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Abstract

Purpose To assess major and ancillary parameters that could be correlated with Microvascular Invasion (MIV) and with
histologic grade of HCC.

Materials and methods In this retrospective study, we assessed 62 patients (14 women—48 men; mean age, 63 years; range
38-80 years) that underwent hepatic resection for HCC. All patients were subject to Multidetector computed tomography
(MDCT); 40 to Magnetic Resonance (MR) study. The radiologist assessed major and ancillary features according to LIRADS
(v. 2018) and reported any radiological accessory findings if detected.

Results No major feature showed statistically significant differences and correlation with grading. Mean ADC value was
correlated with grading and with MIV status. No major feature was correlated to MIV; progressive contrast enhancement
and satellite nodules showed statistically different percentages with respect to the presence of MIV, so as at the monovariate
correlation analysis, satellite nodules were correlated with the presence of MIV. At multivariate regression analysis, no factor
proved to be strong predictors of grading while progressive contrast enhancement and satellite nodules were significantly
associated with the MIV.

Conclusion Mean ADC value is correlated to HCC grading and MIV status. Progressive contrast enhancement and the pres-
ence of satellite nodules are correlated to MIV status.

Keywords Hepatocellular carcinoma - Microvascular invasion - Histological grading - Multidetector computed
tomography - Magnetic resonance imaging

Introduction

Liver resection (LR) and orthotopic liver transplantation
(OLT) are considered the standard of care of hepatocellular
carcinoma (HCC) [1-3]. However, the high recurrence rate
is a major problematic issue for hepatic resection with regard
to achieving cure and long-term survival, because the tumor
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recurrence rate exceeds 60% at 5 years even in patients with
small tumors [4]. Microvascular invasion (MVI), defined
as microscopically detected tumor thrombi within small
tumor or peritumoral vessels, today, is considered a major
risk factor of recurrence and survival in patients with HCCs
after curative resection [5]. In addition, macrovascular and
microvascular invasion have been shown to increase the risk
of tumor recurrence after liver transplantation. The value of
MVI is particularly stressed after OLT, because the long-
term result in these patients is not satisfactory [6-9]. Con-
versely, for patients referred for LR, the rule of M VI is not
widely accepted. In fact, there is no well-defined correla-
tion between overall and disease-free survival (DFS) with
MVI [10]. Nevertheless, the assessment of MVI could be
important in establishing the different phases of therapy, as
the choice between LR or ablation therapies [11-13], or to
identify a personalized post-treatment follow-up [14, 15].
Therefore, it is important to predict the presence of MVI
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before hepatic resection for helping physicians in determin-
ing treatment strategies. Conversely to macrovascular inva-
sion, conventional imaging techniques have been ineffec-
tive in detecting M VI since MVI is a microscopic parameter
and the criteria for preoperative diagnosis of MIV are not
well established [16, 17]. Also, HCC histologic grade is an
important predictive factor for recurrence and survival after
hepatic resection and transplantation: poorly differentiated
HCCs are associated to worse survival in comparison to
well- and moderately differentiated HCCs [18]. The possi-
bility that imaging features can correlate to histologic grade
to select the therapeutic strategy would be of great value in
helping to direct proper management of HCC [5, 18]. The
accurate detection of histologic grade of HCC is thought to
be a main parameter in planning the therapeutic approach
[5, 18].

The purpose of this retrospective study is to assess mor-
phological parameters that could be correlated with MIV
and with histologic grade of HCC.

Materials and methods
Study population

Our institutional review board approved this retrospective
study, and the requirement for patient informed consent was
waived. We searched the surgical database at our institution
from May 2012 to September 2018 and selected 84 patients
with suspected HCC, who underwent hepatic resection. The
inclusion criteria for the study population were as follows:
(a) patients who had pathologically proven HCC; (b) patients
who had undergone MR imaging and liver MDCT with
less than a 1-month interval between imaging modalities;
(c) patients who had less than a 1-month interval between

imaging and pathologic diagnosis; and (d) availability of
diagnostic quality pictures of the cut sections of the resected
specimens in patients who underwent surgical resection for
matching of imaging and pathology findings. The exclusion
criteria were as follows: (a) divergence between the imaging-
based diagnosis and the pathologically confirmed diagnosis,
(b) no available MR or MDCT images.

In total, 84 patients with HCC confirmed at pathology ful-
filled the inclusion criteria during the study period. Among
them, 22 patients were excluded for the following reasons:
(a) four patients had no available MR or MDCT images and
(b) in 18 patients the final diagnosis did not show HCC.

