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Abstract
Purpose To evaluate the role of ancillary features (AFs) of Liver Imaging Reporting and Data System (LI-RADS) in the 
diagnostic performance of small HCC (≤ 20 mm) on gadoxetic acid-enhanced MRI.
Methods A total of 154 patients with 183 hepatic observations were analysed in this retrospective study. Observations were 
categorized using only major features (MFs) and combined MFs and AFs. Independently significant AFs were identified 
through logistic regression analysis, and upgraded LR-5 criteria were developed using these as new MFs. The diagnostic 
performance of the modified LI-RADS (mLI-RADS) was calculated and compared with that of LI-RADS v2018 using 
McNemar’s test.
Results Restricted diffusion, transitional and hepatobiliary phase hypointensity were independently significant AFs. The 
mLI-RADS a, c, e, g, h and i (upgraded LR-4 lesions that were categorized using only MFs to LR-5 using a certain or any 
one, two, three of the above AFs as new MFs) yielded a significantly greater sensitivity than that of the LI-RADS v2018 
(68.0%, 69.1%, 69.1%, 69.1%, 69.1%, 68.0% vs. 61.9%, all p < 0.05), whereas the specificities were not significantly differ-
ent (84.9%, 86.0%, 84.9%, 83.7%, 84.9%, 87.2% vs. 88.4% all p > 0.05). When independently significant AFs were used to 
upgrade the LR-4 nodules categorized by combined MFs and AFs (mLI-RADS b, d and f), the sensitivities were improved, 
but the specificities were decreased (all p < 0.05).
Conclusions Independently significant AFs may be used to upgrade an observation from LR-4 (categorized only using MFs) 
to LR-5, which can improve diagnostic performance for small HCC.
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Graphical abstract

LI-RADS v2018: U�lizing ancillary features on gadoxe�c acid-
enhanced MRI to improve the diagnos�c performance of small 
hepatocellular carcinoma (≤ 20 mm)
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Independently significant 
ancillary features (restricted
diffusion, TP and HBP 
hypointensity) may be used to  
improve the diagnos�c 
performance of LI-RADS for 
small HCC 
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Introduction

The Liver Imaging Reporting and Data System (LI-RADS) 
published by the American College of Radiology (ACR) 
is used to assign a category to focal hepatic observations 
obtained for high-risk hepatocellular carcinoma (HCC) 
patients and was recently updated in 2018 (LI-RADS 
v2018) [1]. It defines various major features (MFs) and 
ancillary features (AFs) of hepatic observations and uses 
a combination of MFs to assign initial categories and 
then adjusts the categories according to AFs. LR-5 is the 
category of definite HCC and is often used to evaluate 
the diagnostic performance of LI-RADS for HCC. AFs 
include AFs favoring malignancy and favoring benignity 
[1].

Gadoxetic acid-enhanced magnetic resonance imag-
ing (EOB-MRI), with hepatocellular specificity, plays 
an important role in the diagnosis of HCC [2]. However, 
recent studies have shown that low sensitivities of LI-
RADS are more problematic for EOB-MRI [3, 4]. This 
might be because LI-RADS was originally designed for 
extracellular contrast agent-enhanced MRI, and EOB-MRI 
was incorporated later into its algorithm [5].

Small HCC often poses a diagnostic challenge due to 
its tendency to exhibit atypical imaging features. Each 
AF favoring malignancy appears to vary in frequency and 
importance, and certain features may be more helpful in 
diagnosing HCC [6]. However, in the LI-RADS, the use 
of AFs is optional, and the diagnosis is primarily based on 

MFs. In addition, an observation can be upgraded by one 
category up to LR-4 but not to LR-5 by using AFs [7, 8]. 
Therefore, the weight of AFs may be somehow overlooked.

Therefore, the purpose of this study was to identify the 
independently significant AFs favoring malignancy and to 
explore whether modifications to LI-RADS using these AFs 
could further improve diagnostic performance for small 
HCC (≤ 20 mm) on EOB-MRI.

