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Purpose: The presence of microvascular invasion (MVI) is an unfavorable prognostic factor for hepatocellular carci-
noma (HCC). This study aimed to construct a nomogram-based preoperative prediction model of MVI, thereby
assisting to preoperatively select proper surgical procedures.
Methods: A total of 714 non-metastatic HCC patients undergoing radical hepatectomy were retrospectively selected
from Zhongshan Hospital between 2010 and 2018, followed by random assignment into training (N= 520) and val-
idation cohorts (N=194). Nomogram-based predictionmodel forMVI riskwas constructedby incorporating indepen-
dent risk factors of MVI presence identified from multivariate backward logistic regression analysis in the training
cohort. The performance of nomogramwas evaluated by calibration curve andROC curve. Finally, decision curve anal-
ysis (DCA) was used to determine the clinical utility of the nomogram.
Results: In total, 503 (70.4%) patients presented MVI. Multivariate analysis in the training cohort revealed that age
(OR: 0.98), alpha-fetoprotein (≥400 ng/mL) (OR: 2.34), tumor size (>5 cm) (OR: 3.15), cirrhosis (OR: 2.03) and γ-
glutamyl transpeptidase (OR: 1.61) were significantly associatedwithMVI presence. The incorporation offive risk fac-
tors into a nomogram-based preoperative estimation of MVI risk demonstrated satisfactory discriminative capacity,
with C-index of 0.702 and 0.690 in training and validation cohorts, respectively. Calibration curve showed good agree-
ment between actual and predicted MVI risks. Finally, DCA revealed the clinical utility of the nomogram.
Conclusion: The nomogram showed a satisfactory discriminative capacity of MVI risk in HCC patients, and could be
used to preoperatively estimate MVI risk, thereby establishing more rational therapeutic strategies.
Introduction

Hepatocellular carcinoma (HCC) is themost common primary liver can-
cer and the third leading cause of cancer-relatedmortality globally [1,2]. In
Asia-Pacific region, particularly China, the age-standardized incidence of
HCC is 14–36 per 100,000 men, much higher than the average global inci-
dence [3]. Partial hepatectomy and liver transplantation are considered as
the potentially curative approaches in patients with early- to intermediate-
stage HCC [4,5]. Nevertheless, the long-term outcomes of HCC patients are
far from satisfaction, largely due to the high recurrence rate, even in those
with early-stage HCC undergoing partial hepatectomy or liver transplanta-
tion [6]. Therefore, it is urgent to explore effective pre-operative indicators
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to identify the aggressiveness of HCC, which could thereby facilitate in pre-
cise decision-making.

A variety of studies have demonstrated that the presence of microvascu-
lar invasion (MVI) is associated with post-operative recurrence of HCC
[7–9]. MVI, an important histopathological prognostic factor correlated
with lower survival rate and an indicator for aggressive behavior of HCC
[7,10], is defined as microscopic tumor cell invasion into intrahepatic por-
tal vein or hepatic vein branches, subsequently leading to tumor cell dis-
semination and metastasis [11,12]. In consideration of the significantly
differential survival rate in HCC patients with or without MVI [7], it is crit-
ical to precisely identify patients withMVI prior to surgical intervention. In
addition, the presence or absence of MVI could affect the clinical options
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between hepatic resection and liver transplantation [13,14]. To be specific,
the absence of MVI is included within the new criteria for liver transplanta-
tion in HCC patients [14,15], while a wider resectionmargin is required for
curative treatment in the presence of MVI [13]. Therefore, the accurate
preoperative assessment of MVI presence can help clinicians to decide
appropriate surgical procedures. However, histopathological examination
of post-operative samples is currently considered as the only reliable diag-
nosis for MVI [7,16], which limits the clinical significance of MVI on
management-related decision-making.

