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Abstract: An important CT-characteristic at a diagnostic of liver tumors is the determination of its vascularity. To study the
characteristics of blood tissue of hepatocellular carcinoma (HCC) with different degrees of differentiation by CT. The work is
based on the clinical and morphological comparisons performed in 55 patients (34 men and 21 women aged 15-83 years) with
hepatocellular carcinoma (HCC) without accompanying liver cirrhosis. In the preoperative stage all patients was carried spiral
computed tomography (CT) with bolus contrast enhancement (on the four phases of the study). Was evaluated parameters of
CT density and degree of nodes HCC vascularization. Morphologic study of histological preparations of operation material
from 16 patients was diagnosed high-differentiated, 33 - moderately differentiated, and 6 - poorly differentiated HCC. At the
immunohistochemical preparations with reaction to CD34 was determined by the number and the total cross-sectional area of
vessels in sight of HCC tissue. The maximum values of CT density in the arterial phase were observed at the nodes moderately
differentiated HCC. In the venous phase the greatest values of density as well as the venous increase was registered in high-
differentiated HCC. The most vascularised (hypervascular) tumor is high-differentiated HCC, and the least vascularized -
poorly differentiated HCC by CT. At morphometric study of the maximum values of the number and the total cross-sectional
area of the blood vessels are installed in high-differentiated HCC tissues, the minimum - in the tissue of low-grade HCC. CT
with bolus contrast enhancement allows studying the characteristics of blood supply of HCC varying degrees of differentiation.
Determine the true measure of total CT-vascularization of the tumor tissue must be done with consideration of the increase
concentration difference coefficient (ICDC).

Keywords: Hepatocellular Carcinoma, Histological Differentiation, Computed Tomography, Contrast Enhancement,
Vascularity

patients with HCC are determined primarily by the volume
and the functional state of the unaffected liver tissue, as well
as the size, number and location of tumor nodes. The

of the total incidence of primary liver cancer. Every year in dev.elopment of.the-majoFity of HCC nodes is observed in the
the world there are nearly 500,000 new cases and about the setting of h‘?PaUC cirrhosis. Hoquer, the per(.:enta.lge qf HCC
same number of patients die [1]. This considered, the developeq in the absence of cirrhosis varies in different
incidence of HCC has tripled in the last twenty years, and the geographical areas from 7% to 54 [4]. . . . )

5-year survival rate is less than 5% [2]. In Russia in 2013, the Unfortgnately, in the absence (?f liver cirrhosis, HCC is
morbidity (ie, the number of patients per 100,000 people) of mainly diagnosed only at extensive (extreme) stages. For

malignant tumors of the liver and intrahepatic bile duct was  €Xample, in Russia in 2013, the proportion of patients with
4.7 [3]. neoplastic process stage III and IV, respectively, reaching

22.2% and 57.1%. Consequently, the mortality rates of HCC
patients within a year from the time of diagnosis have the

1. Introduction

Hepatocellular carcinoma (HCC) is responsible for 85-90%

The choice of therapeutic approach and life prognosis of
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highest value among all the tumors, accounting for 69.9% [3].

The leading role in the diagnostics and subsequent
treatment, as well as disease prognosis reasonably belongs to
radiological methods, particularly computed tomography, due
to their non-invasive character, highly informative value and
speed [5, 6].

However, an important role in the development and
progression of HCC is given to vascularization processes,
that is, the formation of new blood vessels and blood supply
characteristics, and the potential methods of treatment
include the development of anti-angiogenic drugs. Therefore,
the identification of HCC development, progression, and
correction processes associated with angiogenesis is an
important task [7, 8]. We have previously demonstrated that
the morphological characteristics of HCC vascularization
depend on the degree o histological differentiation [9].

In this paper, we used spiral CT to study the peculiarities
of HCC tissue blood supply depending on the degree of
histological differentiation in the noncirrhotic liver.

2. Material and Methods
2.1. Patients

The work is based on the clinical and morphological
comparisons performed in 55 patients with hepatocellular
carcinoma (HCC) at A. V. Vishnevsky Institute of Surgery of
the Ministry of Health of the Russian Federation (Moscow,
Russia) in 2007-2009 (Table 1).

