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Abstract

AIM: To evaluate the correlation between the immuno-
expression of angiogenic markers [CD31, CD105 and
vascular endothelial growth factor (VEGF)], prolife-
rative index (Ki67), and prognosis of patients with
gastrointestinal stromal tumors (GIST).

METHODS: This is a retrospective study of 54 GIST
cases. Medical records were searched to obtain the
GIST patients’ demographic and clinical data, and
paraffin-embedded blocks of tumor samples were
retrieved from the hospital archives to conduct a new
immunohistochemical evaluation. The tumor samples
of GIST patients were subject to immunohistochemical
evaluation for endoglin (CD105), CD31, VEGF, and
Ki67 expression. The CD105 and CD31 intratumoral
microvascular density (IMVD) was measured using
automated analysis. We determined the correlation
between the immunoexpression of CD105, CD31, VEGF,
Ki67 and prognosis. In addition, we conducted a cutoff
analysis using the receiver-operating characteristic
curve. VEGF positivity was classified as either null/weak
or strong. Ki67 was evaluated using a cutoff of 5%
positive cells. The prognosis was classified as good
(patient alive without recurrence) or poor (patient with
recurrence/death).
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RESULTS: The distribution of tumor sites among the
54 analyzed samples was as follows: 27 (50%) in the
stomach, 20 (37.1%) in the small intestine, 6 (11.1%)
in the colon, and 1 (1.8%) in the esophagus. The size
of the tumors ranged from 2 to 33 cm (median: 8
cm); in 12 cases (22.2%), the tumor was below 5 cm
at the largest diameter, but in 42 cases (77.7%), the
tumor was larger than 5 cm. The means of CD105 and
CD31 were significantly higher in the group with poor
prognosis (P < 0.001). The cut-off values of CD105 (>
1.2%) and CD31 (> 2.5%) in the receiver-operating
characteristic curve were related to a poorer prognosis.
Cases with a better prognosis showed significantly null/
weak staining for VEGF (P < 0.001). Ki-67 expression of
= 5% was strongly correlated with a worse prognosis (P
< 0.001). In the multivariate analysis, CD105 was the
variable that most strongly correlated with prognosis.

CONCLUSION: The IMVD cutoff values for the angio-
genic markers CD105 and CD31, may be prognostic
factors for GIST, in addition to VEGF and Ki67.

Key words: Angiogenesis; Immunohistochemistry,
CD105; CD31; Gastrointestinal stromal tumors; Vascular
endothelial growth factor; Ki-67
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Core tip: Prognosis of gastrointestinal stromal tumors
(GIST) is a longstanding challenge. Association of
angioimmunomarkers with poor prognosis has recently
been demonstrated, but few studies have evaluated the
relevance of vascular endothelial growth factor (VEGF)
and CD31, and none has analyzed the role of CD105
expression in prognosis. Our results suggest that
angiogenic markers (intratumoral microvascular density
cut-off of CD105 and CD31 besides VEGF) and Ki67
(tumor cell proliferation marker), may be prognostic
factors for GIST, besides and Ki67 (tumor cell prolife-
ration). However, further studies are necessary before
considering such angiogenic molecules as possible
therapeutic targets.
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INTRODUCTION

Gastrointestinal stromal tumors (GIST) are the most
common mesenchymal tumors of the gastrointestinal
tract™. Although a great deal is already understood
about the biology, diagnosis, and treatment of this
tumor type, predicting prognosis in some cases
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remains a challenge®®. The primary goal of a prog-

nostic determination to discern patients with localized,
resectable disease who require only clinical follow-
up from those in need of adjuvant therapy™.
Currently, there are five different classifications™®
used to stratify tumors into groups associated with
a greater or lesser risk of tumor recurrence and/or
distant metastasis'®. However, these classifications
still leave room for doubt, as there are some groups
of rare tumors with an insufficient number of cases
for effective analysis, and others with highly variable
recurrence/tumor progression rates, e.g., from 24%
to 73%, leaving a high percentage of tumors with an
indefinite prognosis!®*!.

In addition to morphological criteria, some
immunohistochemical markers have been used as
prognostic markers of GIST. Among these are the
proliferating cell nuclear antigen Ki-67, which is
widely used with a cut-off point of 5% as an indicator
of poor prognosis. More recently, the angiogenic
markers, especially CD31 and vascular endothelial
growth factor (VEGF)™?, which is considered the main
mediator of tumor angiogenesis have also been used
as prognostic™!. Some studies™**® have shown an
association between high levels of tissue VEGF and
poorer prognosis of patients with GIST.

