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Mini Abstract

In order to evaluate the clinical usefulness of the color Doppler vascularity (CDVI)
in patients with gastric cancer, seventy-nine gastric cancer patients were studied
with microvessel density. Among them, tumors were sonographically visible in
thirty-one patients. Vascular invasion and CDVI were independent prognostic
factors. CDVI was aso a good preoperative indicator of early death in stage 11
gastric cancer patients. Thus, CDVI may be helpful in selecting patients with

gastric cancer for neoadjuvant chemotherapy and/or anti-angiogenic therapy.



Abstract

Objective

The purpose of this study was to investigate the clinical usefulness of microvessel

density (MVD) and an /n vivo angiogenesis parameter, color Doppler vascularity

index (CDVI), in patients with gastric cancer.

Summary Background Data

Many studies have reported a significant association between the degree of MVD-

evaluated angiogenesis with the clinicopathologic factors and prognosis of patients

with various solid tumors. All these studies were accomplished on tissue sections

retrospectively obtained from surgical specimens. However, an “/in vivd’ method to

assess tumor angiogenesis for human malignancies is highly desirable for

diagnostic purpose, treatment planning and follow-up. The CDVI is a new

ultrasound parameter for evaluating /n vivo angiogenesis, and has a good

correlation with status of lymph node metastasis in cervical carcinoma, and can

predict distant metastasis and survival in colon cancer patients. Therefore, the

CDVI may also be useful to assess /n vivo angiogenesis in human gastric cancer.
Methods
A total of 79 patients with gastric cancer were enrolled in this study, and
microvessel density was evaluated by using immunohistochemical staining of
surgical specimens with anti-CD-34 antibody. Tumors were sonographically
visible in thirty-one patients. The CDVI of each tumor was determined using
transabdomina color Doppler ultrasound. The CDVI was defined as the ratio of
the number of the colored pixels within a tumor section to the number of tota

pixels in that specific tumor section, and was calculated by using Encomate



software (Electronic Business Machine Co. Ltd., Tapei, Taiwan). Correlation
between MVD, CDVI and clinicopathologic factors and patient survival was
studied.

Results

The MVD was significantly correlated with vascular invasion by multiple linear
regression analysis. Although the survival of patients with high MVD (>32) was
significantly worse than those with low MVD (<32) by univariate analysis,
vascular invasion was an independent prognostic factor by Cox proportiona
hazard model. There was a linear correlation between CDVI and MVD (r=0.495,
p=0.005). Moreover, in patients with a high CDVI (> 11%), the survival rate was

significantly lower than that in those with low CDVI ( 11%) (p=0.005). None of

the patients with high CDVI (>11%) survived 2 years after curative resection. In
addition to vascular invasion, the CDVI was another independent prognostic
factor in the patients with stage I11 gastric cancer.

Conclusions

Vascular invasion was an important prognostic indicator in gastric cancer. The
high CDVI was a good preoperative indicator of early death in stage Ill gastric
cancer patients. Thus, the CDVI may be helpful in selecting patients with gastric

cancer for neoadjuvant chemotherapy and/or anti-angiogenic therapy.



Introduction

Angiogenesis is a very complex phenomenon and essential for the growth of
solid tumors measuring more than a few millimeters.’ It permits rapid tumor
growth and potential presence of tumor metastasis.>® It is not easy to develop a
single method capable of detecting such a complex biologica phenomenon. At
present the most widely used method to assess angiogenesis in human
malignancies is the quantification of microvessel density (MVD) of tumors using
specific markers for endothelial cells including factor Vlli-related antigen, CD31
and CD34.*™ These studies have reported an association between the degree of
angiogenesis, and the clinicopathologic factors and prognosis of patients with
various solid tumors, such as breast,*® lung,” prostate® head and neck,” and
gastrointestinal cancer.'®** All these studies were accomplished on tissue sections
retrospectively obtained from surgical specimens. However, an “in viva’ method
to assess tumor angiogenesis for human malignancies is highly desirable for
diagnostic purpose, treatment planning and follow-up.

