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Abstract

Objective—No standardized treatment strategies exist for patients with gynecologic
malignancies complicated by brain metastases. Identification of poor outcome characteristics,
long-term survival indicators, and molecular markers could help individualize and optimize
treatment.

Methods—This retrospective cohort study included 100 gynecologic cancer patients with brain
metastases treated at our institution between January 1990 and June 2009. Primary outcome was
overall survival (OS) from time of diagnosis of brain metastases. We used univariate and
multivariate analyses to evaluate associations between OS and clinical factors. We used
immunohistochemistry to examine expression of five molecular markers in primary tumors and
brain metastases in a subset of patients and matched controls. Statistical tests included the
Student’s paired t-test (for marker expression) and Kaplan-Meier test (for correlations).
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Results—On univariate analysis, primary ovarian disease, CA-125 < 81 units/mL at brain
metastases diagnosis, and isolated versus multi-focal metastases were all associated with longer
survival. Isolated brain metastasis remained the only significant predictor on multivariate analysis
(HR 2.66; CI 1.19-5.93; p=0.017). Expression of vascular endothelial growth factor A (VEGF-A)
was higher in metastatic brain samples than in primary tumors of controls (A<0.0001). None of the
molecular markers were significantly associated with survival.

Conclusions—Multi-modality therapy may lead to improved clinical outcomes, and VEGF
therapy should be investigated in treatment of brain metastases.

INTRODUCTION

Metastatic brain lesions are uncommon in gynecologic malignancies; they occur in 0.3—
0.9% of uterine corpus cancers [1-3], 0.3-11.6% of ovarian cancers [4-9], and 0.4-2.3% of
cervical cancers [10-13]. Although rare, such lesions have become a focus of interest as
advances in multimodality treatments are prolonging survival among gynecologic cancer
patients, thereby allowing a larger percentage of patients to live long enough to develop
distant metastases [4, 14-17]. Such patients require evaluation for additional therapy options
and present a new need for an extensive treatment risk/benefit analysis.

In most cases, the presence of metastatic brain lesions carries a grave prognosis. Previously,
these patients were given supportive or palliative treatment, usually including chemotherapy,
and were expected to survive only a few months. Improvements in both surgical technique
and radiation therapy have led to additional options, and long-term survival is now possible
in rare cases. Additionally, ovarian, endometrial, and cervical cancer patients in whom the
brain is the first and only site of recurrent disease may achieve long-term benefits from
treatment [3, 7, 9, 18, 19].

Molecular characteristics of tumors are becoming increasingly important in diagnosis,
treatment, and prognosis of many malignancies. Immunohistochemistry (IHC) in
gynecologic tumors and the subsequent brain metastases may identify a prognosticator and
potentially targetable biomarker. We focused on five specific markers based on previous data
and departmental experience: ephrin type-A receptor 2 (EphA2), estrogen receptor (ER),
progesterone receptor (PR), multidrug resistance protein 1 (MDR1), and vascular endothelial
growth factor A (VEGF-A).

EphA2 is a tyrosine kinase inhibitor involved in many cancer-related pathways including
activation of focal adhesion kinase, suppression of integrin function, and activation of the
extracellular signal-regulated kinases cascade. High levels of EphA2 correlate with
aggressive features in ovarian carcinoma and brain metastasis in lung cancer [20, 21].
Similarly, in endometrial and ovarian cancers, ER and PR status can be associated with
adverse prognostic factors such as lymphovascular space invasion, and these receptors can
serve as targets for treatment [22, 23]. MDR1 is a permeability glycoprotein in the
superfamily of ATP-binding cassette transporters. These receptors are responsible for
decreased accumulation of drugs, such as the anticancer drugs doxorubicin and vinblastine,
in multidrug-resistant cells. Consistent with its function at the blood-brain barrier, MDRL1 is
associated with increased risk of brain metastasis in ovarian cancer [22]. Lastly, VEGF-A
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has gained clinical relevance in treatment of gynecologic malignancies as we have seen
success with the anti-angiogenic drug bevacizumab [24, 25]. High expression of VEGF-A
has also been associated with increased risk of central nervous system metastases in cancers
that have a high propensity for brain metastases, such as non-small-cell lung cancer and
melanoma [26, 27].