In addition to VEGF, another molecule that is
involved in the process of tumor angiogenesis is the
transmembrane glycoprotein endoglin (CD105).
Endoglin may or may not be proangiogenic, depending
on whether it is bound to the activin receptor-like
kinase™™, and is primarily expressed in activated
endothelial cells!®**?Y, Compared with other pan-
endothelial markers (e.g., CD34 and CD31), endoglin
shows a characteristic property as a “neovessel”
marker, i.e., in a state of proliferation. Therefore, CD105
is considered a more specific immunohistochemical
marker for tumor neovasculature®.

Various studies have demonstrated the importance
of CD105, using intratumoral microvessel density
(IMVD), as a prognostic factor correlated with overall
and disease-free survival, tumor recurrence, and the
presence of metastasis in different tumor types™®%,
However, to our knowledge, only one study® has
addressed the association of the immunohistochemical
marker CD105 in GIST with morphological factors,
and no correlation with prognosis was found. Other
angiogenic markers have been studied in relation
to cancer prognosis, including CD34, CD31, and
factor VI'**?®, However, the results are contradictory,
with some studies®****” including those on GIST!'”,
that have identified an association, and others that
have not"®Y, In addition, volumetric growth and the
development of metastases in cases of GIST appear
to be related to the development of a new vascular
network!”). Another fact that corroborates the
importance of vascularization in the context of GIST
is the mechanism of action of the second-generation
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drug sunitinib, which is based on the blockade of
VEGF activity along with tyrosine kinase receptor
blockade that has been used with success in some
GIST patients®, Another key factor used in defining
prognosis in cases of GIST is cell cycle markers,
especially Ki67, which is an indicator of proliferating
cells™,

In an attempt to better understand the behavior of
GIST, we performed immunohistochemical assays to
analyze the expression of angiogenic markers (CD105,
CD31 and VEGF) as well as the cell proliferation index
(Ki-67) and determined their correlation with the
clinical progression of patients. The results of this
study should provide valuable information with respect
to the effectiveness of these markers as prognostic
factors in the context of GIST.

MATERIALS AND METHODS

Study design and participants

We conducted a retrospective study of all cases of
GIST evaluated in the Pathology Laboratory of two
university hospitals in Rio de Janeiro, Brazil (Gaffrée
and Guinle University Hospital and Clementino Fraga
Filho University Hospital). After obtaining approval
from the Ethics Committee (protocol number 079/05),
medical records were searched to obtain the patients’
demographic and clinical data, and paraffin-embedded
blocks with tumor samples were retrieved from the
hospital archives for a new immunohistochemical
evaluation, as described in detail below. The archives
were searched for cases of GIST with positivity for the
CD117 antibody, with totally resected tumors. Patients
with disseminated GIST or with other types of cancer
were excluded from the study.

Variables
From the clinical records, gender, age, tumor site
and size, and clinical progression were recorded.
The follow-up period of patients was calculated from
the date of surgery until the last follow-up visit. The
prognosis was classified as good (disease-free survival)
or poor (the patient died due to GIST, or survived
but had metastases during follow-up). There were no
deaths due to other causes in this case series.

The CD105, CD31, VEGF, and Ki67 expression levels
were determined by immunohistochemical analysis,
according to the methods and criteria described below.

Immunohistochemistry

Formalin-fixed, paraffin-embedded tissues, sectioned
into 5-um-thick slices, were mounted on poly-L-lysine-
coated slides (Sigma, St. Louis, MO, United States;
code P8920). The sections were deparaffinized by
xylene and dehydrated by a graded series of ethanol.
The Novolink polymer (Novocastra, Newcastle,
United Kingdom) was used. The chromogen was
3,3’-diaminobenzidine tetrahydrochloride, followed
by Mayer’s hematoxylin counterstain were applied to
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the slides. Negative controls lacking primary antibody
application were run simultaneously. The following
antibodies with respective dilutions were used: anti-
Ki-67 (M7240, 1:250; Dako Dk A/S), anti-CD31
(JC70A, 1:50; Dako Dk A/S), anti-VEGF C-1 (sc-7269,
1:6000; Santa Cruz Biotechnology, Heidelberg, Ger),
and anti-CD105 (clone 4G11, 1:60; Leica Biosystems
Newcastle Ltd, United Kingdom).

