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Background: Preoperative microvascular invasion (MVI) prediction plays an important role in therapeutic 
decision-making of hepatocellular carcinoma (HCC). This study aimed to investigate the value of histogram 
based on the arterial phase (AP) of magnetic resonance imaging (MRI) with extracellular contrast agent 
compared with radiological features for predicting MVI of solitary HCC. 
Methods: In total, 113 patients with pathologically proven solitary HCC were retrospectively enrolled 
who received surgical resection and underwent preoperative abdominal MRI. The patients were divided 
into the ≤3 cm [small HCC (sHCC)] cohort and the >3 cm cohort. Based on pathological analysis of 
surgical specimens, the patients were classified into MVI negative (MVI−) and MVI positive (MVI+) groups. 
Peritumoral and intratumoral histogram features [mean, median, standard deviation (Std), coefficient of 
variation (CV), skewness, kurtosis] were acquired on AP subtraction images and radiological features [size, 
capsule, corona enhancement, corona enhancement thickness (CET), CET group]. Receiver operating 
characteristic (ROC) curve was constructed to assess predictive capability. Subgroup analysis of patients with 
a visible corona enhancement based on the CET cut-off value was performed. 
Results: None of the features extracted from the intratumor area were significantly different between the 
MVI+ and MVI− groups in both cohorts. Histogram defined peritumoral (peri-) mean, median, kurtosis, 
and radiological features including CET and CET group were associated with MVI in sHCCs. Peri-mean, 
median, Std and radiological features including incomplete capsule, CET, and CET group were associated 
with MVI in HCC >3 cm. In multivariate logistic regression analysis, the CET group and peri-mean were 
independent predictors for HCC >3 cm with an area under the curve (AUC) of 0.741. Peri-mean was an 
independent predictor for sHCC (AUC =0.798). Subgroup analysis of the corona enhancement using 8 mm 
as a cut-off value showed 100% sensitivity and negative predictive value (NPV). 
Conclusions: Peritumoral AP enhanced degree on MRI showed an encouraging predictive performance 
for preoperative prediction of MVI, especially in sHCCs. CET ≤8 mm could be used as a negative predictive 
marker for MVI.
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Introduction

Hepatocellular carcinoma (HCC) is the fifth most common 
type of cancer in China and the second leading cause of 
cancer-related death worldwide (1,2). Liver resection and 
transplantation are effective treatments for HCC in patients 
with preserved liver function (3-5). However, the high 
recurrence rate of 50–70% has a significant impact on the 
long-term survival outcomes after surgery for HCC (6-8). 
Microvascular invasion (MVI) is one of the crucial potential 
risk factors for early recurrence of HCC, even for solitary 
small HCC (sHCC) (9). Therefore, the definitive diagnosis 
of MVI in HCC preoperatively can guide treatment choice 
and avoid wasting medical resources.

Contrary to macrovascular invasion that can be detected 
by diagnostic imaging, MVI is a histologic finding that 
can only be diagnosed with histopathologic evaluation 
postoperatively, and preoperative prediction of MVI is 
still challenging (10). Many studies have reported that 
MVI of HCC can be predicted by radiological features, 
such as peritumoral enhancement, corona enhancement, 
or incomplete capsule, using contrast-enhanced methods 
such as computed tomography (CT) or dynamic contrast-
enhanced magnetic resonance imaging (MRI) (11-13). 
However, these predictors of MVI are far from perfect due 
to limited information or controversial predictive value. 
Therefore, more detailed investigations of quantitative 
information are needed for predicting MVI in HCC. 

Histogram analysis is a useful and straightforward 
quantitative method that can be used to calculate the 
differentiation of pixel gray distribution and is helpful for 
radiologists to make a more objective diagnosis (14,15). 
Studies on HCC have shown that MR histogram analysis 
has progressed on diagnosis, biologic behavior, and therapy 
response prediction (16-18). Huang et al. suggested that 
histogram analysis of MRI may be helpful in detecting 
MVI of HCC (19). In our previous study, the prediction of 
MVI was greatly improved through quantitative analysis of 
morphology on hepatobiliary phase images, but the results 
through histogram analysis on tumor status to predict 
MVI were unsatisfactory. Some reports have shown that 
preoperative MVI predictors were mainly found in the 
arterial phase (AP), but details on tumor status in the AP 
of MRI have not been elaborated (19,20). In this study, 

we aimed to improve the diagnostic value of MVI using 
histogram features of HCC on the AP images of dynamic 
contrast-enhanced MRI using extracellular contrast agent.

