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Abstract

Objective—Ovarian granulosa cell tumors tend to respond poorly to chemotherapy. We
examined the clinical efficacy of bevacizumab with or without concurrent chemotherapy and
evaluated the angiogenic characteristics of these patients' tumors.

Methods—We conducted a retrospective review of all patients seen at our institution from
February 2004 to October 2008 who received bevacizumab for ovarian sex cord-stromal tumors.
We performed immunohistochemical staining for vascular endothelial growth factor (VEGF) and
CD31 when tissue was available; microvessel density was measured based on CD31 staining.
Clinical data were abstracted from a chart review.

Results—We identified 8 patients who were treated with bevacizumab; 7 had adult granulosa
cell tumors and one had a juvenile granulosa cell tumor. All patients had recurrent disease and had
been previously treated with cytotoxic chemotherapy, (median 3.5 regimens; range, 1-6). One
patient had a complete clinical response to bevacizumab therapy, 2 patients had a partial response,
2 patients had stable disease, and 3 patients' disease progressed, yielding a response rate of 38%
and a clinical benefit rate of 63%. The median progression-free survival was 7.2 months and
overall survival was not reached at a median follow-up of 23.6 months after initiating
bevacizumab.
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VEGF overexpression and microvessel density were associated with poor outcome but sample size
was too small to calculate statistical significance.

Conclusions—Anti-VEGF therapy is highly effective in patients with granulosa cell tumors.
Based on our observations, a prospective trial has been initiated using single-agent bevacizumab
in patients with recurrent ovarian sex cord-stromal tumors.

Introduction

Granulosa cell tumors (GCTSs) are rare ovarian neoplasms, accounting for 2%-5% of ovarian
malignancies [1-3]. GCTs arise from the sex cord-stromal cells of the ovary and account for
a substantial proportion (12-70%) of sex cord-stromal cell tumors (SCSTs) [4]. Based on
their histopathologic features, GCTs are subcategorized as “adult” or “juvenile.” Adult
GCTs, which represent 95% of GCTs, generally occur in middle-aged and older women,
while juvenile GCTs tend to develop before puberty [6, 7].

As with other rare tumors, detailed information on the epidemiology, natural history,
molecular characteristics, and optimal treatment of GCTs is limited. As with epithelial
ovarian cancer, cytoreductive surgery is the standard initial treatment modality for all
patients with GCTs. Postoperative adjuvant chemotherapy has evolved over the past three
decades from vincristine, dactinomycin, and cyclophosphamide (VAC) [8] to bleomycin,
etoposide, and cisplatin (BEP) [9]. Most recently, a combination of paclitaxel and
carboplatin has been shown to be effective and may become the standard of care for
adjuvant and postoperative treatment of GCTs [10, 11]. Despite advances in therapy,
however, GCTs still tend to recur over long periods, often requiring multiple treatments
including surgery, radiotherapy, chemotherapy, and hormonal agents [12, 13].
Unfortunately, all of these approaches have limited efficacy. Therefore, novel therapeutic
approaches are needed to improve the outcome of patients with GCTs.

The clinical behavior of patients with SCSTs, which are often large and well vascularized
[14], suggest that angiogenesis is important in tumor development and progression. Lymph
node metastasis is extremely rare [12, 13], but distant metastasis is common, indicating
hematogenous routes of spread. We have shown that increased microvessel density (MVD)
and overexpression of vascular endothelial growth factor (VEGF) correlate with the
presence of distant metastasis and a shorter disease-specific survival in patients with SCSTs
[15]. Together, these observations suggest that antiangiogenic agents may have a role in
treating women with SCSTs.

Angiogenesis plays a critical role in tumor development. VEGF [16] is a potent mitogen for
vascular endothelial cells, and the cloning of VEGF in 1989 [17] was a milestone in the
understanding of tumor angiogenesis [17, 18]. Bevacizumab, a humanized monoclonal
antibody to VEGF, was approved for use as an adjuvant therapy in colorectal cancer by the
U.S. Food and Drug Administration (FDA) in 2004 [19]. Bevacizumab has been
investigated in epithelial ovarian cancer and is well tolerated and active in the second- and
third-line treatment of patients with this disease [20, 21], but bevacizumab has not been
prospectively studied for GCTs. Therefore, we undertook this study to review the efficacy
and adverse effects of bevacizumab, administered alone or in combination with other agents,
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for the treatment of GCTs. We also evaluated the angiogenic characteristics of GCTs to
determine whether markers of angiogenesis can predict clinical response to bevacizumab.