Here, we sought to identify patient characteristics, disease features, and treatment modalities
that associate with overall survival as well as evaluate expression of specific molecular
markers with the hypothesis that they may be unique to gynecologic cancer patients with
brain metastases.

PATIENTS and METHODS

Study population

An Institutional Review Board-approved retrospective chart review included all patients with
ovarian, fallopian tube, primary peritoneal, endometrial, cervical, vulvar, and vaginal cancers
who were diagnosed with brain metastases between January 1, 1990 and June 30, 2009 at
Washington University School of Medicine/Barnes-Jewish Hospital. Subjects were identified
using 1CD-9 codes for symptoms suggestive of brain metastases (seizures, altered mental
status, other new onset neurological deficits, and hospice) to query the gynecologic
oncology billing department. We included patients over age 18 with brain metastases
originating from any gynecologic malignancy except gestational trophoblastic disease.
Additional demographic and clinical data were extracted from both inpatient and outpatient
paper and electronic medical records.

A central pathology review was conducted to confirm original cancer diagnosis. Brain
metastases were confirmed by radiology reports, hospital charts, and pathology reports
where possible. We obtained all available pathologic brain and primary tissue specimens of
eligible subjects entered into the study. Brain biopsy specimens were available for only
sixteen of the patients as many underwent biopsy at outside facilities or did not have
remaining sample available for staining. We matched, at a 3:1 ratio, control patients within
the same study period to brain samples from these 16 subjects (Fig. 1). Of the 16 patients for
whom we had brain biopsies, we were able to obtain specimens from their primary
malignancy in 5 cases. Control subjects were women diagnosed with gynecologic cancers
with metastatic disease but who never experienced brain metastases. Patients were matched
by type of cancer, age at time of original diagnosis, race, stage, and year of treatment.

Immunohistochemistry

Formalin-fixed, paraffin-embedded samples of primary tumors and brain metastases were
stained as previously described [21, 28-31]. Briefly, for EphA2, sections were
deparaffinized and then probed with a monoclonal anti-EphA2 antibody (MedImmune,
Gaithersburg, MD) overnight at 4°C. Next, the slides were rinsed with phosphate-buffered
saline-Tween 20, incubated with biotinylated linked antimouse 1gG secondary antibody
(Dako) for 30 minutes, incubated with a ready-to-use avidin-biotin complex method reagent
(Dako) for 5 to 15 minutes, and then counterstained with Mayer hematoxylin (1:10) for 35

Gynecol Oncol. Author manuscript; available in PMC 2017 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Divine et al. Page 4

to 60 seconds. ER and PR immunostaining of paraffin sections was performed on a Ventana
BenchMark ULTRA IHC Staining Module (Oro Valley, AZ) using pre-diluted anti-ER (SP1)
and anti-PR (1E2) antibodies (FDA-approved method). MDR-1 staining was performed by
using the Biogenex Super Sensitive Detection Kit (Biogenex Laboratories, San Ramon, CA)
on the BioGenex i6000 Austostainer.[30] For VEGF-A, slides were incubated with rabbit
polyclonal anti-VEGF antibody (1:50; Santa Cruz Biotechnology) at 4 °C overnight. Slides
were then incubated in rabbit horseradish peroxidase-conjugated secondary antibody for 1
hour at room temperature, incubated with 3,3”-diaminobenzidine (Phoenix Biotechnologies)
for 7 to 10 min, and then counterstained with Gill’s no. 3 hematoxylin (Sigma) for 20 to 30
seconds.[31]

All samples were reviewed by a board-certified pathologist (M.E.P.) and two gynecologic
oncologists (N.K., P.T.) who were all blinded to the clinical outcomes of the patients. Protein
expression was determined semi-quantitatively by assessing the percentage of stained cells
and the staining intensity. The percentage of positive cells was scored as follows: 0 points,
0-5%; 1 point, 6-25%; 2 points, 26-50%; and 3 points, >50%. The staining intensity was
scored as follows: 1 point, weak intensity; 2 points, moderate intensity; and 3 points, strong
intensity. Points were added, and an overall score between 0 and 6 was assigned: negative
(overall score = 0), weak (1 or 2), moderate (3 or 4), or strong (5 or 6)24. The scores of all
reviewers were averaged for each slide and there was high inter-rater reliability.

