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ABSTRACT

Background. Microvascular invasion (MVI) is associated with
poor postoperative survival outcomes in patients with hepa-
tocellular carcinoma (HCC). An Eastern Hepatobiliary Surgery
Hospital (EHBH) MVI scoring system was established to pre-
dict prognosis in patients with HCC with MVI after R0 liver
resection (LR) and to supplement the most commonly used
classification systems.
Materials and Methods. Patients with HCC with MVI who
underwent R0 LR as an initial therapy were included. The
EHBH-MVI score was developed from a retrospective cohort
from 2003 to 2009 to form the training cohort. The variables
associated with overall survival (OS) on univariate analysis
were subsequently investigated using the log-rank test, and
the EHBH-MVI score was developed using the Cox regression
model. It was validated using an internal prospective cohort
from 2011 to 2013 as well as three independent external vali-
dation cohorts.

Results. There were 1,033 patients in the training cohort;
322 patients in the prospective internal validation cohort; and
493, 282, and 149 patients in the three external validation
cohorts, respectively. The score was developed using the fol-
lowing factors: α-fetoprotein level, tumor encapsulation, tumor
diameter, hepatitis B e antigen positivity, hepatitis B virus DNA
load, tumor number, and gastric fundal/esophageal varicosity.
The score differentiated two groups of patients (≤4, >4 points)
with distinct long-term prognoses outcomes (median OS, 55.8
vs. 19.6 months; p < .001). The predictive accuracy of the score
was greater than the other four commonly used staging sys-
tems for HCC.
Conclusion. The EHBH-MVI scoring system was more accu-
rate in predicting prognosis in patients with HCC with MVI
after R0 LR than the other four commonly used staging sys-
tems. The score can be used to supplement these systems.
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Implications for Practice: Microvascular invasion (MVI) is a major determinant of survival outcomes after curative liver re-
section for patients with hepatocellular carcinoma (HCC). Currently, there is no scoring system aiming to predict prognosis
of patients with HCC and MVI after R0 liver resection (LR). Most of the widely used staging systems for HCC do not use MVI
as an independent risk factor, and they cannot be used to predict the prognosis of patients with HCC and MVI after surgery.
In this study, a new Eastern Hepatobiliary Surgery Hospital (EHBH) MVI scoring system was established to predict prognosis
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of patients with HCC and MVI after R0 LR. Based on the results of this study, postoperative adjuvant therapy may be rec-
ommended for patients with HCC and MVI with an EHBH-MVI score >4. This score can be used to supplement the currently
used HCC classifications to predict postoperative survival outcomes in patients with HCC and MVI.

INTRODUCTION

Hepatocellular carcinoma (HCC) is a common cause of cancer-
related death worldwide [1]. Hepatitis B virus (HBV) infection
is associated with 70%–90% of patients with hepatocellular
carcinoma (HCC) in the endemic Asia-Pacific regions [2–4].
Liver resection (LR) or liver transplantation is still the first-line
curative-intent therapy for early and intermediate stages of
HCC [5–7]. Unfortunately, the 5-year recurrence rates after
curative liver resection (R0 LR) are as high as 70%–80%, which
seriously limits the long-term survival of patients with HCC
[8, 9].

Microvascular tumor invasion (MVI) of HCC is common
in HCC and is associated with early tumor recurrence with
reduced survival outcomes [10]. MVI occurs in 15%–60% of
resected specimens from patients with HCC [11]. Previous
studies have confirmed MVI to be a poor prognostic factor
of tumor recurrence and long-term survival after R0 LR
[12–15]. There is still no universally accepted adjuvant ther-
apy after R0 LR for patients with HCC with MVI, although
adjuvant therapies have been shown to be beneficial in
selected patients [16–18]. The best way to select these
patients for postoperative adjuvant therapy remains to be
identified. A scoring system that can predict prognosis of
patients with HCC with MVI after R0 LR is needed.

There are many HCC staging systems currently in use
[19–22]. The most commonly used systems are the Barcelona
Clinic Liver Cancer (BCLC) staging, the Okuda staging, the Can-
cer of the Liver Italian Program (CLIP) scoring system, and the
tumor-node-metastasis (TNM) staging. The BCLC staging has
been endorsed as the staging system and treatment algorithm
for HCC by the European Association for the Study of Liver
Diseases and the American Association for the Study of Liver
Diseases [5–7, 19]. The BCLC system is based on tumor-related
parameters (tumor size, number of nodules, vascular invasion,
and extrahepatic spread) and patient characteristics, including
the Child-Pugh liver function class and performance status.
The Okuda staging system is based on the tumor area in the
liver (> or < 50% of liver area involved) and three parameters
that are related to liver function: ascites, serum albumin, and
serum bilirubin levels [23]. This was the first staging system to
combine liver function status with tumor parameters. The CLIP
scoring system combines four tumor-related features—tumor
extent, tumor morphological features, serum α-fetoprotein
levels, and portal vein thrombosis—with a cirrhosis severity
index and the Child-Pugh score to stratify patients with HCC
into different groups [24]. The American Joint Committee on
Cancer/International Union Against Cancer staging system
for HCC uses a TNM classification system to predict survival
after resection [25]. The TNM system is based on tumor
characteristics and the extent of tumor invasion; it does not
take into account the underlying hepatic function. These
staging systems do not include MVI as a risk factor; there-
fore, whether MVI has any impact on prognosis cannot be
determined by them.

