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Abstract

Background Microvascular invasion (MVI) relates to poor survival in hepatocellular carcinoma (HCC) patients. In this study, we
aim at developing a nomogram for MVI prediction and potential assistance in surgical planning.

Methods A total of 357 patients were assigned to training (z = 257) and validation (z = 100) cohort. Univariate and multivariate
analyses were used to reveal preoperative predictors for MVI. A nomogram incorporating independent predictors was construct-
ed and validated. Disease-free survival was compared between patients, and the potential of the predicted MVI in making surgical
procedure was also explored.

Results Pathological examination confirmed MVI in 140 (39.2%) patients. Imaging features including larger tumor, intra-
tumoral artery, tumor type, and higher serum AFP independently correlated with MVI. The nomogram showed desirable
performance with an AUROC of 0.803 (95% CI, 0.746-0.860) and 0.814 (95% CI, 0.720-0.908) in the training and validation
cohorts, respectively. Good calibration were also revealed by calibration curve in both cohorts. The decision curve analysis
indicated that the prediction nomogram was of promising usefulness in clinical work. In addition, survival analysis revealed that
patients with positive-predicted M VI suffered a higher risk of early recurrence (P < 0.01). There was no difference in disease-free
survival between anatomic or non-anatomic resection in large HCC or small HCC without nomogram-predicted MVI. However,
anatomic resection improved disease-free survival in small HCC with nomogram-predicted MVI.

Conclusions The nomogram obtained desirable results in predicting MVI. Patients with predicted MVI were associated with
early recurrence and anatomic resection was recommended for small HCC patients with predicted MVI.
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Introduction

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/511605-019-04140-0) contains supplementary
material, which is available to authorized users.

Hepatocellular carcinoma (HCC) ranks as the third leading
cause of cancer death." Although HCC can potentially be
cured through liver transplantation or resection at early stage,
the long-term survival outcomes are still far from satisfactory
due to recurrence rates up to 70% within 5 years.” The inva-
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sion of tumor cells in the intrahepatic vessels is defined as
microvascular invasion (MVI) and relates to the aggressive-
ness of HCC. Together with tumor size, number, differentia-
tion, and some other factors, MVI is well-acknowledged as
predictor for unfavorable prognosis.”* However, the diagno-
sis of MVI can only be acquired through pathological exam-
ination after surgery, which has little value in preoperative
management.

Many efforts have been taken to illustrate the relationships
between MVI and preoperative parameters. Serum alpha-
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fetoprotein (AFP)>® and des-gamma-carboxy prothrombin
(DCP)”*® have been proved to be predictors for MVI in patients
with HCC. However, the cutoff values of serum biomarkers are
debatable’ and they can also abnormally elevate in patients with
chronic liver diseases.'® With the rapid development of radio-
logical technology, magnetic resonance (MR) imaging provide
reliable assessment of HCCs'! and its potential in MV predic-
tion have been reported in recent years. MR imaging features
such as peritumoral enhancement,lz’13 non-smooth margins,14
and lower apparent diffusion coefficient (ADC) value'>'® are
widely used in MVI prediction. Unfortunately, which feature
best reflects the presence of MVI remains controversial. In ad-
dition, it is impractical to achieve high specificity and sensibil-
ity at the same time using a single feature. There were also some
attempts to construct multifactor prediction models for MVI,
but the generalization ability remained ambiguity due to limited
sample size,!” and selection bias.® For the moment, there were
still limited preoperative diagnostic models combining MR im-
aging features and serum biomarkers for predicting MVI.
Moreover, the performance of these models in predicting pa-
tients’ recurrence and making preoperative treatment decisions
remained unclear.

Surgical resection is the primary treatment for HCC, but the
optimal surgical strategy is under debate.'® Ideal hepatectomy
should both remove the tumor burden and preserve enough
functional reserve of the diseased liver. Anatomic resection is
praised for complete removal of the tumor-bearing portal
territory,'*2° but is also criticized for removal of more non-
cancerous, functional liver paxrenchyrna.m*23 Therefore, iden-
tifying individuals suitable for anatomic resection is of great
importance. It was supposed that patients with unfavorable
tumor characteristics, such as M V1, will benefit from anatomic
resection.”* However, there is hardly any study exploring the
application of predicted MVI in making surgical procedures
preoperatively.