Table 1. Patient Characteristics

No. of Patients

men 34

women 21

age median (oscillations), year 55,9 (15-83)
localization (right lobe / left lobe) 41/23
HCC

well differentiated 16
moderately differentiated 33

poorly differentiated 6

2.2. Computed Tomography

In the preoperative stage, all the patients underwent spiral
computed tomography (CT) with bolus contrast enhancement
with Philips Brilliance 64 CT. Both the contrast medium and
sodium chloride injections were carried out using the
automatic  double-head  injector  OptiVantage @ DH
(Mallinckrodt; Inc) at a rate of 4 ml per sec. Bolus tracking
software package was used to start the scanning. Four phases
were analyzed: native, arterial, venous, and delayed. For
arterial and venous phases, scanning was started 10 and 30
seconds after reaching the predetermined threshold aorta
opacification respectively. The delayed phase was performed
in all patients after 4-5 min after the administration of
contrast medium. The obtained CT scans were used to
determine the location, size, and boundaries of the tumor, as
well as the densitometric parameters of the tumor tissue
surrounding liver parenchyma, aorta in the celiac artery and

the portal vein in its bifurcation.

On the basis of the densitometric indices obtained in
different phases of scanning, calculated values of arterial (AI)
and venous (VI) increase of the tumor density were
calculated. The arterial increase was calculated as the
difference in the CT tumor density values in the arterial and
the native phase. The venous increase was calculated as the
difference between the CT tumor densities in the arterial and
venous phases, taking into account the increase concentration
difference coefficient (ICDC) in the aorta and the portal vein.
Negative values of VI indicated the absence of additional
blood flow and thus the presence of contrast medium outflow
from the tumor in the venous phase. In these cases, the
difference in the CT densities in the arterial and the venous
phase is regarded as zero. Using ICDC allows to
mathematically neutralize the difference in the concentrations
of the contrast medium in affering blood vessels (aorta and
portal vein) and thus to determine the true value of CT
vascularization index of liver and tumors. It is calculated as
the ratio of the increase in the density of the aorta in the
arterial phase (in relation to the native) to the values of
density increase in portal vein in a venous phase (in relation
to the native).

Index of CT wvascularization degree corresponding to the
sum of the arterial (AI) and venous (VI) increase values
reflects the level of accumulation of contrast medium
entering through hepatic artery and portal vein, and hence
gives an idea of the total quantity of the inflowing blood.
Index of CT vascularization calculated by the formula: (AI) +
(VIx ICDC).

2.3. Morphological Analysis

The surgical material obtained after resection was
subjected to a comprehensive macro- and microscopic
examination. A histological examination was performed on
paraffin sections stained with hematoxylin and eosin. The
degree of histological differentiation was determined
according to the recommendations of the WHO International
histological classification of tumors of the liver [10]. 16
patients were diagnosed with well differentiated (WD), 33
with moderately differentiated (MD) and 6 with the poorly
differentiated (PD) variant of HCC.

Detection of blood vessel tissue specimens was performed
by immunohistochemistry using ready-to-use mouse
monoclonal antibodies to CD34 (QBEnd/10 clone) and
Spring Bioscience system for polymer system production
detection. The preliminary antigen unmasking was performed
by boiling samples in solution with citrate buffer, pH 6.0.
Block endogenous peroxidase was performed by treatment of
the sections with 0.3% hydrogen peroxide solution for 15
minutes. As the background stain, hematoxylin was used.

The so-called hot spots in immunohistochemical
preparations were detected, where the number and the total
cross-sectional area of the blood vessels were determined
using the Axio Imager M1-based image analysis system with
the help of AxioVision software (Carl Zeiss, Germany).
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2.4. Statistical Analysis

Statistical analysis of the results was performed using
Statistica 8.0 Portable. The mean value (M) and standard
deviation (sd) were calculated. Statistical significance was
considered at p less than 0.05.