We present the following article in accordance with the 
STARD reporting checklist (available at https://dx.doi.
org/10.21037/qims-21-499).

Methods

Patients

This single-center retrospective study was approved by 
the Institutional Review Board at our institution and the 
informed consent requirement was waived. The study was 
conducted in accordance with the Declaration of Helsinki (as 
revised in 2013). From our institution’s medical database, 
we identified 170 patients with HCC undergoing surgery 
and preoperative contrast-enhanced MRI between January 
2018 and December 2019. In total, 113 consecutive patients 
were selected based on the following inclusion criteria: (I) 
histologically confirmed single HCC without evidence of 
gross vascular invasion on MRI; (II) no treatment before 
surgery; (III) gadoteric-acid-enhanced MRI within 14 days 
before surgery; (IV) HCC with full histological description 
available in the pathological report; and (V) good image 
quality (Figure 1). 

Clinical and histopathological evaluation 

The clinical data (age, sex and serum markers) were 
collected from medical records. Pathological characteristics 
including tumor size, Edmondson-Steiner grade, MVI status 
and fibrosis stage of background liver from surgical resection 
specimens were evaluated by two dedicated pathologists 
(>12 years of experience in abdominal pathology). MVI was 
defined as the presence of tumor cells in the vascular spaces, 
indicated by endothelial cell linings, of the surrounding 
hepatic tissue, microscopically assessed after hematoxylin 
and eosin (H&E) staining (Figure 2A-2D).

MRI

All patients underwent contrast-enhanced MRI using 
a 3.0-Tesla MR system (Ingenia, Philips Healthcare, 
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Figure 1 Patient selection for this study. HCC, hepatocellular carcinoma; MVI, microvascular invasion.

Figure 2 Tumor segmentation for histogram analysis. (A-D) Diagrams of tumor sampling for histology. MVI (asterisk), as identified in H&E-
stained sections near the margin of the tumor [I] and in the peritumoral region (≤1 cm) [J]. The arterial phase image (F) was subtracted from 
the pre-enhancement image (E) to obtain the subtraction image (G). The red region in the subtraction image (G) within 10 mm of the tumor 
contour was automatically created to obtain the histogram (H). HCC, hepatocellular carcinoma; MVI, microvascular invasion.
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Netherlands) with a 32-channel phased-array coil. Firstly, 
an axial T2-weighted single-shot turbo spin-echo sequence 
with a fat-suppressed respiratory trigger was performed for 
routine liver MRI with the following parameters: repetition 
time (TR)/echo time (TE) =1,000/70 ms, slice thickness/
gap =7/1 mm, field of view (FOV) =400 mm × 350 mm, 
and matrix size =208×207. Secondly, an axial dual-echo 
T1-weighted fast field-echo with breath-hold was also 
performed with TR/TE1/TE2 =8.7/1.15/2.3 ms, slice 
thickness/gap =7/1 mm, FOV =400 mm × 350 mm, and 
matrix size =252×211. Finally, a fat-suppressed dynamic 
3D T1-weighted sequence (TR/TE =3.7/1.32 ms, slice 
thickness/gap =4/−2 mm, FOV =400 mm × 350 mm, 
matrix size =252×207) with volumetric interpolation and 
breath-hold was performed before and after bolus injection 
of 0.1 mmol/kg gadoteric acid (Hengrui Pharmaceutical 
Co., Ltd., Jiangsu, China) with a flow rate of 2 mL/s. The 
dynamic enhanced sequence was performed among several 
phases including the pre-enhanced phase, AP (25 s), portal 
venous phase (55 s), equilibrium phase (90 s), and delayed 
phase (180 s).