In this study, we retrospectively analyzed clinical and im-
aging features in patients with single HCC, aiming at reveal-
ing risk factors of MVI. We also developed and validated a
preoperative diagnostic model for MVI. Moreover, we probed
into its potential in making surgical procedures.

Materials and Methods
Study Population

Six hundred thirty-six consecutive HCC patients received cu-
rative liver resection at the Department of Hepatobiliary
Surgery, Cancer Hospital, Chinese Academy of Medical
Sciences, between January 2015 and December 2017. The
inclusion criteria were listed as follows: (1) single HCC with-
out satellite lesions, macrovascular invasion, or extrahepatic
metastasis according to preoperative evaluation; (2) patients

who received contrast-enhanced liver MR within 1 month be-
fore surgery, and the images were qualified for evaluation; (3)
patients without previous anticancer treatment; and (4) pa-
tients without other malignancy prior to surgery. Patients with
preoperatively confirmed multiple lesions or satellite nodules
were excluded for the following reasons: (1) multiple tumors
were categorized to more advanced stages comparing to single
tumor regardless of the presence of microvascular invasion,
(2) it was impossible to evaluate the effect of each tumor on
elevated serum tumor markers due to the heterogeneity of
HCCs, and (3) satellite nodules were probably originated from
micrometastases in the intrahepatic vessels.?

Clinical and Pathological Characteristics

All patients received routine laboratory tests, contrast-
enhanced MR, and preoperative evaluation, and then
underwent curative resection. Either anatomic or non-
anatomic resection was performed according to the location
of the tumor, the condition of the patient’s liver, and surgeon
preference. All patients received contrast-enhanced computed
tomography (CT) or MR every 3—6 months after surgery to
evaluate intrahepatic recurrence. If necessary, chest CT scans,
bone scintigraphy, or positron emission tomography-
computed tomography (PET-CT) were applied to evaluate
distant metastasis. Patients with elevated serum AFP were
considered as suspected recurrence, and other diagnostic pro-
cedures were required. Recurrence was defined as the pres-
ence of new nodules having radiologic features compatible
with HCC from two imaging modalities, or pathological con-
firmation of new nodules after biopsy or surgical resection.
The interval between surgery and the diagnosis of the first
recurrence was defined as disecase-free survival (DFS). The
last follow-up date was November 10, 2018.

The pathological criteria for HCC were detailed in the pre-
vious study.”® Briefly speaking, the specimen were cut con-
secutively at the maximal diameter and fixed within 30 min
after surgical removal, followed by seven-point baseline sam-
pling. Both sampling from adjacent peritumoral liver tissues
(1 cm from tumor margin) and distant peritumoral liver tis-
sues (> 1 cm from tumor margin) were conducted to evaluate
MVI. Cancer cell nest in the endothelial vascular lumen was
defined as MVI, including intra-tumoral and extra-tumoral
MVI. CD34 staining was conducted to assist M VI identifica-
tion if necessary.

MR Imaging Protocol

All MR imaging was performed using a 3.0-T MR system
(Discovery MR750 3.0 T, GE, USA) with an eight-element
phased-array wrap-around surface coil. The baseline MR im-
aging included the following sequences: (1) T1-weighted, in-
phase and opposed-phase sequence (TR 300 ms, TE 2.4/
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5.8 ms, flip angle 80°, matrix size 288%192, NEX 0.75, sec-
tion thickness 5—8 mm, field of view (FOV) 3542 cm, breath
hold 18-21 s); (2) T2-weighted sequence (TR 6000—8000 ms,
TE 90 ms, ETL 14-21, matrix size 288*224, NEX 2, section
thickness 5—-8 mm, FOV 35-42 cm); and (3) diffusion-
weighted images (DWI) were acquired using respiratory-trig-
gered, single-shot, echo-planar imaging (TR: 6000-8000 ms,
TE 65.8 ms, matrix size 128*128, NEX 2, section thickness
5-8 mm, FOV 35-42 cm) with b values of 800 s/mm>.
Dynamic imaging was acquired using liver acquisition
with volume acceleration-extended volume (LAVA-XV) se-
quence (TR/TE 3.7/1.1 ms, flip angle 15°, matrix size
288*%192, section thickness 4—4.8 mm, FOV 35-42 cm).
Arterial, portal venous, and equilibrium phase images were
obtained at 20-25 s, 65 s, and 2 min after the injection of
gadolinium-based contrast media, respectively.