Finally, 62 patients [16 women—46 men; mean age,
63 years; range 38—78 years) comprised our study popula-
tion. Characteristics of the 62 patients are summarized in
Table 1.

Lesion confirmation: reference standard

All original pathological samples were reviewed by one
experienced hepatic pathologist (F.T.). Lesions were con-
firmed histopathologically as hepatic tumors according
to the tumor classification of the World Health Organiza-
tion and the grading were defined according to the grading
system of Edmondson—Steiner. The HCC component was
defined as trabecular, solid sheet, or pseudoacinar arrange-
ments with interspersed sinusoids. For each specimen, hepa-
tocellular differentiation was confirmed with immunohisto-
chemical stains characteristic of hepatocyte differentiation
(Hepatocyte-Paraffin-1).

Follow-up

The follow-up programed for all patients was CEUS at first
month and MDCT every 3 months for the first post-operative

Table 1 Characteristics of the

; Description
62 selected patients

Numbers (%)/Range

Gender

Age

Number of hepatic nodules
Single nodule
Multiple nodules
Nodule size (mm)

Risk factor for HCC

Chronic hepatitis B HBV-related liver cirrhosis
Chronic hepatitis C HCV-related liver cirrhosis

Alcoholic liver cirrhosis
Child—Pugh classification

A

B

Men 46 (74.2%)
Women 16 (25.8%)
63 years; range 38—78 years

62 (100%)
/

mean size 53.0 mm; range 12-190 mm
32 (51.6%)

29 (46.7)

/

62 (100%)
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year. If a new liver nodule was detected at imaging, patients
underwent MRI examination.

MDCT and MR examinations

All patients were subject to MDCT and 40 to MR study.

MDCT protocol

MDCT was performed with a 64-detector row scanner
(Optima 660, GE Healthcare, United States). MDCT scan-
ning parameters were 120 kVp, 100-470 mAs (NI 16.36),
2.5-mm slice thickness, and table speed 0.984/1 mm/rota-
tion. Scans were carried out including a region encompass-
ing the liver from diaphragm to iliac crests. Liver protocol
examinations were composed of quadruple phases, includ-
ing the unenhanced, arterial, portal venous, and equilibrium
phases. CT images were obtained after injection of 120 mL
of a non-ionic contrast medium (iomeprol, lomeron 400,
Bracco, Milan, Italy) at a rate of 3.0-4.0 mL/s by using an
automatic power injector (Empower CTA, E-Z-EM Inc.,
New York, United States). Image acquisition in the arte-
rial phase which was initiated 19 s after attenuation in the
descending aorta reached 100 HU, as measured with the
bolus tracking method; in the portal venous phase, images
were acquired 33 s after the arterial phase; in the equilibrium
phase, images were acquired 180 s after administration of
contrast media.

MR imaging protocol

MR imaging was performed by using a 1.5 T scanner (Mag-
netom Symphony, with Total Imaging Matrix Package, Sie-
mens, Erlangen, Germany) with an 8-element body coil and
a phased array coil. Our routine liver MR imaging protocol
consisted of a breath-hold fat-saturated and not fat-saturated
T2-weighted turbo spin-echo sequence, an in- and opposed-
phase T1-weighted gradient-echo sequence, dynamic imag-
ing with a fat-saturated T1-weighted gradient-echo sequence,
and diffusion-weighted imaging. Diffusion-weighted imag-
ing (DWI) was obtained with planar echo-pulse sequence [b
values 0, 50, 100, 200, 400, 600, and 800 s/mmz]. A non-
specific agent, the Gd-BT-DO3A (Gadovist, Bayer Scher-
ing Pharma, Germany), was employed. All patients received
0.1 mL/kg of Gd-BT-DO3A by means of a power injector
(Spectris Solaris® EP MR, MEDRAD Inc., Indianola, IA,
USA), at an infusion rate of 2 mL/s followed by a 30-mL
saline flush. Arterial phase images were acquired 7 s after
contrast material arrival at the thoracic aorta by using an MR
fluoroscopic monitoring system. Thereafter, portal venous
phase and equilibrium phase were obtained 60 s and 3 min
after contrast material administration, respectively. Detailed
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information regarding the MR imaging parameters is sum-
marized in manuscript [18].

Image analysis

For each patient, MDCT and MR images were independently
and blindly evaluated in random order within and between
three radiologists (V.G., S.V.S., A.P; 10, 15, and 20 years
of experience in abdominal imaging). A consensus evalua-
tion was performed when there was disagreement between
the readers. The readers were blinded to previous radiologi-
cal examination, pathologic results, and history of previous
treatment but were aware that the patients had cirrhosis and
thus were at higher risk for HCC. To reduce recall bias, all
three readers maintained an interval of more than 2 weeks
between interpretation sessions of MR and MDCT images.