Evaluation of radiological features on contrast-enhanced 
MRI

The conventional T1-weighted dynamic contrast-enhanced 
images were assessed by two abdominal radiologists (R1 
with 3 years and R2 both with 5 years experience). Both 
radiologists were aware that the lesions were HCC but 
were blinded to the MVI status and laboratory information. 
The following MRI features were evaluated by these two 
radiologists, and identified as potential imaging markers 
of MVI in previous studies (11,21): (I) tumor diameter, 
defined as the maximum diameter on pre-enhanced-phase 
T1-weighted imaging, classified into two size cohorts 
(≤3 cm and >3 cm); (II) corona enhancement, defined as 
a detectable enhanced portion of a crescent or irregular 
shape outside the tumor margin with broad contact to 
the tumor border on the AP, becoming isointense in the 
portal vein or delayed phase (22); (III) corona enhancement 
thickness (CET), if the corona enhancement was visible, we 
measured the maximum perpendicular distance from the 
tumor boundary to the edge of the corona enhancement; 
(IV) CET group, we grouped all cases into CET < cutoff 
value (including non-CET), and > cutoff value; and (V) 
radiological capsule appearance, categorized as complete, 
incomplete or absent. If the opinions of the radiologists 
differed, any disagreement was resolved by consensus.

Quantitative analysis on contrast-enhanced MRI 

For each patient, the tumor outline was traced by a third 
radiologist with 3-year of experience (R3) and another 
radiologist with 5-year of experience (R4) examined the 
results. Neither of these radiologists were involved in the 
evaluation of radiological features. All the quantitative 
parameters were extracted with an in-house software 
package based on MATLAB (MathWorks, Natick, MA, 
USA). Regions of interest (ROIs) were delineated manually 
on arterial-enhanced-phase images on the largest tumor 
cross-sectional area by referring to pre-enhanced-phase 
images. The intratumoral region was defined as the 
area within the radiologist-labeled tumor boundaries. 
The peritumoral ROI was dilated at a radius of 1 cm 
automatically (it was analyzed as pixel counts multiplied 
by pixel size) by a topology algorithm from the tumor 
margin. When the tumor margin was indistinct on arterial-
phase images, the ROI was drawn after referencing the 
tumor margin on pre-enhanced or delay-phase images. To 
observe the real enhancement degree, the final histogram 
features were extracted from arterial-phase subtraction 
images (arterial-phase images minus pre-enhanced-phase 
images), which were mapped from previous intratumoral 
and peritumoral ROIs. The peritumoral ROI signal 
intensity histogram parameters were obtained automatically, 
along with the calculated parameters such as peritumoral 
mean(peri-mean), peritumoral median(peri-median), 
peritumoral mode (peri-mode), peritumoral skewness(peri-
skewness), peritumoral kurtosis(peri-kurtosis), peritumoral 
standard deviation (peri-Std) and peritumoral coefficient of 
variation (peri-CV). The intratumoral ROI signal intensity 
histogram parameters were measured and named in the 
same way (Figure 2E-2H).

Statistical analysis 

According to the maximum tumor diameter, we divided 
all cases into sHCC (≤3 cm), and >3 cm HCC for analysis. 
All statistical analyses were performed using SPSS version 
22.0 for Windows (SPSS Inc., IL, USA). Statistical 
significance was set at P<0.05. For data with normal 
distribution, the independent t-test was used to compare 
continuous variables. The Mann-Whitney U test was used 
for continuous data with abnormal distribution. The χ2 
test or Fisher’s test was used for the categorical variables. 
Univariate and multivariate analyses were performed by 
logistic analysis. The receiver operating characteristic 
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(ROC) curve was drawn to determine the cut-off value 
of the parameters using the maximum Youden index. For 
each ROC curve, the area under the curve (AUC) was 
calculated. The DeLong test was performed to compare 
AUCs. The sensitivity, specificity, positive predictive value 
(PPV) and negative predictive value (NPV) were calculated. 
The interobserver variability for radiological features 
was assessed using the Kappa analysis (κ=0.00–0.20, poor 
agreement; κ=0.21–0.40, fair agreement; κ=0.41–0.60, 
moderate agreement; κ=0.61–0.80, good agreement; 
κ=0.81–1.0, excellent agreement). 

Results

Clinical data analysis

Clinical and pathological features are shown in Table 1. 
Thirty-seven (32.7%) patients had pathologically confirmed 
MVI+ HCC. In all tumors, tumor size in MVI+ patients 
was significantly larger than in MVI− patients. There 
were no significant differences in sex, age, hepatitis, 
cirrhosis, α-fetoprotein, aspartate aminotransferase, alanine 
aminotransferase, γ-glutamyltransferase, Child-Pugh class, 
or differentiation grade between MVI+ and MVI− in all 
tumors. 