Materials and Methods

Clinical Information

We retrospectively reviewed the medical and pathology records of consecutive patients who
were diagnosed with ovarian SCSTs at The University of Texas M. D. Anderson Cancer
Center from February 2004 (FDA approval of bevacizumab) through October 2008. Patients
were identified through a search of the institution's medical and pathology databases, and
complete records were reviewed for patients meeting the inclusion criteria. Although the
databases were queried for all SCSTs, all identified patients had GCTs. We collected
demographic information; clinical, surgical, chemotherapy, and radiation therapy
information; toxicity data; response and survival data; and the dates and nature of follow-up.
Toxicity was graded according to the National Cancer Institute Common Terminology
Criteria for Adverse Events, Version 3.0 (www.ctep.cancer.gov). This retrospective study
was approved by M. D. Anderson's Institutional Review Board, with a waiver of the
requirement for informed consent.

The inclusion criteria for this study were as follows: (1) Patients must have had their
pathology specimens reviewed at M. D. Anderson and must have had a diagnosis of an
ovarian SCST, including adult or juvenile GCT, Sertoli-Leydig cell tumor, sex cord tumor
with annular tubules, malignant thecoma, or mixed or unclassified SCST; (2) patients must
have been seen at M. D. Anderson on at least one occasion for evaluation and treatment of
SCST; and (3) patients must have received bevacizumab with or without chemotherapy for
the treatment of SCST. Patients with an additional non-stromal ovarian malignancy were
excluded.

Each patient's tumor stage was assessed according to the guidelines of the International
Federation of Gynecology and Obstetrics (FIGO) by reviewing operative and pathology
reports from her initial surgery. Patients were designated as having measurable or non-
measurable disease on the basis of physical examination and radiologic characteristics at the
time of treatment with bevacizumab. The endpoints of interest in this study were complete
response, partial response, response rate (complete plus partial responses), progression-free
survival (PFS), and overall survival (OS). Response was evaluated using Response
Evaluation Criteria in Solid Tumors criteria [22]. Complete response was defined as the
disappearance of all target lesions; partial response was defined as a 30% decrease in the
sum of the longest diameters of target lesions; progressive disease was defined as a 20%
increase in the sum of the longest diameters of target lesions; and stable disease was defined
as no change or small changes that did not meet the above criteria for response and
progression. Radiology reports from the time of treatment were used to confirm these
responses. Response rate was defined as patients with complete and partial responses
divided by the total number of patients treated. Clinical benefit rate was defined as patients
with complete and partial responses plus patients with stable disease, divided by the total
number of patients treated. PFS was defined as the time from the first bevacizumab
administration to physical or radiologic evidence of disease progression, death as a result of
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any cause, or last contact, with events defined as progressive disease or death. OS was
defined as the time from the first bevacizumab administration to death from any cause. PFS
and OS were calculated using the Kaplan-Meier method.

VEGF and CD31 Immunohistochemical Staining

Immunohistochemical staining for VEGF expression was performed on a DAKO autostainer
(Carpinteria, CA) with rabbit antihuman VEGF (A-20) monoclonal antibody (dilution 1:10,
Santa Cruz Biotechnology, Santa Cruz, CA) on sequentially cut archived clinical human
samples. Paraffin-embedded samples were heated at 60°C for 12 hours and deparaffinized
with sequential washings of xylene and declining concentrations of ethanol. The samples
were then immersed in 3% hydrogen peroxide for 5 minutes and rehydrated in water.
Antigen retrieval was performed by using a pretreatment citrate buffer for 45 minutes,
cooling the samples for 20 minutes, and adding the primary antibody for 60 minutes.
Polymer was added for 30 minutes, and the chromagen 3,3’-diaminobenzidine (DAB, Open
Biosystems, Huntsville, AL) was added for 16 minutes. Counterstaining with Mayer
hematoxylin was performed for 1 minute, and a coverslip was applied. A gynecologic
pathologist who was blinded to the clinical outcome of the patients assessed the percentage
of positive cells (distribution) and staining intensity, from which an overall score of VEGF
overexpression was derived. Distribution was graded as 1-4, with 0-25% stained cells
graded as 1, 26-50% graded as 2, 51-75% graded as 3, and 76—-100% graded as 4. Staining
intensity was graded as 1-3, with 1 indicating weak intensity, 2 moderate intensity, and 3
strong intensity. The overall score was obtained by multiplying the distribution and intensity
scores; the overall scores for all patients were then evaluated to quantitate overexpression,
using a method similar to one previously described [23].