Materials and methods

This study was approved by the Ethics Committee of Tianjin 
Third Central Hospital. Informed consent was waived due to 
the retrospective study design.

Study population

Data from patients with a high risk of HCC were retro-
spectively collected between June 2016 and June 2021. 
The inclusion criteria were as follows: (1) ≥ 18 years old; 
(2) received EOB-MRI; (3) nodule size ≤ 20 mm and num-
ber ≤ 3; and (4) definitive diagnosis by surgical, biopsy 
pathology or benign lesions  confirmed by characteristic 
imaging and follow-up ≥ 24 months. The exclusion crite-
ria were as follows: (1) cirrhosis due to congenital hepatic 
fibrosis or vascular disorder; (2) interval > 1 month between 
pathological diagnosis and EOB-MRI; (3) received treat-
ment prior to the EOB-MRI; (4) liver function was Child‒
Pugh C; or (5) LR-NC (cannot be categorized) or LR-TIV 
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(tumour in vein) (Fig. 1). Patient demographic, clinical, and 
laboratory characteristics were extracted from the electronic 
medical records.

Reference standard

All HCCs and non-HCC malignancies were pathologically 
confirmed and benign lesions were confirmed by pathologic 
diagnosis or clinical diagnosis based on typical imaging fea-
tures and stability or regression for at least 24 months. His-
tological diagnoses were all based on the formal pathologic 
reports of our institution made by one of two pathologists 
who had more than 10 years of experience in liver pathology.

MRI techniques

For all examinations, studies were performed using a 3.0-T 
MR system (Magnetom Verio, Siemens Healthcare, Erlan-
gen, Germany), and an 8-channel phased-array torso coil 
was used for all measurements. The liver MRI protocol con-
sisted of in- and out-of-phase T1-weighted imaging acquired 
with a gradient recalled echo (GRE) sequence, a respiratory-
triggered axial T2-weighted turbo spin echo (TSE) sequence 
with fat suppression, free-breathing single-shot echo-planar 
diffusion-weighted imaging (DWI) with b values of 0, 50, 
600, 1000 s/mm2, and pre- and postcontrast T1-weighted 
three-dimensional volumetric interpolated breath-hold 

examination (VIBE) sequences acquired with a GRE 
sequence in the arterial phase (25 s after aortic enhance-
ment using the bolus tracking method), portal venous phase 
(60 s), transitional phase (TP) (3 min), and hepatobiliary 
phase (HBP) (20 min). Contrast-enhanced dynamic MRI 
was obtained after intravenous administration of gadoxetic 
acid (Primovist, Bayer Healthcare, Leverkusen, Germany) 
administered at 0.025 mmol/kg of body weight at a rate of 
1.0 ml/s using a power injector, followed by 25 ml of 0.9% 
saline as a chaser at the same rate.

MRI analysis and category assignment

All MRI scans were independently reviewed by two board-
certified radiologists with 10 years (W.H.) and 8 years 
(D.W.) of experience in abdominal MRI, respectively. All 
readers were blinded to the pathologic results and reviewed 
all imaging features of each hepatic observation. LI-RADS 
categorization was assigned to each observation only accord-
ing to MFs and combining MFs and AFs (assigning initial 
categories by MFs and then adjusting according to AFs) 
according to LI-RADS v2018, respectively. Logistic regres-
sion analyses were performed to identify independent sig-
nificant AFs for the diagnosis of small HCC, and then these 
AFs were used as new MFs to upgrade the LR-5 criteria 
and reassign the categorization. Discrepancies between the 
two readers were resolved by a third radiologist (R.L. with 

Fig. 1  Flowchart of patient and 
observation selection. HCC 
hepatocellular carcinoma, EOB-
MRI gadoxetic acid-enhanced 
magnetic resonance imaging, 
LR (LI-RADS) Liver Imaging 
Reporting and Data System, 
NC cannot be categorized, TIV 
tumour in vein

