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Preoperative computed tomography and serum
a-fetoprotein to predict microvascular invasion
in hepatocellular carcinoma
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Abstract
To determine the diagnostic value of computed tomography (CT) for prediction of microvascular invasion (MVI) in hepatocellular
carcinoma (HCC). Preoperative CTs for 160 patients with 57 MVI-positive and 103 MVI-negative HCCs diagnosed by surgical
pathology were reviewed retrospectively. CT parameters and serum a-fetoprotein (AFP) level were analyzed in SPSS 16.0. Although
univariate analysis showed that tumor size (P= .012), grade (Z=�2.114, P= .034), and peritumoral enhancement (x2=4.464,
P= .035) were associated with MVI, multiple logistic regression analysis showed that capsular invasion (odds ratio [OR]=23.469,
P< .001), margins (OR=6.751, P< .001), and serum AFP level (OR=1.001, P= .038) were associated with MVI in HCC (P< .05).
Radiographic hepatic capsular invasion and nonsmooth tumor margins identified by preoperative CT images, along with AFP levels
greater than 232.2ng/mL, are important predictors of MVI.

Abbreviations: ADC = apparent diffusion coefficient, AFP = a-fetoprotein, CT = computed tomography, HCC = hepatocellular
carcinoma, LT = liver transplantation, MVI = microvascular invasion, OR = odds ratio, ROC = receiver operator characteristic.
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1. Introduction

Hepatocellular carcinoma (HCC), a very common cancer in
Guangxi, China, may be cured through surgical resection or liver
transplantation (LT).[1] However, the 5-year recurrence rates
following curative resection and LT are only 70% and 35%,
respectively.[2]Microvascular invasion (MVI) in early-stageHCC
is a powerful independent prognostic factor for tumor recurrence
and metastasis following surgery.[2–4] Preoperative MVI predic-
tion is difficult because some researchers think that limited
preoperative biopsy specimens are insufficient for accurate
diagnosis;[2,5,6] thus, diagnosis is made mainly based upon
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histologic examination of resected specimens. Noninvasive,
preoperative MVI assessment would assist providers in optimiz-
ing treatment. Wide surgical resection margins are needed to
improve overall survival and reduce tumor recurrence in patients
with MVI.[7]

Recent studies have suggested that computed tomography
(CT),[8] CT perfusion,[9] PET-CT,[10] gadoxetic acid-enhanced
magnetic resonance imaging (MRI),[11,12] and apparent diffusion
coefficient (ADC) measurement[13–15] could be used to predict
MVI. However, there have been no studies of capsular invasion
on CT (a standard HCC imaging modality) to predict MVI.
Furthermore, CT perfusion delivers relatively high radiation
doses, and ADC and hepatobiliary contrast agent imaging are not
widely accepted because of the loud noise, long scan time, and
expense, despite the additional clinical information they may
provide.
In this study, we assessed retrospectively whether preoperative

CT parameters of tumor size, grade, margins, capsule, necrosis,
peritumoral enhancement, tumor-enhanced ratio, capsular inva-
sion, and serum a-fetoprotein (AFP) level could be used to predict
MVI in HCC.[16–20] Histopathology findings were compared
with radiography results to confirm CT accuracy.
2. Materials and methods

2.1. Patients

This retrospective study included 160 patients (129 males and 31
females) aged 24 to 79 years (mean, 48.4 years) with solitary
HCC who underwent preoperative CT and AFP measurement at
our hospital from July 1, 2014 to June 22, 2016. All patients
provided written informed consent, and the institutional review
board of Affiliated Tumor Hospital of Guangxi Medical
University approved this retrospective study. All HCC cases
met 3 criteria: no cancer-related treatment or biopsy before CT
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for solitary hepatic tumors; hepatic tumor diagnoses were
confirmed by postoperative histopathological examination; no
CT evidence of macrovascular invasion or metastasis. CT
findings were compared with pathology findings. With respect
to operative treatment, 127 patients were elected to have partial
hepatectomy, and 33 patients were elected to have anatomic
hemihepatectomy. Of the 160 HCC cases, 151 were Child-Pugh
class A and 9 were Child-Pugh class B.
2.2. Computed tomography imaging protocol

Hepatic CT images were obtained using a 64-MDCT scanner
(SOMATOM Sensation 64, Siemens Healthcare, Erlangen,
Germany) equipped with z-axis modulation, a spiral pitch of
1, a 5-mm section thickness, a 2-mm reconstruction gap, a field of
view of 311mm, 120kVp, 230mA, and a standard reconstruc-
tion algorithm. Nonionic contrast medium (iopromide, 300mgI/
mL) was administered at an injection rate of 3mL/s for a total
dose of 100mL. The hepatic arterial phase images were started
approximately 25seconds after contrast medium injection, with
portovenous phase images taken 60seconds later, and equilibri-
um phase images taken 180seconds later. This protocol was
conducted 3 times. The scanning range included the whole-liver
zone while patients held their breath. Coronary and sagittal
images were reconstructed using a 5-mm section thickness.
2.3. Image evaluation