In this study, a new Eastern Hepatobiliary Surgery Hospital
(EHBH) MVI scoring system was established, based on preoper-
ative serological and postoperative pathological data, with the
aim to accurately predict postoperative long-term survival in
patients with HCC with MVI after R0 LR as well as to identify a
subgroup of patients with HCC with MVI who may benefit
from postoperative adjuvant therapy based on the prediction
of poor postoperative prognosis by this new scoring system.

MATERIALS AND METHODS

Patients
Between January 2003 and December 2009, data from consecu-
tive patients who underwent R0 LR for histologically confirmed
HCC and MVI were collected at the EHBH. This group formed
the training cohort of this study. From January 2011 toDecember
2013, an independent cohort of consecutive patients with HCC
with diagnosed MVI after R0 LR as an initial therapy was pro-
spectively studied in EHBH to form the prospective internal vali-
dation cohort. The study was approved by the Institutional
Ethics Committee of the EHBH. Informed consent was obtained
from all the patients for their data to be used for research. For
the three other research centers, the data were collected from
the patients at different time periods: for the Affiliated Tumour
Hospital of Guangxi Medical University (ATH) from 2013 to
2017, Zhongshan Hospital (ZSH) from 2011 to 2013, and West
China Hospital (WCH) from 2014 to 2016. Similar inclusion
criteria were used in the four centers. Again, appropriate
approvals and consents were obtained in each of these
centers.

The inclusion criteria were patients with HCC with (a) no
macrovascular invasion or extrahepaticmetastasis; (b) good liver
functionwith a Child-PughA score or B7 (score ≤7); (c) preopera-
tive serological examination and contrast-enhanced computed
tomography (CT) or magnetic resonance imaging (MRI) of the
abdomen; (d) R0 LR (no gross residual tumor, negative micro-
scopic margins) with ≥1 cm resection margins; (e) a histopatho-
logical diagnosis of MVI in the resected specimens as
determined by two experienced pathologists [10, 17]; and (f)
complete pathological data. Patients who underwent preopera-
tive anticancer treatments, had a history of other cancers, had
incomplete clinical data, or had undergone palliative tumor
resection, portal vein embolization, or associating liver partition
and portal vein ligation for staged hepatectomy procedures
were excluded. Eligible patients who underwent R0 LR between
2005 and 2009 at EHBH were retrospectively included in the
training cohort for the development of the EHBH-MVI score.
Another cohort of patients who were operated between 2011
and 2013 at the same center were prospectively included as the
internal validation cohort. Patients who underwent R0 LR from
the ATH, ZSH, andWCH during the study periodwere retrospec-
tively entered to form the three external validation cohorts.
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Preoperative and Postoperative Examinations
Routine preoperative examinations included imaging and sero-
logical examinations. All patients underwent a standard liver
imaging protocol [26], which included abdominal ultrasonogra-
phy, contrast-enhancedMRI and/or computed tomographic scan
of the abdomen, and plain radiography or noncontrast com-
puted tomographic scan of the chest. All the radiological data
were reviewed by two different and independent radiologists in
their respective hospitals based on uniform diagnostic standards.
Routine preoperative laboratory examinations included rou-
tine blood tests, liver and renal function tests, hepatitis B
and C serology, HBV DNA load, and serum α-fetoprotein
(AFP) level. Gastric/esophageal varices was diagnosed based
on esophagogastroduodenoscopy and/or contrast-enhanced
CT and MRI.

Routine postoperative examinations included histopathol-
ogy and immunohistochemical examinations. All the resected
specimens were cut into slices of approximately 3–5 mm thick
and fixed in 1% formalin. The liver slices, which contained
tumor tissues and noncancerous adjacent nontumorous tissues,
were embedded in paraffin, cut into 4-μm sections, and stained
with hematoxylin and eosin. At least one slice of nontumorous
liver parenchyma 1 cm away from the tumor edge was exam-
ined [27]. Currently, the diagnosis of MVI is only determined by
histologic examination of the resected surgical specimens. MVI
was defined as invasion of tumor cells in a portal vein, hepatic
vein, or a large capsular vessel of the surrounding hepatic tis-
sues, partially or totally lined by endothelial cells visible only by
microscopy [10, 28]. Other pathological indexes used in this
study included tumor diameter (maximum diameter), number
of tumors, tumor encapsulation, and cirrhosis. All the histo-
pathological evaluations were performed by two indepen-
dent and experienced pathologists who were blinded to the
clinical data in their respective hospitals based on uniform
diagnostic standards.

Liver Resection
R0 LRwas performed using techniques that have been described
previously [17, 29]. Intraoperative ultrasonography was per-
formed routinely to assess the number and size of the lesions
and the relationship of the tumors to the vascular structures.
Pringle’s maneuver was routinely used with a clamp/unclamp
time of 10 minutes/5 minutes. R0 anatomical resection was
our preferred surgical method for our patients. Anatomical re-
section was preferred for a single tumor or for multiple tumor
nodules within one liver segment or neighboring segments. For
multiple bilobar tumor nodules, anatomical resection was used
for themain tumor, whereas satellite noduleswere resected non-
anatomically with an adequate resection margin [30]. In patients
with an inadequate liver remnant volume, nonanatomical re-
section was used to achieve a negative resectionmargin. A nega-
tive resection margin was defined as a lack of visible tumor cells
left in the remnant liver at all the resectionmargins.

