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Abstract

AIM: To investigate the correlation of enhancement features
of hepatocellular carcinoma (HCC) revealed by single-level
dynamic spiral CT scanning (DSCT) with tumor microvessel
density (MVD), and to determine the validity of DSCT in
assessing in vivo tumor angiogenic activity of HCC.

METHODS: Twenty six HCC patients were diagnosed
histopathologically. DSCT was performed for all patients
according to standard scanning protocol. Time-density curves
were generated, relevant curve parameters were measured,
and gross enhancement morphology was analyzed. Operation
was performed to remove HCC lesions 1 to 2 weeks following
CT scan. Histopathological slides were carefully prepared for
the standard FgRA immunohistochemical staining and tumor
microvessel counting. Enhancement imaging features of HCC
lesions were correlatively studied with tumor MVD and its
intra-tumor distribution characteristics.

RESULTS: On DSCT images of HCC lesions, three patterns
of time-density curve and three types of gross enhancement
morphology were recognized. Histomorphologically, the
distribution of positively stained tumor endothelial cells within
tumor was categorized into 3 types. Curve parameters such
as peak enhancement value and contrast enhancement ratio
were significantly correlated with tumor tissue MVD (r=0.508
and r=0.423, P<0.01 and P<0.05 respectively). Both the
pattern of time-density curve and the gross enhancement
morphology of HCC lesions were also correlated with tumor
MVD, and reflected the distributive features of tumor
microvessels within HCC lesions. Correlation between the
likelihood of intrahepatic metastasis of HCC lesions with
densely enhanced pseudocapsules and rich pseudocapsular
tumor MVD was found.

CONCLUSION: Enhancement imaging features of HCC
lesions on DSCT scanning are correlated with tumor MVD,
and reflect the intra-tumor distribution characteristics of

tumor microvessels. DSCT is valuable in assessing the
angiogenic activity and tumor neovascularity of HCC patients
in vivo.
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INTRODUCTION

Tumor angiogenesis plays a fundamental role in the
pathogenesis of tumor growth and metastasis*®, and
significantly influences the biological behaviors of tumor and
prognosis of patients®®. The inhibition or blockade of this
angiogenic activity, on the other hand, can slow down the tumor
growth rate and positively affect the outcome of patients™.
Although a single standardized and thoroughly validated
method to evaluate the structure and function of tumor
angiogenesis is not available, some histomorphological
markers, such as microvessel density (MVD) and vascular
endothelial growth factor, have been used asindicators of tumor
angiogenic activity currently®%2 However, these markers
were studied immunohistochemically in vitro on biopsy or
surgicd tissues, and could not provideinformeation of functional
status of tumor angiogenesis, and were hardly to repeat for
patients in follow-up. An ideal test should be non-invasive,
fast, easy to perform, repeatable and reproducible, and most
importantly, it should provide accurate and comprehensive
information on the structure and biological characteristics of
tumorsin vivo.

Modern medical imaging modalities can depict the blood
flow or reflect the hemodynamic changes. Recent studies
using Doppler Sonography!**1¢ or MRX-2 or CT2% to assess
tumor angiogenesis and neovascularity have yielded
encouraging resultsin differential diagnosisand the correlation
of aggressiveness and metastasis of tumor with the prognosis
of patients. Correlation of enhanced imaging features of
hepatocellular carcinoma (HCC) with tumor MVD was
investigated to determine the validity of single-level dynamic
spiral CT scanning (DSCT) in vivo for assessment of tumor
angiogenic activity and neovascularity.

