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Can Cellular Differentiation and
Microvascular Invasion in Hepatocellular
Carcinoma be Predicted by Contrast-
Enhanced Computed Tomography?
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Turk Purpose: The purpose of our study was to examine the contrast-enhanced computed tomography (CECT) characteristics
urkey

of hepatocellular carcinoma (HCC) in explanted liver, the association between microvascular invasion (MVI) and cellular
differentiation, and to predict the severity of HCC.

Methods: CECT images of 54 surgically proven HCCs were evaluated with abdominal radiologist. Our CECT protocol
was composed of precontrast, arterial, portal and delayed venous phases. The radiologist analysed the CT images for;
tumor size, tumor margin, presence of intratumoral vessels; presence of capsule; intratumoral fat accumulation; and
macroinvasion. The imaging features were correlated with cellular differentiation and MVI using Fisher’s exact test or the

¥ test,

Results: The results of our study indicated that there was a significant inverse correlation between the presence of capsule
and MVI (p<0,05, r=-0, 37) and the grade of HCC (p=0,001, r =-0,42) while a positive correlation was observed between
macroinvasion and the grade of HCC (p=0,02).

Aylin ALTAN KUS Conclusion: CECT-observed incomplete tumor capsule and macroinvasion accurately predict MVI and tumor grade
. - prior to surgery and provide a more precise prognosis without a tissue sample, which will benefit in the management of
Bediye KOYUNCU SOKMEN cirrhosis and HCC patients.
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Hepatoseliiler Karsinomda Hiicresel Diferansiyasyon ve Mikrovaskiiler invazyon Kontrasth Bilgisayarh
Tomografi ile Ongoriilebilir mi?

OZET

Amag: Calismamizin amaci, eksplante karacigerde hepatoseliiler karsinomun (HCC) kontrastli bilgisayarli tomografi

derecesini tahmin etmektir.

Yontem: Cerrahi olarak kanitlanmis 54 HCC' nin CECT goriintiileri, batin radyologu tarafindan degerlendirildi. CECT
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arasinda anlamli bir ters korelasyon oldugunu, makroinvazyon ile HCC derecesi arasinda ise, pozitif korelasyon oldugunu

E-mail: aylinaltan@gmail.com gstermistir (p=0,02).

Sonug: CECT ile tani alabilen makroinvazyon varligi ve tiimdr kapsiili yoklugu, operasyon dncesinde MVI ve timor
derecesini dogru bir sekilde belirleyerek doku dreklemesine gerek kalmadan siroz ve HCC hastalarinin tedavisinde
prognozu dngarebilir.
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Computed Tomography Findings of Prognostic Factors in Hepatocellular Carcinoma

ding cause of cancer-related death worldwide and

the sixth most prevalent malignancy overall (1).
HCC is a rare type of cancer that can be identified by radi-
ological imaging methods without requiring a confirmed
biopsy. The current practice guidelines state that imaging
modalities can diagnose HCC with high specificity and ac-
ceptable sensitivity (2).

H epatocellular carcinoma (HCC) is the fourth lea-

Because the prognosis of HCC depends on the stage at
which it is identified, imaging techniques are important
factors in selecting the best course of treatment for pa-
tients among a variety of alternatives. The primary objec-
tive in the early phases is the cure. In this situation, liver
transplantation and total or partial hepatectomy are per-
formed. Transarterial chemoembolism (TACE) or radiofre-
guency ablation (RFA) or microwave ablation are suggest-
ed when surgical removal is not an option (3).

Contrast-enhanced computed tomography (CT) and/or
magnetic resonance imaging (MRI) imaging criteria for
HCC are early contrast uptake in the arterial phase, fol-
lowed by washout in the portal venous or equilibrium
phases. Dynamic computed tomography is commonly
utilized in the diagnosis, staging, and monitoring of HCC
(4). The development of imaging technology and inten-
sive follow-up in high-risk populations have enabled the
early detection of HCCs, which has improved prognosis.
CECT has the benefit of being a quick imaging technique.

The two most important risk factors for the recurrence of
HCC after surgical treatment are tumor grade and micro-
vascular invasion. A preoperative evaluation of microvas-
cular invasion (MVI), which could be utilized to guide ther-
apy in patients with HCC, has received a lot of attention
recently (5, 6).

Studies have revealed that MVl is a distinct histopatholog-
ical prognostic feature linked to survival in patients with
all stages of HCC (7). Additionally, compared to the Milan
criteria, MVI has been shown to be a more accurate pre-
dictor of tumor recurrence and overall survival (8).