With the current technique of color Doppler sonography, tumor vascularity can be
assessed in vivo.'? The correlation of the color Doppler vascular signals with the
angiographic and histologic findings has also been shown in tumors of various
human organs.™®** Incrementa angiogenesis could be demonstrated in the
tumorigenesis of ovarian and endometrial malignancies with color Doppler
ultrasound.™*® Vascularity index is a new ultrasound parameter for evaluating in
Vivo angiogenesis. Severa reports has revealed that vascularity index could be used
to differentiate the nature of neck lymph node'’ and had a good correlation with
status of lymph node metastasis in cervica carcinoma'® Conventional

transabdominal sonography has become increasingly important not only in



evaluating diseases of solid organ but also in diagnosis of the gastrointestinal
diseases.®?! Recently, we also found that color Doppler vascularity index (CDVI)
can predict distant metastasis and survival in colon cancer patients.” Therefore, the
CDVI may also be used to assess in vivo angiogenesis in human gastric cancer.

To investigate the clinical usefulness of the CDVI and MVD in gastric cancer, this
study was conducted to elucidate the correlation between CDVI and MVD, and
evaluate association between these two angiogenesis parameters and
clinicopathological factors and survival in patients with sonographically visible

gastric cancer.



Patients and Methods

Patients. A total of 79 patients with gastric cancer, who had undergone radical
gastrectomy at our institution from July 1995 to March 1999, were included in this
study. They were all proved to have adenocarcinomas by panendoscopic biopsies.
They were staged according to TNM system. Criteria for consideration as curative
resection were the complete removal of a primary gastric tumor, D2 dissection of
regional lymph nodes, and no macroscopic tumor being left behind. They had no
detectable metastasis in liver, peritoneum and distant organ at the time of surgery.
No other previous or concomitant primary cancer was present. Abdominal
ultrasound was performed before operation to evaluate liver and other
intraperitoneal metastases routinely without hydrogastric preparation after
overnight fasting. The tumor mass of gastric cancer could be clearly delineated by
trans-abdominal ultrasound in 31 patients (39%) who constituted a subpopulation
of this study. These 31 patients ranged in age from 43 to 85 years (average age,
63.7 years); 21 were men and 10 were women. Clinicopathological characteristics
were similar between original group and CDVI subgroup. All patients in CDVI
subgroup had stage |11 disease except one whose disease was stage Il (Table 1). No
patient had recelved chemotherapy and radiotherapy before surgery.
Clinicopathologic factors including age, sex, gross types of tumors (Borrmann
classification), histologic types of tumors (Lauren classification), depth of tumor
invasion, status of lymph node metastasis, vascular invasion, and Helicobacter
pylori (H. pylori) infection documented with histologic findings were reviewed and
stored in patients data base. Vascular invasion was considered to be definite only
when tumor cells and red blood cells were noted together in an endothelium-lined

vascular space or when tumor cells were found in an endothelium-lined vascular



space with a definite smooth muscle layer. The tissue were considered positive for
H. pylori if faintly blue staining curved bacilli were seen in the mucus of crypts just
adjacent to tumor using hematoxylin and eosin stain. The patients were followed up
from 3 to 46 months after sugery. The follow-up intervals were calculated as
survival intervals after surgery.