To this end, multiple studies have revealed a series of non-invasive clin-
ical indicators for preoperative estimation ofMVI. Serum tumor biomarkers
and inflammatory biomarkers have been proposed for MVI risk estimation
[17,18]. Unfortunately, tumor biomarker can also be abnormally elevated
in patients with benign hepatic diseases. In a prospective study enrolling
855 patients with hepatitis C, alpha-fetoprotein (AFP) was frequently ele-
vated in those with chronic hepatitis C or cirrhosis [19]. Therefore, serum
biomarkers alone are not sufficient to predict the risk of MVI. Additionally,
radiomics signature has been reported as a predictive and prognostic bio-
marker for HCC [20]. Both computed tomography (CT) textural character-
istics [21] and gadoxetic acid-enhancedmagnetic resonance imaging (MRI)
features [22] have been suggested to be associatedwith early postoperative
recurrence of HCC. Nevertheless, these findings require prospective
validation.

Nomogram is a user-friendly statistical model that estimates a numeri-
cal probability for a given individual by integrating various variables
[23,24]. Thus, in the present study, we aimed to construct and to validate
a preoperative prediction model for the presence of MVI based on nomo-
gram analysis.
Table 1
Clinicopathological characteristics of patients.

Characteristics Training cohort (N = 520)

Total MVI (+) MVI (−

Age (year) 55 ± 11.4 54.9 ± 11.5 52.0 ±
Sex

Female 86(0.1654) 59(0.1625) 27(0.1
Male 434(0.8346) 304(0.8375) 130(0.

ALT (U/L)
≤44 373(0.7173) 259(0.7135) 114(0.
>44 147(0.2827) 104(0.2865) 43(0.2

TB (umol/L)
≤17.1 421(0.8096) 296(0.8154) 125(0.
>17.1 99(0.1904) 67(0.1846) 32(0.2

Albumin (g/dL)
≤3.5 501(0.9635) 353(0.9725) 148(0.
>3.5 19(0.0365) 10(0.0275) 9(0.05

AFP (ng/mL)
≤20 218(0.4192) 171(0.4711) 47(0.2
20–400 156(0.3) 110(0.303) 46(0.2
≥400 146(0.2808) 82(0.2259) 64(0.4

Cirrhosis
No 129(0.2481) 101(0.2782) 28(0.1
Yes 391(0.7519) 262(0.7218) 129(0.

HBsAg
Negative 108(0.2077) 82(0.2259) 26(0.1
Positive 412(0.7923) 281(0.7741) 131(0.

Tumor size (cm)
≤2 92(0.1769) 76(0.2094) 16(0.1
2–5 251(0.4826) 188(0.5179) 63(0.4
>5 177(0.3404) 99(0.2727) 78(0.4

Tumor number
Solitary 447(0.8596) 319(0.8788) 128(0.
Multiple 73(0.1404) 44(0.1212) 29(0.1

Tumor capsule
Yes 186(0.3577) 119(0.3278) 67(0.4
No 334(0.6423) 244(0.6722) 90(0.5

GGT (U/L)
≤50 256(0.4923) 200(0.551) 56(0.3
>50 264(0.5077) 163(0.449) 101(0.

Abbreviations: MVI, microvascular invasion; ALT, alanine aminotransferase; TB, t
glutamyltransferase.

2

Materials and methods

Patients and data collection

This retrospective study was approved by the Ethics Committee of
Zhongshan Hospital (No. 2018-430-T326). Eligible patients were selected
from Zhongshan Hospital between 2010 and 2018 based on the following
inclusion criteria: (1) histopathological diagnosis of HCC; (2) initially
treated by radical hepatectomy; (3) no distant metastasis at diagnosis;
and (4) no history of other malignant tumors. The exclusion criteria were
as follows: (1) received any anti-cancer therapy prior to hepatectomy;
(2) without complete clinicopathological data; (3) with macrovascular in-
vasion; and (4) unknown survival or less than one month. Finally, a total
of 714 pathologically-confirmed HCC patients who underwent hepatec-
tomy were selected in this study.

Clinicopathological variables were retrieved from medical records and
imaging examinations. The pre-operative laboratory indexes included ala-
nine aminotransferase (ALT), γ-glutamyl transpeptidase (GGT), total biliru-
bin (TB), albumin, AFP and hepatitis B serology. The assessment of cirrhosis
wasmainly based on ultrasonography or imaging examinations of liver. Ad-
ditionally, patient demographics (age and sex) and tumor features (tumor
size, tumor number and tumor capsule) were also collected and analyzed.
To be specific, tumor features were analyzed and determined based on pre-
operative CT independently by two experienced radiologists.