Image Analysis

Two specialist radiologists (F.Y. and Y.S. with 15 and 13 years’
experience in MR diagnosis, respectively) who were blind to
the patients’ clinical, pathological, and follow-up information
reviewed the preoperative MR images. After independently
evaluation, a discussion was required to reach a consensus
when a discrepancy occurred.

Intra-tumoral hemorrhage was defined as hyperintense por-
tion inside the tumor both in the fat-saturated T1-weighted se-
quence and opposed-phase images (Fig. 1(A)). The presence of
intra-tumoral fat®” was defined as an area of tumor with a signal
intensity decrease in opposed-phase compared with the in-phase
image (Fig. 1(B)). Intra-tumoral artery is the presence of discon-
tinuous and tortuous arterial enhancement within the tumor in

arterial phase (Fig. 1(C)).%® Intra-tumoral necrosis referred to a
region within the tumor that showed an absence of enhancement
on multiphasic contrast-enhanced MR (Fig. 1(D)).

Single nodule with a smooth margin was categorized ac-
cording to the existence of radiologic capsule. The capsule
was assessed in the portal venous or equilibrium phases and
related to a thin liner-enhancing structure enveloping the tumor.
Radiological capsule enveloping more or less than 90% of the
tumor referred to a complete or incomplete capsule, respective-
ly. A situation where no radiological capsule could be identified
was defined as an absence of capsule (Fig. 1(E)). With reference
to previous study,”’ nodules with nonsmooth margin were di-
vided into three types as follows. Focal extranodular extension
related to a tumor with a minute budding portion at its periphery
protruding into the liver parenchyma (Fig. 1(F)). A tumor had
an irregular surface and unclear boundaries with liver parenchy-
ma were defined as focal infiltrative margin (Fig. 1(G)).
Multinodular confluent appearance referred to those irregular
lesions formed by a cluster of small, contiguous nodules, and
irregular linear enhancement inside the lesions could be ob-
served in the portal venous phase (Fig. 1(H)).

The tumor diameter was measured in both axial and cor-
onal images and the maximum was recorded. The signal
intensity (SI) was measured by drawing regions of interest
(ROIs) in the tumor and hepatic parenchyma on DWI with b
value of 800 s/mm?. The area of necrosis, hemorrhage, and
main vessels were excluded during the measuring process.
The ratio between SI of the tumor and normal hepatic pa-
renchyma was recorded as DWI ratio. Similar processes
were performed in measuring the ADC values on the ADC
map, with reference to the DWI. Mean value of each tumor
was calculated after triple measurement.*®

Fig. 1 Illustrations of imaging features on contrast-enhanced magnetic
resonance imaging. (A) Tumor with intra-tumoral hemorrhage in the fat-
saturated T1-weighted sequence (A-1) and the opposed-phase T1-weight-
ed image (A-2). (B) Tumor with intra-tumoral fat in the in-phase T1-
weighted image (B-1) and the opposed-phase T1-weighted image (B-2).
(C) Tumor with intra-tumoral artery in the arterial phase. (D) Tumor with
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intra-tumoral necrosis in the arterial phase. (E) Single tumor with a
smooth margin was enveloped by a capsule (E-1) or was not enveloped
by a capsule (E-2). (F) Tumor with a minute budding portion protruding
into the peritumoral parenchyma. (G) Tumor with focal infiltrative mar-
gin. (H) Tumor with multinodular confluent appearance
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Statistical Analysis

Continuous variables were displayed as mean and standard
deviation, and categorical variables were presented as number
and percentages. In addition, serum AFP was skewed distrib-
uted and adjusted using log transformation (Log 10). Two-
sample ¢ test or the Wilcoxon signed-rank test was performed
to analyze continuous variables. Chi-square or Fisher’s exact
test was used to analyze categorical variables. Interobserver
agreement for image features was analyzed using the Cohen
kappa coefficient.

