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Abstract

Background: Histologic microvascular invasion (MVI)
substantially worsens the prognosis of patients with
hepatocellular carcinoma, and can only be diagnosed
postoperatively. Preoperative assessment of MVI by
imaging has been focused on tumor-related features, while
peritumoral imaging features have been indicated else-
where to be more accurate. The aim of the present study is
to evaluate the association between peritumoral imaging
features and MVI.

Methods: Literature search was performed using the
PubMed, Embase, and Cochrane Library databases.
Summary results of the association between peritumoral
imaging features and MVI were presented as the odds ratio
(OR) and the 95% confidence interval. Meta-regression
and subgroup analyses were performed when heterogene-
ity was detected. Diagnostic accuracy analysis was also
conducted for identified features.

Results: Ten studies were included in the analysis.
Moderate and low heterogeneities were found among the
seven studies on peritumoral enhancement and four
studies on peritumoral hypointensity on HBP, respec-
tively. Summary results revealed a significant association
between MVI and peritumoral enhancement (OR 4.04
[2.23,7.32], p < 0.05), and peritumoral hypointensity on
HBP (OR 10.62 [5.31, 21.26], p < 0.05). Diagnostic
accuracy analysis revealed high specificity (0.90-0.94) but
low sensitivity (0.29-0.40) for both features to assess MVI.
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Conclusion: The two peritumoral imaging features are
significantly associated with MVI. The two features highly
suggest MVI only when present with a high false negative
rate. Promotion of their diagnostic efficiency can be a
worthwhile task for future research.
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Hepatocellular carcinoma (HCC) is considered as a
cause of increasing cancer-related death worldwide.
Microvascular invasion (MVI) is defined as tumoral
invasion into the portal radicle vein, the large capsule
vessel, or a vascular space lined by endothelial cells, and
is only microscopically detectable [1]. HCC patients with
MVI have significantly poorer postoperative survival
rate (overall or disease-free survival) [2, 3], even for pa-
tients with small solitary tumors [4, 5]. M VI is diagnosed
postoperatively by histology and requires extensive
sampling, with detectable rate varying in the range of
15-57.1% [6]. Attempts have been made to preopera-
tively evaluate patients for MVI, and imaging test has
been a promising way. Peritumoral tissue is the first to be
affected by MVI, vessels of which furthermore serves as
the main blood dissemination path from which portal
vein tumor thrombosis (PVTT), intrahepatic and extra-
hepatic metastasis originate [1, 7, 8]. Therefore, imaging
features involving peritumoral tissue may reveal a direct
association with MVI compared to those of the tumor
itself.
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Peritumoral enhancement is defined as the existence
of a detectable, arterial-enhancing portion adjacent to,
but separate from, the tumor border, as identified on
arterial phase images, which later became isointense with
the background liver parenchyma in the delayed phase
[9]. Further, peritumoral hypointensity on HBP is de-
fined as an irregular, wedge-shaped, or flame-like hy-
pointense area of liver parenchyma located outside of the
tumor margin [10]. Their association with MVI has been
controversially reported [9, 11-17]. Hence, we conducted
an analysis of the available evidence to reach a more
conclusive result considering the relationship between
peritumoral imaging features and MVI.

Materials and methods
Search strategy

We searched the PubMed, Embase, and Cochrane Li-
brary databases to find relevant studies. The last search
update was performed on December 1, 2017. We used
MeSH and free words such as ‘“hepatocellular carci-
noma,” “‘microvascular invasion,” and ‘‘peritumoral”
and their variations. No restriction including language
was applied. Potentially eligible citations from retrieved
articles were reviewed to identify additional studies. A
detailed search strategy is presented in the supplementary
materials (Online Resource).

Inclusion and exclusion criteria

Studies providing data on the association between peri-
tumoral imaging features and histological confirmed
MVI in HCC patients were included. Data should be
reported using 2 x 2 tables, relative risks (RR), odds
ratios (OR), or other forms of data sufficient for the
estimations. We excluded reviews, studies without valid
data, and trials with overlapping populations.

