.8) 21 (27.3) 0.002
Liver transplantation 5 (4.2) 0 (0) 0.069

Positive resection margin 10 (8.3) 5 (6.5) 0.643
Follow-up data

Follow-up period, month† 49 (17.5, 76.8) 57 (24.0, 92.0) 0.070
Recurrence 69 (57.5) 45 (58.4) 0.901
Death 31 (25.8) 20 (26.0) 0.987
RFS, month† 23.9 (6.5, 60.4) 41.5 (7.5, 66.5) 0.188
OS, month† 50.2 (18.2, 76.4) 56 (26.6, 91.5) 0.123

Unless otherwise indicated, data are numbers with percentages in parentheses. *Data are average with standard deviation in parentheses, 
†Data are median with interquartile range in parentheses. AFP = alpha-fetoprotein, CCA = cholangiocarcinoma, cHCC-CCA = combined 
HCC-CCA, HCC = hepatocellular carcinoma, MVI = microvascular invasion, NAFLD = non-alcoholic fatty liver disease, NEC = neuroendocrine 
carcinoma, OS = overall survival, PIVKA II = protein induced by vitamin K absence or antagonist II, RFS = recurrence-free survival
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lesions. Rim APHE was the most common targetoid feature 
in both cohorts (96.7% vs. 100%). The inter-reader 
agreement for the MRI findings was good to excellent (κ, 
0.61–0.99) (Table 2, Supplementary Table 3). For three 
novel prognostic features (thin- or thick-rim APHE, vascular 
involvement other than TIV, and HBP hypointense nodule 
without APHE), the overall inter-reader agreement was 
likewise good to excellent (κ, 0.71–0.80). When compared 
by experience levels, more experienced readers showed 
slightly higher agreement (κ, 0.87–0.96) than the less 
experienced reader (κ, 0.56–0.91), more so in identifying 
HBP hypointense nodules without APHE (0.56 to 0.64 vs. 0.77 
to 0.93) (Supplementary Table 4).

Clinical and Radiologic Predictors for RFS and OS in 
Targetoid Lesions

In the development cohort, during the median follow-up 

period of 49 months (range, 1.3–126.6; and interquartile 
range, 17.5–76.8 months), 69 patients (57.5%) had 
recurrences, and 31 patients (25.8%) died. Tables 3 and 4 
list the results of univariable and multivariable Cox analyses 
for RFS and OS, respectively. The cumulative incidences of 
recurrence were 35.7%, 44.1%, and 56.7% at one, two, and 
five years, respectively. In RFS model 1, which excluded HBP 
imaging features, tumor size of ≥ 2 cm (hazard ratio [HR]: 
3.42; 95% confidence interval [CI]: 1.16, 10.05 for 2–5 
cm; HR: 6.47; 95% CI: 2.09, 20.01 for > 5 cm) and thin-
rim APHE (HR: 2.98; 95% CI: 1.66, 5.36) were effective 
predictors of recurrence. When all features were accounted 
for in RFS model 2, tumor size of > 5 cm (HR: 3.48; 95% CI: 
1.07, 11.35), TIV (HR: 2.86; 95% CI: 1.26, 6.48), and HBP 
hypointense nodules without APHE (HR: 4.03; 95% CI: 2.03, 
8.01) predicted recurrence (Fig. 4).

The one-, two-, and five-year OS rates were 91.1%, 83.6%, 
and 73.0%, respectively. Multivariable analysis revealed that 
tumor size of > 5 cm (HR: 2.94; 95% CI: 1.33, 6.53), thin-rim 
APHE (HR: 4.48; 95% CI: 1.99, 10.08), TIV (HR: 3.89; 95% 
CI: 1.25, 12.11), and vascular involvement other than TIV 
(HR: 3.31; 95% CI: 1.31, 8.36) were predictors of mortality.

In the subgroup analysis by pathological diagnosis, RFS 
was comparable across all pathological diagnoses, but OS 
was significantly lower in CCA than in HCC (p = 0.022) 
(Supplementary Fig. 1).

Stratification of RFS and OS according to Risk Score
For RFS models, the risk scores ranged from 0 to 3. The 

risk score showed good discriminatory performance, with a 
C-index of 0.67 (95% CI: 0.60, 0.75), and 0.62 (95% CI: 0.54, 
0.70) for RFS models 1 and 2, respectively, in the validation 
cohort. The AUCs at one-, two-, and five years for RFS model 
1 were 0.69 (95% CI: 0.54, 0.84), 0.72 (95% CI: 0.57, 0.87), 
and 0.69 (95% CI: 0.54, 0.85), respectively, and those for 
RFS model 2 were 0.68 (95% CI: 0.57, 0.80), 0.67 (95% CI: 
0.56, 0.77), and 0.58 (95% CI: 0.46, 0.70), respectively, in 
the validation cohort (Supplementary Table 5). The models 
showed comparable performances (all p > 0.05). 