Follow-Up
Follow-up examinations for all the patients were conducted
using laboratory tests, which included serum AFP, liver func-
tion, and abdominal ultrasonography, as well as contrast-
enhanced CT once every 2–3 months for the first year and

then once every 6 months after treatment until death or
dropout from the follow-up program. When tumor recurrence
was diagnosed, patients underwent further investigations.
Appropriate treatments were given, which included percuta-
neous ethanol injection, radiofrequency ablation, transarterial
chemoembolization, or liver re-resection, depending on the
general condition of the patient, the liver functional reserve,
the pattern of tumor recurrence, the patient’s wish, and the
recommended treatment by the multidisciplinary team.

Statistical Analysis
The endpoints of this study were overall survival (OS) and
recurrence-free survival (RFS). OS was measured from the
date of R0 LR to the date of patient’s death or the date of last
follow-up visit. RFS was calculated from the date of R0 LR to
the date when tumor recurrence was diagnosed. Survival cur-
ves were calculated using the Kaplan-Meier method and com-
pared using the log-rank test. Median survival times and their
95% confidence intervals (CIs) were reported. Continuous vari-
ables were expressed as mean � SD and compared using the
unpaired, two-tailed t test or Mann-Whitney U test. Categori-
cal variables were compared using the chi-square test or the
Fisher’s exact test. Continuous variables, such as AFP and size
(diameter) of the tumor, were transformed into categorical
variables. Each of these continuous variables was divided into
two or three leveled categorical data by setting one or two
break point(s), respectively, which were then represented by
one or two binary variable(s) [30]; p values were calculated
for each set of break points with univariate or multivariate
Cox proportional hazards regression, and the set of break
points with the lowest p value was retained if the value
reached significance. Univariate analysis of OS time was per-
formed on the estimation set. The log-rank test was per-
formed to detect significant parameters on univariate analysis.
Parameters with a p value (log-rank) of <.05 in the univariate
analyses were entered into multivariate analysis. Multivariate
Cox regression analysis with a stepwise selection was per-
formed to detect independent predictors of OS (the entry
criteria for selection into the final multivariate model was
p < .05). The regression coefficients (β) of the Cox regression
model were divided by the median of the regression coeffi-
cients (β) of all the parameters in the model and approxi-
mated to the nearest unit (1.00 units) to obtain simple point
numbers to facilitate bedside calculation of the EHBH-MVI
score [30].

The abilities of the different systems, such as the Okuda
staging system, CLIP staging, TNM stage, and BCLC staging, to
differentiate prognosis were compared using survival analysis
and the area under the receiver operating characteristic (ROC)
curve (AUC) for each score. To perform this test, patients
censored before 1, 3, and 5 years were excluded from the
analysis. To further validate the discriminative ability of the
EHBH-MVI scoring system, the new EHBH-MVI score was ana-
lyzed as a survival predictor in each subgroup of the com-
monly used staging systems by the log-rank test methodology.
To avoid overoptimistic results due to model development
and evaluation using the same data set, the prognostic perfor-
mance of the EHBH-MVI scoring system was assessed in one
independent prospective internal validation cohort and three
independent external validation cohorts (ATH, ZSH, and WCH)
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to guarantee stability of the model. All the reported p values
were two-sided. A significance level of .05 was applied
throughout. Statistical analyses were performed using SAS
version 9.4 (SAS Institute, Cary, NC).

RESULTS

Clinical Characteristics of the Patients
In Figure 1, 1,033 patients with HCC with MVI who underwent
R0 LR at EHBH between 2003 and 2009 met the inclusion
criteria in the training cohort. In the internal prospective vali-
dation cohort, 322 patients operated at EHBH between 2011
and 2013 were included. For the three external validation
cohorts, 493 patients who were operated at ATH formed the
validation cohort 1, 282 patients at ZSH formed the validation
cohort 2, and 149 patients at WCH formed the validation
cohort 3. The baseline characteristics of the training cohort
and the four validation cohorts are provided in Table 1. Some
clinicopathologic data were slightly different among the train-
ing and the validation cohorts.

Univariate and Multivariable Cox Regression
Analyses in the Training Cohort
On univariate analyses (Table 2), hepatitis B e antigen (HBeAg)
positivity (p < .001), HBV DNA load >104 IU/mL (p < .001), AFP
≥400 ng/mL (p < .001), alanine aminotransferase >44 U/L
(p < .001), presence of gastric fundus/esophagus varicosity
(p = .001), tumor diameter >5 cm (p < .001), multiple tumors
(p = .002), and absence of tumor encapsulation (p < .001)
were associated with significantly worse OS in the training
cohort.