3. Results

3.1. Computed Tomographic Characteristics of HCC of
Various Degrees of Differentiation

During the computed tomography study, the density of
HCC, as well as the blood in blood vessels (aorta and portal
vein) supplying the liver depended on the phase of the study
(fig.1-3). In the native phase, the densities of WD HCC were
slightly higher than the corresponding values of MD and PD
HCC (p> 0.05) (Table. 2). After the injection of the contrast
medium, an increase of density values was detected in all the
groups studied (fig.4). The most pronounced rise, and thus an
arterial increase, was registered with MD HCC. As a result,
the maximum value of the CT density in the arterial phase
was also observed in MD HCC. In the venous phase, the
highest values of density as well as a venous increase were
registered in WD HCC.

Figure 1. Computed tomographic characteristics of WD (a), MD (b), PD (c)
HCC at native phase.

Figure 2. Computed tomographic characteristics of WD (a), MD (b), PD (c)
HCC at arterial phase.
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Figure 3. Computed tomographic characteristics of WD (a), MD (b), PD (c)
HCC at venous phase.
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Figure 4. Dynamics of change of indicators CT-density HCC varying
degrees of histological differentiation

Table 2. CT-density of HCC tissue varying degrees of differentiation in different phases of the study (M + sd, un.H)

phase of the study WD MD PD

native phase 43,7+11,6 40,1+7,1 39,8+11,4
arterial phase 79,7£19,6 85,5+22,7 71,2+14°
density increase in the arterial phase compared to native (arterial increase) 36,0+15,6 45,4+22.9 31,4£13,0°
venous phase 96,0+16,7 84,8422.5 68,0£14,02°
density increase in the venous phase compared to arterial 16,3+7,9 -0,74£22,2 2 -3,2+11,3 2
venous increase 16,3+7,9 9,2+11,52 32+382b

&

- p<0,05 compared to WD HCC, ® - p<0,05 compared to MD HCC

Table 3. CT density in the lumen of the aorta (4) and the portal vein (PV) at CT-study HCC of different degree of differentiation (M + sd, un.H)

phase of the study vessel WD MD PD
e A 37,9 £7 39,8+5,5 33,8+5,3

PV 42,04£9,3 37,0+6,1 40,2421,7
it e A 268,3+52,3 267,2+76,8 222,8+59,6

PV 87,1£24.7 95,3+44,5 107,7+26,2
T A 111,1+12,4 120,4+16,0 116,8+12,2

PV 127,6+15,7 123,6+20,6 114,7+18,2
density increase in the arterial phase compared to native A 230,4+52,7 227,4+74,9 189,0+57,3 2 b
density increase in the venous phase compared to native PV 85,6+12,5 86,6+19,1 74,5+22,5
increase concentration difference coefficient (ICDC) 2,7+0,6 2,7+0,7 2,709

Computed tomographic density values of the portal vein
and aorta are shown in Table. 3. The arterial phase was
characterized by a more pronounced increase in density in
the aorta compared with the portal vein. The venous phase
was, in contrast, characterized by a decrease in arterial CT

density in the aorta, and vice versa, an increase in density in
the portal vein. The calculated ICDC values did not depend
on the degree of histological differentiation and amounted to
2.7 (table 3). This measure should be considered separately
for each case to take into account the individual differences
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in dynamics of contrast enhancement, depending on heart
rate, body weight, blood volume of the patient, etc. The
individual variation rate was from 0.98 to 4.3.

The calculated CT measure of HCC vascularization had
maximum values at WD HCC exceeding the M D and PD
HCC values by 14,0% and 100,0% (p<0,05), respectively

(fig. 5).
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Figure 5. Index of CT vascularization HCC varying degrees of histological
differentiation

3.2. Morphological Indicators of HCC Tissue
Vascularization of Various Degrees of Differentiation
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Figure 6. The amount (a) and the total cross-sectional area (u?) (b) of
vessels in the tissue of HCC varying degrees of histological differentiation

A morphometric analysis of immunohistochemical
preparations has showed that the maximum quantity and the
total cross-sectional area of blood vessels was observed in
WD HCC tissue (Table. 4). The number of vessels in WD
HCC tissue exceeds the similar values in MD and PD HCC
by 65.9% and 119.1%, respectively (p<0.05). The total cross-
sectional area of WD HCC vessels exceeds the similar values
in MD and PD HCC by 60.3% and 73.6%, respectively
(p<0.05) (fig. 6).