The risk score for OS ranged from 0 to 3 and similarly 
showed good discriminatory performance with a C-index of 
0.76 (95% CI: 0.65, 0.86), and the AUCs at one-, two-, and 
five-year were 0.76 (95% CI: 0.65, 0.86), 0.72 (95% CI: 
0.54, 0.89), and 0.80 (95% CI: 0.67, 0.92), respectively, in 
the validation cohort (Supplementary Table 5).

The patients were stratified into three risk groups 
by cutoff scores corresponding to two-year RFS and OS 

Table 2. Gadoxetic Acid-Enhanced MRI Findings in Development 
Cohort

Inter-Reader 
Agreement (κ)*

Patients 
(n = 120)†

Targetoid features
Rim APHE 0.75 (0.66, 0.84)

Thin rim 42 (35.0)
Thick rim 74 (61.7)

Peripheral washout 0.73 (0.63, 0.84) 45 (37.5)
Delayed central 
  enhancement

0.81 (0.71, 0.91) 47 (39.2)

Targetoid diffusion 
  restriction

0.78 (0.67, 0.88) 58 (48.3)

Targetoid TP or HBP 
  appearance

0.85 (0.75, 0.96) 57 (47.5)

Corona enhancement 0.72 (0.62, 0.82) 52 (43.3)
Capsule 0.80 (0.70, 0.90) 27 (22.5)
Intralesional fat 0.84 (0.74, 0.95) 21 (17.5)
Peritumoral bile duct 
  dilatation

0.94 (0.84, 1.00) 21 (17.5)

Nonsmooth tumor margin 0.85 (0.75, 0.96) 90 (75.0)
TIV 0.94 (0.84, 1.00) 11 (9.2)
Vascular involvement other 
  than TIV

0.80 (0.70, 0.91) 57 (47.5)

Peritumoral hypointensity 
  on HBP

0.88 (0.77, 0.98) 52 (43.3)

HBP hypointense nodule 
  without APHE

0.71 (0.61, 0.82) 38 (31.7)

*Numbers in parentheses are 95% confidence intervals, †Data are 
numbers with percentages in parentheses, based on the consensus 
assessment. APHE = arterial phase hyperenhancement, HBP = 
hepatobiliary phase, TIV = tumor in vein, TP = transitional phase
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probabilities of approximately 70% and 30%, respectively 
(Supplementary Table 6). The Kaplan–Meier curves and 
log-rank test demonstrated that risk groups in RFS and OS 
models had distinct matching outcomes in both cohorts 
(RFS models, all p ≤ 0.011; OS model, all p ≤ 0.033, in the 
validation cohort) (Fig. 5). In the development cohort, 
the estimated one-year RFS rates in the favorable-, 
intermediate-, and poor-risk groups were 79.1%, 50.2%, 
and 33.3% for RFS model 1, respectively, and 78.4%, 51.4%, 
and 0%, respectively, for RFS model 2. The estimated five-
year OS rates in the favorable-, intermediate-, and poor-risk 
groups were 82.6%, 62.0%, and 25.0%, respectively. 

Relationship between Radiologic Findings and Pathologic 
Results

The correlation between the pathological results and 
radiologic findings was explored (Supplementary Table 7). 
HCCs were associated with thick-rim APHE (odds ratio [OR], 
6.7), absence of delayed central enhancement (OR, 3.5), no 
targetoid appearance on DWI/TP/HBP (OR, 2.7–5.1), and 
presence of capsule (OR, 9.9) (p < 0.01). MVI was associated 
with vascular involvement other than TIV (OR, 2.2) and 
hypointense nodules without APHE (OR, 3.1) (p < 0.05).