On multivariable Cox regression analyses, AFP (≤20,
200–400, >400 ng/mL), tumor encapsulation (complete, incom-
plete, absent), tumor diameter (≤5, >5 cm), HBeAg (negative,
positive), HBV DNA load (≤104, >104 IU/mL), number of tumors
(solitary, multiple), and gastric fundus/esophagus varicosity
(absent, present) remained as significant predictors of OS. The
calculated regression coefficients (β, B-values) were multiplied
by a factor of 3, and themaximumnumber of integerswas deter-
mined to facilitate the EHBH-MVI score calculation [Up-rounded
integer, such as β of (0− 0.333) × 3 = 1; (0.334− 0.666) × 3 = 2]
(Table 3). A score of 4 was chosen as a cutoff for prognostication

Figure 1. Flow chart showing the selection process of patients with HCC with MVI who underwent R0 LR in the training cohort
(n = 1,033), the prospective internal validation cohort (n = 322), and the three external validation cohorts (n = 493, 282, and
149, respectively).
Abbreviations: EHBH, Eastern Hepatobiliary Surgery Hospital; HCC, hepatocellular carcinoma; LR, liver resection; MVI, microvascular
invasion.
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Table 1. The clinicopathological characteristics in patients with hepatocellular carcinoma with microvascular invasion in the
different cohorts

Variables

Training
cohort
(n = 1,033)

External
validation
cohort 1
(n = 493)

External
validation
cohort 2
(n = 282)

External
validation
cohort 3
(n = 149)

Prospective
internal
validation
cohort (n = 322)

Age, mean � SD, years 50.9 � 10.9 50.0 � 10.8 51.7 � 11.8 51.2 � 11.7 49.4 � 10.3

Sex

Male 871 (84.3) 437 (88.6) 186 (66.0) 125 (83.9) 287 (89.1)

Female 162 (15.7) 56 (11.4) 96 (34.0) 24 (16.1) 35 (10.9)

HBeAg

Negative 711 (68.9) 301 (61.1) 191 (67.7) 100 (67.1) 180 (55.9)

Positive 322 (31.2) 192 (39.0) 91 (32.3) 49 (32.9) 142 (44.1)

HBV DNA load, IU/mL

≤104 495 (47.9) 278 (56.4) 145 (51.4) 113 (75.8) 186 (57.8)

>104 538 (52.1) 215 (43.6) 137 (48.6) 36 (24.2) 136 (42.3)

α-fetoprotein, ng/mL

≤20 361 (35.0) 129 (26.1) 85 (30.1) 77 (51.7) 173 (53.7)

200–400 267 (25.9) 115 (23.3) 73 (25.9) 36 (24.2) 72 (22.4)

≥400 405 (39.2) 249 (50.5) 124 (44.0) 36 (24.2) 77 (23.9)

ALT, U/L

≤44 602 (58.3) 175 (35.5) 106 (37.6) 61 (40.9) 185 (57.5)

>44 431 (41.7) 318 (64.0) 176 (62.4) 88 (59.1) 137 (42.6)

Albumin, mg/dL

≥35 976 (94.9) 419 (85.0) 258 (91.5) 137 (92.0) 301 (93.5)

<35 57 (5.5) 74 (15.0) 24 (8.5) 12 (8.1) 21 (6.5)

PT, seconds

>13 177 (17.1) 199 (40.4) 84 (29.8) 28 (18.8) 79 (24.5)

≤13 856 (82.9) 294 (59.6) 198 (70.2) 121 (81.2) 243 (75.5)

PLT, ×103/μL
>100 815 (78.9) 396 (80.3) 216 (76.6) 124 (83.2) 273 (84.8)

<100 218 (21.1) 97 (19.7) 66 (23.4) 25 (16.8) 49 (15.2)

Glucose, mg/dL

>126 826 (80.0) 467 (94.7) 264 (93.6) 135 (90.6) 254 (78.9)

≤126 207 (20.1) 26 (5.3) 18 (6.4) 14 (9.4) 68 (21.1)

Creatinine, mg/dL

>1.2 21 (2.0) 34 (6.9) 8 (2.8) 6 (4.0) 14 (4.4)

≤1.2 1012 (98.0) 459 (93.1) 274 (97.2) 143 (96.0) 308 (95.7)

WBC, /μL
≥4,000 828 (80.2) 405 (82.2) 210 (74.5) 123 (82.6) 269 (83.5)

<4,000 205 (19.9) 88 (17.9) 72 (25.5) 26 (17.5) 53 (16.5)

RBC, mean � SD, ×106/μL 4.59 � 1.11 4.71 � 1.18 4.36 � 1.302 4.45 � 0.896 4.31 � 1.16

Varices

Absent 939 (90.9) 426 (86.4) 236 (83.7) 115 (77.2) 248 (77.0)

Present 94 (9.1) 67 (13.6) 46 (16.3) 34 (22.8) 74 (23.0)

Tumor diameter, cm

≤5 526 (50.9) 178 (36.1) 134 (47.5) 51 (34.2) 149 (46.3)

>5 507 (49.1) 315 (63.9) 148 (52.5) 98 (65.8) 173 (53.7)

No. of tumors

Solitary 837 (85.9) 452 (91.7) 221 (78.4) 119 (79.9) 294 (91.3)

Multiple 138 (14.2) 41 (8.3) 61 (21.6) 30 (20.1) 28 (8.7)

(continued)
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with the EHBH-MVI score based on ROC analysis. The new
EHBH-MVI score for a patient was calculated using the following
equation, by adding the sum of the multiplication of the seven
factors by their respective weights:

EHBH-MVI Score = AFP (≤20 ng/mL = 0; 200–400 ng/mL =
1; >400 ng/mL = 2) + tumor encapsulation (complete = 0, incom-
plete = 1, absent = 2) + tumor diameter (≤5 cm = 0, >5 = 2) +
HBeAg (negative = 0, positive = 1) + HBV DNA load (≤104 =
0, >104 IU/mL = 2) + number of tumors (solitary = 0, multi-
ple = 2) + gastric fundus/esophagus varicosity (absent =
0, present = 1)

The EHBH-MVI Score Predicted Survival in the
Training and Validation Cohorts
According to the new scoring model, two groups of patients
with significantly different OS (p < .001) were identified.
The supplemental online Table 1 shows the details of the
analyses. For the training cohort from EHBH (Fig. 2), the
median OS for the ≤4 group was 55.8 (95% CI: 51.1–61.1)
months, and the 1-, 3-, and 5-year OS were 86.5%, 66.6%,
and 46.6%, respectively (n = 477). The median OS for the >4
groups was 19.6 (95% CI: 16.4–23.5) months, and the 1-, 3-,
and 5-year OS were 62.0%, 34.5%, and 22.0%, respectively
(n = 556, p < .001). The EHBH-MVI scoring performed
equally well in the validation cohorts. For the three external
validation cohorts (Fig. 3), the median OS of the cohorts
from ATH, ZSH, and WCH for the ≤4 groups were significantly
longer than the median OS for the >4 groups (p < .001,
p = .007, p = .001, respectively). For the prospective internal
validation cohort (Fig. 4), the median OS for the ≤4 group was
63.7 (95% CI: 34.3–82.5) months, and the 1-, 3-, and 5-year
OS were 79.5%, 57.1%, and 50.1%, respectively (n = 164); the
median OS for the >4 group was 27.0 (95% CI: 20.4–34.1)
months, and the 1-, 3-, and 5-year OS were 78.2%, 40.8%, and

24.1%, respectively (n = 158, p ≤ .001). For the three external
validation cohorts, the median OS of the cohorts from ATH,
ZSH, andWCH for the ≤4 groups were significantly longer than
the median OS for the >4 groups (p < .001, p = .007, p = .001,
respectively).

In addition, the EHBH-MVI score had good performance in
RFS prediction, as shown in supplemental online Table 2, with
two significantly different prognostic subgroups in the training
cohort (23.03 vs. 6.27 months, p < .001), the three validation
cohorts (33.96 vs. 9.07 months in ATH, p < .001; 29.00
vs. 9.53 months in ZSH, p = .002; 30.39 vs. 12.02 months in
WCH, p = .004), and the prospective internal validation cohort
(18.11 vs. 11.13months in EHBH from 2011 to 2013, p = .018).

Comparison of the EHBH-MVI Score and the Current
Commonly Used Staging Systems
Kaplan-Meier curves were generated for the BCLC classifica-
tion, TNM 7th, Okuda, and CLIP stages, as shown in supple-
mental online Tables 3 and 4 and supplemental online
Figures 1–4. The four commonly used international classifi-
cation systems showed clear prognostic strata (p < .001,
p < .001, p = .009, and p < .001 for OS, respectively;
p < .001, p < .001, p = .013, and p < .001 for RFS, respec-
tively). The EHBH-MVI scoring system showed similar prog-
nostic accuracy to the international standards (p < .001 for
OS and RFS). The staging systems in predicting survival out-
comes were then compared using the ROC curve area anal-
ysis. In the training cohort, the AUCs of the EHBH-MVI
scoring system were greater than the four commonly used
international staging systems for HCC (supplemental online
Figs. 9, 10). The difference is that these international stag-
ing systems were used to predict prognosis in all patients
with HCC with or without MVI, but the EHBH-MVI scoring

Table 1. (continued)

Variables

Training
cohort
(n = 1,033)

External
validation
cohort 1
(n = 493)

External
validation
cohort 2
(n = 282)

External
validation
cohort 3
(n = 149)

Prospective
internal
validation
cohort (n = 322)

Satellite lesions

None 523 (50.6) 330 (66.9) 185 (65.6) 112 (75.2) 216 (67.1)

Same lobe 410 (39.7) 105 (21.3) 79 (28.0) 29 (19.5) 82 (25.5)

Different lobe 100 (9.7) 58 (11.8) 18 (6.4) 8 (5.3) 24 (7.4)

Tumor capsule

Complete 274 (26.5) 113 (22.9) 149 (52.8) 43 (28.9) 95 (29.5)

Incomplete 443 (42.9) 149 (30.2) 35 (12.4) 68 (45.6) 147 (45.7)

Absent 316 (30.6) 231 (46.9) 98 (34.8) 38 (25.5) 80 (24.8)

Cirrhosis

No 146 (14.1) 262 (53.1) 99 (35.1) 10 (6.7) 100 (31.1)

Yes 887 (85.9) 231 (46.9) 183 (64.9) 139 (93.3) 222 (68.9)