The relationship between preoperative characteristics and
MVI was analyzed using univariate logistic regression analy-
sis, and parameters with statistical significance entered into
the multivariate logistic regression analysis. A nomogram
was constructed using these independent predictors. The cut-
off value of the nomogram was determined according to re-
ceiver operating characteristic (ROC) curve. The area under
the receiver operating characteristic curve (AUROC), the
Hosmer-Lemeshow chi-square test, and calibration plots were
conducted to assess model discrimination and calibration.
Decision curve analysis (DCA) was applied to probe into the
clinical usefulness. The difference of DFS between two
groups was analyzed using the Kaplan-Meier curves.
Statistical analyses were conducted using R, version 3.5.
Nomogram was developed using ms package. A P value less
than 0.05 was considered as statistical significance.

Results
Clinical and Imaging Characteristics

A total of 636 HCC patients received liver resection
during the study period, and 357 qualified patients were
enrolled in the final study (Figure S1). This group in-
cluded 54 females and 303 males with a mean age of
56+10.20 (range, 25-86) years. Histological examina-
tion confirmed MVI in 140 (39.2%) of these patients.
The numbers of patients infected by hepatitis B, hepa-
titis C, and combined hepatitis B and C virus were 251,
19, and 7, respectively. The remaining 80 patients were
free from hepatitis virus infection. The patients who
received surgery between January 2016 and December
2017 were assigned into the training cohort (n=257),
and remaining patients were assigned into the validation
cohort (n=100).

The clinical and imaging characteristics of the patients are
summarized in Table 1. Baseline characteristics were similar
in the two cohorts. The interobserver agreement between im-
aging features is listed in Table S1, and the agreement between
different observers was more than 0.75 for all features.

Preoperative Predictor for Presence of MVI Based
on Univariate and Multivariate Analysis

The results of the univariate analysis of the clinical and imag-
ing features in the training cohort are listed in Table 2. Serum
AFP, intra-tumoral artery, and tumor diameter were signifi-
cantly associated with MVI in HCC patients (P <0.001).
Tumor type and tumor capsule also related to the presence
of MVI (P <0.05). Among five different categories in tumor
type, a tumor with extranodular extension, infiltrative margin,
and multinodular confluence suffered higher risk of the pres-
ence of MVI than a tumor with smooth margin and capsule
(OR=2.62, P=0.011; OR=2.57, P=0.012; OR=11.5,
P <0.001; respectively). Comparing to a complete capsule, a
tumor with an incomplete capsule is more prone to MVI
(OR=2.33, P=0.009).

All the significant predictors were included in the multivar-
iate analysis. On multivariate analysis, serum AFP (P=
0.009), intra-tumoral artery (P <0.001), tumor type (P=
0.034), and tumor diameter (P =0.044) were independently
associated with presence of MVI (Table 2).

Development and Validation of a Nomogram
for Preoperative MVI Prediction

A nomogram incorporating the four predictors was developed
using the results from the multivariate analysis (Fig. 2). The
probability of MVI could be estimated with the help of the
nomogram. The cutoff value was set at 140 according to the
ROC curve in the training cohort. The sensitivity and speci-
ficity were 83.0% and 68.9% in the training cohort and 82.4%
and 59.1% in the validation cohort, respectively. The perfor-
mance of the model was desirable in predicting MVI, with an
AUROC of 0.803 (95% CI, 0.746-0.860) in the training co-
hort (Fig. 3a) and 0.814 (95% CI, 0.720-0.908) in the valida-
tion cohort (Fig. 3b), respectively. Calibration curves and the
Hosmer-Lemeshow test demonstrated acceptable model cali-
bration, with good agreement between the predicted MVI and
histopathologic confirmation in both training cohort and val-
idation cohort (chi-square: 4.96, P=0.84, chi-square: 5.51,
P =0.79, respectively; Fig. 3c, d). DCA for the nomogram is
presented in Fig. 3e, f. The DCA revealed that using the no-
mogram to predict MVI will probably add more benefit than
treating either all or no patients in both cohorts.