Each radiologist was asked to identify the presence of
lesion that was considered to be detectable if the nodule had
attenuation or signal intensity that differed from that of the
surrounding liver parenchyma. Thereafter, they reported the
presence of the HCC assessing major and ancillary features
according to LIRADS v. 2018 [19]; also the radiologists
reported any radiological accessory findings if detected.

Readers assessed and recorded the following parameters:
greatest nodule diameter, attenuation at unenhanced CT, sig-
nal intensity on T1- and T2-weighted images, DWI and ADC
map, vascular hyperenhancement pattern during arterial
phase, wash-out appearance during portal phase, vascular
enhancement during equilibrium or late phases [13]. The
signal intensity of the lesions was categorized subjectively
as isointense, hypointense, or hyperintense compared to
the surrounding liver parenchyma. We assessed the signal
on DWI sequences and measured the ADC of each lesion.
The diffusion-weighted signal decay was analyzed using
the mono-exponential model, according to the equation
ADC =(In (S0/Sb))/b, where Sb is the signal intensity with
diffusion weighting b and SO is the non-diffusion-weighted
signal intensity. This analysis is based on ROI using median
value of single voxel signals for each b value. ROIs for the
tumor were manually drawn to include such hyperintense
voxels on image at b value 800 s/mm?. Median diffusion
parameters of ROI were used as representative values for
each lesion. No motion correction algorithm was used but
ROIs were drawn taking care to exclude areas in which
movement artifacts or blurring caused voxel misalignments.

We analyzed the enhancement pattern during arterial,
portal, and equilibrium or late phase and described it as
homogeneous, heterogeneous, or progressive. We described
the capsule appearance or pseudocapsule, defined as a
peripheral rim of smooth hyperenhancement in the portal
or delayed phase, as complete or partial. In addition, the
researches were asked to report the presence of other imag-
ing findings if present.
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Statistical analyses

Each variable was summarized by frequencies and percent-
ages. Chi-square test was performed to assess statistically
significant difference between percentage values. Monovari-
ate correlation analysis by means of the Rho Spearman’s
Coefficient was performed to determine the factors (non-rim
arterial phase hyperenhancement, wash-out, pseudocapsule,
hyperintensity in T2, restricted signal in DWI, progressive
contrast enhancement, satellite nodules) that are associated
with grading and MIV. Mann—Whitney non-parametric test
was used to compare a continuous variable among 2 or more
groups. A multivariate logistic regression analysis was per-
formed to determine the factors that were associated with the
grading equal to 3 and with the MIV. Sensitivity, specific-
ity, positive predictive value, negative predictive value, and
accuracy were calculated for each factors with respect to
grading and the presence of vascular invasion.

A p value <0.05 was considered statistically significant.

All statistical analysis was performed with SPSS for Win-
dows (Version 23.0; SPSS Inc, Chicago, Il1).

Results

We assessed 62 patients that underwent surgical resec-
tion with preoperative diagnosis of HCC. Twelve patients
were classified as G3 (19.4%), 1 as G1 (1.6%), and 49 as
G2 (79.0%) according to the grading system of Edmond-
son—Steiner (ES) [21].

According to the surgical procedure, nine patients were
subject to lobectomy, 2 mesohepatectomy, 27 bi-segmentec-
tomy, and 24 segmentectomy (6 for VII, 1 for I, 2 for II, 2 for
III, 6 for IV, 5 for V, and 2 for VI hepatic segment).

Pathological features

In 18 HCC reported with microvascular invasion, 9 lesions
with MIV were G2 and 9 with MIV were G3.

Patient survival

To date all patients are alive. We found a new hepatic lesion
(mean time 6.8 months) in six patients (9.7%); four patients
were MIV (22.2% of MIV patients). During follow-up
(mean time 14 months), in seven patients (4 were G3 and
3 were G2; 3 with MIV) we found metastases (mean time
13 months). In one case the lesion was pulmonary, in two
cases were mesenteric, and in one case was bone (Fig. 1) and
in 3 cases we found nodal metastases.

Fig.1 A 63-year-old man with HCC. MDCT study shows costal
metastasis

Imaging features

All lesions were detected and analyzed by readers. The con-
sensus in the assessment of the nodules was 100%. The mean
size was 53.0 mm; range 12—-190 mm.