HCCs
(82 patients/97 
observations)

Non-HCC malignancies 
(10 patients/14 
observations)

Benign lesions
(62 patients/72 
observations)

154 patients/183 observations

432 patients

Exclusions (n=278)
-Cirrhosis due to congenital hepatic fibrosis 
or vascular disorder (n=1)
-Interval  > 1 month between pathological 
diagnosis and EOB-MRI (n=42)
-Received treatment prior to the EOB-MRI 
(n=226)
-Child‒Pugh C (n=4)
-LR-NC (n=3) or LR-TIV (n=2)

Inclusion criteria
-≥18 years old
-Received EOB-MRI
-Nodule size ≤ 20 mm and number ≤ 3
-Underwent surgery or biopsy pathology
-Typical benign nodules and follow-up ≥
24 months

Patients with a high risk of HCC from June 2016 to June 2021
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16 years of experience in abdominal MRI) to reach a final 
consensus reading.

Statistical analysis

Categorical variables are summarized as counts and percent-
ages. Continuous variables are summarized as the means and 
standard deviations. To determine the imaging features pre-
dictive of HCC, univariate and multivariate logistic regres-
sion analyses were performed. Variables with a p value < 0.2 
in the univariable analysis were entered into the multivaria-
ble analysis to identify independently significant features for 
HCC diagnosis. For the multivariable analysis, a stepwise 
backwards elimination method was used. Diagnostic per-
formance is reported as the sensitivity, specificity, positive 
predictive value (PPV), negative predictive value (NPV), 
accuracy, and Youden index and was compared using McNe-
mar’s test. Unless otherwise indicated, all statistical tests 
were conducted at the 0.05 significance level using 2-tailed 
tests, and p values are reported. Statistical analyses were 
performed using SPSS software, version 25.0 (SPSS Inc.).

Results

Patient characteristics and pathologic findings

The study population included 154 patients with 183 hepatic 
observations. All lesions were confirmed by pathological 
diagnosis except for 30 benign lesions confirmed by typical 
imaging features and followed up ≥ 24 months. The clinico-
pathologic characteristics of the patients and hepatic obser-
vations are shown in Table 1.

Independently significant features

According to the multivariate analysis, nonrim arterial-phase 
hyperenhancement (APHE), nonperipheral “washout” and 
enhancing “capsule” were independent significant MFs for 
identifying small HCC. Restricted diffusion [odds ratio (OR) 
15.3; 95% confidence interval (CI), 3.1–76.0; p = 0.001], 
TP hypointensity (OR 3.7; 95% CI 1.2–11.5; p = 0.027) and 
HBP hypointensity (OR 4.8; 95% CI 1.2–19.7; p = 0.028) 
were independently significant AFs. (Table 2).

Diagnostic performance

Based on the above results of the multivariate logistic 
regression analyses, the independently significant AFs, 
including restricted diffusion, TP hypointensity and HBP 
hypointensity, were used as new MFs to participate in the 
upgraded LR-5 criteria of LI-RADS. The mLI-RADS was 
as follows: mLI-RADS a: LR-4 only according to MFs 

(LR-4 MFs) + restricted diffusion; mLI-RADS b: LR-4 
according to the MFs and adjusted by AFs (LR-4 MFs and 
AFs) + restricted diffusion; mLI-RADS c: LR-4 MFs + TP 
hypointensity; mLI-RADS d: LR-4 MFs and AFs + TP 
hypointensity; mLI-RADS e: LR-4 MFs + HBP hypointen-
sity; mLI-RADS f: LR-4 MFs and AFs + HBP hypointensity; 
mLI-RADS g, h, i: LR-4 MFs + any one, two (Fig. 2) and 

Table 1  Clinicopathologic characteristics of patients and hepatic 
observations

Unless stated otherwise, data are presented as the number with the 
percentage in parentheses
* Data are presented as the mean ± standard deviation

