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ABSTRACT

Background. There are few reports on microvascular

invasion (MVI) located intra- or extratumorally and prog-

nosis of hepatocellular carcinoma (HCC).

Objective. The aim of this study was to evaluate patient

outcome according to the location of MVI, and to build a

nomogram predicting extratumoral MVI.

Methods. We included 681 consecutive patients who

underwent hepatic resection (HR) or liver transplantation

(LT) for HCC from January 1994 to June 2012, and eval-

uated patient outcome according to the degree of vascular

invasion (VI). A nomogram for predicting extratumoral

MVI was created using 637 patients, excluding 44 patients

with macrovascular invasion, and was validated using an

internal (n = 273) and external patient cohort (n = 256).

Results. The 681 patients were classified into four groups

based on pathological examination (148 no VI, 33 intra-

tumoral MVI, 84 extratumoral MVI, and 29 macrovascular

invasion in patients who underwent HR; 238 no VI, 50

intratumoral MVI, 84 extratumoral MVI, and 15

macrovascular invasion in patients who underwent LT).

Multivariate analysis revealed that extratumoral MVI was

an independent risk factor for overall survival in patients

who underwent HR (hazard ratio 2.62, p\ 0.0001) or LT

(hazard ratio 1.99, p = 0.0005). Multivariate logistic

regression analysis identified six independent risk factors

for extratumoral MVI: a-fetoprotein, tumor size, non-

boundary type, alkaline phosphatase, neutrophil-to-lym-

phocyte ratio, and aspartate aminotransferase. The

nomogram for predicting extratumoral MVI using these

factors showed good concordance indices of 0.774 and

0.744 in the internal and external validation cohorts,

respectively.

Conclusions. The prognostic value of MVI differs

according to its invasiveness. The nomogram allows reli-

able prediction of extratumoral MVI in patients undergoing

HR or LT.

Vascular invasion (VI) is one of the strongest risk fac-

tors for poor prognosis after both hepatic resection (HR)

and liver transplantation (LT) for hepatocellular carcinoma

(HCC) [1, 2]. Macrovascular invasion, which can be diag-

nosed by preoperative imaging, can cause widespread

dissemination of cancer cells and portal hypertension.

Therefore, the presence or absence of macrovascular

invasion has a major impact on deciding upon treatment

strategies, as mentioned in the Barcelona Clinic Liver

Cancer (BCLC) staging system.

In contrast, microvascular invasion (MVI), which is also

a poor prognostic factor [3, 4], is difficult to identify by

preoperative imaging and it can only be reliably assessed in
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tumor specimens. In the process of cancer cell metastasis,

tumor cells initially invade the nearest microvessels, such

as small vascular intratumoral spaces, and then disseminate

via these microvessels. This leads to the hypothesis that

extratumoral MVI is a high risk factor for tumor recur-

rence. Although there is agreement on defining some forms

of MVI, such as tumor emboli in portal radicle veins, large

capsule vessels or vascular spaces lined by endothelial

cells, the histological locations of MVI have not been

clearly defined. Roayaie et al. suggested that MVI located

more than 1 cm from tumor edge was associated with poor

survival [5]. However, there are few reports on MVI

located intra- or extratumorally and prognosis. We there-

fore studied the prognostic significance of the degree of

intratumoral MVI, extratumoral MVI, and macrovascular

invasion. We also established a nomogram for predicting

extratumoral MVI and validated it with two different

patient cohorts.

PATIENTS AND METHODS

The study cohort consisted of 1051 patients who were

diagnosed preoperatively with HCC and underwent

potentially curative HR (n = 490) or LT (n = 561) from

January 1994 to June 2016 at Paul Brousse Hospital,

Villejuif, France. Exclusion criteria were (1) not HCC at

pathological examination (n = 74); (2) missing clinico-

pathological data (n = 14); and (3) R2 resection (n = 5).