Table 2 reports the frequencies for each imaging feature
with respect to grading and MIV. No factor showed statis-
tically significant differences and correlation with grading
(Table 3). The progressive contrast enhancement and satel-
lite nodules showed statistically different percentages with
respect to the presence of MIV (p value=0.03 and 0.002
at Chi-square test, respectively; see Table 2). Moreover,
at the monovariate correlation analysis (Table 3), satel-
lite nodules was correlated with the presence of MIV (p
value < 0.05). A statistically significant difference was
detected between ADC median value between the grad-
ing <2 (mean ADC 2149 x 1073 mm?/s) (Fig. 2) and grad-
ing=3 (1715x 107> mm?%/s). A statistically significant differ-
ence was detected between ADC median value in the groups
without (2138 x 10~ mm?/s) and with MIV (1801 x 1073
mm?/s). Table 4 reports diagnostic performance for each
factors with respect to grading and respect to the presence
of MIV (Fig. 3). Progressive contrast enhancement and the
presence of satellite nodules had an accuracy according to
grading equal to 74% and 77%, respectively. The presence
of satellite nodules reached an accuracy of 79% according
to the presence of MIV.

Table 5 shows the finding of the multivariate logistic
regression analysis. Statistically significant p value (<0.05)
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Table 2 Imaging features in study population according to grading and according to vascular invasion

Imaging features in study population accord- Grading <2 (number) Grading <2 (%) Grading 3 (number) Grading 3 (%)  p value*
ing to grading N=50 N=12

Non-rim arterial phase hyperenhancement

Yes 31 62.0 8 66.7 0.72
Inhomogeneous 17 34.0 3 25.0
No 2 4.0 1 8.3
Wash-out
Yes 35 70.0 8 66.7 0.92
Inhomogeneous 10 20.0 3 25.0
No 5 10.0 1 8.3
Pseudocapsule
Yes 27 54.0 6 50.0 0.84
Alone 1 2.0 0 0.0
No 22 44.0 6 50.0
Hyperintensity in T2
Yes 22 78.6 8 66.7 0.69
No 2 7.1 2 16.7
Inhomogeneous 4 14.3 2 16.7
Restricted signal in DWI
Yes 28 100.0 12 100.0 -
Progressive contrast enhancement
Yes 8 16.0 4 333 0.17
Satellite nodules
Yes 6 12.0 4 333 0.07
Imaging features in study population accord- Without Vascular Inva-  Without Vascular ~ With Vascular Inva- With Vascular ~ p value*
ing to Vascular Invasion sion (number) N=44 Invasion (%) sion (number) N=18  Invasion (%)

Non-rim arterial phase hyperenhancement

Yes 29 67.4 10 52.6 0.52
Inhomogeneous 12 279 8 42.1
No 2 4.7 1 53
Wash-out
Yes 31 72.1 12 63.2 0.08
Inhomogeneous 6 14.0 7 36.8
No 6 14.0 0 0.0
Pseudocapsule
Yes 19 44.2 9 474 0.68
Alone 0 0.0 1 53
No 24 55.8 9 474
Hyperintensity in T2
Yes 22 88.0 12 80.0 0.79
No 1 4.0 2 13.3
Inhomogeneous 2 8.0 1 6.7
Restricted signal in DWI
Yes 25 100.0 15 100.0 -
Progressive contrast enhancement
Yes 7 16.3 5 26.3 0.03
Satellite nodules
Yes 2 4.7 8 42.1 0.002