The aim of this study was to find accurate CT markers of
MVI and tumor grade in patients undergoing living donor
liver transplantation, including tumor sizes, multinodular-
ity, macrovascular invasion, tumor margin, fat accumula-
tion and capsule.

MATERIALS AND METHODS

Patients
Ethical approval was obtained from local ethics commit-
tee on clinical research. We analysed 220 cirrhotic patients

between June 2015 and 2021 underwent liver transplan-
tation. Exclusion criteria was tumors smaller than 1 cm,
history of radiofrequence ablation, trans-arterial chemo-
embolization or systemic therapy before operation. A
total of 220 patients; 54 patients (43 male,11 female pa-
tients; with a mean age of 58,91+7,89) could be includ-
ed in the study based on the inclusion criteria. The age,
gender, serum preoperative and postoperative AFP level,
cause of the cirrhosis were collected from medical records.
Clinical features and demographics of patients enrolled in
the study are shown in Table 1.

CT Protocol

CT was performed using 100 mL of Omnipaque
(Omnipaque, GE Healthcare) with multiphasic 256-sec-
tion multi-detector CT (Siemens Definition Flash CT,
Siemens Healthineers, Erlangen, Germany) at baseline
before liver transplantation. The hepatic study protocol
phases for imaging were precontrast, arterial, portal and
delayed venous phases.

All images were loaded to picture and communication
system (PACS, GE Healthcare). Two abdominal radiologists
with 10 years experiences (AAK, BKS) qualitatively evalu-
ated all CT images. According to Liver Imaging Reporting
and Data System version 2018 (LIRADS) all lesions were
reported based on imaging appearance that reflect the
probability of HCC or malignancy with or without tumor
in vein (9).

Image Analysis

There were totally of 54 HCCs that were detected on CT
imaging and recorded by the radiologist. Blinded to pa-
thology reports, the imaging findings of HCC such as,
capsule appearance, the diameter of HCC, smooth margin
or irregular margin, fat accumulation, macrovascular inva-
sion, visualization of the internal arteries, and multifocal-
ity were evaluated for per patient during image analysis.

Figure 1 illustrates evidence of the capsule, with a sur-
rounding hyperattenuation linear structure. Fat accumu-
lation was depected with measuring the density of tumor
on precontrast CT images. The tumors were classified as
smooth or irregular according to their margins. Smooth
margin includes a smooth interface between the tumor
and normal liver parenchyma. Figure 2 shows the irreg-
ular-edged tumor, with infiltration into the surrounding
liver parenchyma.

The HCC attenuation in each phase was characterized as
nodular, heterogenous, and halo enhancement patterns
in order to assess the enhancement pattern of different
histological grades of HCC. Each lesion was examined for
washout during the delayed phase observation.
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carcinoma after liver transplantation.

Fig. 1. A 61-year-old man with cryptogenic cirrhosis. Axial contrast-enhanced arterial (a), portal (b), delayed (c) and coronal delayed (d) phase
contrast-enhanced Computed Tomography scans show a heterogenous encapsulated mass, that is histopathology proven to be Grade 3 Hepatocellular

Histologic examination showed Edmondson-Steiner Grade Il tumor.

Fig. 2. Images in a 63-year-old man with Hepatocellular carcinoma and Hepatitis B related cirrhosis. Early hepatic arterial (a) phase image shows
heterogenous hypodense mass in segments VI - VIl with arterial supply, relative to liver; mass enhances on portal (b) phase. In delayed venous phase it
becomes hypoattenuating. Mass has irregular-edge shown to best in delayed venous phase. Malignant tumor trombus is shown in axial portal phase (d).

Histopathological Assessment

A senior pathologist with 20 years experience evaluated
the whole specimen and noticed the grade of HCCs ac-
cording to Edmondson-Steiner (E-S) and microinvasion
of the patients. E-S system also divides HCC in 4 grades
based on an assessment of cellular atypia and nuclear- cy-
toplasm ratio (10).

According to E-S; Grade 1 and 2 lesions were included in
low-Grade group; Grade 3 and 4 lesions were included in
high-Grade group.

Statistical Analysis

Statistical analyses were done using SPSS v. 21 (SSPS, IBM
Inc.) package programme and p <0.05 was considered
significant. Numerical variables were expressed as mean
and standard deviation (SD) if distributed normally; me-
dian and minimum-maximum values if not. Categorical
variables were given as numbers and percentages.