The remaining 958 patients were analyzed. Eligible

patients who underwent HR (n = 294) or LT (n = 387)

between January 1994 and June 2012 were assessed for

prognosis according to the degree of VI. To make a

nomogram for predicting extratumoral MVI using preop-

erative parameters, patients with macrovascular invasion

(n = 44) were excluded and the remaining 637 were stud-

ied as a training cohort. To validate the model, patients

who underwent surgery between July 2012 and June 2016,

excluding four patients with macrovascular invasion, were

enrolled as an internal validation cohort (n = 273). Patients

who underwent HR for HCC without macrovascular

invasion, between January 2007 and December 2012 at

Kumamoto University, were enrolled as the external vali-

dation cohort (n = 256) [electronic supplementary Fig. 1].

Preoperative Diagnosis and Treatment Strategy

Preoperative parameters such as serum laboratory

parameters and a-fetoprotein (AFP) were obtained within

2 weeks prior to the operation. A diagnosis of HCC was

based on ultrasound and contrast-enhanced computed

tomography (CE-CT) or magnetic resonance imaging

(MRI). If it was difficult to achieve a diagnosis by imaging,

percutaneous tumor biopsy was performed. For patients

who underwent pretreatment, the clinical parameters and

radiological images were obtained from the latest date prior

to surgery after pretreatment. The types of tumor shape by

CE-CT were classified by an experienced radiologist

according to the gross classification by CT, as previously

reported: [6, 7] single nodular type with a round or oval

shape and clear boundary, with or without a fibrous pseu-

docapsule, was defined as boundary type, while other

types, such as single nodular type with extranodular

growth, confluent multinodular type, or infiltrative type,

were defined as non-boundary type. If it was not possible to

evaluate tumor shapes by CE-CT because of lipiodol

deposition after transcatheter arterial chemoembolization

(TACE), the tumor shapes were evaluated by MRI.

Treatment strategies were decided upon at a multidis-

ciplinary meeting with liver surgeons, hepatologists, and

radiologists. The policy for treatment strategy has been

described previously [8].

Pathological Examination

Macrovascular invasion was diagnosed according to

preoperative imaging, such as CE-CT or MRI, and con-

firmed by pathological examination. Sections were stained

with hematoxylin–eosin-safran for microscopic examina-

tion, and specimens were cut into 5-mm-thick slices. For

tumors\ 2 cm in size, entire nodules were sampled. For

larger lesions, nodules were sampled extensively from the

center to the periphery, with the number of samples being

at the discretion of the pathologist. Intra- and extratumoral

MVI was evaluated by two pathologists (CG, MS), both

experts in liver tumor pathology. Intratumoral MVI was

defined when cancer cells were only present in the lumen

of vessels within the nodules (electronic supplementary

Fig. 2a). Cancer cells present in capsular vessels were also

defined as intratumoral MVI (electronic supplementary

Fig. 2b). Extratumoral MVI was defined when cancer cells

were present in the lumen of veins in the parenchyma

outside the nodules, regardless of the distance from the

edge of the nodules to the cancer cells (electronic supple-

mentary Fig. 2c). Tumors that had both intra- and

extratumoral MVI were defined as having extratumoral

MVI. If there was any uncertainty, immunohistochemistry

using a vascular antibody (CD34, D240) was performed to

confirm tumoral invasion.

Statistical Analysis

Most variables among the 681 patients had no missing

data other than body mass index (n = 20), neutrophil-to-

lymphocyte ratio (NLR; n = 40), platelet count (n = 8),

albumin (n = 43), creatinine (n = 3), c-
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glutamyltranspeptidase (GGT; n = 13), alkaline phos-

phatase (ALP; n = 29), alanine aminotransferase (ALT;

n = 2), boundary type in CT (n = 90), erythrocyte trans-

fusion (n = 40), pathological tumor size (n = 6), tumor

differentiation (n = 48), satellite lesions (n = 9), and

resection margins (n = 16, among the patients who

underwent HR). Exclusion of patients with missing data

might have led to biased risk estimates [9, 10], therefore

multiple imputation was performed for all multivariate

analyses on a dataset that included imputed predictive

variables using the R library (mice). Each of the imputed

datasets (n = 20) were analyzed separately and pooled
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using a multivariable Cox proportional hazard and logistic

regression model to assess the prognosis and probability of

extratumoral MVI, respectively.