Statistical analysis

Statistical analyses included chi-square tests with Fischer’s exact tests for comparison of
patient characteristics and Student’s t-test with Bonferroni correction for analysis of protein
expression in tissue samples. Kaplan-Meier curves were generated for survival, and the log-
rank statistic was used for comparisons. We used the Cox proportional hazards model to
determine the impact of multiple covariates on the prognosis of brain metastases from
gynecologic malignancies. The location of primary disease, CA-125 at brain metastases, and
isolated (single focus of disease) versus multiple foci of brain metastases were regarded as
candidate prognostic factors. The results of the multivariate analysis are expressed as
hazards ratios with 95% confidence intervals (Cls) (SPSS). ~-values of <0.05 were
considered to indicate statistical significance.

RESULTS

One hundred subjects with ovarian (N=49), uterine (N=32), or cervical (N=19) cancer
diagnosed with brain metastases were identified during the 19-year study period (Table 1).
The median age at diagnosis was 56.6 years (range 28.3—-82.5). The majority of the patients
were white (82%) with stage 111/1V disease (68%) at initial presentation. The majority of
subjects received combination therapy consisting of either two or three modalities (n= 55,
55.4%); 20 (19.6%) subjects received no therapy (Table 1). The most frequent therapy given,
either alone or in combination, was whole brain radiation therapy (n= 70, 69.3%). Median
follow-up time was 38 months for the entire cohort.

In univariate analysis (Table 2), patients with isolated brain metastasis had a median survival
of 17 months versus 2 months in those with multifocal disease, HR 0.33; CI 0.18-0.63,
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p=0.001 (Fig 2a). A lower CA-125 level (<81 units/mL) at time of brain metastases
correlated with a longer survival (HR 0.54; 95% CI 0.3, 0.95; £=0.03). When subdividing by
original diagnosis, patients with ovarian cancer had longer overall survival (original
diagnosis to last follow-up) than those with uterine or cervical primaries 52 versus 19 or 23
months, respectively (HR 3.28; Cl 31.6-44.4, p=0.002) (Fig. 2b). Patients with ovarian
primary malignancies also experienced a longer interval from time of diagnosis of brain
metastases to last follow-up: 6 versus 2 months, HR 0.70; ClI 1.63-4.37, p=0.01 (Fig. 2c).
Patients presenting with seizures, falls, or weakness had a worse prognosis than patients
presenting with altered mental status, headaches, or other symptoms (HR 0.54; 95% CI 0.32,
0.91; P=0.02). Patients treated with single-agent therapy had poorer survival than those
treated with multimodality therapy (2 versus 14 months; HR 6.0; 95% CI 1.62, 5.9;
F£<0.001) (Table 2). Only isolated brain metastasis remained significantly associated with
survival on multivariate analysis, HR 2.66; Cl 1.19-5.93; p=0.02.

Sixteen patients with brain metastases (5 ovarian, 7 uterine, 4 cervical) were matched to 48
controls. Compared to the primary tumors of controls, metastatic brain specimens of cases
displayed higher expression of VEGF-A (P<0.0001). Figure 2 shows representative
examples of stained primary tumors and brain metastases. In five cases, we were able to
stain the primary tumors and metastatic brain tissues from the same patients. In these cases,
the levels of VEGF-A expression in the brain metastases were higher than in the primary
tumors, but the differences were not statistically significant (P=0.10). Expression levels of
PR (P=0.045), EphA2 (P=0.48), ER (P=0.16), and MDR-1 (P=0.39) were similar between
brain metastases of cases and primary tumors of controls. Overall, none of the molecular
markers were significantly associated with survival.

DISCUSSION

In general, patients with brain metastases from gynecologic malignancies face poor
prognoses. In this study, improved survival was associated with isolated brain metastasis,
ovarian primary, low CA-125 level, presenting symptoms other than seizure, falls, or
weakness, and multimodal treatment. As in previous reports on gynecologic cancer patients
with brain metastases, most patients were treated with cranial surgery, radiotherapy,
chemotherapy, and combinations of these [3, 5, 32—36]. When the systemic disease is
controlled, surgical removal and/or cranial radiotherapy seem to be good options for treating
brain metastases [3, 32]. In addition, chemotherapy following these treatments has been
shown to improve outcomes in patients with brain metastases from ovarian cancer [36, 37].
Consistent with prior findings, multimodal therapy proved most beneficial in our study and
should be strongly considered in cases of brain metastases from gynecologic malignancies
[35, 36, 38, 39].

