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Abstract

Background and Aims: Correct identification of small hepa-
tocellular carcinomas (HCCs) and benign nodules in cirrhosis 
remains challenging, quantitative apparent diffusion coeffi-
cients (ADCs) have shown potential value in characterization 
of benign and malignant liver lesions. We aimed to explore 
the added value of ADCs in the identification of small (≤3 
cm) HCCs and benign nodules categorized as Liver Imag-
ing Reporting and Data System (LI-RADS) 3 (LR-3) and 4 
(LR-4) in cirrhosis. Methods: Ninety-seven cirrhosis patients 
with 109 small nodules (70 HCCs, 39 benign nodules) of LR-3 
and 4 LR-4 based on major and ancillary magnetic resonance 
imaging features were included. Multiparametric quantitative 
ADCs of the lesions, including the mean ADC (ADCmean), min-
imum ADC (ADCmin), maximal ADC (ADCmax), ADC standard 
deviation (ADCstd), and mean ADC value ratio of lesion-to-liv-
er parenchyma (ADCratio) were calculated. Regarding the joint 
diagnosis, a nomogram model was plotted using multivariate 
logistic regression analysis. The performance was assessed 
using the area under the receiver operating characteristic 
curve (AUC). Results: The ADCmean, ADCmin, ADCratio, and 
ADCstd were significantly associated with the identification 
of small HCC and benign nodules (p<0.001). For the joint 
diagnosis, the LI-RADS category (odds ratio [OR]=12.50), 

ADCmin (OR=0.14), and ADCratio (OR=0.12) were identified 
as independent factors for distinguishing HCCs from benign 
nodules. The joint nomogram model showed good calibration 
and discrimination, with a C-index of 0.947. Compared with 
the LI-RADS category alone, this nomogram model demon-
strated a significant improvement in diagnostic performance, 
with AUC increasing from 0.820 to 0.967 (p=0.001). Con-
clusions: The addition of quantitative ADCs could improve 
the identification of small HCC and benign nodules catego-
rized as LR-3 and 4 LR-4 in patients with cirrhosis.
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Introduction

Hepatocellular carcinoma (HCC) is the second leading cause 
of cancer-related mortality worldwide, and in more than 
90% of the cases HCC has been reported to be associated 
with cirrhosis.1 Early detection of HCC is crucial for effective 
treatment and patients’ long-term survival.1–3 Recently, the 
Liver Imaging Reporting and Data System (LI-RADS) has 
been widely used to standardize terminology and criteria for 
detecting HCC in high-risk patients.4–9

LI-RADS categories reflect the relative probability of HCC 
development, whereby categories ranging from LR-1 (defi-
nitely benign) to LR-5 (definitely HCC) and LR-TIV (defi-
nite tumor in vein) are assigned based on the presence 
of specific imaging features.5,6 Ancillary features, such as 
restricted diffusion, mild-moderate T2 hyperintensity, and 
hepatobiliary phase hypointensity, have been identified as 
helpful findings that could be used to improve characteriza-
tion and detection, promote confidence, and modify the LI-
RADS category. Although, it is widely believed that ancillary 
features may facilitate the characterization of cirrhotic nod-
ules,4,7,8,10,11 their use to upgrade the category from LR-4 
to LR-5 is not permitted.6,12 Thus, correct identification of 
HCCs and benign nodules with LI-RADS categories 3 and 4 
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remains challenging.
Diffusion-weighted imaging (DWI) is a functional magnetic 