Survival Analysis of Patients with Single HCC After
Curative Resection

Two patients that died within 90 days after surgery and one
patient who received salvage liver transplantation due to he-
patic failure after surgery were excluded. Among the remain-
ing patients, 34 patients received TACE (transhepatic arterial
chemotherapy and embolization), and 19 patients received
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Table 1 Clinical and radiologic
characteristics in the training and
the validation cohort

@ Springer

Characteristic Training cohort Validation cohort P value
Jan 2016~Dec 2017 Jan 2015~Dec 2015
(n=257), no. (%) (n=100), no. (%)
Age (years) 0.250
<60 166 (64.6) 71 (71.0)
> 60 91 (35.4) 29 (29.0)
Sex 0.967
Female 39 (15.2) 15 (15.0)
Male 218 (84.8) 85 (85.0)
Hepatitis virus infection 0.554%
None 54 (21.0) 26 (26.0)
HBV 186 (72.4) 65 (65.0)
HCV 12 (4.7) 7(7.0)
HBV + HCV 5(1.9) 2 (2.0)
Diabetes 0.096
Absence 53 (20.6) 13 (13.0)
Presence 204 (79.4) 87 (87.0)
MVI 0.208
Absence 151 (58.8) 66 (66.0)
Presence 106 (41.2) 34 (34.0)
logAFP, ng/ml 1.54£1.12 1.72+£1.18 0219
Imaging features
Intra-tumoral hemorrhage 0.227
Absence 228 (88.7) 93 (93.0)
Presence 29 (11.3) 7(7.0)
Intra-tumoral fat 0.224*
Absence 205 (79.8) 86 (86.0)
Presence 52 (20.2) 14 (14.0)
Intra-tumoral artery 0.262
Absence 180 (70.0) 76 (76.0)
Presence 77 (30.0) 24 (24.0)
Intra-tumoral necrosis 0.105%
Absence 163 (63.4) 73 (73.0)
Presence 94 (36.6) 27 (27.0)
Tumor type 0.359
Smooth margin with capsule 68 (26.5) 26 (26.0)
Smooth margin without capsule 35 (13.6) 21 (21.0)
Focal extranodular extension 60 (23.3) 16 (16.0)
Focal infiltrative margin 65 (25.3) 25 (25.0)
Multinodular confluence 29 (11.3) 12 (12.0)
Capsule 0.714
Complete 114 (44 4) 45 (45.0)
Incomplete 61 (23.7) 27 (27.0)
Absence 82 (31.9) 28 (28.0)
Diameter, cm 398+1.98 3.86+1.82 0.8393
ADC value, x 10° mm?/s 121£0.29 127+0.32 0.104
Tumor-to-liver SI ratio on DWI 348+2.14 3.17+1.53 0.356

HBYV hepatitis B virus, HCV hepatitis C virus, AFP alpha-fetoprotein, ADC apparent diffusion coefficient, S/
signal intensity, DW/ diffusion-weighted imaging