Continuous variables are shown as mean ± standard

deviation. The cut-off values of continuous variables were

determined based on receiver operating characteristic (ROC)

analysis. The Chi square test and Fisher’s exact test were used

for comparison of categorical factors between groups, and

continuous variables were compared using the Mann–Whit-

ney U test. Prognostic analysis between groups was

performed by Kaplan–Meier curve and log-lank test. Survival

time was calculated from the operation date to the date of the

event of interest (death for overall survival [OS], relapse for

recurrence-free survival [RFS]) or the date of last follow-up.

To estimate RFS, patients without evidence of recurrence

were censored at the time of last follow-up or death, which-

ever came first. Univariate and multivariate analysis of risk

factors for prognosis was performed using a Cox proportional

hazard model, and analysis of risk factors for extratumoral

MVI was conducted using a logistic regression model.

Variables with a p value\ 0.20 in univariate analysis were

applied to multivariate analysis, and significant factors were

calculated using a stepwise backward elimination procedure

with a threshold of p\ 0.05. The logistic regression model,

arbitrarily fitted to the first imputed dataset, was the basis for

the nomogram. The predictive performance of the nomogram

was assessed by evaluating the degree of discrimination with

the C-statistic using 400 bootstrap re-samples. Statistical

analyses were carried out using JMP version 12 (SAS Insti-

tute, Inc., Cary, NC, USA) and R version 3.1.1 (R Project for

Statistical Computing, Vienna, Austria).

RESULTS

Patient Characteristics

The 681 patients who underwent HR (n = 294) or LT

(n = 387) between January 1994 and June 2012 were

divided into four groups according to the degree of VI.

Seventy-one patients with tumors that had both intra- and

extratumoral MVI were classified into the extratumoral

MVI group. Patient backgrounds are shown in Table 1.

There were significant differences between the four groups

in pretreatment history, Model for End-Stage Liver Disease

(MELD) score, number fulfilling the Milan criteria, Child–

Pugh, AFP, largest tumor size, non-boundary type, and

satellite lesions among the patients who underwent HR.

Among the patients who underwent LT, there were sig-

nificant differences between the four groups in

pretreatment history, number fulfilling the Milan criteria,

AFP, largest tumor size, non-boundary type, tumor number

according to pathology, and satellite lesions.

Survivals and Recurrence Pattern According

to the Degree of Vascular Invasion

The median follow-up time of the 681 patients was

81.6 months (HR patients, 57.7 months; LT patients,

109.7 months). OS and RFS were significantly different

among the no VI, intratumoral MVI, and extratumoral

groups based on the degree of VI (Fig. 1). In contrast, RFS

and OS of extratumoral MVI did not differ significantly

from those of macrovascular invasion among the patients

who underwent HR and LT.

Univariate analysis revealed that extratumoral MVI was a

risk factor for OS and RFS among patients who underwent HR

or LT (electronic supplementary Tables 1 and 2). Multivariate

analysis using imputed data revealed that extratumoral MVI

was a common independent poor prognostic factor in patients

who underwent HR or LT (OS in HR, hazard ratio 2.62; RFS

in HR, hazard ratio 2.07; OS in LT, hazard ratio 1.99; RFS in

LT, hazard ratio 2.66) (Table 2). Intratumoral MVI was an

independent risk factor of OS among LT patients, but did not

remain significantly associated with OS and RFS after HR,

and to RFS after LT, in multivariate analysis.