MATERIALS AND METHODS

Study subjects

From June 1997 to January 1999, 26 HCC patients were
histopathologically proved and used for the study, and all the
patients met the criteria for DSCT scanning and for
histopathological specimen sampling and slides preparation.
There were 23 males and 3 females with a mean age of 43.5
years (27 to 72 years). None of them had anti-tumor therapies
prior to CT examination, and 1-2 weeks after CT, surgery was
performed on all HCC patients to remove the lesions.
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DSCT protocol

A Somatom Plus4 VA spiral CT scanner (Siemens, Erlangen,
Germany) was used for the study, 2 mi/kg of 65% angiografin
or ultravist-300 (Schering, Germany) was used as intravenous
contrast agent and injected via the antecubital route on the
constant rate of 3 ml/sec. Before the start of CT scanning, the
patients were educated and trained on how to cooperate for
CT examination. The whole scanning procedure included 3
steps. First, all the liver was scanned without enhancement,
then dynamic scanning at the selected target dicelevel (single-
dlice dynamic scanning) was followed, and finally the portal
venous phase spiral CT acquisition of the entire liver was
obtained. Thetarget dlice was selected based on the abnormal
findings on the initial scanning. Only the central slice with the
smallest area of tumor necrosis was chosen as the target for
dynamic scanning. The dynamic scanning was performed 18
seconds after intravenous administration of contrast agent. For
the dynamic scanning the sequence scan mode was employed
with the cycle time of 2.3 seconds. A total of 18 slices were
generated. The spiral scan mode was used for the initial scan
and acquisition data on the final portal venous phase. Seven
mm was used for calibration, table feed and slice thickness
(pitch=1/1), and the scan delay timefor the portal venous phase
was 65 seconds.

Image data processing

Generation of time-density (T-D) curve Any visible blood
vessel, necrotic foci and hypodense septum were avoided in
selection of theregion of interest (ROI) for HCC lesions. For
the abdominal aorta, ROl was placed in its cross sectional
center. The size of ROl was restricted to around 1 cm in
diameter. With the built-in software program, the T-D curves
of both HCC lesions and abdominal aortawere generated on
the basis of the selected ROIs.

T-D curve parameters Several curve parameters were
defined for the T-D curve of HCC lesions. (a) The peak
enhancement value (PV) of the abdominal aorta was defined
asthe CT attenuation number at the junction between the up-
dope portion with the steepest rise and the portion with gradual
or flat rise. The corresponding time was referred to asthe peak
enhancement time (PT). (b) The PV for HCC lesion was the
result of maximum enhancement CT attenuation number minus
the baseline CT attenuation number on plain CT scan, and the
time to reach the maximum CT attenuation number after
enhancement was the PT. (c) The contrast enhancement ratio
(CER) was defined as the percentage of the PV of HCC lesion
divided by the PV of the abdominal aorta. Patterns of T-D
curves were analyzed and the related curve parameters (PV,
PT, and CER) were calculated.

Image interpretation All the CT images were jointly
analyzed with standardized criteria by two senior radiologists
experienced in liver imaging. Special attention was paid to the
morphologica enhancement patterns of HCC lesionsand other
associated imaging findings, such as pseudocapsules, daughter
foci, and invasion of the portal venous system.

Histomorphological analysis of tissue specimen

Great care was taken to ensure that the matching of tissue
sampling sites of surgically resected gross HCC tumor
specimen with the correspondingly selected ROIs on DSCT
images was on one-to-one basis. The obtained tissue specimens
were processed by standard macro- and micro-dide techniques
to verify the histomorphological tumor extension. Then
slides of 5 pm thickness were stained with the standard
immunoperoxidase method using factor V1I1-related antigen
(FsRA stain)?. Criteria for positive stain and microvessel
counting were those established by Weidner et al’>%. Two

independent experienced pathologists counted each ROI
separately, and consensus counting was done for dispute. The
counting wasfirst proceeded at 100 x magnification for * hot spot”
representing the area of the highest microvessel density (MVD),
then switched to 200 x magnification for clear depiction and
better counting. For each didethree“ hot spots’ were counted,
and the mean count represented thefinal MV D. Thedistribution
of “hot spots” within tumor lesions was also recorded.