Data are presented as n (%) unless otherwise indicated.
SI conversion factors: To convert albumin to grams per liter, multiply by 10; α-fetoprotein to micrograms per milliliter, multiply by 1; ALT to
microkatals per liter, multiply by 0.0167; creatinine to micromoles per liter, multiply by 88.4; glucose to millimoles per liter, multiply by 0.0555;
platelets to ×109/L, multiply by 1; red blood cells to ×1012/L, multiply by 1; total bilirubin to micromoles per liter, multiply by 17.104; white
blood cells to ×109/L, multiply by 0.001.
Abbreviations: ALT, alanine aminotransferase; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; PLT, platelets; PT, prothrombin time; RBCs,
red blood cells; WBCs, white blood cells.
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Table 2. Univariate analysis for overall survival in patients with hepatocellular carcinoma with microvascular invasion in the
training cohort (n = 1,033)

Variables n β SE HR 95% CI p value

Age, mean � SD, years 1,033 −0.003 0.002 0.997 0.993–1.001 .201

Sex

Male 871 1

Female 162 −0.127 0.113 0.881 0.706–1.100 .264

HBeAg

Negative 711 1

Positive 322 0.295 0.084 1.344 1.140–1.583 <.001

HBV DNA load, IU/mL

≤104 495 1

>104 538 0.534 0.081 1.705 1.453–2.000 <.001

α-fetoprotein, ng/mL

≤20 361 1

200–400 267 0.273 0.106 1.313 1.067–1.617 .010

≥400 405 0.566 0.095 1.761 1.463–2.119 <.001

ALT, U/L

≤44 602 1

>44 431 0.305 0.080 1.357 1.160–1.587 <.001

Albumin, mg/dL

≥35 976 1

<35 57 0.156 0.167 1.169 0.842–1.623 .351

PT, seconds

>13 177 1

≤13 856 0.094 0.109 1.098 0.886–1.361 .392

PLT, ×103/μL
>100 815 1

<100 218 0.078 0.096 1.081 0.895–1.305 .418

Glucose, mg/dL

>126 826 1

≤126 207 0.183 0.098 1.201 0.992–1.454 .061

Creatinine, mg/dL

>1.2 21 1

≤1.2 1,012 0.362 0.319 1.436 0.769–2.681 .256

WBC, /μL
≥4,000 828 1

<4,000 205 −0.057 0.102 0.944 0.774–1.153 .574

RBC, mean × SD, ×106/μL 1,033 0.033 0.037 1.034 0.961–1.112 .374

Varices

Absent 939 1

Present 94 0.413 0.128 1.511 1.176–1.941 .001

Tumor diameter, cm

≤5 526 1

>5 507 0.618 0.081 1.856 1.585–2.174 <.001

No. of tumors

Solitary 837 1

Multiple 138 0.459 0.109 1.582 1.277–1.961 <.001

(continued)
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Table 2. (continued)

Variables n β SE HR 95% CI p value

Satellite lesions

None 523

Same lobe 410 0.142 0.084 1.152 0.977–1.358 .091

Different lobe 100 0.117 0.139 1.124 0.855–1.477 .401

Tumor capsule

Complete 274 1

Incomplete 443 0.219 0.103 1.245 1.017–1.524 .034

Absent 316 0.679 0.106 1.973 1.603–2.428 <.001

Cirrhosis

No 146 1

Yes 887 −0.024 0.115 0.977 0.779–1.225 .838

SI conversion factors: To convert albumin to grams per liter, multiply by 10; α-fetoprotein to micrograms per milliliter, multiply by 1; ALT to
microkatals per liter, multiply by 0.0167; creatinine to micromoles per liter, multiply by 88.4; glucose to millimoles per liter, multiply by 0.0555;
platelets to ×109/L, multiply by 1; red blood cells to ×1012/L, multiply by 1; total bilirubin to micromoles per liter, multiply by 17.104; white
blood cells to ×109/L, multiply by 0.001.
Abbreviations: ALT, alanine aminotransferase; CI, confidence interval; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; HR, hazard ratio; PLT,
platelets; PT, prothrombin time; RBCs, red blood cells; SE, standard error; WBCs, white blood cells.

Table 3. Multivariable Cox regression analysis of overall survival in patients with hepatocellular carcinoma with
microvascular invasion in the training cohort (n = 1,033)

Variables n β Score points SE HR 95% CI p value

AFP, ng/mL

≤20 361 0 1

200–400 267 0.269 1 0.111 1.308 1.053–1.625 .015

≥400 405 0.397 2 0.101 1.488 1.221–1.813 <.001

Tumor capsule

Complete 274 0 1

Incomplete 443 0.087 1 0.107 1.091 0.885–1.346 .415

Absent 316 0.627 2 0.109 1.873 1.514–2.317 <.001

Tumor diameter, cm

≤5 526 0 1

>5 507 0.580 2 0.087 1.786 1.507–2.117 <.001

HBeAg

Negative 711 0 1

Positive 322 0.205 1 0.093 1.227 1.023–1.472 .027

HBV DNA load, IU/mL

≤104 495 0 1

>104 538 0.478 2 0.088 1.612 1.357–1.914 <.001

No. of tumors

Solitary 837 0 1

Multiple 138 0.343 2 0.112 1.409 1.130–1.756 .002

Varices

Absent 939 0 1

Present 94 0.291 1 0.133 1.338 1.030–1.737 .029

SI conversion factors: To convert albumin to grams per liter, multiply by 10; α-fetoprotein to micrograms per milliliter, multiply by 1; alanine ami-
notransferase to microkatals per liter, multiply by 0.0167; creatinine to micromoles per liter, multiply by 88.4; glucose to millimoles per liter,
multiply by 0.0555; platelets to ×109/L, multiply by 1; red blood cells to ×1012/L, multiply by 1; total bilirubin to micromoles per liter, multiply
by 17.104; white blood cells to ×109/L, multiply by 0.001.
Abbreviations: AFP, α-fetoprotein; CI, confidence interval; HBeAg, hepatitis B e antigen; HBV, hepatitis B virus; HR, hazard ratio; SE, standard error.
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system focused on predicting OS and RFS in patients with
HCC with MVI.