Data extraction and quality assessment

Two authors (Q.Y.S. and X.W.H.) independently re-
viewed the included studies and extracted the relevant
data. Discrepancies were resolved by consensus with a
third author (M.K.), whose decision was considered fi-
nal. The data that were recorded included the first au-
thor, country, year of publication, study design, sample
size, and possible sources of bias discussed below. These
variables included the mean tumor size, the presence of
single or multiple tumors, the application of preoperative
antitumor treatment, and the imaging modality applied.
The level of evidence was evaluated in accordance with
the Newcastle-Ottawa Scale (NOS) [18], establishing a
consensus among all three of the authors (Q.Y.S.,
X.W.H. and M.K.).
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Statistical analysis

We used STATA version 14.0 (Stata Corporation, Col-
lege Station, TX, USA) for data analysis. The random-
effects model was applied. Results were presented as the
OR and the 95% confidence interval with a two-sided
probability. A p < 0.05 was considered statistically sig-
nificant. We used the Cochran Q test to assess the
heterogeneity among studies. A value of I* > 50% sug-
gested considerable heterogeneity. A meta-regression was
applied to detect possible sources of bias from the ex-
tracted parameters. A subgroup analysis was conducted
based on the results of meta-regression, and sensitivity
analysis was conducted by removing one study each time
as well as the studies with a low NOS score. Publication
bias was evaluated using Egger’s test [19] and funnel
plots.

Results

A total of 55 studies were identified using our search
strategy (Fig. 1). After the title and abstract were re-
viewed, studies that were not related, duplicates, reviews,
and editorials were excluded, leaving 16 for further
screening. After a full text review, 3 studies were ex-
cluded as conference abstracts that were published later
as full records [20-22], 4 for having no valid data after
confirmation by email contact with the authors [23-26].
One study was included from the citation [17]. Finally 10
studies were included in the analysis, and their charac-
teristics are listed in Table 1.

All of the 10 included studies were retrospective
studies, with an NOS score that ranged from 7 to 10. Of
these studies, five were from Korea, four from China,
and one from Japan. Seven studies were on peritumoral
enhancement, and four on peritumoral hypointensity on
HBP. In total, 441 pathologically diagnosed MVI-posi-

Pubmed database Embase database Cochrane database
22 33 0

39 excluded:
not related;
- duplications;
reviews;
editorials;

16 for full-test review

7 excluded:
«— overlapping populations;
without valid data;

I

| 1 study from citations " 9 studies retrieved |

|

I 10 studies for inclusion |

Fig. 1. Flow chart diagram presenting the selection of
eligible studies.
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Table 1. Characteristics of the 10 included studies
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Study Year Country Study Patients (n) Mean age Mean tumor Tumor Antitumoral Imaging NOS
design size (cm) number treatment score
Ahn [1] 2015 Korea R 78 52 3.1 S N MR 10
Chou [11] 2012 China R 102 60 4.1 S NM CT 9
Chou [15] 2014 China R 102 63 44 S NM CT 9
Kim [9] 2009 Korea R 70 55 3.6 S/M NM MR 9
Kim [10] 2012 Korea R 104 55 3.6 S/M N MR 8
Lee [16] 2017 Korea R 197 55 2.8 S N MR 9
Nishie [37] 2014 Japan R 61 67 2.9 SM N MR 7
Shin [13] 2017 Korea R 126 57 2.6 S NM MR 8
Xu [12] 2014 China R 109 53 1.4 S/M N MR 10
Yang [10] 2016 China R 136 55 3.0 S N MR 9

Study design: P (prospective)/R (retrospective); tumor number: S (single)/M (multiple); Antitumoral treatment: preoperational antitumoral treat-
ment applied, N (no)/Y (yes)/NM (not mentioned); imaging: CT (computed tomography)/MR (magnetic resonance); NOS score: scores by the