*Chi-square test
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Table 3 Correlation between imaging features
Correlation between imaging features and grading
Wash-in Wash-out  Pseudocapsule T2 hyperinten-  Progres- Presence of sat- Grading
sity sive contrast ellite nodules
enhancement
Non-rim arterial Spearman’s 1.000 0.440%* 0.481%* 0.857%%* —0.405%* —0.246 —0.002
phase hyperen-  Correlation
hancement coefficient
p value 0.000 0.000 0.000 0.001 0.054 0.985
Wash_out Spearman’s 0.440%* 1.000 0.413%* 0.599%%* —0.469%* -0.136 0.041
Correlation
coefficient
p value 0.000 0.001 0.003 0.000 0.292 0.749
Pseudocapsule ~ Spearman’s 0.481%* 0.413%* 1.000 0.733%%* —0.370%* -0.213 —0.003
Correlation
coefficient
p value 0.000 0.001 0.000 0.003 0.097 0.984
T2 hyperinten- ~ Spearman’s 0.857** 0.599™ 0.733%** 1.000 —0.488* -0.177 -0.122
tisy correlation
coefficient
p value 0.000 0.003 0.000 0.018 0.418 0.579
Progressive con- Spearman’s —0.405%*  —0.469%* —0.370%* —0.488%* 1.000 0.562"" 0.181
tras enhance- correlation
ment coefficient
p value 0.001 0.000 0.003 0.018 0.000 0.160
Presence of sat- Spearman’s —0.246 -0.136 —-0.213 -0.177 0.562%%* 1.000 0.232
ellite nodules correlation
coefficient
p value 0.054 0.292 0.097 0.418 0.000 0.069
Grading Spearman’s —0.002 0.041 —0.003 -0.122 0.181 0.232 1.000
correlation
coefficient
p value 0.985 0.749 0.984 0.579 0.160 0.069
Correlation between imaging features and vascular invasion
Wash-in ~ Wash-out Pseudocapsule T2 hyperinten- Progres- Satellite nod-  Vascular
sity sive contrast ules invasion
enhancement
Non-rim arterial Spearman’s 1.000 0.440%*  0.481%* 0.857%* —0.405%* —0.246 -0.135
phase hyper- correlation
enhancement coefficient
p value 0.000 0.000 0.000 0.001 0.054 0.295
Wash_out Spearman’s 0.440%* 1.000 0.413%* 0.599%%* —0.469%* -0.136 —-0.037
correlation
coefficient
p value 0.000 0.001 0.003 0.000 0.292 0.773
Pseudocapsule ~ Spearman’s 0.481%* 0.413%* 1.000 0.733%%* —0.370** —-0.213 —0.056
correlation
coefficient
p value 0.000 0.001 0.000 0.003 0.097 0.665
T2 hyperinten-  Spearman’s 0.857%%* 0.599%%* 0.733%%* 1.000 —0.488%* -0.177 —0.037
tisy correlation
coefficient
p value 0.000 0.003 0.000 0.018 0.418 0,869
Progressive Spearman’s —0.405%* —0.469%* —0.370** —0.488%* 1.000 0.562"" 0.117
contrast correlation
enhancement coefficient
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Table 3 (continued)

Correlation between imaging features and vascular invasion

Wash-in ~ Wash-out Pseudocapsule T2 hyperinten- Progres- Satellite nod-  Vascular
sity sive contrast ules invasion
enhancement
p value 0.001 0.000 0.003 0.018 0.000 0.365
Presence of sat- Spearman’s —0.246 —-0.136 -0.213 -0.177 0.562%%* 1.000 0.469%*
ellite nodules correlation
coefficient
p value 0.054 0.292 0.097 0.418 0.000 0.000
Vascular inva-  Spearman’s —0.135 —0.037 —0.056 —0.037 0.117 0.469™ 1.000
sion correlation
coefficient
p value 0.295 0.773 0.665 0.869 0.365 0.000

*Significant for test at one tail
**Significant for test at two tails

Fig.2 A 58-year-old woman with G2 HCC on VII hepatic segment. appearance (arrow) during arterial phase (d) with wash-out appear-

MRI study. The lesion shows inhomogeneous hyperintense signal ance (arrow) and capsule appearance during portal phase (e) and
(arrow) in T2-W sequence (a). In T1-W in—out phase sequence (b and late phase (f) of contrast study. The lesion shows restricted diffusion
¢) the lesion is hypointense (arrow). The lesion shows hypervascular (arrow) in DWI sequences (g, h and i)
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Table 4 Diagnostic SEN SPEC PPV NPV ACC

performance of imaging

features in tc?rrqs of sensitivity According to grading

;iljgz;esgfgcll?cctli?e(\?;l’fec()f”PV), Non-rim arterial phase hyperenhancement 0.67 0.38 0.21 0.83 0.44

negative predictive value Wash-out 0.92 0.10 0.20 0.83 0.26

(NPV), and accuracy (ACC) Pseudocapsule 0.00 1.00 - 0.81 0.81
Progressive contrast enhancement 0.33 0.84 0.33 0.84 0.74
Presence of satellite nodules 0.33 0.88 0.40 0.85 0.77
T2 hyperintensity 0.33 0.68 0.20 0.81 0.61
ADC 0.17 0.90 0.29 0.82 0.76

According to MIV

Non-rim arterial phase hyperenhancement 0.00 1.00 - 0.69 0.69
Wash-out 1.00 0.14 0.34 1.00 0.40
Pseudocapsule 0.00 1.00 - 0.69 0.69
Progressive contrast enhancement 0.26 0.84 0.42 0.72 0.66
Presence of satellite nodules 0.42 0.95 0.80 0.79 0.79
T2 hyperintensity 0.00 1.00 - 0.69 0.69
ADC 0.00 1.00 - 0.69 0.69

Fig.3 A 71-year-old man with HCC on II hepatic segment. MDCT
study. The nodule shows inhomogeneous hypervascular appearance
(arrow) during arterial phase (a), with inhomogeneous wash-out

was highlighted in bold. No factor proved to be strong pre-
dictors of grading while progressive contrast enhancement
and the presence of satellite nodules (Fig. 4) were signifi-
cantly associated with the MIV.