Measurement of IMVD

Two computer tools were used for the CD105 and
CD31 immunohistochemical IMVD analysis: Qcapture
and Imagelab. The former is an image-capturing
system in an Olympus digital 3.3-megapixel camera
attached to an Olympus BX-40 microscope. The three
vascular fields showing the highest intensity antibody
signals, such as vessels or groups of endothelial
cells, were searched at a magnification of x 100
and captured for each case with a x 200 magnifying
lens. The images were then analyzed using the “color
function” and area/density measurement function in
Imagelab software®, The percentages of marked
areas (hotspots) were calculated in a fixed area of
216 um on each image. The average of the three
areas selected for analysis was recorded into an Excel
worksheet.

Evaluation of VEGF and Ki67

The tumors were classified into two categories based
on VEGF expression: null/weakly positive or moderate/
markedly positive. The classification was based on the
staining intensity of the vascular structures.

Positive cells for Ki-67 were counted in a field of
1000 cells™. The tumors were classified into those
with less than 5% positive cells and those with 5% or
more positive cells.

CD31 and CD105 positivity and Ki-67 expression
were analyzed in relation to clinical status*, A
receiver-operating characteristic (ROC) curve was
constructed to determine a cut-off for poor prognosis.

Statistical analysis

In the univariate analysis, the y°, Wilks G2, Fisher
and Student’s t tests were used, with a significance
threshold value of less than 0.05. In the multivariate
analysis, for factors that showed statistical significance
in the univariate analysis, we used the Jaccard index,
which compares the similarity and diversity of samples.
The highest rated factor was the one determined to
be most closely linked to prognosis. The statistical
methods of this study were reviewed by Mauricio
Gama, Associate Professor of Research Department of
Clementino Fraga Filho University Hospital.

RESULTS

Participants, histological and clinical data
Among the 54 cases of GIST that were studied, the
patients’ mean age was 57.34 + 13.71 years (range:
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Figure 1 Gastric gastrointestinal stromal tumor with labeling for CD105 >
1.2% (A), CD31 > 2.5% (B), x 20.

24-83 years), and 30 (59.5%) patients were women.
The distribution of the tumor sites among patients was
as follows: 27 (50%) in the stomach, 20 (37.1%) in
the small intestine, 6 (11.1%) in the colon and 1 (1.8%)
in the esophagus. The size of the tumors ranged from
2 to 33 cm (median: 8 cm); in 12 cases (22.2%), the
tumor was below 5 cm at the largest diameter, but in
most cases (42; 77.7%), the tumor was larger than 5 cm.

Of the 54 patients, 33 (61.2%) were alive and
disease-free (i.e., good prognosis) and 21 (38.8%)
patients were alive with disease or had died due to
cancer. The follow-up period ranged from 1 to 242 mo,
with a median time of 35 mo.

Immunohistochemistry results

The mean positivity values of CD105 and CD31 ranged
from 0.37% to 4.21% and 0.39% to 7.83%, with
median values of 1.14% and 1.96%, respectively
(Figure 1).

In relation to VEGF, 21 tumors (38.9%) showed
null/weakly positive staining, while 33 (61.1%) showed
moderate/strong staining.

The anti-Ki-67 antibody was expressed in 31
(57.4%) tumors with a cell proliferation index of less
than 5%, and the remaining 23 tumors (42.6%) had
an index greater than or equal to 5%.

Correlation between prognosis and
immunohistochemistry markers
The average value for the CD105 evaluation was
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Table 1 Association among vascular endothelial growth

factor, Ki67 and survival status

Immunomarkers Alive without  Recurrence/ P value
recurrence death
VEGF
Null/weakly' 18 3
Moderate/strongly" 15 18 0.002*
Ki67
<5% 29 2
=>5% 4 19 <0.001°

'Positive; *Fisher exact test, Student’s t-test. VEGF: Vascular endothelial
growth factor.

significantly higher in the group of patients with poor
prognosis than in the group of patients who were
alive without recurrence (1.98% vs 1.04%, P <
0.001, Student’s t-test). Based on the ROC curve for
CD105, a cutoff point of 1.21% was determined. This
cutoff point was corroborated by the area under the
curve value of 0.88, which indicates good power of
discrimination.