resonance imaging (MRI) technique that enables the char-
acterization of biological tissues. Apparent diffusion coeffi-
cient (ADC) values quantitatively reflect the diffusion attrib-
utes of water molecules. It has shown potential value in the 
characterization of benign and malignant liver nodules.13–15 
Moreover, recent studies have suggested that ADC may be 
useful in predicting histopathological differentiation,16 micro-
vascular invasion,17 and early recurrence of HCC.18 Among 
the quantitative ADC values, mean ADC (ADCmean) is com-
monly selected.19 Several studies have suggested that the 
ADC ratio (ADCratio; mean ADC of the lesion-to-liver paren-
chyma) or minimum ADC (ADCmin) may also show potential 
for identifying HCCs or predicting the histological grade of 
HCCs.14,15,20 To our knowledge, whether ADCs have addi-
tive value to LI-RADS criteria in the discrimination of benign 
and malignant liver lesions is unclear. Thus, in this study, we 
sought to determine the additive value of quantitative ADCs 
for the identification of small HCC and benign nodules cat-
egorized as LR-3 and LR-4 in a cirrhotic liver.

Methods

Patient population

This retrospective study was approved by the institutional 
review board of the Affiliated Cancer Hospital & Institute of 
Guangzhou Medical University. Between January 2015 and 
December 2019, a total of 201 consecutive cirrhosis pa-
tients with liver nodules smaller than or equivalent to 3 cm 
detected on MRI were identified. The patients’ MRI, clini-
cal and histopathology data were reviewed. The inclusion 
criteria were as follows: (1) patients who had undergone 
dynamic gadolinium diethylenetriamine pentaacetic acid 
(Gd-DTPA) enhancement and DWI; (2) patients in whom 
pathological confirmation had been performed after surgery 
or biopsy; (3) patients with liver nodules categorized as 

LR-3 or LR-4 based on the combination of major and ancil-
lary features; and (4) patients who did not undergo any 
treatment before MRI. One hundred and two patients were 
excluded due to the following reasons: (1) unavailability of 
Gd-DTPA-MRI (n=21, underwent gadoxetic acid-enhanced 
MRI) or DWI data (n=10); (2) lack of pathological confir-
mation (n=22); (3) presence of liver nodules categorized 
as LR-5 (definitely HCC) (n=39); and (4) receipt of treat-
ment prior to MRI (n=12). Finally, 97 patients (74 men, 
23 women; aged 34 to 80 years) with 109 small nodules 
(n=70, HCCs; n=39, benign nodules) were included. The 
patient inclusion flowchart is shown in Figure 1.

MRI techniques

All MR images were obtained using a 3.0-T whole-body MR 
system (Achieva; Philips Healthcare, Amsterdam, Nether-
land) with a 16-channel phased-array coil. Scanning se-
quences included a dual gradient-recalled echo T1-weighted 
sequence (repetition time/echo times [TR/TE], 180/2.4–5.2 
ms; flip angle [FA], 70°; field of view (FOV), 35×32 cm; 
matrix, 384×225; and slice thickness, 5 mm); axial T2-
weighted fat-suppression turbo spin-echo sequence (TR/
TE, 3,500–4,800/75 ms; FA, 120°; matrix, 384×225; 
FOV, 350×320 cm; slice thickness, 5 mm); and dynamic 
contrast-enhanced MRI performed using a T1-weighted 
3D turbo-field-echo sequence (T1 high-resolution isotrop-
ic volume examination; THRIVE, Philips Healthcare) (TR/
TE=3.9/1.85 ms, 35×32 cm; matrix, 384×225; FA, 10°; 
slice thickness, 5 mm; spacing=2 mm). After scanning 
unenhanced T1-weighted images, 0.1 mmol/kg Gd-DTPA 
(Magnevist; Schering, Berlin, Germany) was administered 
intravenously via an antecubital venous catheter at a rate 
of 2.0 mL/s, followed by a 20-mL saline flush at a similar 
rate by using a power injector. Thereafter, arterial-phase 
(20∼35 s), portal-phase (60 s), and delayed-phase (3-m) 
images were obtained. DWI was performed before con-
trast-enhanced MRI by using a respiratory-triggered single-
shot echo-planar sequence with b-values of 0 and 800 s/

Fig. 1.  Flowchart of the study population. 
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mm2 (TR/TE, 1,000/65; FA, 90°; FOV, 35×32 cm; matrix, 
128×128; section thickness, 5 mm, and intersection gap 1 
mm). Quantitative ADC maps were derived automatically 
by using commercially available software and an imaging 
workstation. ADC maps were generated automatically on a 
voxel-by-voxel basis from the two b-values.

