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Abstract

Objective—Potential predictive/prognostic angiogenic markers were prospectively examined in a
phase Il trial of bevacizumab in epithelial ovarian cancer (EOC)/primary peritoneal cancer (PPC).

Methods—Recurrent/persistent EOC/PPC patients were treated with bevacizumab (15mg/kg IV
g21days) until disease progression. Validated-immunohistochemistry (IHC) assays were performed
on pre-cycle 1/4 tumor biopsies for CD31-microvessel density (MVD), VEGF-histoscore (HS), p53-
HS, and TSP1 image analysis score (IA). Pre-cycle 1/4 serum and plasma VEGF were quantified
using a validated-ELISA.

Results—CD31-MVD and serum VEGF, evaluated pre-cycle 1in 41/61 and 51/61 eligible patients,
respectively, did not appear to be correlated. High CD31-MVD, categorized at the median, appeared
to be associated with tumor response, a 13-month shorter median survival, and an increased risk of
death (unadjusted hazard ratio [HR]=2.2, 95% confidence interval [CI]=1.067-4.467). In addition,
each standard deviation (SD) increase in CD31-MVD appeared to be associated with worse survival
in unadjusted and adjusted analyses. IHC and plasma biomarkers did not change with bevacizumab
treatment except for serum VEGF, which appeared to decrease during bevacizumab treatment. This
decrease was not associated with response. High pre-cycle 1 serum VEGF, categorized at the median,
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was associated with 22-month shorter median survival and an increased risk of death (unadjusted
HR=2.7,95% C1=1.369-5.191). Categorized p53 appeared to be associated with unadjusted survival
and each SD increase in TSP1-1A appeared to be associated with a decreased risk of progression in
unadjusted and adjusted analyses.

Conclusions—Despite the limitations in sample size and exploratory nature of the study,
angiogenic markers in tumor and serum may provide prognostic value in recurrent/persistent EOC/
PPC, and are being prospectively evaluated in the GOG phase Il trial of carboplatin, paclitaxel and
bevacizumab/placebo in previously-untreated EOC/PPC.
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INTRODUCTION

Despite advances in the treatment of epithelial ovarian cancer (EOC), most women are expected
to relapse and ultimately succumb to this disease [1]. New therapies are needed to improve
patient survival and quality of life. Angiogenesis is one of the cardinal processes leading to
invasion and metastasis of solid tumors [2] and appears to be an important target for cancer
therapeutics. Recently, bevacizumab, a humanized monoclonal antibody that binds to vascular
endothelial growth factor (VEGF), has shown clinical activity in patients with EOCs [3-5]. In
these trials, patients with recurrent or persistent EOCs treated with bevacizumab either alone
or in combination with other cytotoxic therapies have shown a 16-24% response rate, and 28—
56% of patients demonstrated progression-free survival (PFS) > 6-months. Further studies are
needed to define the clinical factors and/or markers that predict treatment response and outcome
to anti-angiogenic agents like bevacizumab [6].

We have previously noted that increased angiogenesis (high CD31 microvessel density (MVD)
was associated with poor clinical outcomes, decreased thrombospondin-1 (TSP-1) levels and
increased mutant p53 levels in prostate cancer [7]. CD31 is a pan-endothelial marker found on
endothelial cells, endothelial and stromal precursors, macrophages and CD4+ B-cells and
provides a histomorphometric measure of MVD in solid tumors [8]. VEGF, the target of
bevacizumab, is a key pro-angiogenic factor that binds to a family of VEGF receptors and
activates downstream pathways that stimulate endothelial cell growth, migration and survival,
and regulate vascular permeability, mobilization of endothelial progenitor cells from bone
marrow to distant sites of neovascularization, and tumor cell chemoresistance. TSP-1 is a
complex protein that primarily functions as an endogenous angiogenesis inhibitor but can also
stimulate angiogenesis via its 25-kDa heparin-binding domain and promote cell invasion by
modulating extracellular proteases in later stages of cancer progression [9-14]. The p53 tumor
suppressor was also examined in our study given the prevalence of p53 alterations (mutations
and overexpression) previously described in EOC [15]. We report here the relationship of these
angiogenic markers to clinical parameters in EOC patients treated with bevacizumab.