The average value obtained with CD31 was
significantly higher in the poor prognosis group than in
the group of patients who survived without recurrence
(3.61% vs 1.94%, P < 0.001, Student’s t-test). Based
on the ROC curve for CD31, a cutoff point of 2.50%
was determined. This cutoff point was corroborated by
the area under the curve value of 0.92, which indicates
strong discriminatory power.

A relatively better patient prognosis was associated
with null/weak VEGF expression in the tumors; of
the 21 cases with null/weak VEGF expression, only
3 had an unfavorable prognosis (P = 0.002). A rate
of = 5% Ki67 expression was strongly associated
with reduced overall survival (P < 0.001) (Table 1).
In the multivariate analysis, the factors that showed
statistical significance in the univariate analysis (CD105,
CD31, VEGF and Ki-67) were submitted to analysis of
similarity (Jaccard index), which revealed that CD105
had the strongest association with prognosis-(Jaccard
index value: 0.69278), followed by CD31 (0.66471),
Ki67 (0.54286) and VEGF (0.50000).

DISCUSSION

Determining the prognosis of GIST is essential, given
that 60% of tumors are larger than 5 cm, which is
associated with a relatively poor prognosis™***®, 50%
of patients are considered high-risk'*”?, and 20%-55%
of patients will experience tumor recurrence!®*%,

In our case series, we demonstrated an association
between immunohistochemical markers related to
angiogenesis and prognosis. CD105 (endoglin) showed
an association with prognosis through the IMVD
measurement. The plotted ROC curve indicated a cut-
off point of 1.2%, which was established as a dividing
factor in our series for good and poor prognosis, as
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tumors with an IMVD above this value were related
to a relatively worse prognosis. No previous study
has directly evaluated the role of CD105 expression in
prognosis in the context of GIST. The only previously
reported study™ on the association between GIST
and CD105 demonstrated a link between the strong
intensity of immunohistochemical staining with some
morphological criteria that is associated with a worse
prognosis, such as a mitotic index above 5 mitoses per
50 high-power fields and a high degree of risk.

The average IMVD value of CD31 was higher in
tumors from patients with a worse prognosis than in
those with a good prognosis, demonstrating a clear
relationship between this marker and prognosis,
as has been previously reported™”'**1, Although
these previous studies all established a correlation
between the IMVD of CD31 and prognosis, there is
marked variation among the cut-off values reported
for malignancy, which might be due to the different
methods used for evaluation and analysis!”*®!. There
are also some differences between the methods
adopted in our study and others. For example, the
count of vascular structures was conducted in a semi-
automated manner using a computer program, which
significantly reduces bias in counting. In addition, the
cut-off point value of 2.50% found in our series was
validated through analysis of a ROC curve.

VEGF expression was null or weakly positive in
21 tumors, and only 3 of these cases showed poor
prognosis, while the 33 patients with strong VEGF
positivity in tumors (approximately 60%) experienced
recurrence or died. This association between VEGF
and GIST prognosis has also been found in other
studies!*'®. In addition, high VEGF expression has
been associated with a poorer prognosis, independent
of the tumor genotype, and with a low therapeutic
response to imatinib mesylate!*?. In other tumors,
such as those of the lung and breast®*”, high IMVD
is associated with a reduction in survival and a shorter
time to tumor recurrence®*

We also found a strong association between a
marker for nuclear antigen cell proliferation (Ki67) and
prognosis in our series, similar to previous studies™**4,
Therefore, the present results demonstrate the high
prognostic potential of Ki-67 for GIST. Of the 31
patients with an index of less than 5%, 29 were alive
without recurrence and only 2 had progressed to a
poor prognosis. In contrast, of the 23 tumors with an
index greater than 5%, 19 progressed to metastasis/
death. There are other advantages of using Ki-67
as a prognostic marker: unlike the mitotic index,
which shows an association with the topography of
the tumor™, it can be used independently of the
location of the tumor. It also constitutes a potential
discriminator in localized and/or disseminated
disease™®. Therefore, despite its inability to determine
risk levels in all classifications proposed, we believe
that Ki-67 is an important parameter in the prognosis
of GIST and that it should not be neglected as a
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prognostic marker.

Our results suggest that angiogenic markers,
including the CD105 and CD31 IMVD cut-off values,
VEGF and the tumor cell proliferation marker Ki67,
may be useful prognostic factors in GIST. However,
further studies are necessary before considering such
angiogenic molecules as possible therapeutic targets.
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