Qualitative image analysis

Two radiologists independently analyzed all images and 
reached a consensus. Observer 1 (CJZ, with 3 years of MRI 
diagnosis experience) and observer 2 (BGL, with 10 years of 
MRI diagnosis experience) were informed that this study at-
tempted to evaluate the contribution of LI-RADS categories 
of HCCs based on major and ancillary features; however, 
they were blinded to the patients’ clinical data and patho-
logic diagnosis. The criteria for MRI features and LI-RADS 
categories were based on LI-RADS v2018.6

Quantitative analysis

Quantitative ADC values were independently measured on 

ADC maps by two radiologists (XZ with 6 years of image 
processing experience; DLT with 3 years of image process-
ing experience). The mean ADC (ADCmean, minimum ADC 
(ADCmin), maximal ADC (ADCmax), and ADC standard de-
viation (ADCstd) of the nodules were documented. Further-
more, ADCs of the surrounding liver parenchyma were also 
assessed, and the mean ADC value ratio of lesion-to-liver 
parenchyma (ADCratio [lesion to liver]) was calculated.14,15 
The interobserver reproducibility of ADC measurement was 
evaluated using interclass correlation coefficients (ICCs). 
An ICC value of ≥0.75 indicated good agreement for meas-
urement, and ADC values from the two measurements were 
averaged for analysis. If the ICC value was <0.75, ADC val-
ues from the two measurements were independently used 
for analysis.

Regarding ADC measurement for lesions, we classified 
the ADC assessment into two groups.15 (1) Only one circular 
region of interest (ROI) was determined for lesions with a 
diameter of ≤2 cm, and as much of the volume of the lesion 
as possible was encompassed in the ROI (Fig. 2A–B) before 
the ROI was copied to the surrounding liver parenchyma. 
(2) For nodules with a diameter of >2 cm, three ROIs with 
an equivalent area were randomly placed inside the lesion, 
and the ADC parameters generated in the ROIs were aver-
aged for analysis (Fig. 2 C–D). In both groups, areas of 

Fig. 2.  Schematic diagram of the ADC measurement. (A–B) ADC parameter measurement for lesions with diameter ≤2 cm; only one circular ROI was placed 
(green circle), and as much of the volume of the lesion as possible was encompassed in the ROI. (C–D) For nodules with diameter >2 cm, three ROIs with an equiva-
lent area were randomly placed inside the lesion (green circle), and the ADC parameters generated in ROIs were averaged for analysis. For ADC measurement of liver 
parenchyma, three circular ROIs ≈ 1 cm2 were randomly placed in the surrounding liver parenchyma (purple circle), vessels and bile ducts were carefully avoided, the 
mean ADC generated in the ROIs was averaged, and ADCratio [lesion to liver] was calculated for analysis. ADC, apparent diffusion coefficient; ADCratio, mean ADC value 
ratio of lesion-to-liver parenchyma; ROI, region of interest.
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intratumoral hemorrhage or necrosis were avoided. When 
a nodule was difficult to identify on ADC maps, contrast-
enhanced T1-weighted images were used for accurate ROI 
placement. To minimize the influence of a partial volume 
averaging effect and motion artefacts, the slice depicting 
the maximum diameter of the nodule was selected for ADC 
measurement.

For ADC measurement of liver parenchyma, three circu-
lar ROIs ≈1 cm2 were randomly placed in surrounding liver 
parenchyma; vessels and bile ducts were carefully avoided. 
The mean ADC generated for the ROIs was averaged, and 
the ADC ratio (mean ADC of lesion to the liver) was calcu-
lated.