The Shapiro-Wilk test was used to decide whether the
data (age, preoperative and postoperative AFP) were nor-
mally distributed or not. The Chi-square test and Fisher’s
exact test were performed to compare the grade and MVI.
Student’s t test was performed to compare the two means
for both paired and unpaired data.
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Performance of the diagnostic criteria compared to pa-
thology was evaluated using the group of one largest HCC
per patient. E-S Grade group and microvascular invasion
were compared with CT features including tumor size,
visualization of internal arteries, smooth or irregular mar-
gin, capsule presence, intralesional fat and macrovascular
invasion using Fisher’s Exact test.

RESULTS

54 patients with a pathological diagnosis of HCC were in-
cluded in this study. Of these patients, 43 (79.63%) were
male. The mean age of the patients was 58,91+7,89. AFP
levels were 43,04+74,20 ng/ml while postoperative AFP
levels were 2,64+2,53 ng/ml. All lesions were divided into
E-S grade groups [Grade 1 (2 lesions); grade 2 (10 lesions);
grade 3 (33 lesions) and grade 4 (9 lesions)]. 12 lesions
were in low grade group and 42 lesions were in high
grade group. 38 of the HCC lesions were in the right lobe
of the liver and 16 of them were in the left lobe of the liver.

Demographic features and laboratory values are shown in
Table 1.

Table 1. Demographic features and laboratory values of
patients

Intratumoral feeding artery was visualized in 49 HCC nod-
ules on CECT. 28 HCCs have nodular, 15 HCCs have halo
and 11 HCCs have heterogenous contrast enhancement.
More than half of the HCCs (35 of 54) exhibited the char-
acteristic CT features of HCC. 29 of 54 HCCs had smooth
margin and the others have irregular margin.

Smooth or irregular margin, intralesional fat, presence
of satellite lesion, multifocality, size and visualization of
feeding artery on CT images were not correlated with the
grade of HCC and MVI. However there was a significant
inverse correlation between the tumor grade and capsule
present (p=0,001) while a significant positive correlation
between the tumor grade and macroinvasion (p=0,02).
Capsule was absent in 72,5 % of high grade group, while
the capsule was present in all of low grade group.

Macroinvasion was present 40 % of high grade group.
MVI was inverse correlated with the presence of capsule
according to radiology features (p<0,05). Correlation of
grade and CT findings was reviewed in Table 2.

L
Variables Hepatocellular Tomography Features
Carcinoma Lomputed | Group1 | Group2 .
Features N=12 N=42
Age (meanzSD) 58,91+7,89
Sex (M:F) 43 (79,63 %) :11 (20,37%) m‘r"g’f: 8 21 0,41
Underlying cause of liver disease Sl 10 1 0,001
Hepatitis B 20 Multifocality 5 17 0,72
Hepatitis C 12 . 33,10£13,69 | 31,20417,11
Cryptogenic 7 jzelmm) (mm) (mm) 0,75
Hepatitis B and Hepatitis D coinfection 6
- Hep;itis D 5 accur:lijtlation 2 6 0.67
Non-alcoholic fatty liver disease 3 Feeding artery 5 2 094
Autoimmune hepatitis 2
Wilson disease 1
Alcoholism 1
Preoperative alpha-fetoprotein (ng/ml) 43,04+74,20 According to the pathology reports; the presence of mi-
Postoperative alpha-fetoprotein (ng/ml) 2,64+2,53 croinvasion was correlated with the tumor grade (p=0,01).
T R MVI is more common in poorly differentiated HCCs than
Grade 1 > well differentiated. MVI was founded of 64.1 % of high
Grade 2 10 grade group while MVI was not founded in low grade
Grade 3 33 group. Correlation of MVI and imaging features was re-
Grade 4 9 viewed in Table 3.
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Table 3. Correlation of microinvasion and Computed
Tomography features

Computed
Tomography Group 1* Group 2** P
Features
Smooth 20 15 015
margin
Capsule 18 2 0,01
Multifocality 16 8 0,06
Size (mm) 28,5+9,13 30,3+13,12 0,89
Fat 4 4 09
accumulation
Feeding artery 14 14 0,9
*Group 1 Pathologically microinvasion negative
**Group 2 Pathologically microinvasion positive

DISCUSSION

This study revealed findings that might be used as prog-
nostic CT characteristics of HCC. For the purpose of direct-
ing treatment plans and enhancing therapeutic results for
HCC patients, a preoperative noninvasive prediction of
grade and MVI may be crucial. In this work, we demon-
strated a positive correlation between the tumor’s mac-
rovascular invasion and its cellular differentiation, which
was inversely connected with the tumor capsule. Inverse
association was also found between MVI and capsule
presence. MVI and the other imaging characteristics of
HCC did not correlate.