After radical hepatectomy, all surgical samples were pathologically ex-
amined, especially for the presence of MVI. In the present study, MVI was
defined as the microscopic presence of tumor emboli in hepatic veins, por-
tal veins and lymphatic ducts lined by endothelium [10,25].
Validation cohort (N = 194)

) Total MVI (+) MVI (−)

11.1 55 ± 10.0 55.6 ± 10.0 51.9 ± 11.1

72) 24(0.1237) 23(0.1643) 1(0.0185)
828) 170(0.8763) 117(0.8357) 53(0.9815)

7261) 137(0.7062) 101(0.7214) 36(0.6667)
739) 57(0.2938) 39(0.2786) 18(0.3333)

7962) 160(0.8247) 118(0.8429) 42(0.7778)
038) 34(0.1753) 22(0.1571) 12(0.2222)

9427) 189(0.9742) 135(0.9643) 54(1)
73) 5(0.0258) 5(0.0357) 0(0)

994) 88(0.4536) 68(0.4857) 20(0.3704)
93) 58(0.299) 43(0.3071) 15(0.2778)
076) 48(0.2474) 29(0.2071) 19(0.3519)

783) 51(0.2629) 34(0.2429) 17(0.3148)
8217) 143(0.7371) 106(0.7571) 37(0.6852)

656) 48(0.2474) 32(0.2286) 16(0.2963)
8344) 146(0.7526) 108(0.7714) 38(0.7037)

019) 38(0.1959) 33(0.2357) 5(0.0926)
013) 77(0.3969) 64(0.4571) 13(0.2407)
968) 79(0.4072) 43(0.3071) 36(0.6667)

8153) 162(0.8351) 119(0.85) 43(0.7963)
847) 32(0.1649) 21(0.15) 11(0.2037)

268) 67(0.3454) 40(0.2857) 27(0.5)
732) 127(0.6546) 100(0.7143) 27(0.5)

567) 98(0.5052) 78(0.5571) 20(0.3704)
6433) 96(0.4948) 62(0.4429) 34(0.6296)

otal bilirubin; AFP, α-fetoprotein; HBsAg, hepatitis B surface antigen; GGT, γ-



Table 2
Univariate logistic regression analysis of MVI presence based on preoperative data
in the training cohort.

Variable OR (95% CI) P value

Age (year) 0.98 (0.96–0.99) 0.007
Sex
Female Reference
Male 0.93 (0.57–1.54) 0.791

ALT (U/L)
≤44 Reference
>44 0.94 (0.62–1.43) 0.769

TB (umol/L)
≤17.1 Reference
>17.1 1.13 (0.71–1.81) 0.61

Albumin (g/dL)
≤3.5 Reference
>3.5 2.15 (0.85–5.39) 0.11

AFP (ng/mL)
≤20 Reference
20–400 1.52 (0.95–2.44) 0.081
≥400 2.84 (1.79–4.50) 0.001

Cirrhosis
No Reference
Yes 1.78 (1.11–2.84) 0.013
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Construction and validation of nomogram

Patients were randomly into to the training cohort (N = 520) and the
validation cohort (N=194) by setting seed inR software. According to uni-
variate logistic regression analysis and multivariate backward logistic re-
gression in the training cohort, five independent risk factors (including
age, AFP level, tumor size, cirrhosis and GGT level) were used to formulate
a nomogram model for MVI prediction. Afterwards, the nomogram model
was assessed in the validation cohort.