4. Discussion

Hepatocellular carcinoma (HCC) is one of the leaders in
terms of tumor morbidity and mortality [11]. This considered,
the incidence of HCC has tripled in the last twenty years, and
the 5-year survival rate is less than 5% [2].

Since HCC refers to tumors with rapid growth and a
pessimistic prognosis, including the cases with an absence of
cirrhosis, a possibility for a clear unambiguous diagnostics of
HCC becomes particularly important. The main methods of
non-invasive diagnostics and designation of the subsequent
treatment and prognosis of HCC are considered to be
radiological methods.

The use of CT with bolus contrast enhancement allows to
obtain a tomographic image in different phases (arterial,
venous, delayed), and thus to compare the characteristics of
tumor, blood vessels and organ parenchyma opacification,
with their image in the non-contrast phase of the study. The
use of spiral CT with bolus contrast enhancement allows to
compare densitometric indices of various organs, as well as
the tumor and the surrounding tissue (parenchyma) in the
affected organ in the degree of contrast medium
accumulation. Since the contrast medium flows through the
blood vessels, the organs and tumors with a higher CT
density in the arterial phase of the study are considered
hyperdense (or hypervascular) and those with a lower density
are considered hypodense (or hypovascular) [12].

For example, the spleen is a more vascularized organ
compared with the liver [13], the mucous membrane of the
stomach and intestines is hypervascular compared with the
muscle layer [14]

Hypervascular  liver  tumors include cavernous
hemangioma, focal nodular hyperplasia, metastatic
neuroendocrine carcinoma, breast and thyroid, renal cell
carcinoma, melanoma [5].

However, describing CT signs and determining the true
vascular component saturation of the focal lesions of the liver,
such as HCC, it is important to take into account the
peculiarities of liver blood supply. Under normal conditions,
about 75-80% of the blood flows through the portal vein, the
remaining 20-25% through the hepatic artery. Thereby the
maximum accumulation of the contrast medium by liver
parenchyma is observed in the portal (venous) phase of the
CT study.

Most tumors of the liver have almost exclusively arterial
blood supply (via the hepatic artery) [15]. For example, most
of the blood supply to colon cancer metastases is 95% arterial
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[16]. However, some tumors of the liver have a partially
preserved portal inflow, the extent of which also needs to be
adequately taken into account in determining the total node
vascularization.

However, most researchers point out that the dynamics of
densitometric indices chane and thus the tumor type (hyper-,
hypo- or isodense) in each phase of the scan depends on the
size and the condition of the liver tissue (especially the
presence of cirrhosis). The observations we studied had no
evidence of cirrhosis.

According to the literature, about a third observations of
the smallest (less than 2 cm) HCC in the native phase of CT
studies appears hypodense [17, 18], and larger sizes tumors
appear hypersense in relation to the surrounding liver tissue.
In the arterial phase tumors usually tend to become
hyperdense[19].

It is the identification of arterial hypervascular nodes
larger than 2 cm in liver cirrhosis with CT and/or MRI is, in
accordance with the recommendations of the American
Association for the Study of Liver Diseases, the basic
diagnostic criterion for HCC [20].

Describing the features of the blood supply to tumors of
the liver, it should be noted that intranode hemodynamics and
blood inflow change along with the increasing degree of
tissue and cell irregularities [21]. Hepatocarcinogenesis is a
multistep process of hyperplastic nodes canceration into an
early cancer and ultimately into an expressed carcinoma. In
the initial phase of carcinogenesis (in hyperplastic node),
hemodynamic parameters indicate a predominantly portal
perfusion (through the portal vein) and arterial
hypovascularity. Then a decrease in both venous and arterial
blood inflow is detected. Later, there is an increase in blood
flow within the node, resulting in node first becoming
isovascular, and ultimately hypervascular.