After resection or transplantation, the recurrence in-
cidence is greater in patients with vascular invasion.
According to Rodriguez et al. (11), 3 years following liv-
er transplantation, MVI reduces overall survival and
disease-free survival. Furthermore, Huang et al. (12) ob-
served that the presence of MVl was associated with high-
er tumor recurrence following resection (hazard ratio (HR)
=4.07; p <0.001) and decreased overall survival following
a second resection.

Consequently, the development of noninvasive imag-
ing tools to reliably and safely determine the patholog-
ical grade of HCC and estimate the presence of MVI will
increase patient survival rates. In several recent investi-
gations, the presence of MVI in HCC has been predicted
using radiological or radiomics parameters. According to
these research, radiographic characteristics such the tu-
mor margin, internal arteries, peritumoral enhancement,
and hypodense halos play a significant role in the predic-
tion of MVI. Along with our study, cellular differentiation
and MVI were inversely correlated with capsule presence.
Internal arteries, intralesional fat, the existence of satel-
lite lesions, the uneven border, and tumor size were not

linked to cellular differentiation and MVI.

In a study comparable to ours, Lim et al. (13) showed that
there was a strict association between the grading of the
HCC and the occurrence of microvascular emboli; MVI
was more prevalent in moderately differentiated HCCs
by E-S grading using a retrospective investigation on 368
patients.

The relationship between MVI and the tumor margin and
tumor capsule in HCC has been the subject of numerous
investigations, however the findings have been mixed. An
irregular tumor border indicates that the tumor has infil-
trated the liver parenchyma. According to Chou et al., the
presence and location of MVI on the histopathology was
linked with irregular tumor borders seen on multiphasic
CT scans (14). We found no significant correlation be-
tween the irregular border and the histological degree of
HCC and MVl in our investigation, despite the fact that this
feature has been reported to be substantially associated
with high MVI risk. High-Grade HCCs had smooth margins
in our study.

In 10%-70% of cases, HCC may have a surrounding fibrous
capsule (15). Our findings demonstrate decreased rates
of microinvasion in capsulated HCCs, which is consistent
with recent research (p=0.02 and p=0.01) (16).

According to Chandarana et al.,, the only factor that sig-
nificantly correlated with MVI was tumor multifocality
(17). Our study’s findings, however, showed that satellite
lesions did not correlate with tumor grade or MVI.

In our investigation, there was no statistically significant
correlation between tumor size, internal artery identi-
fication, or tumor differentiation level. Paradis et al. (18)
reported that tumor size is a significant predictive factor,
which is contrary to our study’s findings. On the other
hand, Goh et al. researched patients who had multifocal
HCC surgically removed. They claimed that the presence
of MVI is a more significant predictive factor than tumor
size (19). According to Lim et al. (20), this was most likely
caused by its connection to MVI .

The fat content typically regresses in advanced HCC, con-
trary to what has been previously demonstrated in re-
search on dysplastic nodules and early HCC (21). Patients
with fat-containing HCCs may have a better clinical result
than patients without fat-containing HCCs, according to
research by Siripongsakun et al. (22). In contrast to these
investigations, we were unable to demonstrate that the
prevalence of fat alterations decreased with histological
grade in our study. We believe that this may be because
the etiology of HCC in our study were heterogeneous.
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In this work, we have demonstrated a statistically signifi-
cant superiority of capsule appearance and macroinvasion
in evaluating the prognosis of HCC compared to other CT
features. Radiologists should be knowledgeable about
the diagnosis and staging of HCC as well as the imaging
characteristics that show the MVI of the tumor. Because
local therapies may be beneficial for these patients before
liver transplantation. Particularly in situations when the
waiting list for a liver transplant exceeds six months, RFA
and TACE have been suggested as bridging therapy (23).

Our study had several limitations. Firstly, this is a retro-
spective study. Secondly, sample size is small. Prospective
studies with more lesions should be investigated. On the
other hand, prospective studies are required to assess the
effectiveness of the Edmondson-Steiner grade and MVI as
a marker of post-operative recurrence.

CONCLUSION

The presence of MVI, in addition to tumor grade, is a
marker of aggressive biological tumor behavior that sig-
nificantly changes the prognosis of the disease, partic-
ularly following potentially curative treatment. Patients
with cirrhosis and HCC will benefit greatly from imaging
methods and discoveries that can predict tumor and MVI
grade ahead of treatment without the need for a biopsy.
Numerous imaging features are highlighted in the pres-
ent literature, and our investigation found that the pres-
ence of a capsule was a significant prognostic indicator
of HCC. To improve HCC management and provide an as-
sessment of the prognosis for HCC, large-scale studies are
nevertheless required.
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