*Fisher’s exact test was performed
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Table 2 Preoperative predictors
for MVI in patients with single Characteristic Univariate analysis Multivariate analysis
HCC in the training cohort
OR (95% CI) P value OR (95% CI) P value
Age, > 60 vs <60, years 1.03 (0.61, 1.74) 0.902 -
Sex, male vs female 1.01 (0.51, 2.02) 0.976 -
Etiology
HBYV vs none 0.93 (0.5, 1.72) 0.82 —
HCV vs none 1.35(0.38, 4.72) 0.641 -
HBV + HCV vs none 0.34 (0.04, 3.22) 0.345 —
Diabetes 0.75 (0.4, 1.41) 0.371 -
logAFP, ng/ml 1.7 (1.34,2.15) <0.001* 1.44 (1.09, 1.9) 0.009*
Imaging features
Intra-tumoral hemorrhage 1.38 (0.64, 2.99) 0.416 -
Intra-tumoral fat 0.96 (0.51, 1.78) 0.888 -
Intra-tumoral artery 6.32 (3.5, 11.42) <0.001* 3.57 (1.72,7.42) <0.001*
Intra-tumoral necrosis 1.54 (0.92, 2.57) 0.102 -
Tumor type <0.001* 0.034*
Smooth margin with capsule Reference Reference
Smooth margin without capsule 0.89 (0.34, 2.32) 0.81 1.89 (0.4, 8.91) 0.422
Focal extranodular extension 2.62 (1.24,5.54) 0.011 2.34(1,5.5) 0.051
Focal infiltrative margin 2.57 (1.23, 5.36) 0.012 3.02 (0.84, 10.85) 0.091
Multinodular confluence 11.5 (4.01, 32.96) <0.001 8.03 (1.73, 37.36) 0.008
Capsule 0.028%* 0.866
Incomplete vs complete 2.33(1.23,4.4) 0.009 1.13 (0.34, 3.72) 0.844
Absence vs complete 1.18 (0.66, 2.13) 0.573 0.89 (0.24, 3.24) 0.856
Diameter 1.5(1.29, 1.74) <0.001* 1.21 (1.01, 1.46) 0.044*
ADC value, x 10> mm?/s 0.36 (0.14, 0.93) 0.036* 0.5 (0.16, 1.52) 0.22
Tumor-to-liver SI ratio on DWI 1.09 (0.97, 1.23) 0.145 -

HBYV hepatitis B virus, HCV hepatitis C virus, AFP alpha-fetoprotein, ADC apparent diffusion coefficient, S/
signal intensity, DWI diffusion-weighted imaging

*Significant difference

IMRT (intensity modulated radiation therapy) after curative
resection in order to reduce recurrence risk. Patients with ei-
ther pathologically confirmed or nomogram-predicted MVI
suffered higher risk of early recurrence (Figure S2, P<0.01,
and P < 0.01, respectively). The differences between patients’
disease-free survival according to surgical procedures are

Fig. 2 Nomogram predicting the
probability of MVI in HCC
patients. Total points were
calculated by adding up the points
of each variable on the point scale
and indicated the probability of
MVI presence according to the
bottom scales. AFP alpha-
fetoprotein

Points

Tumor type

logAFP, ng/ml
Total points

Probability of MVI

displayed in Figure S3. No significant difference was ob-
served between patients who received anatomic resection
and non-anatomic resection in the entire cohort or patients
with large tumor (>5 cm) (Figure S3A, P=0.26 and
Figure S3B, P=0.97 respectively). But a borderline signifi-
cant trend (Figure S3C, P=0.09) was detected between
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Fig. 3 Validation of the
preoperative MVI prediction
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the validation cohort (b, AUROC:
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under the ROC (AUROC) repre-
sents the probability that a ran-
domly chosen individual is cor-
rectly diagnosed with greater sus-
picion than a randomly chosen
negative individual. The calibra-
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different surgical procedures in patients with small tumor (<
5 cm). Then, we probed into the impact of surgical procedures
on patients’ disease-free survival in patients with small HCC
(<5 cm). There was no difference between different surgical
procedures in patients without presence of pathological con-
firmed MVI or nomogram-predicted MVI (Fig. 4a, P =0.50,
and Fig. 4b, P = 0.54, respectively). However, anatomic resec-
tion seemingly improved the disease-free survival of small
HCC patients with either histopathological confirmed MVI
or nomogram-predicted MVI (Fig. 4c, P=0.08, and Fig. 4d,
P =0.06, respectively). Furthermore, significant differences
were observed between different surgical procedures in
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patients with small HCCs (MVI-positive or pred.MVI-posi-
tive) who did not receive postsurgical adjuvant treatment (Fig.
4e, P =0.03 for histopathological confirmed MVI, and Fig. 4f,
P =0.04 for nomogram-predicted M VI, respectively).

Discussions

Microvascular invasion has been accepted worldwide as an unfa-
vorable predictor for HCC patients. In the present study, we dem-
onstrated that preoperative features including serum AFP, intra-
tumoral artery, tumor type, and tumor diameter are independently
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associated with the presence of MVI. Furthermore, we developed
and validated a nomogram for preoperative MVI prediction
incorporating these features for patients with single HCC.
The nomogram is also useful in identifying patients with
high risk of recurrence before surgery. Anatomic resection
showed an evident correlation with decreased tumor recur-
rence rate in small HCC patients with nomogram-predicted
MVI, who did not receive adjuvant therapy.