Development of HCC is characterized not only by increased
cell irregularities with a reduction in the degree of histological
differentiation, but also angioarchitectonic changes in the
tumor tissue [22]. According to [23], the progression of HCC
is accompanied by a decrease in the number of portal tracts
and the formation of so-called unpaired arteries, which
accordingly reduces the portal inflow of blood and an increase
in the arterial inflow. Subsequently, in the tumor tissue
sinusoid spaces exposed to capillarization are formed [24].
Perhaps that is why the greatest indicators of CT density of
tumor tissue are registered and in the arterial phase for MD and
in the venous phase for WD HCC. According to our research
(Table. 2), the decrease in the degree of histological
differentiation of HCC node is associated with an increase in
the proportion of blood flowing to the hepatic artery. In WD
HCC observations proportion of arterial blood is 45,0%, in the
MD HCC - 64,7% and PD HCC - 78,5%. Simultaneously there
is a decline in the proportion of blood flowing through the
portal vein. For WD HCC nodes portal inflow is 55,0%, MD
HCC - 35,3% and PD HCC - 21,5%.

Thus, the CT examination with contrast enhancement allows
to estimate the ratio of the degree of tumor vascularization in
relation to parenchymal organ vascularization in vessels

engaged in blood flow to the normal and pathological tissues.
The larger vessels supply blood to the tumor, the more
intensive the accumulation of contrast medium is in a
particular phase of the scan. Therefore, it is advisable to assess
vascularization density according to the tumor growth in
different phases of the study. This considered, hyper- and
hypovascular tumors are characterized by a certain type of
staining, including in MRI studies.

In hypervascular tumors, an increased contrast enhancement
is found compared to the surrounding parenchyma in the
arterial phase, so that they usually look like plots of transient
hyperdensity. For such tumors, an early (the first 25 s)
opacification with uneven and inhomogeneous accumulation
of contrast medium with late sac enhancement [25].

In hypovascular tumors, perfusion less than the
surrounding parenchyma, so they become more distinct in the
phase of maximum contrast enhancement of the organ
parenchyma. For hypovascular carcinomas, negative staining
in the portal phase and positive sac opacification is typical,
and only in interstitial phase a slight opacification of the
tumor occurs due to diffusion of the contrast medium.

To be fair, we must take into account the difference in the
initial values of structures and organs density. Therefore, it is
in our opinion more correctly to evaluate the vascularity by
the density growth of the tumor and unaffected tissue,
thereby taking into account the initial values.

Indeed, quite often on the visual picture, as well as
densitometric parameters, hypervascular tumors in the
arterial phase of scanning have higher densities than the
surrounding parenchyma. However, due to the summation of
the initial densities of the tumor and organ parenchyma with
the values of their density increase at opacification, the tumor
may have lower values in relation to the organ parenchyma,
being a hypervascular tumor. This happens due to the fact
that even with a higher gradient of growth in this
opacification phase, the node does not compensate for initial
difference in densities with organ parenchyma, and thereby
the tumor is visually defined as hypodense area. Often this
can be observed with concomitant lesions of the liver
parenchyma, accompanied by changes in the initial density
(e.g. in the setting of hepatitis or cirrhosis).

In view of the above, f correct judgment of hyper- or
hypovascularity of the tumor is only possible by the ratio of
the tumor and the surrounding organ parenchyma density
increase gradient in the arterial or venous phase, and not by
densitometric difference or visual picture.

Due to the peculiarities of the liver and pathological
formations structure described above, the accumulation of
contrast medium in the parenchyma is carried out in two
phases: the arterial and the venous. That is why when
studying the liver, we must take into account the parameters
of these two phases, as well as the parameters of maximum
accumulation of contrast medium. Thus, the best method of
determining the type of vascular tumors of the liver, in our
opinion is to calculate the difference between the maximum
increase in tumor density and the maximum increase in the
liver tissue, regardless of the phase in which it happened.
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Evaluating the results of our morphometric analysis of
immunohistochemical drugs, it is important to note that in the
literature there is still ambiguity in the meaning of the term
"degree of vascularization" and consequently, its definition
(calculation). The term ‘'vascularization' is mainly
morphological. A number of authors define it as the
microvessel count in the field (in particular, 0.72 mm? given
a magnification of 20) [26]. Other morphologists calculate it
as the relative (total) vascularity jf the cross-sectional area of
the blood vessels in the microscope field [27]. We agree with
the last point of view, since the total cross-sectional area of
vessels depends on their number and diameter.