Risk Factors for Extratumoral Microvascular Invasion

(MVI)

Preoperative prediction of extratumoral MVI could be

important in deciding on the treatment strategy. We were

able to diagnose macrovascular invasion by preoperative

imaging in 44 patients; therefore, these patients were

excluded and we evaluated the preoperative risk factors for

extratumoral MVI in the remaining 637 patients (the

training cohort). Patient backgrounds are shown in elec-

tronic supplementary Table 3.

Univariate analysis of risk factors for extratumoral MVI is

shown in electronic supplementary Table 4. Multivariate

analysis identified that NLR C 3.0, AST C 62 U/l, ALP

C 160 U/l, AFP 100–1000 ng/ml or[ 1000 ng/ml, largest

tumor size 40–60 mm or[ 60 mm, and non-boundary type

were independent risk factors for extratumoral MVI (Table 3).

Establishment of a Predictive Nomogram

for Extratumoral MVI

We constructed a predictive nomogram for extratumoral

MVI using the six factors listed above, based on the results

of multivariate analysis (Fig. 2). Electronic supplementary

Fig. 3a shows the calibration plot for the nomogram. The

c-index, based on the data containing the missing data, was

0.746, and the mean c-index, based on 20 imputed data,

was 0.727 (black lines in electronic supplementary

Fig. 3a). These demonstrated good agreement between

prediction by the nomogram and the actual observation.
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Validation of the Nomogram

To validate whether the nomogram would be applicable to

other datasets, we conducted a validation study using data

from the 273 and 256 HCC patients in the internal and

external validation groups, respectively. Patient backgrounds

are shown in electronic supplementary Table 3. Unadjusted

c-indices of the internal and external validation groups were

0.800 (95% CI 0.738–0.861) and 0.765 (95% CI

0.701–0.829), respectively, and bootstrap-corrected c-indices

of the internal and external validation groups were 0.774 and

0.744, respectively. These results demonstrated that the

TABLE 2 Multivariable

analysis of risk factors for OS

and RFS in patients who

underwent hepatic resection or

liver transplantation

Hazard ratio 95% CI low 95% CI high p value

HR OS Macrovascular invasion 3.56 1.81 7.00 0.0002

Extratumoral MVI 2.62 1.69 4.07 \ 0.0001

Albumin\ 35 g/l 1.86 1.26 2.77 0.002

Surgical margin\ 1 mm 1.75 1.17 2.63 0.007

Platelet count\ 17 9 104/ll 1.63 1.08 2.46 0.02

ALT C 44 U/l 1.57 1.05 2.33 0.03

HR RFS Macrovascular invasion 3.14 1.73 5.71 0.0002

Extratumoral MVI 2.07 1.45 2.95 \ 0.0001

Tumor number C 2 1.70 1.22 2.37 0.002

Surgical margin\ 1 mm 1.64 1.19 2.27 0.003

NLR C 3.2 1.58 1.11 2.24 0.01

Platelet count\ 17 9 104/ll 1.55 1.12 2.16 0.009

ALP C 151 U/l 1.51 1.07 2.12 0.02

LT OS Poor differentiation 2.16 1.27 3.68 0.005

Extratumoral MVI 1.99 1.35 2.93 0.0005

Tumor size C 20 mm 1.86 1.24 2.78 0.003

Intratumoral MVI 1.72 1.08 2.74 0.02

Satellite lesions 1.42 1.00 2.01 0.05

LT RFS Poor differentiation 3.27 1.50 7.12 0.003

Extratumoral MVI 2.66 1.61 4.39 0.0001

Satellite lesions 2.64 1.58 4.41 0.0002

AFP C 100 ng/ml 2.14 1.27 3.60 0.004

Platelet count C 13 9 104/ll 2.04 1.20 3.46 0.008

GGT C 230 U/l 1.99 1.16 3.42 0.01

Tumor size C 20 mm 1.96 1.02 3.76 0.04

CI confidence interval, OS overall survival, RFS recurrence-free survival, HR hepatic resection. LT liver