Characteristic Value (%)

Patient (n = 154)
 Mean age (year)* 57.8 ± 9.6
 Sex (%)
  Male 109 (70.8)
  Female 45 (29.2)

 Cirrhosis (%) 102 (66.2)
 Cause of liver disease (%)
  Hepatitis B virus 101 (65.6)
  Hepatitis C virus 19 (12.3)
  Alcohol 8 (5.2)
  Autoimmune 3 (1.9)
  Hepatitis B and C virus 4 (2.6)
  Cirrhosis of unknown cause 19 (12.3)

Observation (n = 183)
 Mean size (mm)* 13.7 ± 3.8
 Final diagnosis (%)
  HCC 97 (53.0)
  Non-HCC malignancy 14 (7.7)
   Intrahepatic cholangiocarcinoma 2 (1.1)
   Combined hepatocellular cholangiocarcinoma 2 (1.1)
   Metastasis 8 (4.4)
   Sarcomatoid carcinoma 1 (0.5)
   Cystadenocarcinoma 1 (0.5)
  Benign lesion 72 (39.3)
   Haemangioma 10 (5.5)
   Dysplastic nodule 29 (15.8)
   Regenerative nodule 17 (9.3)
   Focal nodular hyperplasia 3 (1.6)
   Focal nodular hyperplasia-like 4 (2.2)
   Adenoma or adenomatoid hyperplasia 3 (1.6)
   Abscess 2 (1.1)
   Epithelioid angiomyolipoma 2 (1.1)
   Inflammatory pseudotumor 2 (1.1)

Standard reference of diagnosis (%)
  Pathologic diagnosis 153 (83.6)
  Typical imaging features and follow-up 30 (16.4)
     The time of follow-up (months)* 31.8 ± 11.3



1991Abdominal Radiology (2023) 48:1987–1994 

1 3

all of the three independently significant AFs. The LR-5 was 
used to evaluate the diagnostic performance of LI-RADS 
for small HCC.

LI-RADS v2018 showed a sensitivity of 61.9% and a 
specificity of 88.4%. Compared with LI-RADS v2018, the 
sensitivities of all mLI-RADS were improved (all p < 0.05), 
while the specificity was not significantly different (all 
p > 0.05) except for mLI-RADS b, d and f (specificity was 
reduced, all p < 0.05) (Table 3).

Discussion

Our study demonstrates that restricted diffusion, TP 
hypointensity and HBP hypointensity, three AFs favoring 
malignancy, were independently significant features for 
the diagnosis of small HCC (≤ 20 mm) observed on EOB-
MRI. When using any one, two or three of them was as 
new MFs to upgrade an observation from LR-4 (categorized 
only according to MFs) to LR-5, the sensitivity was signifi-
cantly improved compared with that of LI-RADS v2018 (all 
p < 0.05), while the specificity was not significantly reduced 
(all p > 0.05).

In our study, MFs, including nonrim APHE, nonperiph-
eral “washout” and enhancing “capsule”, were independ-
ent predictors of small HCC diagnosis. The APHE and 
“washout” appearance were attributed to increased arterial 
blood supply and decreased portal supply in HCC [9]. In 
addition, although the sensitivity of enhancing “capsule” 
was low, the specificity was higher because it reflects the 
pseudocapsule composed of compressed fibrous tissue 
and dilated sinusoids around the HCC [10]. In our study, 
the odds ratio (OR) of “washout” (9.8) was the highest 
among the MFs, and this conclusion is better than previous 
reports (the OR of “washout” was 4.0) [6]. This may be 
because the study was not only targeted at small HCC. In 
this previous study, the OR of APHE was the highest (7.2), 
while in our study, the OR of APHE was only 2.9. There-
fore, it is speculated that the “washout” display may have 
more diagnostic significance than APHE in small HCC. In 
another study [11] of small HCC, the specificity of “wash-
out” (42.3%) was lower than that in our study (76.7%), 
which may be due to this study only having compared 
HCCs and dysplastic nodules (DNs), while high-grade DN 
may have more “washout” due to the blood supply situa-
tion similar to that of early HCC [12].