Nomogram model development

The diagnostic efficacy of LI-RADS and ADC parameters was 
evaluated by using univariate analysis. The variables show-
ing statistical differences were reserved for further analysis, 
and binary logistic regression analysis was performed to de-
termine the independent parameters in the differentiation 
of HCC and benign nodules. These variables were screened 
using the backward stepwise selection method, and the 
likelihood ratio test with Akaike’s information criterion was 
identified as the stopping rule.21 A nomogram model was 
developed on the basis of the independent variables, and 
the diagnostic performance of the nomogram was assessed 
by a receiver operating characteristic (ROC) curve. A cali-
bration curve was also plotted to assess the degree of fitting 
of the nomogram by using the Hosmer-Lemeshow test.22

Statistical analysis

The construction and calibration plots of the nomogram 
model were obtained using the “rms” package of R statisti-
cal software (version 3.3.1 http://www.rproject.org/). The 
other statistical tests were performed using the SPSS 16.0 
software package (SPSS Inc., Chicago, IL, USA). Statistical 
significance was accepted for p <0.05.

Inter-reader variability between the two observers for LI-
RADS categories was assessed using kappa statistics. Clas-
sification of validity based on the k-values was performed as 
follows:9 very good (1≥k>0.8); good (0.8≥k>0.6); mod-
erate (0.6≥k>0.4); fair (0.4≥k>0.2); or poor (0.2≥k>0). 
Categorical variables were expressed as numbers, and 
quantitative ADC parameters and ADC ratio were expressed 
as mean and standard deviation. Univariate analysis for 
the ADC parameters was performed by ROC analysis, and 
multivariate analysis was performed by multivariate logis-
tic regression analysis. The overall diagnostic efficiency of 
each approach was evaluated on the basis of the area under 
the ROC (AUC), and AUC comparisons were performed us-
ing the McNemar test, while comparisons of sensitivity and 
specificity were performed using the Pearson chi-square 
test (or Fisher test).

Results

Clinical characteristics of the patients

The detailed characteristics of the patients and lesions are 
displayed in Table 1. A total of 97 patients (74 males, 23 
females; age 34 to 80 years) with cirrhosis confirmed by 
histopathology were included. The etiological factor respon-
sible for the cirrhosis was hepatitis B virus infection in 78 
cases, hepatitis C virus infection in 13 cases, and alcohol 

abuse in six cases. The alpha-fetoprotein level was <200 
ng/mL in 76 cases, ≥200 ng/mL in 12 cases, and unobtain-
able in 9 cases.

A total of 109 small nodules with LR-3 and LR-4 were 
included. According to the pathologic analysis, 70 nod-
ules were diagnosed as HCCs and 39 lesions were benign 
nodules. Sixty-three patients showed only HCCs, with the 
following distribution of lesions: patients with one lesion 
(n=59), two lesions (n=3), and three lesions (n=1). In 
contrast, 32 patients showed only benign nodules with the 
following distribution: patients with one lesion (n=28) and 
those with two lesions (n=4). Two patients were diagnosed 
with both HCCs and benign nodules, including one patient 
with two lesions (HCC, n=1; benign nodule, n=1) and one 

Table 1.  Characteristics of patients and lesions

Characteristic HCCs Benign 
nodules

Patient characteristic

  Number 65 32

  Age in years 56.1±9.8 57.8±9.6

Gender

  Male 47 27

  Female 18 5

Child-Pugh class

  A 48 23

  B 14 8

  C 3 1

AFP serum

  < 200 ng/mL 52 24

  ≥200 ng/mL 10 2

  Unobtainable 3 6

Etiology of liver cirrhosis

  HBV infection 51 27

  HCV infection 9 4

  Alcohol consumption 5 1

Lesion characteristic

  Number 70 39

  Nodule size in cm 2.0±0.6 1.8±0.5

Histopathology features

  Well-differentiated HCC 34 0

  Moderately differentiated HCC 29 0

  Poorly differentiated HCC 7 0

  Dysplastic nodule 0 34

  Regenerative nodule 0 4

  Hepatic adenoma 0 1

Diagnosis method

  Surgery 59 18

  Percutaneous biopsy 11 21

AFP, alpha fetoprotein; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; 
HCV, hepatitis C virus.

http://www.rproject.org/
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patient with three lesions (HCC, n=1; benign nodules, n=2). 
A total of 70 HCCs (diameter range, 1.3–3.0 cm; mean, 2.0 
cm) and 39 benign nodules (diameter range, 1.1–2.7 cm; 
mean, 1.8 cm) were identified.