transplantation, MVI microvascular invasion, NLR neutrophil-to-lymphocyte ratio, ALT alanine amino-

transferase, ALP alkaline phosphatase, AFP a-fetoprotein, GGT c-glutamyltransferase

glutamyltranspeptidase

TABLE 3 Multivariable

analysis of risk factors for

extratumoral microvascular

invasion

RR 95% CI low 95% CI high p value

NLR C 3.0 1.82 1.22 2.73 0.007

AST (U/l) C 62 1.76 1.18 2.61 0.005

ALP (U/l) C 160 1.77 1.15 2.71 0.01

AFP (ng/ml) 100–1000 2.21 1.29 3.76 0.004

[ 1000 2.30 1.18 4.48 0.02

Tumor size (mm) 40–60 2.39 1.41 3.99 0.001

[ 60 2.34 1.43 3.83 0.001

Non-boundary type 2.10 1.38 3.20 0.002

RR relative risk, CI confidence interval, NLR neutrophil-to-lymphocyte ratio, AST aspartate aminotrans-

ferase, ALP alkaline phosphatase, AFP a-fetoprotein
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nomogram also showed good prediction in both validation

patient cohorts (electronic supplementary Figs. 3b, c). When

the internal validation cohort was divided into the HR

(n = 160) and LT (n = 113) groups, the unadjusted C-in-

dexes were 0.736 (95% CI 0.646–0.828) and 0.926 (95% CI

0.863–0.989), respectively, indicating good concordance in

both groups. Relationships between probabilities of extratu-

moral MVI according to the nomogram and actual

extratumoral MVI rates confirmed by pathological exami-

nation were found to correspond closely and are summarized

in electronic supplementary Table 5.

Comparison of Predictive Powers

The predictive powers of extratumoral MVI in our

nomogram, the other MVI predicting models (Cucchetti

et al. [11]. and Lei et al. [12].), and the LT criteria (Milan

criteria and AFP model [13]) among the training cohort

were compared by ROC curve analysis. The area under

ROC curve of our model was significantly better than those

of the other models (electronic supplementary Fig. 4).

DISCUSSION

MVI of HCC is a significant poor prognostic factor of

survival in patients undergoing HR and LT [4, 14–16] and a

better predictor of tumor recurrence and OS than the

commonly used Milan criteria [3]. Therefore, predicting it

preoperatively is helpful in guiding treatment strategy.

Although intratumoral MVI was not identified by multi-

variate analysis as an independent risk factor for survival,

except for OS of patients who underwent LT, OS of the

intratumoral MVI group among both HR and LT patients

was significantly worse than that of the no VI group.

Therefore, the possibility of tumor emboli within nodules

should be considered. In contrast, extratumoral MVI was a

common independent prognostic factor for both the HR

and LT cohorts. In the patients with extratumoral MVI who

underwent HR or LT, 5-year OS was only 29.2% or 40.7%,

respectively. The prognosis of patients with extratumoral

MVI did not differ from those in patients with macrovas-

cular invasion. According to the BCLC staging system,

patients with macrovascular invasion were staged as

BCLC-C, meaning no criteria for LT and HR. Therefore, it

becomes critical to diagnose the location of MVI (intra- or

extratumor) since preoperative prediction of extratumoral

MVI has a similar impact as the detection of macrovascular

invasion, and is a major factor in deciding on treatment

strategy.