The performance of nomogram-based prediction of MVI risk was evalu-
ated by calibration curves in both training and validation cohorts. Besides,
receiver operating characteristics (ROC) curves were plotted, followed by
calculation of areas under curve (AUCs) of ROC curves, aiming to investi-
gate the overall performance of this nomogram model. Finally, decision
curve analysis (DCA) was conducted to assess the net benefit and clinical
utility of the prediction model. In DCA, the decision curve was compared
with extreme cases of treating all or none patients. And greater net benefit
over treating all and none patients of a certain model indicated its clinical
utility [26,27]. Because hepatitis B virus (HBV) infection is a dominant eti-
ology of HCC in China [28], we further investigated the discriminative ca-
pacity of this nomogram model in HBV-positive and HBV-negative HCC.
HBsAg
Negative Reference
Positive 1.47 (0.90–2.39) 0.114

Tumor size (cm)
≤2 Reference
2–5 1.59 (0.86–2.93) 0.135
>5 3.74 (2.02–6.92) <0.001

Tumor number
Solitary Reference
Multiple 1.64 (0.98–2.74) 0.061

Tumor capsule
Yes Reference
No 1.53 (1.04–2.24) 0.032

GGT (U/L)
≤50 Reference
>50 2.21 (1.50–3.26) <0.001

Abbreviations: MVI,microvascular invasion; OR, odds ratio; CI, confidence interval;
Statistical analysis

Continuous variables were shown means ± standard deviation, which
were compared by Student's t-test. Chi-square test was used to compare cat-
egorical variables. Univariate logistic regression model was used to explore
possible risk factors associated with the presence of MVI. And variables
with P value< 0.1 were subsequently incorporated intomultivariate back-
ward logistic regression to identify independent risk factors of MVI pres-
ence. The odds ratio (OR) and 95% confidence intervals (CIs) were
presented. Statistical analysis was performed using IBM SPSS Statistics soft-
ware version 13.0 (SPSS, Chicago, IL) and R software for Windows (version
R-3.4.3, the R Foundation for statistical computing). A P < 0.05 indicated
statistical significance and all statistical comparisons were two-sided.
ALT, alanine aminotransferase; TB, total bilirubin; AFP, α-fetoprotein; HBsAg: hep-
atitis B surface antigen; GGT, γ-glutamyltransferase.

Table 3
Multivariate backward logistic regression analysis of MVI presence based on preop-
Results

Clinicopathological characteristics

During the study period, a total of 714 HCC patients who received par-
tial hepatectomy were enrolled. Of them, 520 and 194 patients were cate-
gorized into the training cohort and validation cohort, respectively. The
baseline clinicopathological characteristics of all HCC patients were sum-
marized in Table 1. Generally, the clinicopathological data were similar be-
tween the two cohorts. Pathologically confirmedMVI was identified in 363
(69.8%) and 140 (72.2%) patients in the training and validation cohorts,
respectively.
erative data in the training cohort.

Variable β OR (95% CI) P value

Age (year) −0.02 0.98 (0.96–1.00) 0.032
AFP (ng/mL)
≤20 Reference
20–400 0.38 1.46 (0.89–2.4) 0.132
≥400 0.85 2.34 (1.44,3.82) <0.001

Tumor size (cm)
≤2 Reference
2–5 0.45 1.57 (0.83–2.97) 0.167
>5 1.15 3.15 (1.61–6.17) <0.001

Cirrhosis
No Reference
Yes 0.71 2.03 (1.22–3.36) 0.005

GGT (U/L)
≤50 Reference
>50 0.478 1.61 (1.05–2.47) 0.028

Abbreviations: MVI,microvascular invasion; OR, odds ratio; CI, confidence interval;
AFP, α-fetoprotein; GGT, γ-glutamyltransferase.
Univariate and multivariate analyses for risk factors of MVI presence

Univariate logistic regression analysis was used to determine the risk
factors for MVI presence based on preoperative variables. As shown in
Table 2, age (OR=0.98, P=0.007), AFP (OR=2.84, P=0.001), cirrho-
sis (OR = 1.78, P = 0.013), tumor size (OR = 3.74, P < 0.001), tumor
number (OR = 1.64, P = 0.061), tumor capsule (OR = 1.53, P = 0.032)
and GGT (OR = 2.21, P < 0.001) were associated with the presence of
MVI in the training cohort. The above variables were further incorporated
into multivariate backward logistic regression model according to the cut-
off P value < 0.1 in univariate analysis. As a result, age (OR = 0.98, P =
0.032), AFP (OR = 2.34, P < 0.001), tumor size (OR = 3.15, P <
0.001), cirrhosis (OR = 2.03, P = 0.005) and GGT (OR = 1.61, P =
0.028) were found to be independently associated with the presence of
MVI (shown in Table 3).
3