Statistical analysis

Pearson’ s correlation analysis and variance analysis were
performed to test the strength of association between CT
imaging features and the histomorphological marker, P<0.05
was considered statistically significant.

RESULTS

Dynamic CT scan

Patterns of T-D curve Some distinctively different patterns of
T-D curves of HCC lesions were observed and categorized
into three types. Type |, theinitial rise of T-D curve was very
fast and steep, then abruptly changed to amore flat and steady
gradual risetill the plateau phase. This curve pattern occurred
in 7 patients. In type Il curve, the up-rise of the curve slope
was obvious, yet relatively smooth, no abrupt turn in the
configuration of the curve up-slope. Thirteen patients
demonstrated T-D curve pattern of typell. Typelll curvein 6
patients was characterized by slow and flat rise of the initial
curve up-dope with low amplitude. These three patterns of T-
D curves of HCC lesions are depicted in Figure 1, and the
calculated curve parameters are summarized in Table 1. PV
and CER of type Il patients were obvioudy lower than those
of type | and type Il patients, and the differences were
statistically significant (P<0.05). On the other hand, the
differences of PV and CER between type | and type |l patients
were not statistically significant. There was atrend for PT to
increase gradually from type | to type 11, but the differences
among the three types were not statistically significant.
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Figure 1 Three patterns (I, Il, 111) of time-density curve ob-
served in HCC patients. The transverse axis represents the time
and the Y-axis represents the peak enhancement value in
Hounsfield units.

Table 1 HCC time-density curve patterns

Curve parameters Type | Type Il Type I
Number of patients 7 13 6

PV (Hu) 53.6+7.8 47.9+12.6 20.6+7.22
PT (Sec) 43.8£9.5 52.2+7.7 57.948.3
CER (%) 25.0+7.2 22.5+6.5 8.243.42

aThe differences of PV and CER between type Ill and those of
type | and Il were statistically significant (P<0.05).
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Figure 2 Three types of enhancement morphology depicted in
HCC patients. A: Type A. Marked and homogeneous enhance-
ment of the entire HCC lesion in the posterosuperior segment
of right hepatic lobe (black arrow). B: Type B. Bright periph-
eral ring-like enhancement of HCC lesion on arterial phase
image in the right posterosuperior segment (black arrow), and
the dilated right hepatic artery (black arrow). C: Portal venous
image at the same slice level as in (B). HCC lesion remained
hypodense despite obvious enhancement of normal liver pa-
renchyma elsewhere. D: Type C. Inhomogeneous patchy en-
hancement of HCC lesion in right lower hepatic lobe from ar-
terial phase image. Bright dots and linear shadows represent
enhanced tumor vessels within the lesion.

Morphological enhancement patterns of HCC The gross
morphological enhancement manifestations of HCC lesions
could also be grouped into 3 types (Figure 2). Type A was
seen in 7 patients, the HCC lesions were densely enhanced in
a homogeneous pattern (Figure 2A). The mean transverse
diameter of lesionswas 3.1 cm. Type B wasin 5 patients, the

lesions demonstrated complete or partial rim-like peripheral
enhancement, without or with only few dots of enhanced
tumor vessels within the lesion center (Figure 2B, 2C). Mean
diameter was 5.7 cm. Type C was seen in 14 patients, HCC
lesions were inhomogeneously enhanced in a patchy fashion.
Many small round-shaped, linear or reticular shadows
representing enhanced tumor vessels were clearly visible,
along with many hypodense necrotic foci and fibrous septa
within the lesions (Figure 2D). The mean transverse diameter
in this group of patients was 8.5 cm. The differencesin the
transverse diameter of tumor lesions among the three groups
were statistically significant.