Evaluation of radiological features 

The interobserver agreement between the two radiologists 
was high using radiological features to predict MVI. The 
level of agreement for capsule and corona enhancement 
was excellent (kappa: 0.812 and 0.871) and the agreement 
for thickness of the corona enhancement and irregular 
rim enhancement was good (kappa: 0.665 and 0.715). 
The results for further research were consensus decisions. 
Among the MRI features,  visibil ity of the corona 
enhancement had no significant effect on the prediction 
of MVI. However, CET was able to predict MVI in both 
cohorts: sHCC (P=0.001) and HCC >3 cm (P=0.009). 
Furthermore, the optimal cut-off value of 8 mm for CET 
was acquired from ROC analysis according to the Youden 
index, and we divided all cases into two groups [CET >8 mm;  
CET ≤8 mm (including absent)] (Figure 3). There were 
statistically significant differences for the CET group 
in predicting MVI in sHCC (P=0.034) and HCC >3 cm 
(P=0.046), respectively. There was also the difference in the 
incomplete capsule between MVI+ and MVI− in the HCC 
>3 cm cohort (P=0.022). These results are shown in Table 2.

Table 1 Baseline clinical and histopathological characteristics of the 
HCC patients

Characteristics MVI+ (n=37) MVI− (n=76) P

Sex

Male 31 65 0.808

Female 6 11

Mean age (year) 54.95±10.01 54.61±9.23 0.058

Hepatitis, n (%)

None 6 (16.2) 7 (9.2) 0.291

HBV 29 (78.4) 59 (77.6)

HCV 2 (5.4) 10 (13.2)

Cirrhosis, n (%)

None 6 (16.2) 19 (25.0) 0.291

Yes 31 (83.8) 57 (75.0)

AFP (ng/mL) 31.50  
(5.24–1,210.0)

13.24  
(4.21–315.95)

0.237

AST (U/L) 50.24±30.33 45.68±40.48 0.479

ALT (U/L) 85.55±65.46 78.80±56.45 0.999

GGT (U/L) 81.30±68.33 76.47±54.35 0.406

Child-Pugh class, n (%)

A 33 (89.2) 68 (89.5) 0.963

B 4 (10.8) 8 (10.5)

BCLC stage, n (%)

A0 0 (0) 8 (10.5) 0.059

A1 15 (40.5) 41 (53.9)

A2 3 (8.1) 3 (3.9)

A3 2 (5.4) 5 (6.6)

B 17 (45.9) 19 (25)

Differentiation grade, n (%)

Low 5 (13.5) 7 (9.2) 0.256

Moderate 3 (8.1) 15 (19.7)

High 29 (78.4) 54 (71.1)

Tumor size (cm) 5.00 (3.00–7.50) 3.50 (2.50–5.00) 0.025*

Continuous variables are presented as means ± standard  
deviations. Categorical variables are presented as n (%).  
Significant results are shown by asterisk (*, P<0.05). HCC, 
hepatocellular carcinoma; MVI, microvascular invasion; HBV, 
hepatitis B virus; HCV, hepatitis C virus; AFP, alpha-fetoprotein; 
AST, aspartate aminotransferase; ALT, alanine aminotransferase; 
GGT, gamma-glutamyltransferase; BCLC, Barcelona Clinic Liver 
Cancer.
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Histogram evaluation

In both two cohorts (sHCC and HCC >3 cm), significant 
differences were noted in peri-mean and peri-median 
calculated from arterial-phase subtraction images between 
MVI+ and MVI− in all tumors. There were also significant 
differences in peri-kurtosis in the sHCC, and peri-Std in the 
HCC >3 cm cohorts. There were no significant differences 
in any intratumoral parameters. These results are shown in 

Table 3 and Figure 4.

Univariate and multivariate logistic regression analyses 

The univariate and multivariate analyses are summarized 
in Table 4. In the sHCC, peri-mean, peri-median and peri-
kurtosis based on arterial-phase subtraction images, CET 
and CET group (grouping by CET =8 mm) were included 

Figure 3 Arterial-phase MR image and differences in distribution of histogram parameters between HCC with and without MVI. (A) 
Arterial-phase MR image shows HCC with MVI+ and CET >8 mm. (B) Arterial-phase MR image shows HCC >3 cm, MVI− with CET 
<8 mm. (C) Arterial-phase MR image shows sHCC (size ≤3 cm), MVI+ without corona enhancement. (D) Peritumoral ROI arterial-phase 
subtraction images for (A). (E) Peritumoral ROI arterial-phase subtraction images for (B). (F) Peritumoral ROI arterial-phase subtraction 
images for (C). (G) Histogram for (D). (H) Histogram for (E). (I) Histogram for (F). HCC with MVI (G,I) shows a relative frequency at 
higher signal than that of HCC without MVI (H). The red region in (D-F) indicate peritumoral ROI. HCC, hepatocellular carcinoma; 
MVI, microvascular invasion; CET, corona enhancement thickness; sHCC, small HCC; ROI, regions of interest.
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Table 2 Differences in radiologic features in HCC patients with and without MVI