MATERIALS AND METHODS

Study Population and Clinical Samples

Sixty two patients with recurrent or persistent EOC/primary peritoneal cancer (PPC) patients
were accrued from April 2002 to August 2004 from participating GOG institutions. These
patients were treated with single agent bevacizumab (15mg/kg IV g21days) until disease
progression [3]. As part of the planned translational research for this phase 1 trial, tumor tissue
biopsies and serum/plasma samples were collected prior to the 15tand 4! cycle of bevacizumab
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treatment. In addition, serum/plasma samples were collected when the patients went off-
treatment due to disease progression or toxicity.

Immunohistochemistry

Immunohistochemistry (IHC) assays were performed on formalin-fixed, paraffin-embedded
tissue sections to detect CD31 (JC70A clone, Dako, Carpinteria, CA), TSP-1 (8A6B clone,
Vision Biosystems, Norwell, MA), VEGF (Ab-1 clone, Lab Visions Corp, Fremont, CA) and
p53 (DO-1 clone, Santa Cruz Biotechnology, Santa Cruz, CA). For each antibody, slides were
organized in batches and staining was performed using an automated IHC stainer in two
separate runs with appropriate positive and negative controls for each run. Antigen retrieval
was performed using steam heat in buffer recommended by the manufacturer for each antibody.
Antibodies were incubated for one hour at 23°C. EnVision Plus Detection system (DAKO,
Carpinteria, CA) was used for antigen detection. Tissue sections were analyzed using standard
light microscopy for stain intensity (0 to 4+) and identifying the percentage of positively stained
cells. MVD counts were measured by counting CD31 IHC hot spots in three separate 400x
fields [7]. Image analysis was performed for TSP-1. Photomicrographs of regions of IHC
stained tissue sections were taken using a digital camera, and images were imported into Adobe
Photoshop CS (Adobe, San Jose CA) and adjusted to “autolevels.” A saved color set containing
the blue/green background colors was used to replace all background staining with white color
(lightness = +100) such that only brown DAB staining remained in the image. The image was
then imported into Kodak Image Station 2000 MM software, were the Auto ROI function was
used to select the gray and black pixels. Area and intensity analysis were used to calculate
average intensity per unit area and/or percent of area stained. For VEGF and p53, histoscores
(HS) were determined by multiplying the percent of cells staining positive by the intensity of
staining plus 1 (% positive x (intensity +1)) as described previously [7].

Enzyme-Linked Immunosorbent Assay

Circulating levels of VEGF were quantified in serum and plasma using an enzyme-linked
immunosorbent assay (ELISA) validated by R&D Systems (Minneapolis, MN). Serum was
prepared from blood drawn in a plain red top tube and centrifuged after a 30-minute incubation
at room temperature to remove cells and the fibrin clot. Plasma was prepared from blood drawn
into a purple top tube containing the anti-coagulant EDTA and centrifuged to remove cells.
Serum and plasma were split into cryogenic vials, frozen and stored at <—70°C prior to testing.
All ELISA samples were run according to manufacturer’s specifications in triplicate and
concentrations were interpolated from a VEGF standard curve.

Statistical Analysis

SAS version 9.1 (SAS Inc., 2003) was used to perform statistical analyses. Clinical response
and PFS > 6-months were considered as ordinal categorical variables. PFS was defined as the
time period from study entry until disease progression, death, or date of last contact. Overall
Survival (OS) was defined as the time period from study entry until death or date of last contact.
Patients with indeterminate responses were excluded. Dichotomized variables were tabulated
as high and low levels or positive and negative expression. Changes over time in continuously
distributed biomarker levels were investigated with the sign’s test [16] because of the heavy
degree of skewness observed in some of the marginal distributions. Associations between
interval quality data with ordinal data were examined with Spearman’s correlation coefficient.
Associations between dichotomized biomarkers among themselves and with ordinal patient
characteristics such as tumor grade or performance status were characterized with Kendall’s
tau-b correlation [17]. In cases where an ordering of categories were not apparent, odds ratios
were calculated to characterize the degree of association between the two variables. The
associations between markers and PFS or OS were assessed with Kaplan-Meier plots, stratified
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by the dichotomized biomarkers and with Cox proportional hazards models using univariate
and multivariate models. Multivariate models incorporated the prognostic variables of age,
performance status, and platinum sensitivity. The degree of association was characterized with
hazard ratios and confidence intervals.