Discussion

We assessed 62 patients that underwent surgical resection
with preoperative diagnosis of HCC. Twelve patients were
classified as G3 (19.4%), 1 as G1 (1.6%), and 49 as G2
(79.0%). In 18 HCC reported with microvascular invasion,
9 were G2, and 9 were G3, so that no statistical analysis was
performed.

No vascular parameters showed statistically significant
differences and correlation with grading. The presence of

appearance (arrow) and not complete capsule appearance (arrow)
during portal and late phase of contrast study (b and c)

the specific vascular profile characterized by contrast arte-
rial uptake followed by wash-out in the venous phases
has allowed defining the non-invasive diagnostic criteria
for HCC [20]. However, these criteria show a sensitivity
rate of 50-60% in lesion smaller than 2 cm [20] and are
correlated to the hemodynamic changes in nodule during
hepatocarcinogenesis [21]. The typical uptake of contrast
medium during arterial phase is due to neoangiogenesis,
sinusoidal capillarization, and the increase of unpaired
arteries, changes that take place during carcinogenesis from
high-grade dysplastic nodule to classic HCC. During this
process, the main drainage of vessels goes from veins to
sinusoids and then to portal veins [21]. This drainage was
well assessed in the late phase of contrast studies. Histologi-
cal examination revealed continuity between a tumor sinu-
soid and a portal venule in the pseudocapsule (HCC with
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Table 5 Multivariate regression Coefficients Standard error Significance p value
analysis value
According to grading
Non-rim arterial phase hyperenhancement 0.10 0.11 0.39 0.74
Wash-out 0.01 0.10 0.90
Pseudocapsule 0.00 0.07 0.99
Progressive contrast enhancement 0.12 0.19 0.54
Presence of satellite nodules 0.22 0.18 0.22
T2 hyperintensity —-0.10 0.13 0.46
ADC 0.14 0.19 0.46
According to MIV
Non-rim arterial phase hyperenhancement -0.05 0.12 0.67 0.01
Wash-out -0.01 0.10 0.91
Pseudocapsule 0.01 0.07 0.90
Progressive contrast enhancement -0.28 0.20 0.02
Presence of satellite nodules 0.74 0.19 0.00
T2 hyperintensity 0.04 0.14 0.79
ADC —0.06 0.19 0.74

Fig.4 A 58-year-old woman with HCC on VII hepatic segment.
MDCT study. The nodule shows inhomogeneous hypervascular
appearance (arrow) during arterial phase (a), with progressive con-
trast enhancement (arrow), without capsule appearance (arrow) dur-

pseudocapsule appearance) or surrounding hepatic sinusoids
(HCC without pseudocapsule). According to the hypothesis
that these hemodynamic changes should correlate with the
histological grade of HCC, our results show that there are no
statistically significant differences and correlation between
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ing portal and late phase of contrast study (b and ¢). Above the HCC,
arrow shows satellite nodule, more evident in portal (e) and late
phase (f) than in arterial phase (d) of contrast study