Combining the Subgroups of Patients with Scores of
≤4 and >4 in the New Scoring System Predicted OS
and RFS into the Commonly Used International
Staging Systems
By combining the subgroups of patients with scores of ≤4
and >4 in the new EHBH-MVI scoring system into the four
commonly used international staging systems for HCC (sup-
plemental online Tables 5 and 6 and supplemental online
Figs. 5–8), the two groups of patients with HCC with MVI
were shown to have significantly different OS and RFS in
the Okuda I and II stages, CLIP early and mid-term stages,
BCLC 0 and A stages, and TNM II stage. Patients in the BCLC
B stage and TNM IIIa stage showed no significant difference
probably because of the very small sample sizes. These
results suggested that this EHBH-MVI score is a good tool
for patients with HCC with MVI.

DISCUSSION

Presence of MVI is associated with worse surgical outcomes
in patients with HCC after LR. However, the commonly used
international staging systems for HCC were not designed to
focus on predicting outcomes of patients with HCC with
MVI after R0 LR. In addition, the role of postoperative adju-
vant therapy for patients with HCC after LR remains contro-
versial. Failure to demonstrate effectiveness in the use of
adjuvant therapy can well be related to our previous inabil-
ity to include a high-risk group of patients to develop early
HCC recurrence (<2 years) in these studies, and MVI is a
known risk factor of early HCC recurrence after LR. This
novel prognostic staging system to predict prognosis in
patients with HCC and MVI after surgery is important for cli-
nicians and patients in deciding on whether to provide post-
operative adjuvant therapy, in advising patients on
strategies of postoperative follow-up, and in designing stud-
ies on adjuvant therapies for patients with a predicted
higher risk of early HCC recurrence. This study is the first to
report and validate on a new scoring system, based on

multicenter data in predicting survival outcomes in patients
with HCC with MVI treated with R0 LR. A low score (≤4)
predicted patients with MVI to have good survival out-
comes, and the results were similar to those of patients
with HCC without MVI. In contrast, a high score (>4) reliably
predicted patients to have worse survival outcomes.

In previous studies, MVI, which was also known as
microvascular tumor thrombus, was diagnosed only under
microscopy. Its presence has been repeatedly and defini-
tively shown to be a significant poor prognostic factor of
HCC recurrence and overall survival after liver resection.
Even for patients with small HCCs or for those who were
treated with transplantations, presence of MVI in the
resected surgical specimens was still a poor prognostic indi-
cator of long-term survival outcomes [31–33]. Recent stud-
ies have focused on preoperative prediction of MVI. By
using a preoperative serological index, a nomogram was
reported that could preoperatively predict the presence of
MVI in patients with HBV-related HCC but could not be
used to predict survival outcomes [11]. In another study, a
radiomic nomogram based on preoperative imaging indica-
tors was reported to show a favorable predictive accuracy
on the MVI status in patients with HCC [34]. However, pre-
operative imaging indicators or serological indicators are
less accurate than the gold standard of histopathological
diagnosis of MVI, and they can only be used in prediction.
In this study, postoperative histopathological indexes com-
bined with preoperative serological indexes were used to
establish a new scoring system to predict long-term survival
outcomes in patients with HCC with MVI after R0 LR. Thus,
the prediction focused on the long-term survival outcomes
in patients with HCC who had already been confirmed to
have MVI on histopathological studies.

There was a striking sex difference in the incidence of
hepatocellular carcinoma, with a strong predominance for
men [35]. It is necessary to define an individually planning
surveillance strategy with various follow-up intervals based
on patient sex and other risk factors for patients after R0
LR. In many of the MVI risk estimation models, multifocal
lesions, large tumor size, incomplete tumor encapsulation,
and high serum levels of AFP have been reported to

Figure 2. Kaplan-Meier curves in estimating recurrence-free survival (RFS) and overall survival (OS) by the Eastern Hepatobiliary
Surgery Hospital (EHBH) microvascular invasion (MVI) score in the training cohort. (A): The prognostic significance of the two
EHBH-MVI score subgroups (≤4, n = 477/>4 points, n = 556) for RFS (p < .001). (B): The prognostic significance of the two EHBH-
MVI score subgroups (≤4, n = 477/>4 points, n = 556) for OS (p < .001).
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increase the possibility of vascular invasion in HCC [36–38].
Our study showed these factors to also be significantly associ-
ated with the OS and RFS rates in patients with HCC with MVI
after R0 LR. These results suggested that these factors were
associated with the incidence of MVI, which may further
worsen survival outcomes in patients with MVI. In addition,
HBeAg (negative/positive), HBV DNA load (≤104/>104), and

gastric fundus/esophagus varicosity (absent/present) were
also shown in this study to be associated with long-term sur-
vival outcomes. Our research team has reported previously
that HBV infection and active HBV replication were associated
with the development of vascular invasion in patients with
HCC [39], and an MVI risk estimation nomogram showed a
high serum HBV DNA load (>104 IU/mL) to be associated with