The GOG conducted a phase |1 evaluation of bevacizumab in the treatment of persistent or
recurrent EOC or PPC. Translational research objectives were prospectively embedded into
the protocol to explore potential predictive and/or prognostic relevance of a panel of angiogenic
markers. Patient characteristics are shown in Table 1. There were 61 eligible and evaluable
women treated with bevacizumab. This cohort had similar patient characteristics as the subset
of 43 women with satisfactory pre-cycle 1 tumor biopsy specimens for IHC (see Supplemental
Figure S1 and S2) and the subset of 52 women with satisfactory pre-cycle 1 serum or plasma
specimen to quantify VEGF concentrations (Supplemental Figure S3). As validated cut-points
have yet to be established for any of the angiogenic markers in ovarian cancer, each marker
was categorized at the median and as a continuous variable for associations with response to
bevacizumab.

Immunohistochemical Analysis of Angiogenesis Biomarkers in Recurrent/Persistent

Tumors

There were 20/41 cases with matched pre-cycle 1 and 4 tumor biopsies. CD31-MVD and IHC
levels of VEGF, TSP-1, and p53 did not appear to change following treatment with
bevacizumab (see Supplemental Table 1). The distribution of pre-cycle 1 tumor biopsies with
high versus low CD31-MVD, VEGF-HS, TSP-1 IA, or p53 was not notably different when
cases were subgrouped by patient age group at enrollment, race, GOG performance status,
histologic subtype, tumor grade, the number of prior chemotherapy regimens or proportion
progression-free > 6 months (data not shown).

For high pre-cycle 1 CD31-MVD categorized at the median, a decreased response to
bevacizumab was observed. Thirty-nine percent (7/18) and 14 % (3/22) of patients with low
and high CD31-MVD had partial responses to bevacizumab, respectively (Table 2).
Categorized CD31-MVD did not appear to be associated with PFS (Figure 1A) or risk of disease
progression (Table 3). However, a 13-month shorter median survival (Figure 1B) and an
increased risk of death (unadjusted hazard ratio [HR]=2.183, 95% confidence interval [CI]
=1.067-4.467) was observed in women with high versus low CD31-MVD. After adjusting for
prognostic variables, categorized CD31-MVD was not associated with an increased risk in
death (Table 3). In contrast, each standard deviation (SD) increase in CD31-MVD was
associated with worse survival using either unadjusted or adjusted Cox regression analyses
(unadjusted HR=1.447, 95% CI=1.038-2.018; adjusted HR=1.550, 95% CI=1.073-2.238).

Pre-cycle 1 VEGF-HS, categorized at the median or expressed continuously, was not associated
with demographics, tumor characteristics, prior treatment, tumor response (Table 2,
Supplemental Figure S2C), PFS (Table 3) or OS (Table 3). Although pre-cycle 1 TSP1-1A
score, categorized at the median, did not appear to be associated with tumor response (Table
2), PFS (Table 3) or OS (Table 3), each SD increase in TSP1-1A was associated with a decreased
risk of disease progression (unadjusted HR=0.63, 95% CI1=0.43-0.93; adjusted HR=0.54, 95%
Cl1=0.34-0.86; Table 3) and death only after adjusting for prognostic variables (adjusted
HR=0.603, 95% CI1=0.365-0.998), but not with tumor response (Supplemental Figure S2B).
Pre-cycle 1 p53-HS, categorized as negative or positive or expressed continuously, did not
appear to be associated tumor response (Table 2, Supplemental Figure S2D) or PFS (Table 3).
A better OS and reduced risk of death (unadjusted HR=0.419, 95% C1=0.188-0.935) was
observed in women with positive versus negative p53-HS. After adjusting for prognostic
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variables, p53-HS (categorized as positive versus negative or evaluated as a continuous
variable) was not associated with an increased risk of death (Table 3).