grading and arterial hyperenhancement, between grad-
ing and portal wash-out, and between grading and capsule
appearance. Our results are similar to the results of Schel-
horn et al. [22]; these researches assessed the imaging fea-
tures extracted by combined Gd-EOB-DTPA and gadobutrol
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liver-MRI to predict HCC grading, showing that a signifi-
cant correlation with grading was not found for either the
combined dynamic information of all gadobutrol phases or
all the Gd-EOB-DTPA phases. No correlation with grad-
ing was found for a combination of arterial and hepato-
cellular phase in Gd-EOB-DTPA MRI, a combination of
both arterial phases (gadobutrol and Gd-EOB-DTPA) with
the Gd-EOB-DTPA hepatocellular phase, or a combination
of all available gadobutrol and Gd-EOB-DTPA phases. For
all gadobutrol information (dynamic phases and morphol-
ogy) and for all Gd-EOB-DTPA information, no correla-
tion with grading was found [22]. Conversely, we found
a statistically significant difference between ADC median
value in the grading <2 (mean ADC 2149 107> mm?/s) and
grading=3 (1715 x 10~> mm?/s). These results are similar
to the results of our previous study in which we showed that
ADC and IVIM parameters should have a role in predict-
ing the histological grade of HCC [18]. In fact, we found a
good correlation between ADC, fp (perfusion fraction), and
Dt (tissue diffusivity) and tumoral grading. ROC analyses
demonstrated that an ADC value of 2.11 x 1072 mm?%/s, an fp
value of 47%, and an Dt value of 0.94 x 10> mm?/s were the
most accurate cut-off levels, with a sensitivity and specific-
ity for ADC of 100 and 100%, for fp of 100 and 89%, and
for Dt of 100 and 74%, respectively [18]. Nakanishi et al.
showed not only the utility of DWI for histological grad-
ing, but also that ADC should be used as a preoperative
prediction of early recurrence [23]. Chen et al., in a meta-
analysis, found that for differentiating well-differentiated
lesions from higher grades, DWI showed a low sensitivity
(54%), high specificity (90%), and an excellent diagnostic
performance. Conversely, in differentiating poorly differen-
tiated lesion from lower grades, the sensitivity was 84%,
the specificity 48%, showing a moderately high diagnostic
performance [24]. Nasu et al. demonstrated no correlation
between histological grade and ADC, while they found that
Signal Intensity (SI) of the HCC increased in higher grade
[25]. The major limit of DWI and IVIM parameters to iden-
tify the histological grade of HCC, as suggested by Ichikawa
et al. [26], is correlated to the fitting model used to extract
functional data, thus the fitting would be robust even though
some errors might have occurred during image acquisition
[26]. Contrary to Nasu [25], in our study, we found no cor-
relation between SI on T2-W sequences and histological
grade of HCC. According to LIRADS, T2-W hyperintensity
is an ancillary feature. Park et al. [27] showed that dysplastic
nodules and HCCs cannot be distinguished on the basis of
S1I, since their signal intensities are similar on T1-W and
T2-W sequences. However, dysplastic nodules are almost
never hyperintense on T2-W sequences, early HCCs are
mostly isointense on T2-W sequences, while higher grade
(moderately or poorly) of HCC is associated with high SI
on T2-W images, although the SI may also be related with

tumor vascularity and peliotic changes [27]. The major limit
of our analysis is that it is a qualitative analysis. Conversely
to us, Wu et al. investigated the value of MRI-based radiom-
ics signatures for the preoperative prediction of HCC grade
[28]. They evaluated 170 confirmed HCC. The radiomics
features of tumors based on both T1-W imaging and T2-W
imaging were extracted, and radiomics signatures were
generated using the least absolute shrinkage and selection
operator (LASSO) logistic regression model. The predicted
values of pathological HCC grades using radiomics signa-
tures, clinical factors (including age, sex, tumor size, alpha
fetoprotein (AFP) level, history of hepatitis, hepatocirrho-
sis, portal vein tumor thrombosis, portal hypertension, and
pseudocapsule), and the combined models were assessed.
They demonstrated that radiomics signatures could suc-
cessfully categorize high-grade and low-grade HCC cases
(» <0.05) in both the training and test datasets. Regarding
the performances of clinical factors, radiomics signatures,
and the combined clinical and radiomics signature (from the
combined T1-W and T2-W images) models for HCC grading
prediction, the areas under the curve (AUCs) were 0.600,
0.742, and 0.800 in the test datasets, respectively. Both the
AFP level and radiomics signature were independent predic-
tors of HCC grade (p <0.05) [28].