Immunohistochemical findings
FsRA staining revealed a great variation in the distribution of
positively stained tumor vascular endothelial cellswithin HCC
lesions. Such adistribution variability in our patient could be
roughly grouped into three patterns (Figure 3). (1) Twelve
patients exhibited very rich blood sinusoids but scanty tumor
microvesselsin theintergtitium. In 9 patients, positively stained
sinusoidal endothelial cells were abundant and distributed
inhomogeneously in a patchy fashion (Figure 3A). But in the
rest 3 patients, sinusoidal endothelial cells had no positive
staining. (2) Eleven patients had both rich sinusoids and
interstitial microvessels, alarge number of positively stained
endothelial cells were distributed in both sinusoids and
interstitium (Figure 3B). (3) Three patients had rich
interstitium, with few interstitial microvessels and scanty
sinusoids, and positively stained endothelial cells were very
scarce (Figure 3C).

The MVD of HCC tumor tissue varied greatly from 6 to
91 among patients.

Correlation of DSCT features and tumor MVD

(1) T-D curve parametersand MV D A statistically significant
positive correlation was demonstrated between tumor MVD
and both PV and CER of corresponding HCC lesions. The
correlation coefficients (r) were 0.508 (P<0.01) and 0.423
(P<0.05) respectively. However, MVD had no positive
correlation with PT.

(2) Curve patterns, enhancement morphology and MV D
The relationships between tumor MV D and T-D curve patterns
and the three gross enhancement morphological types of HCC
lesions are summarized in Table 2. The tumor MVDs of T-D
curvetype Il and the gross enhancement morphology type B
were significantly lower than those of curve typel and Il
(P<0.05), and gross morphology type A and C (P<0.05),
respectively. The differences of MVDs between types |, |1 of
T-D curve and the enhancement morphological patterns (type
A, C) were not statistically significant.

Table 2 HCC time-density curve patterns, types of gross en-
hancement morphology and tumor MVD

Typel Typell Typelll Type A TypeB TypeC

Patient No 7 13 6 7 5 14
MVD 41.8+16.7 48.0+18.2 23.0+7.4% 49.7£14.2 15.645.7° 44.0+19.7

aThe differences of MVDs between type Il and type I, type Il
were statistically significant (P<0.05). *The differences of MVDs
between types B, A, C were statistically significant (P<0.05).

(3) Curve patterns, enhancement morphol ogy and distribution
of MVD The intratumoral distribution characteristics of tumor
MV D and their relationshipswith T-D curve patternsand gross
morphological enhancement types of HCC lesions are listed
in Table 3.
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Table 3 HCC time-density curve patterns, types of gross en-
hancement morphology and intratumoral MVD distribution

Typel Typell Typelll Type A TypeB TypeC

Rich S 0 10 2 4 2 6
Rich S & | MVD 7 3 1 3 0 8
Scanty S& IMVD 0 0 3 0 3 0

S-tumor blood sinusoids, I-tumor interstitium.

(4) Other DSCT signs and related histomorphological
changes Eleven patients demonstrated intrahepatic metastatic
foci or daughter lesions. 7 of the 11 patients had prominent
pseudocapsulesthat were hyperdense on DSCT images (Figure
4). In 1 patient the pseudocapsule remained to be hypodense
throughout the entire scanning period, and no discrete
pseudocapsule was discernible in the other 3 patients.
Immunohistochemical FsRA stain reveal ed abundant positively
stained tumor endothelial cellsin connectivetissue of the tumor
pseudocapsule in 8 patients. In the remaining 3 patients,
judgement could not be made as whether or not the tumor
pseudocapsul e was present on the histopathological dides, due
to improper tissue sampling, which missed the border region
between HCC lesion and the neighboring normd liver tissue.

Figure 3 Three patterns of intratumoral MVD distribution
revealed by FsRA immunohistochemical staining. A: Pattern
I. Markedly dilated and abundant blood sinusoids with very
rich positively stained sinusoidal endothelial cells and scanty
tumor interstitium. B: Pattern Il. Sinusoids and interstitium

abundant and rich in positively stained endothelial cells (black
arrow). C: Pattern Il1. Rich tumor interstitium with few posi-
tively stained endothelial cells (white arrow) and scanty blood
sinusoids.