Tumor size was divided into 4 grades[21]: Grade 1was 3cm or less;
Grade 2 was 3.1 to 5cm; Grade 3 was 5.1 to 6.5cm; and Grade 4
was greater than 6.5cm. Tumormargins on the livermap (location
on transverse, coronary, and sagittal planes)[3,8,22,23] were
categorized using 3 subtypes (Fig. 1): smooth margins (simple
nodular, frequently with a complete capsule); nonsmooth margins
including focal extranodular type (single nodule outside the tumor
capsule); and multinodular type (confluence of several small
nodules). Tumor capsules were defined by their linear and
enhanced structure that surrounded the tumor on equilibrium
phase imaging. Capsules were categorized into 3 groups: complete
capsule encasing the tumor, incomplete tumor capsule, or absent
tumor capsule. Negative or positive peritumoral enhancementwas
observed using multiphase CT. Positive peritumoral enhancement
wasdefined in relationship to the liver parenchymaashyperdensity
proximal the tumor border on arterial phase imaging that changed
to isodensity on equilibrium phase imaging. Radiographic
evidence of hepatic capsular invasion was defined by the presence
of any of several characteristics: incomplete or absent tumor
capsule; tumor growth beyond the liver contour or a lack of liver
parenchymabetween the tumorand liver capsule; liver capsule that
was fuzzy, interrupted, or thickened; or detectable subcapsular
effusion accumulation (Fig. 2). In the absence of these CT findings,
arch distance to maximum tumor diameter ratio was used to
identify hepatic capsular invasion (Fig. 2). The length of the
interface between the tumor and liver capsule (arch distance) was
drawn freehand and themaximum tumor diameter wasmeasured.
The arch distance to maximum tumor diameter ratio was then
calculated, and a ratio greater than 0.9 was considered evidence of
hepatic capsular invasion.[24] The tumor enhanced ratio was
calculated as

CTenhanced � CTunenhanced

CTunenhanced
2

All imaging features were examined in consensus by 2
radiologists with 21 and 23 years of experience in reading liver
CTs. A third radiologist joined the consensus conference when
needed to resolve disagreements in assessments.
2.4. Histopathology

A pathologist with 8 years of experience interpreted and
confirmed the pathology diagnoses using hematoxylin-eosin
staining and immunohistochemistry. MVI was defined as tumor
cell invasion into the portal vein, hepatic vein, or a large capsular
vessel of the surrounding hepatic tissue that was partially or
totally lined by endothelial cells visible only by microscopy.[25]
2.5. Data analysis

Statistical analysis was performed using SPSS 16.0 statistical
software (SPSS, Chicago, IL). An independent t-test was used to
compare tumor size, arterial phase-enhanced ratio, portove-
nous phase-enhanced ratio, and serum AFP level between
MVI-positive andMVI-negative groups. Using a P value of less
than 0.05, receiver operator characteristic (ROC) curve
analyses were used to determine the optimal cutoff value
and diagnostic performance. The x2 test was used to compare
tumor margins, necrosis, peritumoral enhancement, and
radiographic hepatic capsular invasion between MVI-positive
and MVI-negative groups. Tumor size and capsule were
analyzed by the Mann–Whitney U test. The Hosmer–
Lemeshow test was performed to assess the goodness of fit
of the logistic regression model. A P value less than 0.05 was
considered statistically significant.

3. Results

Quantitative and qualitative findings are summarized in Table 1.
Of 160 specimens (57 MVI-positive and 103 MVI-negative),
there were no differences between the MVI-positive and MVI-
negative groups on univariate analysis with respect to arterial
phase-enhanced ratio (P=0.358), portovenous phase-enhanced
ratio (P=0.745), or necrois (x2=3.298, P= .069). However, the
MVI-positive and MVI-negative groups did differ with respect to
tumor grade (Z=�2.114, P= .034), size (P= .012), serum AFP
level (P= .025), peritumoral enhancement (x2=4.464, P= .035),
tumor margins (x2=25.073, P< .001), and hepatic capsular
invasion (x2=55.963, P< .001). The tumor capsule did not differ
between the 2 groups when analyzed with the Mann–Whitney U
test (Z=�1.793, P= .073). Multiple logistic regression analysis
showed that capsular invasion (odds ratio [OR]=23.469,
P< .001), margins (OR=6.751, P< .001), and serum AFP level
were associated with MVI (OR=1.001, P= .038). The Hosmer–
Lemeshow goodness-of-fit x2 value was 10.914 (P=0.207).
In retrospective cohort, 30 cases were located in the intra-