Table 4. Univariable and Multivariable Cox Analyses of OS in the Development Cohort
Univariable Analysis Multivariable Analysis for OS Model

HR 95% CI P β HR 95% CI P
Risk 
Score

Age (per year) 1.02 0.98, 1.06 0.406
Male [female] 1.11 0.53, 2.35 0.783
Hepatitis B [non-hepatitis B] 0.52 0.25, 1.10 0.088 0.17 1.19 0.45, 3.17 0.727
AFP (> 147 ng/mL)† 1.58 0.72, 3.46 0.250 -0.32† 0.73 0.28, 1.93 0.524
PIVKA II (> 219 mAU/mL) 1.61 0.74, 3.54 0.232
Tumor size, cm

2–5 [< 2] 3.54 0.47, 26.81 0.221
> 5 [< 2] 9.16 1.21, 69.46 0.032 1.08 2.94‡ 1.33, 6.53 0.008 1

Child-Pugh B/C [A] 1.52 0.62, 3.71 0.361
Pathologic features

Non-HCC malignancy [HCC] 2.17 1.06, 4.42 0.034 0.36 1.44 0.52, 3.98 0.488
Cirrhosis (F4) [F0–F3] 0.78 0.37, 1.62 0.497
Pathologic MVI 2.14 1.05, 4.39 0.037 0.19 1.21 0.43, 3.43 0.724
Pathologic satellite nodule 3.50 1.60, 7.66 0.002 0.57 1.77 0.75, 4.16 0.193

Radiologic features
Thin rim APHE [thick rim] 3.45 1.63, 7.31 0.001 1.50 4.48 1.99, 10.08 < 0.001 1
Delayed central enhancement 2.18 1.07, 4.45 0.032 0.25 1.29 0.51, 3.25 0.592
Targetoid diffusion restriction 1.49 0.73, 3.02 0.272
Targetoid TP or HBP appearance 1.54 0.76, 3.13 0.232
Corona enhancement 1.79 0.88, 3.64 0.107
Capsule 0.83 0.36, 1.93 0.664
Intralesional fat 0.47 0.14, 1.54 0.468
Peritumoral bile duct dilatation 3.49 1.69, 7.21 0.001 0.68 1.97 0.80, 4.86 0.142
Nonsmooth tumor margin 1.09 0.47, 2.53 0.845
TIV* 3.46 1.41, 8.51 0.007 1.36 3.89 1.25, 12.11 0.019 1*
Vascular involvement other than TIV* 2.19 1.08, 4.44 0.030 1.20 3.31 1.31, 8.36 0.011 1*
Peritumoral hypointensity on HBP 1.99 0.97, 4.07 0.059 -0.71 0.49 0.17, 1.40 0.183
HBP hypointense nodule without APHE 2.22 1.08, 4.57 0.031 0.44 1.55 0.57, 4.24 0.394

Square brackets indicate reference categories. *Mutually exclusive by definition; thus, the highest total risk score was 3, †Included in the 
multivariable analysis due to known substantial correlation with survival [41], ‡Compared to tumor size ≤ 5 cm. AFP = alpha-fetoprotein, 
APHE = arterial phase hyperenhancement, CI = confidence interval, HBP = hepatobiliary phase, HCC = hepatocellular carcinoma, HR = 
hazard ratio, MVI = microvascular invasion, OS = overall survival, PIVKA II = protein induced by vitamin K absence or antagonist II, TIV = 
tumor in vein, TP = transitional phase
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DISCUSSION

Targetoid appearance in primary liver malignancies has 
been associated with poor surgical outcomes and aggressive 
histopathologic features [10,11,32]. However, further 
prognostic stratification within targetoid lesions has 
been neglected. We evaluated the factors associated with 
recurrence and survival after curative surgery for targetoid 
primary liver malignancy and developed risk stratification 
models. On multivariable analysis, tumor size of ≥ 2 cm, 
thin-rim APHE, hypointense HBP nodules without APHE, TIV, 
and vascular involvement other than TIV were independent 
predictors of recurrence and death. The integrated risk 
scores classified the patients into three distinct risk 
groups for recurrence and death. Our results may help 

preoperatively identify targetoid primary liver malignancies 
at risk of poor surgical outcomes, potentially modifying the 
extent of surgery or intensity of postoperative surveillance. 

In our study, thin-rim APHE was associated with poorer 
RFS and OS than thick-rim APHE. Notably, thick-rim APHE 
was predominantly associated with HCC (74.0%; 57 of 77), 
whereas thin-rim APHE was observed in 65.1% (28 of 43) 
of non-HCC (p < 0.001). This suggests that the arterial 
enhancing area may reflect favorable pathologic features 
proportionally. Supporting this finding, a prior radiologic-
pathologic correlation revealed that hypervascular tumors 
have a larger proportion of HCC in cHCC-CCA [33], and 
quantitative hypovascular areas are predictive of aggressive 
macrotrabecular-massive HCC [34]. Additionally, rim APHE 
of uneven thickness is significantly more common in cHCC-

Fig. 4. Preoperative gadoxetic acid-enhanced MR images of a 61-year-old male chronic hepatitis B patient. 
A-C. There is an 8.4-cm mass (A) with thick arterial rim enhancement in S4 and S8 of the liver, with (B) portal venous phase washout and 
portal vein branch obliteration, and (C) peritumoral hypointensity on the hepatobiliary phase. D-F. The mass (D) shows a targetoid appearance 
on the T2-weighted image with (E, F) restricted diffusion. The patient belongs to the intermediate-risk group for recurrence and survival. A 
right hemihepatectomy was performed, and the pathologic report showed cholangiocarcinoma with microvascular invasion. The patient has been 
disease-free for six years.