Newcastle-Ottawa scale

Study ID OR (95% Cl) Weight %
1
Ahn (2015) —E—*— 7.00 (1.71, 28.68) 11.59
1
Chou (2012) _—"—i 1.41(0.48,4.13) 15.96
Chou (2014) E 5.42 (0.64, 45.78) 6.30
'
Kim (2009) _E—’— 6.00 (2.06, 17.48) 16.04
1
Lee (2017) i_’_ 8.65 (4.21,17.76) 22.38
Xu (2014) _—’—%— 2.07 (0.77,5.52) 17.45
1
Yang (2016) ; 2.97 (0.63, 13.88) 10.28
Overall (I-squared =45.4%, p = 0.089) <E> 4.04(2.23,7.32) 100.00
:
NOTE: Weights are from random effects analysis E
t T

T
0.02 1

Fig. 2. The summary result considering association
between peritumoral enhancement and MVI. The point
estimates of sensitivity and specificity for each study are
shown as solid boxes, and the size of each solid box indicates

tive patients and 722 MVI-negative patients were in-
cluded in the analysis. The mean tumoral diameter of the
patients who were included in each study ranged from
1.4 cm to 4.4 cm. Six studies included patients with a
solitary HCC, while four had both solitary and multiple
tumors. The two studies by Chou et al. [11, 15] used CT
scans to assess peritumoral enhancement, while others
applied MRI. Patients who received preoperative anti-
tumor treatment were excluded in six studies, while not
reported in four studies.

The summary result revealed a significant association
between peritumoral enhancement and MVI, with an OR
4.04 [2.23, 7.32], and p < 0.05 (Fig. 2). The inconsis-
tency index I° was 45.4%, indicating moderate hetero-
geneity. Meta-regression indicated a possible source of
bias in the origin of study (p < 0.05), the imaging test

45.80

its weight in the analysis. Error bars are 95% confidence
intervals. The estimated OR is 4.04 [2.23, 7.32], with
p < 0.05. Moderate heterogeneity is indicated with 2 being
45.4%.

applied (p < 0.05), and the tumor number included
(p = 0.02). Subgroup analysis revealed statistically sig-
nificant results in the group from Korea (OR 7.60 [4.39,
13.17]) and China (OR 2.09 [1.12, 3.92]), and in the
solitary (OR 4.32 [1.93, 9.66]) and multiple (OR 3.45
[1.21, 9.78]) tumor groups. When stratified by imaging
test, the result of the studies using MRI was statistically
significant (OR 4.98 [2.76, 8.99]), but was not significant
for those using CT (OR 2.01 [0.62, 6.52]) (Table 2).
Sensitivity analysis and Egger’s test showed no small-
study effects (p = 0.58). We attempted to apply peritu-
moral enhancement as the only diagnostic criteria for
MVI, which yielded a sensitivity of 0.29 and specificity of
0.90 (Fig. 3). The peritumoral hypointensity on HBP was
also significantly associated with MVI, with an OR =
10.62 [5.31, 21.26], and p < 0.05 (Fig. 4). The hetero-
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Table 2. Subgroup analysis for peritumoral enhancement

2@

Subgroups Study Estimate OR [95% CI] P
number (1)
Imaging
MR 5 338 4.98 [2.76, 8.99] < 0.01
CT 2 20.2 2.01 [0.62, 6.52] 0.25
Tumor number
S 5 514 4.32 [1.93, 9.66] < 0.01
S/M 2 51.6 3.45[1.21, 9.78] 0.02
Country
Korea 3 0 7.60 [4.39, 13.17] < 0.01
China 4 0 2.09 [1.12, 3.92] 0.02

CT (computed tomography)/MR (magnetic resonance); S (single)/M
(multiple); /*: results from Cochran Q test for heterogeneity assessment

geneity was low (7 = 0). A diagnostic analysis revealed
similar results with low sensitivity (0.40) and high
specificity (0.94) (Fig. 5).