Subgroup Characteristics MVI+ MVI− P

≤3 cm (n=41) Incomplete capsule, n (%) 7 (70.0) 12 (38.7) 0.189

Corona enhancement, n (%) 3 (30.0) 4 (12.9) 0.212

CET 4.50±8.13 1.19±3.57 0.001**

CET group, n (%) 3 (30.0) 1 (3.2) 0.034*

>3 cm (n=72) Incomplete capsule, n (%) 14 (51.9) 16 (35.6) 0.022*

Corona enhancement, n (%) 9 (33.3) 7 (15.6) 0.079

CET 4.44±6.74 1.93±5.67 0.019*

CET group, n (%) 9 (33.3) 5 (11.1) 0.046*

Data shown as n (%) or mean ± standard deviation. Significant results are shown by asterisks (*, P<0.05; **, P<0.01). HCC, hepatocellular 
carcinoma; MVI, microvascular invasion; CET, corona enhancement thickness, defined as the maximum vertical distance from the bound-
ary of the tumor to the edge of the corona enhancement; CET group, the corona enhancement thickness group, was divided into three 
parts (none, present and less than 8 mm, present and larger than 8 mm).

Table 3 Differences in histogram parameters of peritumor and intratumor in HCC patients with and without MVI

Parameters
HCC ≤3 cm (n=41) HCC >3 cm (n=72)

Positive Negative P Positive Negative P

Peri_mean 0.19±0.16 0.09±0.05 0.003** 0.12±0.75 0.73±0.47 0.001**

Peri_median 0.13±0.07 0.08±0.05 0.006** 0.11±0.07 0.06±0.05 0.005**

Peri_Std 0.07±0.04 0.05±0.02 0.065 0.06±0.03 0.05±0.02 0.006**

Peri_CV 0.57±0.20 0.74±0.50 0.291 0.69±0.30 0.97±0.64 0.066

Peri_skewness 0.58±0.90 1.15±0.69 0.059 1.08±0.84 1.16±0.74 0.677

Peri_kurtosis 3.85±1.83 5.41±2.12 0.043* 5.85±3.00 6.28±3.53 0.596

Intra_mean 0.21±0.08 0.21±0.09 0.911 0.16±0.09 0.16±0.13 0.945

Intra_median 0.22±0.08 0.22±0.10 0.997 0.16±0.10 0.15±0.11 0.681

Intra_Std 0.07±0.03 0.07±0.09 0.86 0.08±0.030 0.07±0.02 0.101

Intra_CV 0.35±0.12 0.33±0.20 0.835 0.60±0.33 0.79±1.12 0.379

Intra_skewness 0.44±0.44 0.28±0.74 0.522 0.20±0.68 0.22±0.80 0.918

Intra_kurtosis 3.01±0.41 3.43±1.12 0.255 3.52±1.12 3.97±1.92 0.271

Data shown as mean ± standard deviation. Significant results are shown by asterisks (*, P<0.05; **, P<0.01). HCC, hepatocellular  
carcinoma; MVI, microvascular invasion; Peri, peritumoral; Intra, intratumoral; Std, standard deviation; CV, coefficient of variation.

in the multivariate analysis. Peri-mean (P=0.004) was the 
only independent predictive factor for MVI in the sHCC 
cohort. In the HCC >3 cm cohort, mean, median, and Std 
of the peritumoral region and three radiological features 
(incomplete capsule, CET and CET group) were included 
in the multivariate analysis. Finally, peri-mean (P=0.003) 
and CET group (P=0.048) were identified as independent 

predictive factors of MVI (Figure 3A,3B,3G,3H).