A

D

B
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Fig. 5. RFS and OS for favorable-risk groups (red curves), intermediate-risk groups (green curves), and poor-risk groups (blue 
curves) in the validation cohort.
A-C. RFS model 1 (A), RFS model 2 (B), and OS model (C) show that RFS (A, B) and OS (C) differed significantly between score groups 
according to the log-rank test. OS = overall survival, RFS = recurrence-free survival
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CCA than in CCA [7], suggesting a positive correlation 
between the arterial enhancing area and the HCC 
component. Although rim APHE is a known poor prognostic 
factor in primary liver malignancies [10,11,35,36], we 
showed that it might be further classified into reproducible 
patterns that significantly affect surgical outcomes, 
underlined by good inter-reader agreement and externally 
validated discriminatory power. However, given the reduced 
agreement with less experienced readers, acknowledging 
the proposed types of rim APHE and their prognostic impact 
is required for a consistent interpretation.

We developed two multivariable models for RFS that 
either included or excluded features only available on HBP 
to account for incidences where gadoxetic acid-enhanced 
MRI was unavailable or HBP images were suboptimal. 
Moreover, the risk scores from both models demonstrated 
comparable discriminatory performance, successfully 
addressing these challenges. Of the HBP features assessed, 
hypointense nodules without APHE were strong predictors 
of recurrence. Interestingly, for 28 HBP hypointense nodules 
in the recurrence group, the primary tumor was not only 
HCC (71.4%, 20 of 28) but also cHCC-CCA (17.9%, 5 of 
28) and CCA (10.7%, 3 of 28). HBP hypointense nodules 
without APHE in HCC represent a spectrum of advanced 
HCC, early HCC, and high-grade dysplastic nodules [37,38], 
whereas they indicate intrahepatic metastasis in non-HCC 
malignancies [39]. Previous studies reported higher rates 
of early recurrence and shorter disease-free survival for 
HBP hypointense nodules without APHE [19,20] in HCC, 
consistent with our results. We assume that the spectrum 
of hepatocarcinogenesis or occult metastases without 
evident arterial enhancement is shown by our study's HBP 
hypointense nodule without APHE. The apparent disease 
recurrence most likely reduced RFS and OS. Although 
we could not reveal the histopathologic nature of these 
nodules, we have established grounds for a strong 
argument that in both HCC and non-HCC malignancies, HBP 
hypointense nodules left unresected are influential risk 
factors, warranting sensitive radiological detection and 
consideration for removal. 

Other than TIV, vascular involvement was an independent 
predictor of death and related to pathologic MVI. 
Considering that the definition of MVI is “tumor emboli in 
the vascular endothelial space” [40], vascular involvement 
may be an indicator of MVI, but this relationship requires 
further validation. Aside from TIV, vascular involvement can 
be a useful prognostic factor in the context of relatively 

constant inter-reader agreement across reader experiences.
Our study had several limitations. First, it was a 

retrospective study with a selection bias. Second, patients 
with radiological macrovascular TIV (12.2%; 24 of 197) 
were included in the study, which could be viewed as a 
contraindication for surgery. However, the thrombi were 
located in the peripheral segmental branches and were 
deemed resectable by surgeons. With increasing surgical 
attempts to cure patients with TIV, our results reveal that 
TIV is a poor postoperative risk factor. Third, we did not 
perform a dedicated retrospective histopathologic review 
of cHCC-CCAs according to the latest 2019 World Health 
Organization classification, and some diagnoses may be 
outdated, although the number of cHCC-CCAs was small. 
Finally, because our study included patients with chronic 
liver disease that had heterogeneous etiologies, the 
proposed model may perform differently in populations 
exclusively with chronic hepatitis B or cirrhosis.

In conclusion, tumor size of ≥ 2 cm, thin-rim APHE, HBP 
hypointense nodules without APHE, and tumor vascular 
involvement were predictors of postoperative recurrence 
and death for targetoid primary liver malignancies in 
chronic liver disease, and derived and externally validated 
risk scores may help to predict postoperative RFS and OS in 
these patients. 
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