Diagnostic performance of LI-RADS criteria

Inter-observer agreement for LI-RADS categories between 
the two observers was determined to be very good (k=0.89). 
Based on the results in consensus, of the 70 HCCs, 59 le-
sions were categorized as LR-4, and 11 lesions were cat-
egorized as LR-3. Of the 39 benign nodules, 30 lesions were 
categorized as LR-3, and 9 lesions were categorized as LR-
4. For the differentiation of HCC and benign nodules by us-
ing ROC analysis, LR-4 demonstrated an AUC value of 0.820 
(95% confidence interval [CI]: 0.730, 0.910), sensitivity of 
84.3% (59/70), and specificity of 76.9% (30/39).

Diagnostic performance of quantitative ADC values

As shown in Table 2, the interobserver reproducibility of 
each ADC parameter measurement showed good agree-
ment, with ICC values ranging from 0.77 to 0.88; the ADC 
values from the two measurements were averaged for 
analysis. The ADCmean, ADCmin, and ADCratio (lesion to liver) 

of HCCs were all significantly lower than those of benign 
nodules (p<0.001); ROC analysis showed that the AUC val-
ues ranged from 0.756 to 0.891 for the differentiation of 
HCC and benign nodules (Fig. 3A). The ADCstd of HCCs was 
significantly higher than that of benign nodules (p<0.001), 
and ROC analysis showed that the AUC value was 0.854 
(Fig. 3B). No significant difference was noted in ADCmax be-
tween HCCs and benign nodules (p=0.467). The diagnostic 
performance of ADC parameters with statistically significant 
differences is summarized in Table 3; the ADCmin showed 
optimal diagnostic efficacy with a cut-off value of 858×10−6 
mm2/s, sensitivity of 91.4% (64/70), and specificity of 
84.6% (33/39).

Additive diagnostic value of quantitative ADC values

The LI-RADS category and quantitative variables (ADCmean, 
ADCmin, ADCstd) and ADCratio (lesion to liver) were selected to 
identify the independent factors associated with differentia-
tion of HCC and benign nodules. Multivariate analysis showed 
that the LI-RADS category (odds ratio [OR]=12.50, 95% 
CI: 3.86∼23.30), ADCmin (OR=0.14, 95% CI: 0.05∼0.38), 
and ADCratio (lesion to liver) (OR=0.12, 95% CI: 0.03∼0.39) 
were the independent factors (Table 4). Based on the three 
independent factors, a nomogram model was constructed 
(Fig. 4A), and the calibration curve of the nomogram (Fig. 

Table 2.  Comparison of quantitative ADC parameters between HCCs and benign nodules

Parameter HCCs, n=70 Benign nodules, n=39 p ICC

ADCmean (×10−6 mm2/s) 1,071.6±131.7 1,179.8±1,501.7 <0.001 0.83

ADCmin (×10−6 mm2/s) 823.9±101.4 982.7±125.1 <0.001 0.77

ADCmax (×10−6 mm2/s) 1,393.6±170.2 1,421.3±187.5 0.467 0.81

ADCstd (×10−6 mm2/s) 166.5±104.1 93.9±66.0 <0.001 0.78

ADCratio (lesion to liver) 0.87±0.13 1.39±0.19 <0.001 0.88

ADC, apparent diffusion coefficient; ADCmean, mean ADC; ADCmin, minimum ADC; ADCmax, maximal ADC; ADCratio, mean ADC value ratio of lesion-to-liver parenchyma; 
ADCstd, ADC standard deviation; HCC, hepatocellular carcinoma.