Construction and validation of nomogram-based preoperative MVI prediction

In multivariate analysis of the training cohort, we identified five inde-
pendent risk factors with significant association with MVI presence. Thus,
the five factors were used to construct a nomogrammodel for preoperative
MVI estimation. As shown in Fig. 1, age exerted the largest effect on the



Fig. 1. Nomogram to preoperatively estimate the risk of MVI presence in hepatocellular carcinoma. To use the nomogram, find the position of each variable on the
corresponding axis, draw a line to the points axis for the number of points, add the points from all of the variables, and draw a line from the total points axis to determine
the MVI probabilities at the lower line of the nomogram. MVI, microvascular invasion; AFP, α-fetoprotein; GTT, γ-glutamyltransferase.
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presence of MVI, with a maximal score of 100 points. The points were ap-
proximately 60, 80, 50 and 35 for AFP ≥ 400 ng/mL, tumor size >5 cm,
with the presence of cirrhosis and GGT > 50 U/L, respectively. The nomo-
gram showed good accuracy in MVI risk prediction, with a C-index of
0.702. Calibration plot displayed good consistency between actual MVI
risk confirmed by pathological examination and predicted risk of MVI
(Fig. 2A).

In the validation cohort, the C-index was 0.690 for MVI prediction
based on nomogram analysis. Similarly, the calibration curve showed
good agreement of observed MVI risk with predicted MVI risk (Fig. 2B).

Assessment of the performance of nomogram model

To evaluate the predictive ability of the nomogram-based prediction
model for MVI risk, ROC curve was utilized. As shown in Fig. 3A and B,
the AUCwas 0.702 and 0.690 in the training and validation cohorts, respec-
tively. According to the DCA results, the present nomogram model
Fig. 2. Validity of the predictive performance of the nomogram in estimating the risk of
194). The distribution of the predicted probabilities ofMVI presence is shown at the botto
the observed frequencies of MVI presence by the deciles of the predicted probability. MV
characteristic.
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provided a greater standardized net benefit compared to “treat-all” and
“treat-none” strategies when the risk threshold ranged approximately
from 0.3 to 0.6 in both cohorts (Fig. 4). In consideration of the possible ef-
fects of HBV status on MVI risk, patients were further divided into HBV-
positive and HBV-negative groups in both cohorts based on hepatitis B sur-
face antigen (HBsAg) status. As shown in Supplementary Fig. 1, among
HBV positive patients, the AUC was 0.6915 and 0.6916 in the training co-
hort and validation cohort, respectively. In patients with negative HBV in-
fection, the AUC was 0.6921 and 0.6953 in the training cohort and
validation cohort, respectively. The ROC curve indicated comparably dis-
criminative capacity of this nomogram-based predictive model of MVI in
HCC developed from viral hepatitis and non-viral hepatitis.

Discussion

Patients with early- to intermediate-stage HCC are the major subjects
undergoing curative therapies. However, even with the great advance in
MVI presence in the training cohort (A, N= 520) and the validation cohort (B, N=
mof the graphs, separating those withMVI (+) andMVI (−). The triangles indicate
I, microvascular invasion; C index, concordance index; and ROC, receiver operating



Fig. 3. Receiver operating characteristic (ROC) curve and the under curve (AUCs) of ROC curves in the training cohort (A, N= 520) and the validation cohort (B, N= 194).
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hepatectomy and liver transplantation, the long-term prognosis of the
above population is still poor, with high recurrence rates after primary re-
section [29]. Among the factors associatedwith tumor recurrence, the pres-
ence of MVI has been considered as a marker of aggressive tumor behavior,
which could greatly affect patient prognosis and tumor recurrence, espe-
cially in patients undergoing curative treatment [30–32]. In this present
study, our analysis suggested that younger age, higher AFP and GGT levels,
larger tumor size and cirrhosis were independent risk factors for MVI
presence.