Sonographic Technique and Quantification of Vascular Density in Color Doppler

| megesﬂ, 18, 22

. The scanner we used was a color Doppler ultrasound unit (HDI
3000 or 5000, Advanced Technology Laboratories, Bothell, WA) with a 2-5 MHz
curved array or a 5-10 MHz linear array transducers. Settings of the color Doppler
ultrasound were standardized for the highest sensitivity in the absence of apparent
noise by using a medium wall filter, pulsed repetition frequency of 1000 Hz, color
gain of 78-79%, moderate-to-long persistence, and a slow sweep technique. Under
these conditions, the lowest possible measurable velocity was claimed below 5
cm/second. Focusing depth was set between 1.5 and 5 cm. Each tumor was scanned
thoroughly and tangential scanning was made to avoid the intraluminal air
interference as possible as we can. The color window was set to cover the whole
tumor on the screen. The tumor of the gastric cancer was then scanned carefully in
al directions and the tumor section with subjectively maximal color sgnals was
captured and stored for later analysis. Each tumor was scanned three times, thus
three tumor sections with maximal color signals were available for quantatitive
analysis. After the examination, the previously stored images were retrieved and
displayed on the monitor. The tumor margin was contoured using a cursor.
Quantification of the vascular color signals within the demarcated tumor area was

then automaticaly performed using the special software (Encomate, Electronic

Business Machine Co., Ltd., Taiwan). The results were expressed as the "color



Doppler vascularity index (CDVI)" (the number of colored pixels within the tumor
section /the number of total pixels in that particular tumor section) (Fig. 1). For
each tumor, the mean of the CDVI of three representative tumor sections was used
for statistical analysis.

Microvessel Staining and Evaluation. The paraffinized tumor blocks of 79
patients whose gastric cancers were stained for endothelial cell CD34 antigen using
the labelled streptavidin-biotin after antigen retrieval (Fig. 2). Briefly,
deparaffinized sections were heated in a pressure cooker. After endogenous
peroxidase was blocked with 3% hydrogen peroxide in the section, each section
was incubated with nonimmuned horse serum. The sections were incubated in anti-
CD34 monoclona antibody (Santa Crus, CA) at a dilution of 1:20, or the control

nonimmune serum at 4 overnight. The sections were incubated with link

antibodies followed by peroxidase conjugated streptavidin complex (LSAB Kit,
DAKO Corporation, Carpinteria, CA). The peroxidase activity was visualized with
diaminobenzidine tetrahydroxychioride solution (DAB, DAKO corporation,
Carpinteria, CA) as the substrate. The sections were lightly counterstained with
hematoxylin. After screening the areas with intense neovascularized spots at low
power field (100X), microvessels in the area with the highest number of discrete
microvessels were counted in a 400X field. Three separate intense neovascularized
areas were assessed, and the mean was calculated as microvessel density of each
tumor evaluated.

Statistics. The relationship between MVD, CDVI and the various
clinicopathologic factors was examined by chi-square test. One-way ANOVA was
used to test the correlation among different TNM stages. Survival curves were

calculated using the Kaplan-Meer method and analyzed by the log-rank test. The



CDVI and clinicopathol ogic variables influencing survival was assessed by the Cox
proportional hazards model. The mode of recurrence was examined by Fisher exact

test. Statistical significance was defined as p < 0.05.
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Results

MVD of the total 79 patients ranged from 5 to 68 with a mean value of 32.4. Table
2 showed the correlation between MVD and various clinicopathologic factors. A
significantly higher MV D was found in positive vascular invasion (p=0.000), depth
of tumor invasion (p=0.021), diffuse type cancer (p=0.023) and podtive
Helicobacter pylori infection (p=0.013). However, multiple linear regression
analysis showed only vascular invasion was significantly correlated with MVD
(p=0.016) (Table 3). MVD of stage | gastric cancer was significantly lower than
that of stage Il and 111 (p=0.0007), and there was no significant difference among
stage I1, llla and Il1b. (Fig. 3) The outcome of the 79 patients was then anayzed.
Since the mean MVD of these patients was 32.4; therefore, we classified them into

two subgroups. group of MVD > 32 and group of MVD  32. The survival rates

were calculated using the Kaplan-Meier method. The survival rate of the group
with high MVD was significantly lower than that with low MVD (p=0.0002). The
effects of variables presumably associated with patient survival were studied by
multivariate analysis using Cox proportional hazards model. As a result, vascular
invasion was the only independent prognostic factor in these 79 patients (Table 4).