MVI has drawn worldwide attention in recent years, since
it is indicative of early invasion of tumor cells into the tumor
vessels. In our study population, we showed that there was
no difference between patients with and without MIV about
recurrence or metastases from HCC during the follow-up. The
presence of MVI should be recognized based on microscopy,
since it is beyond the imaging resolution and cannot be directly
visualized with current imaging technology; however, several
imaging features may be predictive of MVI [10, 29, 30]. In
our study group, we found MIV in 18 HCC (29.0%); among
them, 9 lesions with MIV were G2 and 9 were G3. The mean
size was 36.1 mm (range 20 to 70 mm). Our results differ
from Portolani et al. which reported that HCCs with M VI are
generally of large size (> 5 cm), with satellite nodules, a high
value of AFP, and poor grading [10]. The unique finding that
makes our study similar to Portolani is the presence of sat-
ellite nodules. According to our results, the satellite nodules
and progressive contrast enhancement showed statistically
different percentages with respect to the presence of MIV
(p value=0.03 and 0.002 at Chi-square test, respectively).
Moreover, at the monovariate correlation analysis, the pres-
ence of satellite nodules was correlated with the presence of
MIV (p value <0.05). Progressive contrast enhancement and
the presence of satellite nodules had an accuracy according
to grading equal to 74% and 77%, respectively. The presence
of satellite nodules reached an accuracy of 79% according
to the presence of MIV. At multivariate logistic regression
analysis, no factor proved to be strong predictors of grading
while progressive contrast enhancement and the presence of
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satellite nodules were significantly associated with the MIV.
When we analyzed vascular pattern of HCC with and without
MIV, we found that no parameters showed statistically signifi-
cant differences and correlation with MIV, such as the capsule
appearance. These data are different to those reported in lit-
erature. Several researches reported that the presence of non-
smooth tumor margins, no or incomplete capsule, intratumoral
arteries, and large tumor size detected on contrast-enhanced
dynamic CT and MRI are associated with an increased risk
for MVI [29-34]. According to our results, Chandarana et al.
showed that tumor multifocality at imaging was the only
variable that was significantly correlated with the presence
of MIV [33]. No other clinical, pathologic, or imaging fea-
tures were useful in significantly predicting MIV [33]. In our
study, we found that histopathologic tumor grade was not
significantly correlated with MIV, since 9 lesions with MIV
were G2 and 9 lesions were G3. These results are similar to
those by Chandarana et al. and in contradiction to prior studies
showing that tumor grade is an independent predictor of MIV
[35, 36]. Regarding DWI, we found a statistically significant
difference between ADC median value without (2138 1073
mm?/s) and with MIV (1801 x 10~> mm?/s). These results are
similar to those reported by previous studies, showing that
DWI is an interesting tool in the assessment of MIV during
preoperative phase [37—40]. Limits of our analysis are related
to the fact that in this retrospective study we assessed only
conventional DWI; our future prospectives are to investigate
the role of IVIM and Kurtosis DWI. In fact, as demonstrated
by Li et al., histogram analysis of [VIM based on whole tumor
volume can be useful for predicting MVI. The 5th percentile
of D was the most useful value to predict MVI of HCC [41].
Also Zhao et al. investigated the usefulness of IVIM in pre-
dicting MVI in HCC. Preoperative IVIM DW imaging and
Gd-EOB-DTPA-enhanced MRI of 51 patients were analyzed.
The ADC, D (the true diffusion coefficient), D* (the pseu-
dodiffusion coefficient) and f (the perfusion fraction), relative
enhancement (RE); and radiological features were analyzed.
Univariate analysis revealed that HCCs with MVI had a higher
portion of an irregular tumor shape than HCCs without MVL
ADC, D value was significantly lower in HCCs with MV
Multivariate analysis revealed that an irregular shape and D
value < 1.16 x 10-3mm?/s were independent predictors for
MVI. Combining the two factors of an irregular shape and D
value, a sensitivity of 94% and specificity of 64% for predict-
ing MVI were obtained [16]. Wang et al. evaluated the role
of diffusion kurtosis imaging (DKI) and conventional MR
imaging findings including ADC and morphologic features
for prediction of MVI. They assessed 84 patients with 92 histo-
pathologically confirmed HCCs (40 MVI-positive lesions and
52 MVI-negative lesions). Univariate and multivariate logistic
regression analyses were used to evaluate the relative value of
these parameters as potential predictors of MVI. They showed
that features significantly related to M VI at univariate analysis
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were increased mean kurtosis value, decreased mean diffusiv-
ity value, ADC value, the presence of infiltrative border with
irregular shape, and irregular circumferential enhancement. At
multivariate analysis, mean kurtosis value as well as irregular
circumferential enhancement were independent risk factors for
MVI [40].

Regarding T2-W SI, we found no correlation between SI on
T2-W sequences and MIV. The limit of this evaluation is the
qualitative analysis; in fact, we think that a radiomics analysis
should give significant results on M VI status.

There are several limitations to our study. First, the sample
size by a single-center experience; second, this is a retrospec-
tive study with a possible selection bias; third, the study is
defective of functional assessment of IVIM, Kurtosis, and
radiomics features. Our future prospective is to assess the rule
of these functional parameters in evaluating correlation with
grading and MIV status.

Conclusions

MIV and grading are two independent features that are consid-
ered major risk factors of recurrence and survival in patients
with HCCs after curative resection or OLT. Although MIV
cannot be directly visualized with current imaging technol-
ogy, however, several imaging features may be predictive of
MVI and of grading. In our study, no major feature shows sta-
tistically significant differences and correlation with grading.
Mean ADC value is correlated with grading and with MIV
status. Regarding MIV, the progressive contrast enhancement
and the presence of satellite nodules show statistically different
percentages with respect to the presence of MIV.
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