In consideration of the roles ofMVI presence on post-operative outcome
and pre-operative clinical decision-making, the actual pre-operative estima-
tion of MVI presence has been investigated in a variety of studies [32–35].
Imaging examinations, serum biomarkers and tissue features are the major
variables that have been incorporated into different prediction models of
MVI risk [32,33,36]. Preoperative non-smooth tumor margin on CT has
been proposed to be associated with the presence of MVI [34,36]. Elevated
AFP level is the most widely-recognized serum marker for predicting MVI
risk. In a meta-analysis enrolling 20 observational studies, Rodríguez-
Perálvarez et al. [32] demonstrated that higher AFP level, larger tumor
size, incomplete tumor capsule and multifocal lesions were associated
with higher risk of MVI presence in advanced-stage HCC. Here, in our
study by including 714 patients with stage I–III HCC, higher AFP level
and larger tumor size were also significantly associated with MVI risk. Ad-
ditionally, age, cirrhosis and GGT level have been identified as independent
risk factors associated with MVI risk. We report that a younger age gener-
ally suggests a higher risk of MVI. However, age exerts a paradoxical effect
on the prognosis of HCC [37]. And Shen et al. [25] has demonstrated that
Fig. 4. Decision curve analysis for the nomogram in predicting MVI presence in
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an elder age is associated with higher risks of MVI presence. Cirrhosis is a
well-defined indicator for poor prognosis in HCC [38]. GGT is an important
enzyme reflecting liver function. ElevatedGGT level is associatedwithHCC
recurrence and poor survival, possibly because GGT level is associated with
worse liver function and the degree of malignancy of HCC [39,40].

Nomogram has been recognized as a user-friendly prediction tool with
high accuracy and good discriminative power [23,41], which has been
widely used to predict prognosis and recurrence of tumor patients [24].
In our study, the five clinicopathological variables significantly associated
with MVI presence were incorporated into a preoperative estimation
model of MVI risk based on nomogram. In both training and validation co-
horts, the calibration curves revealed good agreement between the pre-
dicted MVI risk and actual MVI presence. The AUC values were 0.702 and
0.690 in the training cohort and validation cohort, respectively. Addition-
ally, DCA curves showed greater net benefit of the established nomogram
model, indicating its clinical usefulness.

To evaluate the performance of nomogram model, we assessed the sen-
sitivity and specificity of the model, as manifested by ROC curve. Calibra-
tion plot showed good agreement between predicted MVI risk and actual
MVI presence. For clinical use of this nomogram-based model, DCA was
used to calculate the standardized net benefit, where risk threshold be-
tween 0.3 and 0.6 indicated greater net benefit. Therefore, our nomogram
serves as a non-invasive preoperative predicting method to assess MVI risk
in HCC patients.

Our study covers both patients with viral hepatitis and non-viral hepati-
tis, while the majority of previous studies focus on HBV-related HCC
[33,42,43]. ROC curves in subgroup analysis shows relatively satisfactory
the training cohort (A, N = 520) and the validation cohort (B, N = 194).
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discriminative performance of the nomogrammodel regardless of the HBV
infection status, indicating that our findings might be comparably suitable
for HCC developed from both viral hepatitis and non-viral hepatitis. How-
ever, there are several limitations in our study. To begin with, it is a retro-
spective study, thus selection bias could be not excluded. And prospective
studies are warranted to further validate the reliability of the nomogram.
Secondly, the use of CT might bring potential limitation. Although CT is
commonly used for HCC evaluation, it is still inferior to MRI. Finally, be-
cause MVI status is not the only factor determining therapeutic strategies
for HCC, other relevant factors should also be taken into consideration, in-
cluding liver function reserve and performance status.

To sum up, five clinicopathological variables (age, AFP level, tumor
size, cirrhosis and GGT level), independent risk factors for MVI presence
in HCC patients, were incorporated into a nomogram model. This
nomogram-based prediction model provided optimal preoperative estima-
tion of MVI risk in non-metastatic HCC patients.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.tranon.2020.100875.
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