In CDVI subgroup, the CDVI of the sonographically visible gastric cancers ranged
from 1.0% to 30% with a mean value of 11.4%. There was a linear correlation
between CDVI and MVD (r=0.495, p=0.005) (Fig. 4). The CDVI in the patients
with vascular invasion was significantly higher than in those without vascular
invasion (p=0.026). The CDVI of diffuse type gastric cancer was significantly
higher than that of intestina type (p=0.034). There was no significant correlation
between CDVI and other clinicopathological factors such as age sex, Borrmann

types, Helicobacter pylori infection, and tumor size.
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The prognosis of the 31 patients who had sonographically visible gastric cancer
was then analyzed. Since the mean MV D of these patients was 33.5; therefore, we

classified them into two subgroups: group of MVD > 34 and group of MVD  34.

The mean CDVI of these patients was 11.4%. Accordingly, the patients were
divided into two subgroups: group of high CDVI (> 11%) and group of low CDVI

( 11%). The surviva rates were calculated using the Kaplan-Meier method. The

survival rate of the group with high CDVI was significantly (p=0.005) lower than
that with low CDVI and MVD was also the case (p=0.0493)(Fig. 5). There was an
intriguing finding that none of the stage 11 patients with the CDVI > 11% survived
beyond 2 years after curative resection.

Simultaneous consideration of the effects of variables including vascular invasion,
CDVI, and MVD on patients’ survival was studied by multivariate analysis using
Cox proportional hazards model. As a result, vascular invasion and CDVI were

independent prognostic factors (Table 5).
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Discussion

In this study, MVD of gastric cancer was correlated with tumor differentiation,
tumor invasion depth, lymph node metastasis, and vascular invasion. However,
vascular invasion was found to be an independent prognostic factor in original
group and CDVI subgroup. The CDVI was statistically significantly correlated with
MVD though the correlation between these two parameters was not strong. In
addition to vascular invasion, the CDVI was an independent prognostic factor in
CDVI subgroup.
Current ultrasound technology is not capable of detecting tumor neovascularization

itself (approximately 15 um or less in diameter), which was usually demonstrated
immunohistochemically”®. The color Doppler signals seen within tumor
represented the larger and functional vessels (approximately 100um or more in

diameter), possibly intratumoral arterioles, venules, and arteriole-vanule

23,24

shunting™<", in which blood flow ran. Although there was a loose linear
correlation between CDVI and MVD in this study, we hypothesized that the more
neovascul arization existed, the more supplying intratumoral arterioles and draining
venules was present. The distribution of angiogenesis in atumor is usually uneven
and heterogenous, and MV D, the microvessel count in atiny portion of tumor, may
be not sufficient to represent the global tumor angiogenesis. Recently, Maniotis et
a?® reported that aggressive melanoma cells generate non-endothelial cell-lined
channels delineated by extracellular matrix, and these “vasculogenic mimicry”
channels that are undetectable in MV D assay link directly to larger normal vessels.

Thus, CDVI, by quantitatively depicting the density of the larger supplying

arterioles and draining venules, can better reflect global vascularization of atumor.
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Liotta et al*®**” developed a tumor perfusion study with C57BL/6J male mice, and
they found that the tumor vessel size and density are important determinants of the
size of tumor cell clumps and concentration of effluent tumor cellsreleased into the
circulation and developed distant metastasis®. Therefore, increased density of
larger vessels that can be evaluated with CDVI may facilitate distant metastases by
allowing the intravasation and transportation of larger cancer cell clumps In our
previous study, colon cancer patients with high CDVI has higher incidence of
distant metastasis after curative resection and poorer prognosis than patients with
low CDVI?. This in vivo observation in human is in line with Liotta’'s in mice. As
aresult, CDVI can better reflect the tumor invasiveness, metastasis and prognosis.
This may be the reason why high CDVI can predict early death in patients with
stage Il gastric cancer.