Discussion

Our meta-analysis indicated significant association be-
tween peritumoral imaging features and MVI, but poor
diagnostic accuracy. In clinical practice, when MVI is
indicated preoperatively, the diagnostic accuracy can be
improved with intentional expanded sampling. Adjuvant
treatments such as sorafenib [27, 28] or trans-catheter
arterial chemoembolization (TACE) [29] can be applied,
as these approaches have been reported to improve the
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survival of HCC patients with MVI. Imaging method has
been promising to assess MVI preoperatively, given the
discovery of associations between imaging features and
proteomics characteristics and gene signatures, and fur-
ther association with a pathologically diagnosed MVI
[30-33]. Kusano et al. [34] discovered a high level of
expression of placental growth factor (PIGF) and vas-
cular endothelial growth factor receptor (VEGFR-1) in
adjacent noncancerous tissue associated with MVI. This
elevated expression may induce peritumoral pathologic
angiogenesis and potentiate vascular invasion [35]. Peri-
tumoral enhancement may represent compensatory
arterial hyperperfusion, after changes in hemodynamic
perfusion with obstruction of the peritumoral microves-
sels by tumor thrombi [36]. Peritumoral hypointensity on
HBP reflects decreased peritumoral uptake of the con-
trast agent on MRI. Nishie [37] suggested that this
finding may be caused by Kupffer cells and hepatocyte
injury in tumorous AP shunts in which the associated
portal branches are obstructed.

We noticed that in the subgroup analysis of studies on
peritumoral enhancement by country, studies from Chi-
na revealed a significant association (> = 0, p = 0.02),
while each single study reported an opposite result. A
possible explanation is the increased statistical power
with a bigger sample size. Only 2 studies used CT as the
imageological method to assess peritumoral enhance-

Studyld : SENSITIVITY (95% Cl)  Studyld : SPECIFICITY (95% Cly
1 1
I 1
1 1
1 1
1 I
Yang/2016 | —® : 0.09[0.03-022]  Yang/2016 :*'* 0.97 [0.91 - 0.99]
1 1
1 1
Xu/2014 — 0.26[0.13 - 0.42] Xu/2014 - 0.86 [0.75 - 0.93]
i i
Lee/2017 : O 0.54[0.41 - 0.67] Lee/2017 7.|F 0.88[0.81 - 0.93]
1 1
Kim/2009 : ®— 10.80[0.63-0.92] Kim/2009 : 0.60 [0.42 - 0.76]
1 1
I 1
Chou/2014 | —®— ! 0.12[0.05-0.23]  Chou/2014 —:—" 0.98 [0.87 - 1.00]
1 1
Chou/2012 —°—|L 0.18[0.09-0.31]  Chou/2012 '—:— 0.87 [0.74 - 0.94]
1 1
1 1
Ahn/2015 —Ir' 0.33[0.13-059]  Ahn/2015 —:—'— 0.93[0.84 - 0.98]
I 1
1 1
1 1
1 1
COMBINED <:> 0.29[0.14-0.51]  COMBINED <> 0.90[0.82 - 0.95]
1 1
I 1
: Q=78.68, df = 6.00 : Q =40.03, df = 6.00
i p=0.00 | p= 0.0
I 1
1 12 = 92.37 [88.21 - 96.54] 1 12 = 85.01 [75.11 - 94.91]

T
0.0

SENSITIVITY o

SPECIFICITY

T
1.0

Fig. 3. The diagnostic accuracy analysis for studies on
peritumoral enhancement. The point estimates of sensitivity
and specificity for each study are shown as solid boxes. The

summary results are shown as hollow prisms. 95%
confidence intervals are presented as the error bars or
prisms’ width.
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Study ID OR (95% Cl) Weight(%)
i
i
1

Kim (2012) —_— s 8.50 (2.36, 30.63) 29.26
i
i

Ahn (2015) | 3.63(0.47,27.78) 11.61
1
!

Nishie (2014) ‘I 10.65 (3.20, 35.42) 33.35
1
i

" —_—

Shin (2017) I 22.12 (5.64, 86.74) 25.78
i

Overall (I-squared = 0.0%, p = 0.513) <> 10.62 (5.31, 21.26) 100.00
1
1
1
i

NOTE: Weights are from random effects analysis i

T f

0.01 1

Fig. 4. The summary result considering association
between peritumoral hypointensity on HBP and MVI. The
point estimates of sensitivity and specificity for each study are
shown as solid boxes, and the size of each solid box indicates

T
10.62 86.70

its weight in the analysis. The estimated OR is 10.62 [5.31,
21.26], with p < 0.05. Low heterogeneity is indicated with P
being 0%.