Figure 3. Kaplan-Meier curves in estimating recurrence-free survival (RFS) and overall survival (OS) by the Eastern Hepatobiliary
Surgery Hospital (EHBH) microvascular invasion (MVI) score in the three external validation cohorts. (A): The prognostic significance
of the two EHBH-MVI score subgroups (≤4, n = 179/>4 points, n = 314) for RFS in the external validation cohort 1 (p < .001). (B):
The prognostic significance of the two EHBH-MVI score subgroups (≤4, n = 179/>4 points, n = 314) for OS in the external validation
cohort 1 (p < .001). (C): The prognostic significance of the two EHBH-MVI score subgroups (≤4, n = 97/>4 points, n = 185) for RFS in
the external validation cohort 2 (p < .005). (D): The prognostic significance of the two EHBH-MVI score subgroups (≤4, n = 97/>4
points, n = 185) for OS in the external validation cohort 2 (p < .05). (E): The prognostic significance of the two EHBH-MVI score sub-
groups (≤4, n = 77/>4 points, n = 72) for RFS in the external validation cohort 3 (p < .005). (F): The prognostic significance of the
two EHBH-MVI score subgroups (≤4, n = 77/>4 points, n = 72) for OS in the external validation cohort 3 (p < .005).
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an increased risk of MVI in early T-stage HCC [11]. These stud-
ies supported the findings in the current study that viral load
was an important factor associated with prognosis of patients
with HCC with MVI after LR. Gastric fundus/esophagus vari-
cosity, an indication of the degree of cirrhosis, was also found
to be an independent factor of OS in this study. In addition,
we used similar methods to develop an EHBH portal vein
tumor thrombus (PVTT) scoring system as an aid to decision
making on hepatectomy for patients with HCC with PVTT,
which included four factors—total bilirubin, α-fetoprotein, tumor
diameter, and satellite lesions [40]. However, in this EHBH-MVI
scoring system, we input the other factor of liver function, albu-
min, into univariate analysis (p = .351), which indicated that the
liver function may not be associated with prognosis in patients
with MVI, probably because patients with HCC with MVI have
relatively better liver function than patients with PVTT.

The long-term survival outcomes of patients with HCC with
MVI can vary greatly after R0 LR [41–43]. Whether postopera-
tive adjuvant therapy should be performed for all these
patients is controversial. Currently, our research team showed
that postoperative adjuvant transarterial chemoembolization
(TACE) after R0 hepatectomy improved survival outcomes in
patients with HCC and MVI [17], and the results have been
supported by another study using adjuvant radiotherapy [16].
Our new scoring system distinguished different subgroups of
patients with HCC with MVI to have a high score (>4) and a low
score (≤4). In future postoperative adjuvant TACE or radiother-
apy studies, the impact of adjuvant therapy on long-term sur-
vival outcomes in patients with HCC with MVI with predicted
poor long-term survival outcomes (the high-score subgroup)
should be analyzed separately from the low-score subgroup.

Although our study showed that the four commonly used
international staging systems can stratify patients with HCC
with MVI after R0 LR into distinct risk categories, the ability of
these systems to predict long-term survival of these patients
was suboptimal when compared with the EHBH-MVI scoring
system using ROC analysis, probably because the EHBH-MVI
scoring system focused on the prognosis of patients with MVI.
Our novel prognostic staging system, which is specific for
patients with HCC and MVI after R0 LR, can improve these
international systems; for example, for the BCLC B staging

system, patients with HCC with MVI can be subdivided into
two groups with different prognoses (≤4/>4) using our score.
Thus, this score can become an appropriate supplement to
the existing staging systems.

This study has several limitations. First, this is a retrospective
study with its inherent defects. However, the analysis on the
internal validation cohort was based on prospectively collected
data. Furthermore, the results were validated in four validation
cohorts to increase reliability. Second, the aim of this study was
to identify a suitable subgroup of patients with HCCwithMVI for
postoperative adjuvant therapy. For patients with an EHBH-MVI
score >4 who are predicted to have poor RFS and OS outcomes,
postoperative adjuvant TACE may potentially be beneficial to
these patients. However, these conclusions needmore high-level
evidence to support. Third, standards in diagnosis and in surgical
techniques for patients with HCC with MVI may vary in the dif-
ferent centers. Finally, because this study was conducted in
China, most patients had a background of HBV infection. These
data require validation from study groups with hepatitis C virus
infection or alcoholism being the prevailing etiologies of HCC.

CONCLUSION

A new EHBH-MVI scoring system was used to predict progno-
sis in patients with HCC withMVI after R0 LR. For patients with
MVI, postoperative adjuvant therapy may be recommended
for those with an EHBH-MVI score >4, as these patients are
predicted to have poor long-term survival outcomes. The
score can be used to supplement the most commonly used
international classification systems in distinguishing subgroups
of patients with different long-term survival outcomes among
patients with HCC withMVI.
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