Immunohistochemical staining for MVD was performed with lyophilized mouse antihuman
CD31 monoclonal antibodies (dilution 1:300, Novocastra Vision Biosystems, Norwell, MA)
on sequentially cut archived clinical human samples in a BondMax automated
immunostainer (Leica Microsystems, Wetzlar, Germany). Paraffin-embedded samples were
heated at 72°C for 30 minutes, deparaffinized with sequential washings of bond dewax
solution and declining concentrations of ethanol, and rehydrated with bond wash. Epitope
retrieval was performed using Tris-EDTA buffer for 20 minutes, followed by sequential
bond washing. Endogenous peroxidases were inhibited by immersion in 3.0% hydrogen
peroxide for 5 minutes, followed by sequential washing in bond wash. Polymer enhancer
was applied for 8 minutes, and sequential bond washing was performed. Poly-HRP anti-
mouse immunoglobulin G was applied to samples for 8 minutes; the samples were then
washed using bond wash and deionized water. Visualization was achieved with DAB. DAB
enhancer was applied for 5 minutes, and sequential washing in bond wash was performed.
Slides were counterstained with Gill No. 3 hematoxylin (Sigma-Aldrich, St. Louis, MO). A
vessel was defined as an open lumen with 1 or more CD31-positive cells immediately
adjacent to it. Tumor MVD was calculated as the mean of vessel counts recorded at 5
representative locations under 160-power magnification. The investigator performing the
density calculations was blinded to the clinical outcomes of patients.
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Statistical Analysis

Results

Data were analyzed using SPSS 12.0 for Windows (2003, SPSS, Inc., Chicago, IL).
Descriptive statistics were calculated for all patients. Mean, median, range, and percentage
were calculated where appropriate. Since the sample size was small, statistical significance
was not evaluated, and trends were instead examined.

Patients and Demographics

We identified 8 patients who met all inclusion criteria and were treated with bevacizumab
between February 2004 and October 2008. Patient characteristics are summarized in Table
1. The 8 patients had a median age of 38 years (range, 20-53 years), and all could be
evaluated for response and toxicity based on the available clinical information. All 8 patients
had GCTs (7 adult type, 1 juvenile type). Four patients had disease confined to the pelvis, 2
patients had disease metastatic outside the pelvis, and 2 patients were unstaged. All 8
patients had optimal disease status following initial surgery for their GCT. Only 1 patient,
who had stage I11C adult GCT, received adjuvant chemotherapy during initial treatment (4
cycles of VAC), and 1 patient with stage |1 disease received adjuvant pelvic radiotherapy.

Treatments given for recurrent disease prior to bevacizumab are summarized in Table 2. The
median number of episodes of recurrence was 4 (range, 1-7 episodes). All patients had
previously been treated for recurrent disease; the median number of prior chemotherapy
regimens was 3.5 (range, 1-6 regimens). The chemotherapy regimens administered prior to
bevacizumab (and the number of patients receiving each regimen) included platinum/
paclitaxel (n = 7); BEP (n = 4); liposomal doxorubicin (n = 3); docetaxel/carboplatin (n = 2);
docetaxel (n = 2); ifosfamide/etoposide (n = 1); etoposide (n = 1); gemcitabine (n = 1);
topotecan (n = 1); VAC (n = 1); tegafur-uracil (n = 1); cisplatin (n = 1); carboplatin (n = 1);
and liposomal doxorubicin/vinorelbine/gemcitabine (n = 1). These numbers reflect the
number of regimens given in the patient population, as some patients may have received the
same or different regimens on different episodes of recurrence.

Treatment for recurrent disease prior to bevacizumab also included hormonal therapy in 6
patients and biologic therapy in 3 patients (Table 2). Three patients underwent radiation
therapy for recurrent disease. Seven patients underwent debulking surgery for recurrent
disease, with a median of 3.5 prior procedures, excluding surgery at time of diagnosis
(range, 0—4 prior procedures).