Currently, MVD is widely employed for assessing angiogenesis in human solid

cancers 10,11,29-32

. In fact, more than 70% of the studies found a significant
association between MVD and clinical outcome of the patients. Sixty percent of the
studies in which a multivariate analysis was performed demonstrated that MVD is

an independent prognostic factor *

. In the present study, higher MVD was
correlated with positive vascular invasion, depth of tumor invasion, positve lymph
node metastasis, diffuse type cancer and positive Helicobacter pylori infection.
Vascular invasion was the only factor that significantly correlated with MVD in
multivariate analysis, and was aso an independent prognostic factor. However,
MV D was not an independent prognostic factor. Vascular invasion is a well-known
factor for hematogenous metastasis and also an independently prognostic factor in

gastric cancer ***°. Local shedding of cancer cells into the tumor vascular stream

that can commence at the onset of angiogenesis, is quantitatively related to the
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surface area of intratumoral vessels 4. The CDVI as a measure of global
vascularity of the tumor might better reflect the surface area of intratumoral vessels.
In present study, the patients with vascular invasion had significantly higher CDVI
than those without. Poor prognosis of high CDVI patients may be related with
hematogenous spreading for high frequency of vascular invasion.

The mgority of the patients with early gastric cancer can be cured by surgery.
Unfortunately, the most gastric cancer patients had advanced disease in Taiwan.
The prognosis of patients with advanced gastric cancer, who have undergone
curative gastrectomy, is still poor. It may depend on the biological nature of the
resected tumor itself, as no grossly detectable residual tumors have been left behind
after surgery. Unfortunately, there is currently still no definite place for adjuvant
chemotherapy in resected gastric cancer, outside the setting of a clinical trial .
One of the major clinica problems is we don’'t know how to select high-risk
patients who can really benefit from chemotherapy or other modality of treatment.
Therefore, selecting out a subset of patients from this group who may have a worse
prognosis may be clinically useful, and future studies using new compounds and
regimens, focusing on high-risk groups of patients may offer the best chance of
demonstrating a definite role for adjuvant chemotherapy in this disease.

There is little doubt that the current staging system of gastric cancer still lumps
together molecularly distinct diseases with distinct clinical phenotypes. The
magjority of human solid tumors are heterogeneous diseases, made up of multiple
cell clones with diverse biological aggressiveness. It seems clear that stage Il
gastric cancers a least are heterogeneously angiogenic diseases, and this
angiogenic heterogeneity was associated with diverse angiogenic tumor clones %,

activation of oncogenes ****, downregulation of tumor suppressor genes
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immunogenecity “**, and ability to metastatize. Therefore, the CDVI could be
considered to represent the summation effect of complex biological processes of
tumor vascularization, progression, and metastasis in gastric cancer, and was an
excellent prognostic indicator to select out patients who might suffer from early
death in stage Il gastric cancer patients after curative gastrectomy. The results of
initial studies of neoadjuvant chemotherapy in resectable advanced gastric cancer
are encouraging “®*. Thus, the preoperative CDVI in advanced gastric cancer
patients may help to identify patients for appropriate neoadjuvant therapy. Other
than chemotherapy, different types of antiangiogenic compounds have been
developed and shown to inhibit angiogenesis and the growth of some tumors in
preclinical trials and afew compounds are further down the clinical road ***2. Such
agents may be valuable in the adjuvant and/or neoadjuvant therapy of advanced

gastric cancer patients with high CDVI tumors.
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Legends of figures

Figure 1. Color Doppler vascularity index assessment within the gastric cancer.
The color window was set to cover the whole tumor on the screen and stored
for later quantitative analysis (A). The tumor margin was contoured using a
cursor (B). Quantification of the vascular color signals within the demarcated
tumor was then automatically executed by special software called Encomate
(Electronic Business Machine Co., Ltd., Taiwan). The results were expressed as
the "color Doppler vascularity index™" (the number of colored pixels within the
tumor section /the number of total pixelsin that particular tumor section) (C).
Figure 2. Immunohistochemical staining for CD-34 in gastric cancer tissues
(origina magnification x  400). Microvessels are represented by brown
clusters, which stand out sharply from other tissues.