hepatic liver parenchyma. The 93 cases are applicable to identify
hepatic capsular invasion by arch distance to maximum tumor
diameter ratio. The presence of arch distance to maximum tumor
diameter ratio on CT had a sensitivity of 71.1%, a specificity of
90.9%, and an accuracy rate of 82.8% in predicting histopatho-
logical evidence of hepatic capsular invasion.
Of 64 specimens with radiographic signs of hepatic capsular

invasion, 5 were observed to have no histopathological evidence
of hepatic capsular invasion. Conversely, of 96 specimens with no
radiographic evidence of hepatic capsular invasion, 11 did
present histopathologically observed hepatic capsular invasion.



Figure 1. (A) 42-year-old male patient with solitary hepatocellular carcinoma at segments V and VIII; Portovenous phase computed tomography (CT) showing
smooth margin (dashed box). (B) 55-year-old male patient with solitary hepatocellular carcinoma at left lobe; arterial phase CT showing focal extranodular type
(dashed box). (C) Photomicrograph (hematoxylin-eosin staining,�50) of nodular showingmicrovascular invasion. (D) Photomicrograph (hematoxylin-eosin staining,
�100) of nodular, nonsmooth tumor margins rich with tumor angiogenesis. (E) 37-year-old female patient; portovenous phase CT showing contiguousmultinodular
type at segments II and III (dashed box). (F) 51-year-old male patient; portovenous phase CT showing multinodular type at segments V and VIII (dashed box).
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Of 57 HCC specimens with histopathological evidence of MVI,
45 also had radiographic evidence of hepatic capsular invasion.
The presence of hepatic capsular invasion on CT had a sensitivity
of 78.9%, a specificity of 81.6%, and an accuracy rate of 80.6%
in predicting MVI.
Of the 57 HCCs with MVI, 23 were focal extranodular type,

11 were multinodular type, and 23 had smooth margins. Of the
103 HCCs without MVI, 19 were of the focal extranodular type,
2 were of themultinodular type, and 82 had smoothmargins. The
optimal sensitivity, specificity, and accuracy rate of tumor
3

margins to predict MVI were 59.6%, 79.6%, and 72.5%,
respectively. AFP level was higher in patients with MVI-positive
than MVI-negative tumors (573.3±549.5 vs 378.2±508.3ng/
mL; P= .025).
Based on ROC analysis, the area under the ROC curve for

using AFP to predict MVI was 0.58. Using the Youden index
maximum value, the optimum AFP threshold was calculated as
232.2ng/mL. Sensitivity, specificity, and accuracy rate values for
AFP to predict MVI were 56.1%, 66.0%, and 62.5%,
respectively (Table 2).
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Figure 2. (A) 50-year-old male patient; portovenous phase-computed tomography (CT) showing tumor growth beyond the liver contour at segment V (arrows); (A-
1) Photomicrograph showing liver capsule interruption. (B) 37-year-old male patient; portovenous phase CT showing liver capsular thickening (arrowhead) and
subcapsular effusion; (B-1) photomicrograph showing liver capsule thickening and hepatic capsular invasion (dotted line). (C) 38-year-old male patient;
portovenous phase CT showing smooth margins and liver capsule interruption (arrows); (C-1) Photomicrograph showing liver capsule interruption. (D) 35-year-old
male patient; measurement of arch distance to maximum tumor diameter ratio on equilibrium phase CT. The single image that provided the maximum tumor
diameter was used for analysis (actual line). The arch distance was drawn freehand and measured on the same image (dotted line). The arch distance to maximum
tumor diameter ratio was then calculated; (D-1) photomicrograph showing microvascular invasion (dotted line; arrows); (D-2) photomicrograph showing hepatic
capsular invasion (dotted line; arrows).

Table 1

Quantitative measurements and qualitative findings identify hepatocellular carcinoma with MVI.
Histopathologic MVI

Risk Factors Positive (57) Negative (103) P

Radiologic evidence of hepatic capsular invasion Positive 45 19 .000
Negative 12 84

Tumor margins Smooth 23 82 .000
Focal extranodular 23 19
Multinodular 11 2

Peritumoral enhancement Positive 10 7 .035
Negative 47 96

a-Fetoprotein ng/mL 573.3±549.5 378.2±508.3 .025
Positive 40 62 .208
Negative 17 41

Tumor size (cm) 6.3±3.2 5.0±2.7 .012
The grading of tumor size 1 10 26 .034

2 16 35
3 6 17
4 25 25

MVI = microvascular invasion.
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Table 2

Multivariate logistic regression analysis and diagnostic performance of risk factors in predicting microvascular invasion.