As brain metastases are uncommon events, treatment of these patients is neither consistent
nor standardized, and reports within the literature are limited by small sample sizes. For
endometrial cancer, fewer than 100 cases have been reported. One recent study of 22
patients at a single institution showed that survival was better with use of multimodal
therapy than with whole brain radiation therapy (WBRT) alone [38]. Two smaller studies
corroborate these findings [3, 34].
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Similarly, only 104 cases of ovarian cancer with brain metastases have been reported [32].
Treatment was shown to vary widely between patients; a few more than half received WBRT
alone or in combination with chemotherapy or surgery. A meta-analysis of all cases reported
in the literature as of 2001 indicated that patients receiving multimodal therapy had better
survival than those who received no treatment or single modality treatment [32].
Additionally, subgroups of patients with particular characteristics may benefit from one type
of therapy over another.

Literature regarding brain metastases in cervical cancer is limited to case reports. The most
recent study, from 1997, discusses a patient with a solitary metastatic brain lesion who
remained disease-free six years after craniotomy and surgical resection [13]. Similar to
endometrial and ovarian cancer patients with brain metastases, median survival of cervical
cancer patients with central nervous system metastases was better with the combination of
surgery and WBRT than with WBRT alone [18, 34].

Several randomized clinical trials have compared surgery plus WBRT to WBRT alone for
patients with isolated lesions, demonstrating a survival benefit in patients who undergo
surgery in addition to WBRT. Factors that correlated significantly with increased survival in
addition to surgical treatment were the absence of extracranial disease, or presence of stable
extracranial disease, longer time to the development of the brain metastasis, and younger age
[40-42].

The Radiation Therapy Oncology Group (RTOG) conducted a Phase 11 study which
included 333 patients with one to three brain metastases (maximum diameter 4 cm) who
were randomly assigned to WBRT with or without gamma knife. Survival was significantly
longer with gamma knife in patients with a single brain metastasis. When considering the
entire study population, survival was similar between groups with a higher incidence of
grade 3 or 4 toxicity in the gamma knife arm [43]. Similar results were found by
Kondziolka, et al [44]. Tumor size is the most common criterion for choosing surgery over
radiosurgery as lesions larger than 3 cm are less favorable for gamma knife and surgery is
usually preferable, though this is also influenced by location [45, 46].

Consistent with previous reports [35, 38], most of the patients reviewed in this study were
experiencing symptoms when brain lesions were diagnosed. Given the low incidence of
brain metastases in gynecologic cancer patients, it is not surprising that routine cranial
radiographic evaluation is not performed in the absence of symptoms; adding brain imaging
to routine surveillance has not been shown to be an effective use of resources and is not part
of current ASCO or NCCN guidelines. However, the patients reviewed in our study suffered
worse outcomes when they presented with seizures, falls, or weakness than when they
presented with milder symptoms such as headaches, which was the most frequently reported
symptom (37% of patients). Thus, heighted awareness regarding sentinel symptoms may
lead to earlier detection of brain metastasis and improved prognosis.

Angiogenesis is necessary for the growth and development of solid tumors [47, 48]. VEGF
is a potent and specific pro-angiogenic factor that functions by promoting endothelial cell
migration and proliferation [49]. Similar to findings in non-small cell lung cancer (NSCLC)
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[50], we found that metastatic brain specimens expressed higher levels of VEGF than
control primary tumors. However, given concern for potential increase in the risk of
intracerebral hemorrhage (ICH) patients with CNS metastases were historically excluded
from bevacizumab trials.

To assess this risk, Besse et al. conducted a safety analysis of approximately 13,000 patients
from randomized and nonrandomized trials conducted in patients with breast, NSCLC,
pancreatic, renal cell, or colorectal cancer analyzed the incidence of ICH with bevacizumab
[51]. Patients with central nervous system (CNS) metastases were at similar risk of
developing ICH, independent of bevacizumab therapy. Similarly, an evidence-based review
of patients with NSCLC and brain metastases concluded that neither bevacizumab nor
sunitinib/sorafenib increased the risk of ICH in patients with treatment-emergent, pretreated,
or untreated occult brain metastases [52]. ICH appears to be uncommon even in highly
vascular tumors such as glioblastoma [53, 54]. Therefore, it would seem that in with a
history of treated nonhemorrhagic brain metastases probably should not be excluded from
systemic therapy with a VEGF inhibitor as long as they are not on concurrent
anticoagulation. In practice, during local therapy for brain metastases antiangiogenic therapy
is commonly held.