Table 2  Logistic regression analysis of MFs and AFs favoring malignancy for diagnosing small HCC

Data in parentheses are 95% confidence intervals
OR odds ratio, APHE arterial-phase hyperenhancement, TP transitional phase, HBP hepatobiliary phase

HCC Non-HCC Univariable analysis Multivariable analysis

n = 97 n = 86 OR p value OR p value

Major features
 Size (diameter threshold 10–20 mm) 86 67 2.22 (0.99–4.98) 0.054
 Nonrim APHE 83 50 4.27 (2.10–8.68)  < 0.001 2.59 (1.09–6.13) 0.031
 Nonperipheral “washout” 74 20 10.62 (5.35–21.06)  < 0.001 9.84 (4.64–20.85)  < 0.001
 Enhancing “capsule” 34 7 6.09 (2.53–14.66)  < 0.001 6.57 (2.40–17.95)  < 0.001
 Threshold growth 15 7 2.06 (0.80–5.33) 0.134

Ancillary features favoring malignancy
Favoring malignancy in general
 Subthreshold growth 11 4 2.62 (0.80–8.57) 0.110
 Restricted diffusion 94 44 29.91(8.79–101.80)  < 0.001 15.27 (3.07–76.00) 0.001
 Mild-moderate T2 hyperintensity 95 53 29.58 (6.83–128.16)  < 0.001
 Corona enhancement 3 1 2.71 (0.28–26.58) 0.391
 Fat sparing in solid mass 2 0 1.46 × 10E9 (0.0-) 0.999
 Iron sparing in solid mass 0 0 – –
 TP hypointensity 86 37 10.35 (4.85–22.12)  < 0.001 3.65 (1.16–11.48) 0.027
 HBP hypointensity 92 49 13.89 (5.13–37.62)  < 0.001 4.82 (1.18–19.66) 0.028

Favoring HCC in particular
  Nonenhancing “capsule” 2 0 1.46 × 10E9 (0.0-) 0.999
  Nodule-in-nodule 3 1 2.71 (0.28–26.58) 0.391
  Mosaic architecture 1 0 1.45 × 10E9 (0.0-)  > 0.999
  Blood products in mass 1 0 1.45 × 10E9 (0.0-)  > 0.999

 Fat in mass, more than adjacent liver 3 1 2.71 (0.28–26.58) 0.391
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Recent studies have shown that elevated AFs to MFs can 
improve diagnostic performance for the diagnosis of HCC 
[6, 13, 14]. However, few studies have assessed the role of 
AFs for the diagnosis of small HCC (≤ 20 mm) on EOB-
MRI. Our study included all AFs favoring malignancy of 
LI-RADS v2018 to determine independent features for 
predicting small HCC. The results demonstrate that only 
restricted diffusion, TP hypointensity and HBP hypointen-
sity were independent significant features. This implies that 
these AFs may be more important than others in evaluation 
of small lesions in addition to MFs and may have a similar 
strength that is comparable with MFs.

In our study, restricted diffusion was defined as an inten-
sity on DWI higher than that of the liver and an apparent 
diffusion coefficient lower than that of the liver to avoid T2 
shine-through according to LI-RADS v2018 [1]. Malignant 
tumours often show restricted diffusion due to dense cells, 
and in LI-RADS, restricted diffusion is also used as an AF 
favoring malignancy. In our study, restricted diffusion was 
an independent predictor of the diagnosis of small HCC, 
which is consistent with a previous literature conclusion 
[15]. However, in another study, diffusion restriction was 
not an independent factor, although its OR value was as high 
as 6.9 in univariate analysis [6]. It is speculated that the pos-
sible reason is that the study targeted large lesions (the mean 
size of the selected lesions was 57 mm). In addition, since 
DWI depends on the scanner, field strength, and acquisition 

technique, different DWI techniques may also have led to 
discordant results.