Altogether, the 8 patients received a total of 52 courses of bevacizumab, with a median of 6
courses each (range, 2-12 courses each). Immediately before bevacizumab treatment, 7
patients had measurable disease, and 1 patient had just undergone optimal debulking surgery
and had no measurable disease. Three patients received bevacizumab alone and 5 patients
received bevacizumab concurrently with cytotoxic chemotherapy. Specific dosages and
intervals of bevacizumab administration varied from 5 mg/kg to 15 mg/kg intravenously
every 2-4 weeks. Details of treatment with bevacizumab are provided in Table 3.
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Response and Survival

Toxicity

One patient had a complete clinical response following bevacizumab, 2 had a partial
response, 2 had stable disease, and 3 had disease progression, yielding a response rate of
38% and a clinical benefit rate of 63%. Of the 3 patients who received bevacizumab alone, 1
had a complete response and 2 had disease progression. The median PFS was 7.2 months
and the overall survival (OS) was not reached at a median follow-up of 23.6 months after
starting bevacizumab therapy. Two patients died of recurrent GCT. Details on response and
survival information are provided in Table 4.

No bevacizumab-related deaths were observed. No patient developed grade 3-4 hematologic
toxicity during bevacizumab therapy. Nonhematologic toxic effects were also mild. One
patient had a sinus infection and persistent grade 2 peripheral neuropathy after 6 cycles of
bevacizumab combined with paclitaxel, and 1 had a partial bowel obstruction. Neither event
was considered to be definitely related to bevacizumab. No patient had a bowel perforation.

Immunohistochemistry

Of the 8 patients, 5 had tissue available for immunohistochemical analysis. One of the 5
patients had specimens from 3 separate episodes of recurrence; in this patient, the specimen
just prior to the administration of bevacizumab was evaluated in this study. VEGF
expression was noted at some level in all samples. A higher VEGF score was associated
with progression of disease, a shorter PFS duration and a shorter OS duration, although the
sample size was too small to perform statistics. A high MVD was also associated with
progression of disease, shorter PFS duration, and, excluding one outlier, a shorter OS
duration. VEGF expression and MVD appeared to correlate. These data are presented in
Table 5. Figure 1 shows immunohistochemical staining in representative photomicrographs
of tissue with low versus high expression of VEGF and MVD.

Discussion

The key findings of our manuscript are that bevacizumab therapy is effective in patients
with ovarian granulosa cell tumors, and that measures of angiogenesis may correlate with
clinical outcome in these patients.

Single-agent bevacizumab has been investigated in the treatment of recurrent or advanced
epithelial ovarian cancer, with Burger et al. reporting a 21% response rate [20], and Monk et
al. reporting a 16% response rate with a 62.5% rate of stable disease [24]. Richardson et al.
described 35 patients with recurrent epithelial ovarian cancer who were treated with
gemcitabine, platinum, and bevacizumab, yielding a median PFS of 12 months (95%
confidence interval, 7-15 months) [25].

Although those studies reported on patients with epithelial ovarian cancer, some intriguing
data suggested that anti-angiogenic therapy might also be effective in patients with GCTs.
Schmidt et al found that 94% of patients with GCT had VEGF-expressing tumors [14].
Furthermore, our group previously demonstrated that nearly all SCSTs overexpress VEGF,
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and that VEGF overexpression and increased MVD correlate with poor clinical outcome
[15]. Also supporting a role for antiangiogenic therapy in GCTs is the clinical observation
that lymphatic metastasis is extremely rare, but hematogenous metastasis is relatively
frequent [12, 13]. In addition, a recent study reported a single patient with refractory GCT
who experienced symptomatic relief of ascites and stable disease in response to single agent
bevacizumab therapy [26]. Our findings in this study are therefore not surprising. As
expected, bevacizumab demonstrated activity, with a response rate of 38% and a clinical
benefit rate of 63% in our small series of patients with GCT. Additionally, the PFS of 7.2
months seen here after bevacizumab is similar to the PFS of 6.8 months after taxanes and
11.2 months after BEP seen in patients with recurrent measurable disease [10].

The rationale for assessing the clinical benefit rate merits consideration. In 1 study of
patients with metastatic colorectal cancer, the continuation of bevacizumab therapy led to a
12-month extension of OS [27]. The authors suggested that maximal clinical benefit would
be obtained from the continuation of bevacizumab therapy beyond response or stable
disease, and that the benefit might best be determined by measuring complete responses,
partial responses, and disease stabilization over a specific period of time [27]. This strategy
has recently been adopted in breast cancer patients treated with biologic agents [26].
Therefore, reporting the clinical benefit rate, as we have done here, may be the best way to
determine the utility of a biologic agent, rather than focusing on the response rate alone.