Risk factors Odds ratio P Sensitivity (%) Specificity (%) Accuracy (%) Threshold

Radiologic evidence of hepatic capsular invasion 23.469 .000 78.9 81.6 80.6
Tumor margin 6.751 .000 59.6 79.6 72.5
a-Fetoprotein 1.001 .038 56.1 66.0 62.5 232.2ng/mL
Tumor size 0.929 .651 63.2 56.3 58.8 4.7cm
The grading of tumor size 1.111 .809 54.4 59.2 57.5 2.5
Peritumoral enhancement 2.954 .148 17.5 93.2 66.3
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4. Discussion

In this study, we conducted a retrospective evaluation of the
association between radiographic hepatic capsular invasion and
histopathological evidence ofMVI.Multiphase CTwas useful for
identifying hepatic capsular invasion and predicting MVI in
HCC. Multiple logistic regression analysis also showed that
radiographic hepatic capsular invasion was an independent
predictor of MVI, with a high associated OR value of 23.469
(P<0.001). Because we did not exclude any tumors based on
location, the actual accuracy of our new method to predict MVI
in HCCmay be higher than what was found in the present study.
To our knowledge, the radiographic hepatic capsule invasion was
defined and verified for the first time, and there are no other
reports of using radiographic hepatic capsular invasion to
identify MVI. In a follow-up study, we will aim to identify the
predictive efficiency of MVI in HCC using multiphasic CT.
Specifically, hepatic capsular invasion and arch distance to
maximum tumor diameter ratio will be studied.
Nodular HCC, which can be subclassified into single nodular

type, single nodular type with extranodular growth, or
contiguous multinodular type,[23] is highly correlated with
microscopic clinical features and prognosis. Nonsmooth tumor
margins are associated with increased MVI risk.[8,17,26–28] Our
retrospective study provided a detailed evaluation of tumor
margin pathology to show that nodular borders of nonsmooth
tumors are rich in pathological vessels, which suggests the
presence of MVI. Nonsmooth tumor margins identified by CT
were found to be directly associated with MVI, as has been
shown previously.[8,17,26–28] However, the 59.6% sensitivity of
tumor margins for predicting MVI in our study was much lower
than expected.
The univariate and multivariate analysis findings showing that

serum AFP level was a significant risk factor for MVI were
consistent with previous reports.[2,18,19,29] However, we found a
threshold value of 232.3ng/mL in our study. Although serum
AFP level and MVI were associated, the sensitivity (56.1%) and
specificity (66.0%) for predicting MVI were low. Therefore, one
should note that serum AFP level had low power to predict MVI.
Interestingly, univariate analysis showed that peritumoral

enhancement, tumor size, and grading of tumor size helped
predict MVI, but multivariate analysis did not confirm this
association. Although peritumoral enhancement appeared to
suggest increased MVI risk,[30,31] the sensitivity was only 17.5%.
Chou et al[8] previously reported that peritumoral enhancement
was not associated with MVI. Like other researchers,[2,8,21,30–34]

we found that tumor size and grade may predict poor HCC
prognosis for tumors that are 5cm or larger. Zheng et al[33]

reported that quantitative image analysis can be a preoperative
predictor of MVI among HCC tumors both <5 and >5cm,
with angle co-occurrence matrix and local binary patterns,
5

respectively. In stratified analyses, they found that higher serum
AFP level, larger tumor size, and viral hepatitis history were
associated with MVI among tumors >5cm. The serum AFP
level and tumor size were not associated withMVI among tumors
<5cm. They thought that the rate of MVI was relatively low
among tumors <5cm.[33] Larger tumor size appears more
heterogeneity and poor cell differentiation.[34]

This study has several limitations. First, we focused on
radiographic hepatic capsular invasion rather than pathological
hepatic capsular invasion to determine MVI in HCC because
pathology diagnoses cannot be made preoperatively. A future
study will be conducted to further investigate the relationship
between hepatic capsular invasion detected by multiphasic CT
and pathology. Second, the arch distance-to-maximum tumor
diameter ratio calculation was based on a small sample size in this
study. A follow-up study will be performed to confirm the
correlation between hepatic capsular invasion and arch distance-
to-maximum tumor diameter ratio. A third potential limitation is
the use of CT, which is commonly used for HCC evaluation, but
may be inferior to MRI.
In conclusion, the presence of radiographic hepatic capsular

invasion and nonsmooth tumor margins on preoperative
multiphasic CT, along with serum AFP level greater than
232.2ng/mL, were found to be important predictors of MVI.
Radiographic evidence of hepatic capsular invasion appears to be
the most important predictor. The treatment plan for patients
with evidence of radiographic hepatic capsular invasion on
preoperative CT should be made in consideration of the need for
LT or extensive surgery.
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