Prediction of MVI

The ROC curves based on the selected independent factors 
in sHCC and HCC >3 cm are shown in Figure 5. The 
parameters including AUC, sensitivity and specificity for each 
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predictor are listed in Table 5. In the sHCC cohort, peri-mean 
alone had an AUC of 0.792 (P=0.0001) with a sensitivity and 
specificity of 100.00% and 54.84%, respectively (Figure 5A). 
When the peri-mean and CET group were combined, the 
AUC improved to 0.741 in the HCC >3 cm group, which 
was better than the CET group alone (AUC =0.611; P=0.01, 
DeLong test) but not significantly higher than the peri-
mean with the AUC of 0.705 (P=0.360, DeLong test) (Figure 
5B). When the univariate parameters from both sHCC and 
HCC >3 cm were pooled for the multiple logistic regression 
analysis (Figure 5C), peri-mean (OR, 6.198; 95% CI, 1.482–
15.382) and CET group (OR, 5.191; 95% CI, 1.324–7.771) 
were significant factors for MVI in all tumors with an AUC 
of 0.716 and 0.623, respectively (Figure 5D). When the above 
two features were combined, the AUC was 0.756 with a 

sensitivity and specificity of 59.46% and 77.63%, respectively. 

CET subgroup analysis

According to the CET, we performed a subgroup analysis 
with the corona enhancement visible cohort. CET >8 or 
≤8 mm, showed a significant difference [P=0.01, OR, 3.0 
(1.56–5.77)] between MVI+ and MVI− with an AUC 0.727, 
sensitivity 100%, specificity 45.45%, PPV 66.7%, and NPV 
100% (Table 6, Figure 3A,3C,3D,3F). 

Discussion

In this retrospective study, we established a quantitative 
analytical method to predict MVI in patients with HCC 

Figure 4 Violin plots of parameters for the MVI negative (MVI−) and MVI positive (MVI+) groups in sHCC (size ≤3 cm) and HCC >3 cm. 
(A) Peri-mean, (B) peri-std, (C) peri-skewness, (D) peri-kurtosis, (E), peri-median, (F) peri-CV. The peri-mean and peri-median average 
values for MVI+ were significantly higher than MVI− in both the sHCC and HCC >3 cm groups (P<0.01). The peri-Std average value for 
MVI+ was significantly higher than MVI- in the HCC >3 cm (P=0.006) group, but was not significantly different for MVI+ and MVI− in 
sHCC (P=0.065). The peri-kurtosis average value for MVI+ was significantly higher than that for MVI− in sHCC (P=0.043) but was not 
significantly different for MVI+ and MVI− in the HCC >3 cm group (P=0.596). The peri-CV and peri-skewness average value were not 
significantly different for MVI+ and MVI− in all HCCs. MVI, microvascular invasion; HCC, hepatocellular carcinoma; sHCC, small HCC; 
peritumoral mean, peri-mean; peritumoral median, peri-median; peritumoral skewness, peri-skewness, peritumoral kurtosis, peri-kurtosis; 
peritumoral standard deviation, peri-Std; peri-CV, peritumoral coefficient of variation.
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Table 4 Univariate and multivariate analyses of quantitative analysis and radiologist analysis

Variables
Univariate analysis Multivariate analysis

OR (95% CI) Cutoff value P OR (95% CI) P

≤3 cm

Peri_mean 7.07 (1.29–38.74) 0.083 0.024* 2.89 (0.74–11.26) 0.004**

Peri_median 5.78 (1.35–24.81) 0.075 0.018*

Peri_kurtosis 0.95 (0.90–1.00) 3.513 0.043*

CET 1.08 (0.944–1.241) 8 mm 0.037*

CET group 0.86 (0.01–0.063) – 0.047*

>3 cm

Peri_mean 4.25 (1.65–10.95) 0.057 0.003** 4.25 (1.65–10.95) 0.003**

Peri_median 3.29 (1.33–8.16) 0.047 0.010*

Peri_Std 25.53 (1.90–431.96) 0.061 0.014*

Incomplete capsule 4.57 (0.46–45.86) – 0.037*

CET 0.92 (0.869–1.042) 8 mm 0.046*

CET group 0.26 (0.08–0.90) – 0.033* 1.85 (1.01–3.38) 0.048*

Significant results are shown by asterisks (*, P<0.05, **, P<0.01). Variables with P<0.05 in univariate logistic regression analysis were  
included in the multivariate logistic regression analysis. OR, odds ratio; Peri, peritumoral; Std, standard deviation; CET, corona enhancement  
thickness, defined as the maximum vertical distance from the boundary of the tumor to the edge of the corona enhancement; CET group, 
the corona enhancement thickness group, was divided into two parts (none, present and less than 8 mm; present and larger than 8 mm).

based on arterial-phase MRI with extracellular contrast 
agent. Our results indicated that the mean enhanced 
degree of the peritumoral region showed better predictive 
performance, especially for sHCC. Compared with the peri-
mean, the combination of parameters including CET group 
and peri-mean did not significantly improve the predictive 
power in HCC >3 cm and all tumor sizes. 