Serum and Plasma VEGF Levels

Serum and plasma VEGF concentrations were quantified in 51 women pre-cycle 1, 34 (serum)/
35 (plasma) women pre-cycle 4 and 21 women off-treatment due to disease progression or
toxicity. Median serum VEGF concentrations were 446 pg/ml (18 to 1437 pg/ml) pre-cycle 1,
82 pg/ml (0 to 173 pg/ml) pre-cycle 4 and 106 pg/ml (41 to 224 pg/ml) off-treatment
(Supplemental Figure S3A). For plasma VEGF, median pre-cycle 1, pre-cycle 4, and off-
treatment concentrations were 80, 79 and 95 pg/ml, respectively, which were not significantly
different (Supplemental Figure S3B). The distribution of pre-cycle 1 sera and plasma with high
versus low VEGF was not notably different when cases were subgrouped by patient age at
enrollment, race, histologic subtype, the number of prior chemotherapy regimens or proportion
progression-free > 6 months. Median pre-cycle 1 VEGF concentrations were approximately
5.6-fold higher in serum compared with plasma. When compared with pre-cycle 1 serum, the
concentration of VEGF in pre-cycle 4 serum or off-treatment serum were notably lower.

For plasma VEGF, there was no evidence to suggest that pre-cycle 1 level was associated with
tumor response (Table 2), PFS (Table 3) or OS (Table 3). Also, there was no evidence of an
association between the observed decrease in serum VEGF following bevacizumab treatment
and tumor response. Pre-cycle 1 serum VEGF, categorized at the median, appeared to be
positively correlated with GOG performance status and negatively correlated with tumor grade,
but did not appear to be associated with tumor response (Table 2), PFS (Table 3, Figure 1C)
or risk of disease progression (Table 3). In addition, high serum VEGF, categorized at the
median, was associated with a 22-month shorter median OS (Figure 1D) and a notable increased
risk of death (unadjusted HR=2.666, 95% C1=1.369-5.191; Table 3). Each standard deviation
(SD) increase in serum VEGF also appeared to be associated with worse survival (unadjusted
HR=1.376, 95% CI=1.053-1.797). After adjusting for prognostic variables, serum VEGF
(categorized at the median or expressed continuously) was not associated with an increased
risk of death (Table 3).

DISCUSSION

We performed an exploratory analysis of various angiogenesis biomarkers on patient tumor
and blood samples obtained prospectively from a positive phase Il GOG study of recurrent/
persistent EOC/PPC patients treated with single agent bevacizumab. We chose markers (CD31,
TSP1, VEGF and p53) that have been well studied and carefully optimized with both positive
and negative controls. Since a 21% response rate was noted with 52% of patients experiencing
stable disease and 40% with PFS > 6-months [3], the goal of this exploratory study was to
screen a set of markers with potential prognostic and predictive value in EOC/PPC patients
treated with bevacizumab.

Despite the lack of tumor markers correlating to bevacizumab response in other trials, we
observed that high CD31-MVD count was associated with poor tumor response to
bevacizumab. Other investigators have looked at CD31-MVD and did not find any association
with bevacizumab response in either breast or colon cancers [18,19]. Our observation that high
CD31-MVD was associated with poor tumor response to bevacizumab may reflect an effect
specific to EOC/PPC. It is noteworthy that after discontinuation of bevacizumab therapy,
patients with high CD31-MVD (had more rapid disease progression and death This observation
coupled with the findings that high CD31-MVD patients had a statistically worse OS than
patients with low CD31-MVD tumors but similar PFS curves, suggests the possibility that the
patients with high CD31-MVD tumors benefit while on bevacizumab but that these tumors are
intrinsically more aggressive and progress rapidly when the drug is discontinued. An idealized
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graphic of this phenomenon is presented in Figure 2. Ebos et al. [20] and Paez-Ribes et al.
[21], demonstrated that treatment with anti-angiogenic therapy may paradoxically induce
adaptive evasive responses that accelerate invasion and metastasis and limit the long-term
clinical benefit of anti-angiogenic therapies [20-23]. However, due to the study limitations, it
is also possible that there may be intrinsic differences in behavior between more biologically
aggressive, highly angiogenic tumors compared to indolent, less angiogenic tumors.