On EOB-MRI, TP hypointensity reflects the combina-
tion of early cellular enhancement of hepatic parenchyma 
and washout of the extracellular spaces, therefore, to pursue 
high specificity, the “washout” in LI-RADS does not include 
TP hypointensity but only as an AF favoring malignancy. 
However, in our study, TP hypointensity was an independent 
predictor for the diagnosis of small HCC. This is consistent 
with previous literature reports [16]. This may be due to 
the diminishing portal supply and organic anion transporter 
(OATP) expression usually during hepatocarcinogenesis. 
HBP hypointensity occurs in nonhepatocellular lesions due 
to a lack of organic anion transporting polypeptide trans-
porter expression in combination with strong enhancement 
of the hepatic parenchyma. In our study, the OR of HBP 
hypointensity was 4.8, and HBP hypointensity was an inde-
pendent predictor for the diagnosis of small HCC.

In our study, when any one of the independent fea-
tures of restricted diffusion, TP or HBP hypointensity 
was selected as an MF for diagnosing small HCC and 
upgrading the nodules that were assigned the LR-4 cat-
egory based only on the MFs to LR-5, the sensitivity 
of diagnosing HCC was improved without reducing the 
specificity. It is worth noting that an observation upgraded 
to LR-4 after adjustment of AFs according to LI-RADS 
v2018, when the independently significant AFs were used 

Fig. 2  Axial images obtained with EOB-MRI in a 59-year-old man 
with HCC. T1WI a shows a 12  mm hypointense nodule (arrow) in 
hepatic segment VIII. The nodule exhibits APHE (b) and does 
not have a “washout” appearance on portal vein phase image (c). 
It (arrow) shows hypointensity in the TP (d) and HBP (e) and rep-

resents an enhancing “capsule” (d, e). This nodule was assessed to 
LR-4 only using MFs according to LI-RADS v2018. When TP and 
HBP hypointensity were used as new MFs, the nodule was catego-
rized as LR-5
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to upgrade to LR-5, although the diagnostic sensitivity 
can be improved, the specificity is significantly reduced. 
Therefore, we found that modifying the LR-5 criteria using 
independently significant AFs only applies to lesions that 
are categorized as LR-4 based only on MFs. In addition, 
when 2 or 3 independently significant AFs were used at 
the same time, the diagnostic sensitivity decreased slightly 
with the increase in the number of AFs, but both were 
higher than LI-RADS v2018, and the specificity gradu-
ally increased, but it was not significantly different from 
LI-RADS. Therefore, the simultaneous use of multiple 
independently significant AFs can improve diagnostic 
sensitivity while avoiding low specificity.

This study has several limitations. First, owing to the 
retrospective single-centre nature of our study design, our 
results could have had selection bias and might be limited 
in generalizability. Second, only 14 observations of non-
HCC malignancies were collected, which was relatively 
small. However, the feasibility of non-HCC malignant 
tumours in patients with a high risk of HCC was relatively 
low, not to mention that this paper strictly stipulated that 
the lesions should be ≤ 20 mm. Third, the iron sparing in 
solid mass did not appear in any of the observations in our 
study, so this feature was not analysed.

In conclusion, our results show that upgrading an obser-
vation from LR-4 (categorized only according to MFs) 
to LR-5 using any one of independently significant AFs 
(restricted diffusion, TP hypointensity and HBP hypoin-
tensity) can improve sensitivity without impairing speci-
ficity in the diagnosis of small HCC (≤ 20 mm) on EOB-
MRI. When two or three independently significant AFs 
were used simultaneously, the diagnostic performance 
could also be improved, and as the number of AFs used 
increased, its sensitivity decreased and its specificity 
increased.
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