His togram parameters  f rom intratumora l  and 
peritumoral regions of HCC were analyzed to examine 
their possible relationship with MVI. There was no 
significant difference in histogram features between the 
MVI+ and MVI− groups in intratumoral regions, which was 
different to the results of Huang et al. (19). We speculated 
that the reason of the difference was using arterial-phase 
subtraction images. Therefore, removing interference 
from T1-weighted inherent signaling (such as hemorrhage, 
cystic degeneration, necrosis), and only analyzed the tumor 
enhancement characteristics. Our results indicated that 
the intratumoral enhancement quantitative features were 
not significantly correlated with MVI in both groups. 
In addition, the autorecognition algorithm was used to 
perform the ROIs extended to a radius of 1 cm from the 

tumor margin with regard to the pathological sampling 
criteria. The histogram characteristics of this region showed 
significant correlations with MVI. 

Occasionally, the subtle signal changes are not easily 
visible surrounding a tumor for radiologists, histogram 
features can provide more imaging details and assist doctors 
in diagnosis as a more sensitive quantitative approach 
(14,15,19,23). In this study, peri-mean was an independent 
predictor of MVI in both cohorts (sHCC and HCC >3 cm).  
These results suggested that the mean degree of the 
peritumoral enhancement signal was associated with MVI: 
With the increase in peri-mean value, the possibility 
of MVI was greater. It may be related to peritumoral 
hemodynamic changes caused by positive MVI, and the 
enhancement degree of peritumoral is enhanced, reflecting 
the increase of peri-mean. Particularly in sHCC, only the 
peri-mean feature is taken as an independent predictive 
factor, and the diagnostic efficiency achieved a satisfactory 
result (AUC: 0.798). In addition, the sensitivity was up to 
100%, which may have significant clinical implications. 
Therefore, for sHCC patients, we suggest that a more 
cautious treatment strategy should be chosen for those 
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Figure 5 Comparison of ROC curves in predicting MVI for sHCC, HCC >3 cm and OR and 95% CI on the basis of multivariate logistic 
regression for each parameter. (A). In sHCC, the AUC of the peri-mean was 0.792. (B) In HCC >3 cm, the AUC of the combined model (AUC 
=0.741) was higher than that of the peri-mean (AUC =0.705) and CET group (AUC =0.611), respectively. (C) OR and 95% CI on the basis 
of multivariate logistic regression for both sHCC and HCC >3 cm. (D) In all tumors, the combined model demonstrated higher predictive 
ability with an AUC 0.756 than the peri-mean (AUC =0.716) and CET group (AUC =0.623), respectively. ROC, receiver operating 
characteristic; MVI, microvascular invasion; HCC, hepatocellular carcinoma; sHCC, small HCC; OR, odds ratio; AUC, area under the 
curve; CET, corona enhancement thickness; CI, confidence interval. 

with a peri-mean value higher than 0.083 (cutoff value), to 
avoid postoperative recurrence caused by non-anatomical 
hepatectomy. In addition, radiofrequency ablation was also 
not recommended for these sHCC patients.

The corona enhancement is a vital evaluation parameter 
on the AP, and was highly suggestive for predicting MVI in 
previous studies (11,24). However, this approach remains 
controversial. Reginelli et al. demonstrated that peritumoral 
enhancement was a non-significant factor for MVI in 
the hepatic AP of CT scans, similar to our results (25).  
We hypothesized that this may be due to the lower 
incidence of the corona enhancement on AP images in 
HCC patients. In the current study, incidence of the corona 
enhancement was merely 20.35% (23/113) in all cases, 
17.07% in sHCC (7/41), which could have influenced the 
diagnostic efficiency, especially the sensitivity. We further 
measured the thickness of the corona enhancement as a new 
variable, which has not been mentioned in previous studies, 