# =

Figure 4 Enhancement of HCC pseudocapsules and
pseudocapsular MVD. A: Marked enhancement of HCC
pseudocapsule (hyperdensity) in the medial segment of left
hepatic lobe shown by DSCT. Note the similar enhancement
pattern of the satellite or daughter lesion in the anterior seg-
ment of right hepatic lobe. B: FsRA staining Rich positively
stained endothelial cells within tumor pseudocapsule (black
arrow) revealed by FsRA staining.

DISCUSSION

MVD, one of the histomorphological markers, is currently
regarded as the best available means to represent tumor
angiogenesis, and has been widely used to characterize tumor
angiogenic activity in vitro. However, it may not be an ideal
method for clinical purposes, as it isinvasive and hard to
perform and to repeat. Clearly, from the clinical perspective,
it isof great clinical importance to look for a noninvasive
method, which can provide in vivo overall functional
information about tumor angiogenesis, besides accurate
morphological information. We designed this dynamic spiral
CT study to investigate the correlation of enhancement patterns
of HCC lesions with the histomorphological marker of tumor
angiogenesis — tumor MV D, and to determine the validity of
DSCT in assessing angiogenic activity and neovascularity of
HCC lesions.

Our study showed that the curve parameters generated
from T-D curves of HCC lesions, such as PV and CER, were
positively corrdated to tumor MV D with dtatistical sgnificance.
AsT-D curve parameterswere representative of the hemodynamic
characteristics of tumor microvasculature, this observation
indicated that the degree of tumor enhancement on DSCT was
affected by tumor MV D. The tumor enhancement degree could
also truly reflect the distribution characteristics of tumor
microvessels within atumor mass, asthe areawith the greatest
enhancement was often associated with the highest MV D. Higher
tumor MV D was shown to be associated with worse degree of
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malignancy and more potential of metastases*!?, thusit is
possible to estimate the biological behaviors of HCC in terms
of aggressiveness and metastasis by calculating the parameters
of HCC T-D curve through dynamic spiral CT scanning.

The patterns of T-D curves of HCC lesions also provided
invivo cluesto the hisomorphol ogical distribution characteritics
of tumor microvesselswithin atumor mass. Type | curve was
often histologically associated with rich blood sinusoids and
microvesselsin theinterstitium, both demonstrating abundant
positively stained tumor vascular endothelial cells. Such a
histomorphological feature of microvessel-rich tumor
interstitium might well explain the early rapid rise of the up-
slope and the high amplitude of this type of T-D curves
observed in this subset of HCC patients. As more and more
contrast agents reached the sinusoids where the rate of blood
flow was sluggish, alteration of the rise pace resulted in an
abrupt turn of the curve up-slope configuration. Abundant,
often dilated and tortuous sinusoids with positively stained
tumor endothelial cellsresulted intype Il curve. Sluggish blood
flow with prolonged accumulation of contrast agent in Snusoids
might cause the slow and steady rise of the up-slope of T-D
curvein this group of HCC patients. However, in 3 patients
with typel curve, both sinusoids and interstitium showed rich
positively stained endothelial cells. Two reasons might be
implicated for this discrepancy between T-D curve pattern and
histomorphological marker. First, the hemodynamic effect of
rich blood sinusoids might overrun that of microvessel-rich
interstitium in these 3 HCC patients, causing the distribution
of contrast-containing blood within the tumor mass to be
relatively slower. Misrepresentation due to sampling error
was another possible reason. Asthe selected area of ROl was
1 cm, much larger than what could be represented on a
histological dlide, it was possible that the selected ROI's might
actually contain many more sinusoids than what was shown
on the corresponding histological slides in these 3 HCC
patients. Type Il curve was histologically characterized either
by rich interstitium but with scanty interstitial microvessels
and scanty blood sinusoids, or by rich sinusoids which were
devoid of positively stained endothelial cells. These tumor
sinusoids had structural and functional resemblance to those
of normal liver sinusoids, therefore, the rise of the up-slopein
thistype of T-D curve was quite slow and flat in the hepatic
arterial phase. In the patient with type Il curve, both rich
sinusoids and interstitial microvessels with positively stained
endothelial cellswere observed. We speculated that the cause
might be the mismatch of selected ROI with the sampling site
for histomorphological measurement, and the variation in
tumor angiogenic activity within atumor lesion, which could
lead to the misrepresentation by MVD.