CD34 antibodies are most commonly used to assess liver
oncogenesis in tumors. Despite the fact that CD34 is a
panendothelial marker and not a specific neoangiogenesis
marker, this reaction is used for the differential diagnostics of
tumors and prognosis of liver diseases [28].

According to the literature [29], the microvessel density
detected using CD34 antibodies in early HCC tissue (0.043 +
0.027) is higher than those in regenerative (0.007 + 0.006)
and dysplasia (0.011 + 0.009) nodules of hepatocytes. Similar
results were obtained by I. Chebib et al. in 2007 [30]. The
above changes confirm the data above about the change of
immunophenotype of endothelial cells during
hepatocarcinogenesis. According to our previous studies, the
degree of HCC vascularization depends on the degree of its
histological differentiation: with a decrease in the degree of
HCC differentiation, there is a progressive decline in the
number of blood vessels [9].

By means of multiple regression analysis, it is revealed
that of all the studied parameters of HCC only tumor size
correlated with the density of CD34 positive performance
vessels. Thus, the mean density values in nodes with a
diameter less than 5 cm (316 / 0.74 mm?) was more than 2
times higher than those (146 / 0.74 mm?) in tumors larger
than 5 cm (p <0.001) [31].

It should also be noted that the maximum density values
are observed in the peripheral areas of HCC [31]. Density
values in HCC tissue that developed in the setting of of
hepatitis C (54 + 13.8) are higher than the corresponding
values for HCC caused by to hepatitis B (38 + 8.9) [32]. In
addition, children with HCC have a significantly higher
microvessel density compared with adult patients (36.94 and
26.52, p <0.05), but no significant difference with other
childhood malignancies [33].

Our morphometric study established differences in the
number and the total cross-sectional area in HCC tissue
vessels of various degrees of histological differentiation. A
reduction in HCC histological differentiation (with a
respective increase in malignance) is accompanied by a
decrease in the number and total area of the vessels. In our
opinion, to assess the degree of vascularization of HCC on
immunohistochemical preparations advisable to use both
indicators: the number of microvessels and total (specific)
area of the cross section. The observed changes are consistent
with the literature on the lower values of the density of
intratumoral vessels in larger tumors, and at later stages of

tumor development [34]. Indeed, pronounced angiogenesis is
characteristic of early stages of tumor development, it is later
reduced. During tumor development and increase in size, the
metabolism of tumor cells changes to anaerobic [35]. These
data indicate attenuation of neoangiogenesis during HCC
progression and growth, which, in our opinion, should be
considered in the development of anti-angiogenic drugs and
their prescription to patients suffering from HCC.

5. Conclusion

In summary, using spiral CT along with with bolus
contrast enhancement allows to explore the peculiarities of
blood supply in HCC of various stages of differentiation.
The most vascular (hypervascular) tumor, according to by
CT and the results of immunohistochemical studies is the
highly differentiated, and the least vascular is the low-grade
variant of HCC. Determination of the true CT indicator of
tumor tissue vascularization in the liver should be carried
out taking into account the difference coefficient of inflow
concentrations. We believe that only the quantitative
assessment of the difference in contrast concentrations of
inflow systems leads to an objectively true image analysis
in different phases of CT examinations and thus to an
accurate conclusion about the peculiarities of tumor blood
supply. The presented method can be recommended to
assess the degree of vascularization of HCC in patients with
chemotherapy. In this regard, RECIST tumor evaluation
tumors can become more objective and allow to continue
chemotherapy even in those cases, where according to the
visual assessment of CT images a lack of response to
therapy was detected.
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