and found it was significantly related to MVI in univariate 
analysis, but not in multivariate analysis. When we regarded 
the cut-off value (8 mm) as the group value to divide cases 
into two groups [≤8 mm (including absent) and >8 mm], the 
CET group was another independent predictor in the HCC 
>3 cm group besides the peri-mean. In addition, we selected 
all corona-visible cases to perform a subgroup analysis. An 
NPV of 100% in HCCs with a CET ≤8 mm was obtained. 
Therefore, we suggest the following two points regarding 
the corona enhancement: Firstly, the diagnosis of MVI by 
the corona enhancement alone was not sufficient, CET 
should also be considered; secondly, CET <8 mm may be 
an essential negative biological marker of MVI. Therefore, 
curative resection should be carefully considered to avoid 
unnecessary liver transplantation and reduce wastage of 
medical resources for cases with a relatively smaller corona 
enhancement after excluding other risk factors.

It is known that tumor size may guide different clinical 
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Table 6 Corona enhancement thickness subgroup analysis

Corona enhancement thickness MVI+ (n=12) MVI− (n=11) OR (95% CI) P

≤8 mm 0 (0.0%) 5 (45.55%) 3.00 (1.56–5.77) 0.010

>8 mm 12 (100%) 6 (54.5%)

Sensitivity, 100%; specificity, 45.45%; PPV, 66.7%; NPV, 100%; AUC, 0.727 (0.573–0.882). MVI, microvascular invasion; PPV, positive  
predictive value; PPV, positive predictive value; AUC, area under receiver operating characteristic curve.

Table 5 Comparison of diagnostic performance of independent predictors for MVI of different sizes

Subgroup AUC (95% CI) Sensitivity Specificity PPV NPV

≤3 cm

Peri_mean 0.798 (0.644–0.907) 54.84% 100% 41.7% 100%

>3 cm

Peri_mean 0.705 (0.586–0.807) 100.00% 31.11% 46.60% 100.00%

CET group 0.611 (0.489–0.724) 33.33% 88.89% 64.30% 69.00%

Combined 0.741 (0.683–0.880) 88.89% 55.56% 54.50% 89.30%

All

Peri_mean 0.716 (0.625–0.798) 78.38% 52.63% 44.60% 83.30%

CET group 0.623 (0.406–0.597) 32.43% 92.11% 66.70% 33.70%

Combined 0.756 (0.714–0.869) 59.46% 86.84% 68.80% 81.50%

MVI, microvascular invasion; AUC, area under receiver operating characteristic curve; CI, confidence interval; PPV, positive predictive 
value; NPV, negative predictive value; Peri, peritumoral; CET group, the corona enhancement thickness group, was divided into two parts 
(none, present and less than 8 mm; present and larger than 8 mm).

therapeutic management (26,27). However, few studies have 
discussed MVI in groups according to tumor size (28,29). 
Our results showed that different features predicted MVI in 
the sHCC and HCC >3 cm cohorts. Peri-mean was the most 
valuable MVI predictor for HCCs, especially for sHCCs. 
However, it should be noted that CET was also a predictor 
in the HCC >3 cm cohort. Although the predictive power of 
the combination of these two parameters was not statistically 
significant compared with peri-mean alone (P=0.19, 
DeLong test), the combination still improved the diagnostic 
performance (AUC =0.756) to some extent for HCC >3 cm. 
Therefore, individualized evaluation criteria for different 
sized tumors should be proposed, which would guide more 
appropriate treatment options for HCC patients.

There were some limitations associated with this study. 
Firstly, the sample size was small and restricted to solitary 
HCC, especially sHCCs. Secondly, only three radiological 
features based on enhanced images were used to compare 
with the results from peritumoral region quantitative 
analysis, without importing other multi-parameters such as 

T2-weighted and diffusion-weighted imaging. Finally, the 
maximal cross-sectional areas of the tumors were analyzed 
instead of the whole volume of the lesions, even though it 
was the main observation slice for the radiologist and could 
provide more intuitive information, especially in small 
entities. Thus, further research with a large sample in a 
multicenter setting is necessary to prove the diagnostic power 
of the metrics identified and further radiomic analyze.

In conclusion, peritumoral histogram features on 
arterial-phase subtraction MRI can provide more confident 
prediction efficiency of MVI in HCC. Peritumoral mean 
enhanced degree on the histogram is a significant parameter 
for improving prediction of MVI, especially for sHCC. 
CET should also be considered rather than whether the 
corona enhancement is visible for MVI diagnosis in patients 
with HCC >3 cm.
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