Figure 3. Correlation between microvessel counts and TNM stages

Figure 4. Correlation between MVD and CDVI

Figure 5. Survival curves of patients with high color Doppler vascularity index

(> 11%) and that with low color Doppler vascularity index ( 11%).
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Table 1 Characteristics of patients studied

Toal patients CDVI subgroup
(n 79) (n 31

Age (yr)
Range 42-85 43-85
Mean 63.3 63.7
Sex (no.of patients)
Men 54 21
Women 25 10
L ocation of tumor (no)
Upper third 11 4
Middle third 23 10
Lower third 45 17
Borrmann type
I 3 0
[ 11 3
11 55 27
IV 10 1
Lauren classificafion
Intestinal 33 11
Diffuse 32 13
Mixed 14 7
Helicobacter pylori infection
Positive 30 10
Negative 49 21
Vascular invasion
Positive 47 19
Negative 32 12
Stages
I 15 0
[ 7 1
lla 31 18
I11b 26 12
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Table 2 Correlation between clinicopathologic factorsand
MVD

MV D(no)
Variables Patients(no) Mean+SD P
Sex
Men 54 29.8+14.5 0.026
Women 25 37.9+15.5
Serosal invasion
Negative 21 25.9+17.2 0.021
Positive 58 34.7+13.8
Lymph node
metastasis
Negative 21 22.0+13.8 2E-04
Positive 58 36.1+14.0
L auren classification
| ntestinal 33 26.9+2.6 0.023
Diffuse 32 36.6£2.7
Mixed 14 35.6+3.5
Helicobacter pylori
infection
Negative 40 28.2+14.9 0.013
Positive 32 37.0+13.9
Vascular invasion
Negative 32 24.7+14.2 0

Positive 47 37.6+£13.7
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Table 3 Relationship between MVD and the
clinicopathologic factor s by multivariate analysisin 79

patients with gastric cancer

Variables B SE Exp(B)  Sig
Age -0.121 0.171 -0.708 0.482
Sex -4.721 3.554 -1.328 0.189
Depth of

invasion -4.357 491 -0.887 0.378
Nodal status 7.778 4.968 1.565 0.123
Borrmann type -1.508 1.465 -1.029 0.308
Lauren

classification 1.177 2.347 0.501 0.618
Helicobacter

pylori infection 4.96 3.433 1.445 0.14
Vascular

invasion 8.677 3.489 2.487 0.016

B [ regression, SE standard error, Sig significance,

Exp(B ) exponent 3
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Table 4 Clinicopathologic factor s affecting survival rate by
multiplelinear regression analysisin 79 patients with
gastric cancer who underwent resection

Variables B SE  Exp(B) Sig
Age 0.014 0.019 1.014 0.44
Sex -0.322 0.394  0.725 0.41
Malevsfemale

Serosal invasion 1535 0831 4.639 0.05
Negative vs Positive

Lymph node

metastasis 059 0.682 1.804 0.39
Negative vs Positive

Lauren classification 0.118 0.273 1.126 0.66

Intestinal vs diffuse
Helicobacter pylori

infection 058 0414 1.786 0.16

Negative vs Positive

Vascular invasion 1.31  0.556 3.705 0.018

Negative vs Positive

MVD 0.019 0.014 1.02 0.16
32vs 32

B [ regression coefficient, SE standard error , Sig significance,

Exp(B ) exponent 3
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Table5 Clinicopathologic factor s affecting overall survival
rate determined by Cox proportional hazard model in
stage |l patients

Variable B SE. Exp(B) Sig
MVD 0.68 0.679 1.975 0.316
4. 34
CDVI( ) 1.353  0.667 3.869  0.043
11: 11

Vascular invasion 1.535 0.688 4.641 0.026

Negative:positive
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Figure 5
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