Studyld : SENSITIVITY (95% CI) Studyld : SPECIFICITY (95% Cl)

| 1
| 1
1 1
| 1
| 1
[ 1
I 1

Shin/2017 T 0.41[0.24-061  Shin/2017 4, *— | 097[0.91-0.99]
[ 1
| |

Nishie/2014 : = 0.72[0.51-0.88]  Nishie/2014 = : 0.81[0.64 - 0.92]
1 1
I I

Ahn/2015 | —® | 0.11[0.01-0.35]  Ahn/2015 *— | 097[0.88-1.00]
[ 1
| |

Kim/2012 '}— 0.38[0.26-0.52]  Kim/2012 ':— 0.93[0.81 - 0.99]

1 1
1 1
1 1
1 1
| 1
| 1

COMBINED <> 0.40[0.21-0.63] COMBINED @ 0.94[0.86 - 0.98]
| 1
| 1
1 1
[ Q= 16.65, df = 3.00 I Q=13.08, df =3.00
: p= 000 : p= 000
| !
] 12 = 81.99 [64.87 - 99.10] 1 12 =77.07 [54.09 - 100.00]

0.0 0.9

SENSITIVITY
Fig. 5. The diagnostic accuracy analysis for studies on
peritumoral hypointensity on HBP. The point estimates of
sensitivity and specificity for each study are shown as solid

ment and reported nonsignificant results. Is this a result
of small-study effects, or of essentially different meaning
of peritumoral enhancement between CT and MRI? We
think more studies are needed for further analysis. The
diagnostic analysis revealed a high specificity but low

T T
1.0

SPECIFICITY
boxes. The summary results are shown as hollow prisms.
95% confidence intervals are presented as the error bars or
prisms’ width.

sensitivity for both features, indicating them to be not
very clinically useful. They highly suggest MVI when
present, while a high false negative rate is problematic.
Important specified information may be missed by the
naked eye. At the same time, heterogeneity certainly
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exists among reviewers and studies, as image interpre-
tation is operator dependent.

The radiomics method is a new research technique
that is objective and informative with the assistance of
artificial intelligence software in extracting high-
throughput advanced quantitative features. Imaging
signatures involving shape/size-based, histogram-based,
filtere-based, and textural features are uncovering deep
disease characteristics that cannot be appreciated visu-
ally [38]. Braman et al. [39] found peritumoral radiomic
features on pretreatment breast cancer dynamic contrast-
enhanced MRI to be robust predictors for a complete
pathological response to neoadjuvant chemotherapy,
both with and without a priori knowledge of the receptor
status. In addition, Prasanna et al. [40] reported several
peritumoral radiomic features on preoperative MRI to
be more predictive of survival in glioblastoma multi-
forme than features from enhancing tumors, necrotic
regions, or known clinical factors. By means of radiomics
method on peritumoral tissue, preoperative MYVI
assessment in HCC can hopefully become more accurate
and reliable in future studies.

There are limitations in our analysis. First, positive
result publication bias is a major concern, especially for
peritumoral hypointensity on HBP which is almost the
only feature studied and reported in all of the included
studies. Nonsignificant or unfavorable study results may
be missed, especially when the study number is limited
and Egger’s test is not applicable to assess publication
bias. Second, as image interpretation is reviewer depen-
dent, biases from interpreting imaging features between
studies may result in heterogeneity, although this finding
is partially explained by meta-regression results. Fur-
thermore, the low sensitivities of both peritumoral fea-
tures to diagnosis MVI limit their clinical applicability.
Future studies are needed to work on this issue.

Conclusions

In summary, peritumoral imaging features are signifi-
cantly associated with MVI. The features highly suggest
MVI only when present with a high false negative rate.
Promotion of their diagnostic efficiency can be a
worthwhile task for future research.
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