It is difficult to determine the relative contribution of bevacizumab to the responses seen in
the patients we reviewed, as the concurrent chemotherapy used varied widely. However, 1
patient who had a complete response received single-agent bevacizumab (10 mg/kg
intravenously every 2 weeks). Thus, bevacizumab appears to have a demonstrable clinical
effect against recurrent GCT. In addition, bevacizumab appears to be well tolerated,
consistent with previous studies [20, 27]. The adverse events of neuropathy and partial
bowel obstruction observed in our study may not relate to bevacizumab and should not
preclude further study of bevacizumab in patients with recurrent GCT.

Our paper has several limitations, including its retrospective nature and small sample size.
Also, patients did not receive uniform treatment, with some receiving bevacizumab as a
single agent and others receiving bevacizumab in combination with various other agents.
Tissue was also not available for immunohistochemistry on each patient, and it was not
obtained immediately prior to administration of bevacizumab.

Within these limitations, however, the association of response with immunohistochemical
findings supports and explains the potential clinical efficacy of bevacizumab in recurrent
GCT. Specifically, MVD was associated with VEGF overexpression, and VEGF
overexpression was associated with a shorter PFS. These data suggest that markers for
angiogenesis may correlate with poor disease outcome in patients with recurrent GCT. This
underscores the role of angiogenesis recurrent GCTs and helps to explain the activity of
bevacizumab, albeit in a very small sample size.

One exciting inference of our findings is the potential role for using molecular targets to
guide biologic therapies in patients with rare tumors. It may be the case that
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immunohistochemistry can help predict which patients' tumors will respond to bevacizumab
or other biologically targeted therapies. The association between clinical and
immunohistochemical data, however, is not yet clear-cut. Further studies will be instructive
in identifying molecular biomarkers that might be predictive for response to anti-VEGF
therapies.

In summary, our case series demonstrates that bevacizumab has activity in patients with
recurrent GCTSs. This finding supports further investigation of single-agent bevacizumab
therapy for recurrent GCT in a phase Il trial. This trial is currently underway through the
Gynecologic Oncology Group.
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VEGF: High expression Low expression

CU31: High MVD Low MVD

Figure 1.
Immunohistochemical peroxidase staining for vascular endothelial growth factor (VEGF)

and CD31 in representative granulosa cell tumors. Original magnification of 160 x. MVD =
microvessel density.
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Characteristics of Patients Treated with Bevacizumab

Characteristic
Age at diagnosis
Median
Range
Ethnicity
White
Hispanic
Histologic type
Adult granulosa cell tumor

Juvenile granulosa cell tumor

Ficol stage at diagnosis

1nic
Unstaged

No. patients*

38 yr
20-53 yr

N NN

Disease status at start of bevacizumab therapy

Measurable disease

No measurable disease

%

88
13

88
13

13
13
25
25
25

89
13

*
unless otherwise indicated.

1 . . .
International Federation of Gynecology and Obstetrics
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Details of Response and Follow-up for Patients Treated with Bevacizumab

Patient No.  Response

1 CR

2 PR

3 PR

4 Stable

5 Stable

6 Progression
7 Progression
8 Progression

Characteristics of response

7.4 cm vaginal apex mass, resolved after RT/bevacizumab

Upper abdominal disease and liver mass, stable when bevacizumab was
combined with gemcitabine, progression when bevacizumab was
combined with leuprolide acetate, and PR when bevacizumab was
combined with docetaxel

PR of abdominopelvic disease with eventual progression

Stable disease when combined with paclitaxel and carboplatin or
combined with liposomal doxorubicin

Mixed response with decrease in liver lesions but increase in peritoneal
implant and ascites; did not meet criteria for response or progression

Peritoneal implant, lung metastasis, and diaphragmatic lymph node
involvement progressed at 3 months

Progression in liver and lung

Abdominopelvic disease progressed; liver lesion decreased but likely
owing to recent liver RT and so considered progression

Patient status

NED at 8.5 months after start of
bevacizumab

AWD 25.5 months after start of
bevacizumab

AWD 13.5 months after start of
bevacizumab

AWD 21.6 months after start of
bevacizumab

DOD 9.4 months after start of
bevacizumab

AWD 25.7 months after start of
bevacizumab

AWD 37.3 months after start of
bevacizumab

DOD 28.9 months after start of
bevacizumab

CR: complete response; RT: radiotherapy; PR: partial response; NED: no evidence of disease; AWD: alive with disease; DOD: died of disease
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