When we examined whether CD31-MVD, VEGF-HS and TSP1-1A were prognostic factors
for persistent/recurrent EOC/PPC, we found that high pre-cycle 1 CD31-MVD count was
associated with a 50% decrease in median PFS and OS. Also, unadjusted Cox proportional
hazard modeling revealed that high pre-cycle 1 CD31-MVD was associated with a 2-fold
higher risk of death. However, after adjusting for clinicopathologic factors, only a trend was
noted. In contrast, when CD31-MVD was examined as a continuous variable, the association
with OS was observed even after adjusting for prognostic variables. Taken together, these
findings suggest that high CD31-MVD merits further investigation as a potential prognostic
marker in women with EOC/PPC. Our findings are consistent with previously reported
retrospective studies [24—-26], but other studies have failed to show a relationship between
CD31-MVD and survival in EOC patients [27-28].

High compared with low tumor VEGF-HS did not appear to be associated with either PFS or
OS which agrees with that reported by Secord and coworkers [29]. In contrast, O’Toole et al.
showed an association between high versus low tumor VEGF and PFS and OS [30]. Also,
Duncan and colleagues [31] looked at 339 primary ovarian cancers on tissue microarrays and
found that high tumor VEGF level was correlated with worsening survival and was an
independent prognostic factor in multivariate analysis. High compared with low TSP-1 was
associated with increased risk of disease progression and death in women with primary
advanced stage EOC [32]. In contrast, we did not observe a notable association between TSP1-
IA and either PFS or OS when categorized at the median, whereas each SD increase in TSP1-
IA appeared to be associated with a decreased risk of disease progression and death only after
adjusting for prognostic variables. There are a number of significant differences between these
studies including the type of tumor tested (primary versus recurrent tumor), the method for
evaluating immunochemical staining for individual angiogenic markers (semi-quantitative
versus image analysis) and the type of treatment (cytotoxic chemotherapy versus anti-
angiogenic therapy) which may explain at least in part the disparity in these findings.

In this cohort, women who were p53 positive in a pre-cycle 1 biopsy had a reduced risk of
death but this association did not hold up after adjusting for prognostic variables or when this
biomarker was evaluated as a continuous variable. A number of studies have shown that p53
mutations are often associated with poor prognosis in various cancers [33-36] but variable
results have been published regarding the association between IHC staining of p53 and various
measures of clinical outcome including PFS and OS (as referenced by Darcy et al) [15].
Interestingly, p53 mutation, but not p53 overexpression in primary epithelial ovarian cancers,
has been associated with a time-dependent reduction in the risk of disease progression and
death [36].

An association was also observed between pre-treatment serum VEGF and tumor grade as well
as GOG performance status. Whether the observed increased risk of death is attributable
directly to serum VEGF or indirectly due to platelets (a significant source of VEGF in serum
[37-38]), tumor grade and/ or performance status will require additional studies. The lack of
an association between plasma VEGF with OS may raise questions about the reliability of the
observed association with serum VEGF and OS. Our results should be interpreted with caution
as bevacizumab treatment may potentially interfere with the accurate measurement of VEGF
levels in ELISA, which may be circumvented by immunodepletion of plasma samples and
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measuring free plasma VEGF as our plasma specimens were prepared from blood mixed with
the anti-coagulant EDTA [39].

Despite limitations of this exploratory study which include small sample size, numerous
analyses, findings due to chance, and lack of a control group for comparison, these correlative
studies offer proof of principle that selected translational endpoints can be investigated in a
meaningful way when material is prospectively obtained from a multi-institutional study of a
molecular targeting agent. This phase Il trial provides a series of testable hypotheses regarding
CD31-MVD as a potential predictive marker for lack of response to bevacizumab, CD31-MVD
and serum VEGF as potential prognostic factors for worse OS, and TSP1-1A and p53 HS as
potential prognostic markers for improved OS. These markers are being prospectively tested
in the GOG randomized, placebo control phase I11 front-line trial of carboplatin, paclitaxel and
bevacizumab/placebo in advanced stage EOC/PPC patients which was recently reported [40].

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

Kaplan-Meier estimate of PFS (A,C) and OS (B,D) for women with low (<14) or high (>14)
CD31-MVD (A, B) and low (<445.92) or high (>445.92) pre-cycle 1 serum VEGF
concentration (C,D). Median PFS and OS provided in months from study enrollment. Logrank
test was used to compare PFS and OS distributions by angiogenic marker overexpression and
exploratory analysis suggests a potential association between CD31-MVD and either PFS or
OS. Logrank test was used to compare PFS and OS distributions by categorized VEGF
concentration and exploratory analysis suggests a potential association between pre-cycle 1
serum concentration of VEGF and OS. The figure represents unadjusted data for PFS and OS.
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Figure 2.