Fig. 3.  ROC analysis of ADC parameters in distinguishing small HCCs from benign nodules with LR-3 and LR-4. (A) ROC analysis for ADCmean, ADCratio and 
ADCmin. (B) ROC analysis for ADCstd. ADC, apparent diffusion coefficient; ADCmean, mean ADC; ADCmin, minimum ADC; ADCratio, mean ADC value ratio of lesion-to-liver 
parenchyma; ADCstd, ADC standard deviation; HCC, hepatocellular carcinoma; ROC, receiver operating characteristic curve.
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4B) was plotted. The joint nomogram model showed good 
calibration and discrimination, with a C-index of 0.947. As 
shown in Table 4, a formula obtained from the three pa-
rameters weighted by their coefficients was constructed: di-
agnosis score=21.309+(2.886×LI-RADS category)–(0.013 

×ADCmin)–(11.189×ADCratio [lesion to liver]). Based on the 
diagnosis scores, the performance of the nomogram model 
was determined by using ROC analysis.

In comparison with the LI-RADS category alone, the 
combined nomogram model demonstrated a significant 

Table 4.  Results of multivariate analysis for nomogram model construction

Parameter Coefficient OR (95% CI) p

Intercept 21.309 – <0.001

LI-RADS category 2.886 12.50 (3.86–23.30) <0.001

ADCmin −0.013 0.14 (0.05–0.38) 0.005

ADCratio (lesion to liver) −11.189 0.12 (0.03–0.39) <0.001

ADCmin, minimum ADC; ADCratio, mean ADC value ratio of lesion-to-liver parenchyma; LI-RADS, liver imaging reporting and data system.

Fig. 4.  Nomogram construction, calibration, and performance assessment. (A) The LI-RADS, ADCratio [lesion to liver], and ADCmin were combined to plot the 
nomogram. (B) Calibration curves of the radiomics nomogram; the 45° red full line represents a perfect diagnosis, and the dotted blue lines represent the actual di-
agnosis performance of the nomogram. (C) ROC analysis showed that the combined nomogram model demonstrated good classification performance. ADCratio, mean 
ADC value ratio of lesion-to-liver parenchyma; ADCmin, minimum ADC; LI-RADS, liver imaging reporting and data system; ROC, receiver operating characteristic curve.

Table 3.  Performance evaluation of quantitative ADC parameters for differentiating HCCs and benign nodules

Parameter Cut-off value AUC (95% CI) Sensitivity Specificity

ADCmean (×10−6 mm2/s) 1,072 0.756 (0.663–0.849) 78.6% (55/70) 69.2% (27/39)

ADCmin (×10−6 mm2/s) 858 0.891 (0.830–0.952) 91.4% (64/70) 84.6% (33/39)

ADCstd (×10−6 mm2/s) 98 0.854 (0.784–0.924) 88.6% (62/70) 79.5% (31/39)

ADCratio (lesion to liver) 0.91 0.824 (0.745–0.903) 84.3% (59/70) 79.5% (31/39)

ADC, apparent diffusion coefficient; ADCmean, mean ADC; ADCmin, minimum ADC; ADCratio, mean ADC value ratio of lesion-to-liver parenchyma; ADCstd, ADC standard 
deviation; HCC, hepatocellular carcinoma.
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improvement in diagnostic performance for differentiating 
HCCs and benign nodules with LR-3 and LR-4 (Fig. 4C), with 
the AUC increasing from 0.820 (95% CI: 0.730–0.910) to 
0.967 (95% CI: 0.936–0.998) (p=0.001), sensitivity in-
creasing 84.3% from to 95.7% (p=0.045), and specificity 
increasing from 76.9% to 97.4% (p=0.014).