Months after resection

Months after resection

Previous findings demonstrated that larger tumor and
higher serum AFP related to more aggressive behaviors
and our study further proved their positive relationship with
the possibility of MVI in early-stage HCCs. We also found
that intra-tumoral arteries were more frequent in patients with
MVLI. Previous studies reported that intra-tumoral vessels re-
lated to the poorer differentiation,3 2 angiogenesis, cellular pro-
liferation, and matrix invasion.>? These results could explain

5,31
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the invasiveness of tumor with intra-tumoral arteries at path-
ological level and biological behavior. Furthermore,
nonsmooth margin was a significant predictor for MVI in
our study, and the results were similar to previous
researches.”” Confluent multinodular tumors were reported
to be related to high incidence of different DNA ploidy pat-
terns or DNA indices,>* which may reflect the genetic alter-
ation in the occurrence and development of HCC. It was also
suggested that numerous vessels could be engulfed in the tu-
mor when several small nodules fused together generating
tumor with multinodular confluence, resulting in a high fre-
quency of microvascular invasion.*> The remaining two types
of nonsmooth margin were predictors for MVI with a strong
tendency towards statistical significance in our study.
Previous articles hypothesized that extranodular extension/
infiltrative margin appeared when the tumor invaded into nor-
mal liver parenchyma,*® and MVI tended to occur at these
sites.”” A prospective study with a site by site correlation
between imaging features and histopathological findings is
urgently needed to confirm the hypothesis.

Furthermore, we developed a user-friendly nomogram
based on noninvasive, easy-accessible parameters. In previous
study, Zhao and his colleagues constructed a model for MVI
prediction, but the generalization ability remained ambiguity
due to the lack of validation and limited sample size (51
patients).!” Cucchetti et al. proposed a prediction model for
patients based on artificial neural network (ANN),® but the
generalization ability of the model was questionable for the
reason that the incidence of MVI in the study was 74.4%, an
abnormally elevated level in HCC patients at early stage.” The
present nomogram in our study showed desirable performance
in discrimination and calibration, and was promising in clini-
cal application. Firstly, the nomogram-predicted MVI was
similar to histopathological confirmed M VI in identifying pa-
tients at high risk for recurrence preoperatively. Several re-
spective analyses and clinical trials have illustrated that adju-
vant therapy improved the outcomes of patients with MVL.>*
3% But whether neoadjuvant treatments have similar effect
remained unclear due to the unavailable diagnosis of MVI
before surgery. Secondly, MVI was associated with over two-
fold mortality risk in liver transplantation patients beyond
Milan criteria,*® and preoperatively predicted MVI could
serve as an auxiliary criteria in patient selection. Thirdly, an-
atomic resection was associated with longer RFS in small
HCC patients with MVI or nomogram-predicted MVI, which
coincide with a previous study.** Anatomic resection did not
bring benefit in disease-free survival in large HCC patients or
small HCC patients without MVI. This phenomenon may be
associated with preserving more functional reserve liver vol-
ume and relatively less aggressive biological behavior. The
nomogram could provide assistance in selecting appropriate
operative procedures for HCC patients. Therefore, the present
preoperative MVI estimation model identified patients at high
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risk for recurrence and will be helpful in recruiting patients for
neoadjuvant therapy, refining organ allocation system and
making personalized surgical procedure.

There were still some limitations in the study. Firstly, there
was no external validation using another set of patients in this
study, which may impair the reliability of the nomogram.
Secondly, potential selection bias was present in this study,
especially in the subgroup survival analysis due to the nature
of respective research and limited sample size. Thirdly, about
80% of the patients suffered from viral hepatitis infection in
our study. Whether the model could be generalized to HCC
patients with other liver diseases remained unknown. Further
research is warranted to refine the model in the future.

Conclusion

We developed and validated a promising nomogram for pre-
operatively MVI estimation and may provide assistance in
tailoring therapeutic choice. Patients with predicted MVI were
associated with early recurrence and anatomic resection was
recommended for small HCC patients with predicted MVI.
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