The study also found that the gross enhancement
morphology of HCC lesions was related to the distribution of
tumor microvessels within atumor mass. As shown in Table
3, type A enhancement morphology was mainly seen in
relatively small HCC lesions, while type C enhancement
morphology wasfound in larger lesions. However, both types
were histomorphologically characterized by rich blood
sinusoids or coexistence of microvessel-rich interstitium, both
of witch had abundant positively stained endothelial cells. Such
findings might suggest that when ahypervascular HCC lesion
was small, the distribution of tumor microvessels within it
tended to be homogeneous, giving rise to the homogeneous
enhancement appearance on DSCT scan. With the tumor
became larger, intratumoral necrosis, fibrous septation and
granulation formation occurred. The original homogeneity of
tumor microvessels distribution was altered and distorted, so
did the gross morphological enhancement patterns on CT
images. Type B enhancement morphology showed that tumor
interstitium was abundant in quantity, but either with scanty

interdtitial microvesselsand few sinusoids, or with rich sinusoids
that were devoid of positively stained endothelial cells. In sharp
contrast, tumor microvesselswith positively stained endothelial
cellswererich in pseudocapsules of thistype of HCC patients.
Thus the gross morphological enhancement pattern could well
reflect the underlying histomorphological characteristics of
tumor microvesselsin this group of HCC patients. Therefore,
by analyzing the enhancement morphology of HCC lesions
on dynamic spiral CT scan, it was possible to estimate both
the in vivo tumor angiogenic activity and the distribution
characteristics of tumor neovascularity. Compared to the
measurement of histomorphological markers, dynamic spiral
CT was able to maximally avoid the possibility of sampling
errors and offered a comprehensive overview of the gross
enhancement morphology of HCC lesions.

Our another interesting finding wasthat most of HCC lesions
with intrahepatic metastases or daughter foci demonstrated
characteristic hyperdense pseudocapsules on dynamic CT
images corresponding to hepatic arterial phase. These
pseudocapsul es were histomorphologically characterized by
very rich positively stained endothelial cells diffusely
distributed in the connective tissues of pseudocapsules. Such
an association indicated that hypervascularized tumor
pseudocapsul es with abundant interstitial structurally defective
tumor microvessel§38 might facilitate intrahepatic metastasis
or homogeneous spreading of HCC.

Though the close positive correlation of enhancement
imaging features of HCC lesionsrevealed by DSCT with tumor
MVD was demonstrated, several other factors, such as
perfusion rate, microvessel permeability, and size or volume
of extracellular space, might also influence the uptake rate of
contrast agent by tumor tissue, thus affecting the configurations
of T-D curve. Little has been known about major contributors
for the difference in the contrast agent uptake rate'*%2. We
suspect that the differences might depend on the type or even
subtype of tumors, and further studies are required to clarify
thisissue.

In conclusion, the characteristics of T-D curve of HCC
revealed by DSCT scanning are closely related to tumor MVD.
The grass enhancement morphology of HCC lesionson DSCT
images can reflect the features of histomorphological
distribution of tumor microvessels within atumor. DSCT is
valid for the in vivo assessment of tumor angiogenic activity
and neovascul arity of HCC lesions, which is very important
in making differential diagnosis, eval uating tumor malignancy
and aggressiveness, monitoring therapeutic effects, and
determining the final outcome of HCC patients.
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