Discussion

In the present study, we explored the additive value of 
quantitative ADC values in the differentiation of small HCCs 
and benign nodules with LR-3 and LR-4 in Gd-DTPA-MRI of 
the cirrhotic liver. Several ADC parameters showed potential 
discriminative power, and the ADCmin showed the best diag-
nostic efficacy (AUC=0.891). The LI-RADS category, ADC-
min, and ADCratio (lesion to the liver) were identified as in-
dependent factors for diagnosing HCCs. In comparison with 
the LI-RADS category alone, the combined diagnostic model 
showed significantly better performance, with the AUC val-
ue increasing from 0.820 to 0.967. Our findings showed 
that the addition of quantitative ADCs could improve the 
discrimination of HCCs and benign nodules categorized as 
LR-3 and LR-4.

The LR-5 category has been verified to show extremely 
high specificity (up to 96%) in the diagnosis of HCC; how-
ever, its sensitivity was only approximately 50%.2,7 In this 
study, only cirrhotic nodules with LR-3 and LR-4 categories 
were selected for analysis, and when using LR-4 as a crite-
rion for diagnosing HCCs, the diagnostic specificity (76.9%) 
was limited. We found that the ADCmean, ADCmin, ADCratio 
(lesion to the liver), and ADCstd were significantly associat-
ed with the discrimination of small HCCs and benign nodules 
of LR-3 and LR-4 categories. The ADCmin yielded the best 
diagnostic performance, with an AUC of 0.891, sensitivity of 
91.4%, and specificity of 84.6%. This was consistent with 
Lee et al.’s study,18 in which the performance of ADCmin was 
significantly better than that of ADCmean for identifying early 
recurrence of HCC.

We also found that ADCstd was helpful for differentiating 
HCC from benign nodules, and the AUC value of ADCstd was 
slightly higher than those of ADCmean or ADCratio (lesion to 
the liver). ADCstd reflects the discrete distribution of signal 
intensity on ADC maps; thus, the significantly higher ADCstd 
of HCCs suggested that HCCs may show greater hetero-
geneity than benign nodules. This supported our previous 
studies in which MRI-based texture analysis showed poten-
tial value for the differentiation of small HCCs from dysplas-
tic nodules.23,24

As a novel, noninvasive, and visual diagnosis tool, nomo-
grams have been applied in various aspects of clinical re-
search, including discrimination of benign and malignant 
diseases,25 prediction of therapeutic response,26 and as-
sessment of survival prognosis.27,28 In this study, by com-
bining the independent contributing factors associated with 
the discrimination of HCCs and benign nodules, a nomo-
gram model consisting of three factors (LI-RADS category, 
ADCmin, and ADCratio [lesion to liver]) was constructed for 
assessing the combined diagnosis performance of these 
factors. This nomogram model showed good calibration 
and discrimination in comparison with the LI-RADS cate-
gory alone, and the nomogram demonstrated a significant 
improvement in diagnostic performance, with the AUC in-
creasing from 0.820 to 0.967, sensitivity increasing from 
84.3% to 95.7%, and specificity increasing from 76.9% to 
97.4%. Thus, our findings provided preliminary evidence 
that quantitative ADCs may show additive value for identi-
fying small HCCs and cirrhotic nodules categorized as LR-3 
and LR-4 in MRI.

There are several limitations of this study. First, this was 

a preliminary study performed in a single center; further 
multicenter studies with larger sample sizes are needed to 
validate its clinical application. Second, although all lesions 
were pathologically proven, not all of them were confirmed 
by surgery; thus, potential selection bias cannot be ruled 
out. Third, although hypointensity on the hepatobiliary 
phase in gadoxetic acid-enhanced MRI shows good perfor-
mance in identifying small HCCs,15,24 dynamic enhancement 
MRI with extracellular contrast agents was selected in this 
study because only a few patients underwent gadoxetic 
acid-enhanced MRI. Finally, the cohort in this study most-
ly consisted of patients with HBV-associated cirrhosis and 
non-cirrhotic HCC was not negligible; thus, the possibility of 
selection bias is unavoidable.

Conclusions

Several quantitative ADC parameters helped distinguish 
small HCC from benign nodules in patients with cirrhosis. 
The addition of quantitative ADCs could improve the iden-
tification of small HCC and benign nodules categorized as 
LR-3 and LR-4.
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