The nomogram predicting extratumoral MVI demon-

strated good prediction among both the internal and

external validation cohorts. Moreover, the predictive power

for extratumoral MVI of the nomogram was significantly

better than that of the other MVI predicting models and LT

criteria. If all six factors are negative, the probability of

extratumoral MVI based on the nomogram is 7%. In con-

trast, the probability is 84% if all factors are present. In this

study, we established a nomogram for extratumoral MVI

from the common datasets of patients who underwent HR

or LT. The purpose of building the nomogram from the

common datasets of patients who underwent HR or LT was

to establish a nomogram that is appropriate for patients

who are candidates for either HR or LT. Not all patients

with HCC can be clearly assigned to one of these

approaches, i.e. HR and LT. Moreover, this nomogram

incorporates only preoperative factors and its accuracy is
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FIG. 2 Nomogram for

predicting extratumoral
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transplantation for HCC. AFP
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good both for patients who underwent HR (c-index 0.736)

or LT (c-index 0.926) in the internal validation cohort, and

will therefore help with preoperative decisions on strate-

gies for the treatment of HCC in patients who are

candidates for either HR or LT. In a clinical setting,

patients in the fourth quartile (nomogram points[ 195 =

37% probability, n = 35) who underwent LT showed

extremely poor RFS in the training cohort (5-year RFS

58.5%; data not shown). Therefore, patients with high

nomogram points should not be considered for LT upfront,

meaning that some neoadjuvant therapy such as TACE

may be needed to reduce the probability of extratumoral

MVI [17]. With regard to HR, patients in the fourth quartile

(nomogram points[ 195, n = 89) showed significantly

poorer prognoses than patients in quartiles 1–3 (5-year OS

45.4% vs. 57.5%, p = 0.02; data not shown). If liver

function is preserved in patients with a high nomogram

score, anatomical liver resection or ensuring wide surgical

margins are recommended because of their reported ben-

eficial effect on the prognosis of patients with VI [18–21].

Overall, 17 patients had occult macrovascular invasion,

i.e. those who were diagnosed with macrovascular invasion

by pathological examination only. All these patients had

extratumoral MVI. The mean probability of extratumoral

MVI for these 17 patients using the nomogram was 59%

(31–78) and 16 patients (94%) exhibited a probability

of[ 37%, which corresponds to the fourth quartile (data

not shown). Therefore, this nomogram may be useful in

distinguishing extratumoral MVI as well as occult

macrovascular invasion.

Non-boundary type in image was significantly corre-

lated with extratumoral MVI. In particular, infiltrative

HCCs have a higher MVI rate, with poorer prognosis, than

other types [22, 23]. In this study, the rate of extratumoral

MVI was significantly higher in the infiltrative type than

other types (57.7% vs. 23.6%, p\ 0.0001; data not shown)

and the relative risk in the infiltrative type was 2.45 (data

not shown). Therefore, there was a strong correlation

between infiltrative type and extratumoral MVI.

Recently, ALP was found to be correlated with cells

with epithelial mesenchymal transition (EMT) phenotypes

[24–27] EMT is considered as the first step in MVI by

epithelial HCC cells [28]. Therefore, ALP may be useful

not only as a marker of cholestasis but also as a biomarker

for reflecting cancer cell proliferation or invasion. The

addition of ALP to the predictive model for MVI could

reflect invasive ability of tumor cells with more precision.

This study had several limitations. First, the nomogram

was created from data obtained at a single institution. Sec-

ond, the patient cohort included only patients who

underwent HR or LT, and not those treated only with local

ablation therapy or TACE. Third, the accuracy of the

nomogram was high but less than perfect. Therefore, there is

potential to have extratumoral MVI confirmed by postop-

erative pathological examination even if patients show a low

probability of extratumoral MVI preoperatively. Nonethe-

less, some adjuvant chemotherapy may be needed to reduce

the risk of recurrence in such cases since the prognosis of

patients with extratumoral MVI is severe [29, 30].

CONCLUSIONS

Extratumoral MVI was an independent poor prognostic

factor for patients who underwent HR or LT, and showed

similar prognosis as patients with macrovascular invasion.

The nomogram allowed reliable prediction of extratumoral

MVI in patients undergoing HR or LT, and could therefore

be valuable when deciding, preoperatively, on resection or

LT, with or without neoadjuvant treatment, as the best

strategy.
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