Idealized model for tumor progression for the average patient with low CD31-MVD tumor and
high CD31-MVD tumor on anti-VEGF therapy and after discontinuation of anti-VEGF
therapy. Both representative cases began with the same degree of tumor burden that was noted
on radiographic imaging and was monitored during the time of the study.
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Table 1

Clinical characteristics for the GOG-0170D trial and the cohorts with any immunohistochemistry (IHC) assay

1duasnue Joyiny vd-HIN 1duasnue Joyiny vd-HIN

1duosnue Joyiny vd-HIN

or enzyme-linked immunosorbent assay (ELISA) data.

Clinical Characteristics

Entire Cohort

Subset with IHC Data

Subset with ELISA Data

[n=61] [n=43] [n=52]

Age

<50 18 (29.5) 13 (30.2) 17 (32.7)

50-59 21 (34.4) 16 (37.2) 16 (30.8)

60-69 13 (21.3) 6 (14.0) 11(21.2)

70-79 9(14.8) 8 (18.6) 8 (15.4)
Race

Caucasian 57 (93.4) 40 (93.0) 49 (94.2)

African American 2(3.3) 2(4.7) 2(3.8)

Asian 2(3.3) 1(2.3) 1(1.9)
GOG Performance Status

0 Asymptomatic 44 (72.1) 31(72.1) 40 (76.9)

1 Symptomatic 17 (27.9) 12 (27.9) 12 (23.1)
Site of Disease

Ovary 51 (83.6) 37 (86.0) 44 (84.6)

Primary Peritoneum 10 (16.4) 6 (14.0) 8 (15.4)
Cell Type

Serous 51 (83.6) 34 (79.1) 43 (82.7)

Mixed 5(8.2) 4(9.3) 5 (9.6)

Endometrioid 2(3.3) 2(47) 1(1.9)

Clear 2(3.3) 2(4.7) 2(3.8)

Adenocarcinoma NOS 1(1.6) 1(2.3) 1(1.9)
Grade

1 Well Differentiated 4 (6.6) 3(7.0) 4(7.7)

2 Moderately Differentiated 29 (47.5) 21 (48.8) 24 (46.2)

3 Poorly Differentiated 25 (41.0) 17 (39.5) 21 (40.4)

Not Graded 3(4.9) 2(4.7) 3(5.8)
Prior chemotherapy

1 regimen 21 (34.4) 16 (37.2) 18 (34.6)

2 regimens 40 (65.6) 27 (62.8) 34 (65.4)
Prior hormonal therapy

None 50 (82.0) 35 (81.4) 41 (78.8)

Yes 11 (18.0) 8(18.6) 11 (21.2)
Prior Radiation

None 60 (98.4) 42 (97.7) 52 (100)

Yes 1(1.6) 1(2.3) 0 (0)
Prior Immunotherapy

None 57 (93.4) 40 (93.0) 48 (92.3)

Yes 4(6.6) 3(7.0) 4(7.7)
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Clinical Characteristics Entire Cohort  Subset with IHC Data

Subset with ELISA Data

[n=61] [n=43] [n=52]
Prior Surgery
None 2(3.3) 1(2.3) 2(3.8)
Yes 59 (96.7) 42 (97.7) 50 (96.2)

Column percentages provided in parentheses.

NOS: not otherwise specified
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Table 2

Associations between the baseline angiogenic markers and tumor response

Tumor Response

Partial Response Stable Disease Increasing Disease r
CD31-MVD
Low <14 7 10 1 —0.3st
High =14 3 1 8
Serum VEGF pg/ml
Low <445.92 6 16 3 —-0.16
High 2445.92 6 10 9
Plasma VEGF pg/ml
Low <79.95 4 16 5 0.05
High 279-95 8 10 7
TSP1-1A
Low <6343 3 12 3 0.10
High>6343 4 10 2
VEGF-HS
Low =100 7 12 3 -0.23
ngh >100 3 11 6

MVD: microvessel density; HS: histoscore; IA: image analysis; r: Kendall’s tau-b correlation coefficient.

Page 16

iExploratory analysis using Kendall's tau-b test suggested that categorized CD31-MVD may be associated with tumor response. None of the other
associations were notable.
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