There are ongoing Phase |1 trials of bevacizumab for brain metastases in breast cancer
(NCT02185352) and other solid tumors (NCT01898130) [55]. Based on the current
literature, anti-VEGF therapy should be considered as part of the multimodal treatment
approach in gynecologic cancer patients with brain metastases.

To our knowledge, this is the largest review of single-institution patients with brain
metastases from gynecologic malignancies to include both clinicopathologic features and
immunohistochemical analysis. The large number of cases allowed us to draw conclusions
regarding presenting symptoms, CA-125 levels, and optimal treatment. The large number
also enabled us to locate sixteen brain biopsy specimens from gynecologic oncology patients
for immunohistochemical analysis.

We do acknowledge several weaknesses of this retrospective study. Given the rarity of brain
metastases in gynecologic malignancies, we evaluated different tumor sites and histologies
together. This may have introduced bias due to potentially different responses to treatment,
though we were able to show that patients with ovarian primaries have improved survival
consistent with findings from Nasu, et al[35]. Another limitation was that the primary tumor
specimens were not available for 11 of the patients for whom we had brain biopsies; such
lack of specimens is common in large, tertiary care centers because patients often undergo
primary surgery elsewhere. There was also a small sample size of patients for whom brain
biopsy specimens were available for IHC; such numbers preclude meaningful generalization
regarding outcomes of possible targeted therapy. Finally, generalizability of our findings is
limited as treatments evolved over 19 years at a single institution.

In conclusion, this retrospective study evaluated the clinicopathologic and
immunohistochemical characteristics of brain metastases from gynecologic malignancies.
Using multivariate analysis to evaluate prognostic factors, we found three independent
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favorable prognostic factors: CA-125 level < 81 units/ml, presenting symptoms other than
seizures, falls, or weakness, and multimodal therapy. Given the increased expression of the
marker VEGF-A in brain metastasis specimens, further investigation in the role of anti-
angiogenic (VEGF-A therapy) in treatment of brain metastases should be further evaluated
in addition to aggressive multimodal therapy.
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Highlights

Identification of poor outcome characteristics and long-term survival
indicators.

Increased VEGF-A expression in metastatic brain samples compared to
controls.

Multi-modality therapy was associated with improved clinical
outcomes.
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Study Design
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3:1 Matched Controls

48 patients

patients
Cervical Ca Cervical Ca
4 patients 12 patients

100 patients had brain metastases secondary to gynecologic cancer. For 84 patients there was
no brain specimen available, 16 patients had pathologic brain tissue specimens available
through our pathology department and were used for further molecular analyses. Of the 16
patients, 7 had endometrial cancer, 5 had ovarian, and 4 had cervical cancer. The sixteen
cases of brain metastases were matched to 48 controls matched for type of cancer, age, race,
stage, and year of treatment. For 5 of the 16 patients, matched brain and primary tissue

samples were also available.
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A. Survival in patients from diagnosis to last follow-up, divided by isolated versus
multifocal brain metastases. Median survival in patients with isolated brain metastasis was
17 months, median in patients with multifocal brain metastases was 2 months, p=0.001.

B. Survival subdivided by original diagnosis. Patients with ovarian cancer had longer overall
survival (original diagnosis to last follow-up) than those with uterine or cervical primaries
52 versus 19 or 23 months, respectively, p=0.002.
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Figure 3.

A. Control specimen from ovarian cancer patient at low power (4x), B. Control at high
power (20x), C. Brain specimen at low power (4x), D. Brain specimen at high power (20x).
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Patient demographic/clinical characteristics

Table 1

Variable

No. of patients

Primary Site
Ovary/fallopian tube/primary peritoneal
Uterine/endometrial
Cervix
Vulvar/vaginal

Age at initial diagnosis
Mean + SD (range)

Age at diagnosis of brain metastases
Mean + SD (range)

Race
White
Black
Other
Unknown

BMI
Mean + SD (range)

Tumor Stage
|
1]

1]
v
Unknown

Histology
Adenocarcinoma
Clear Cell
Endometrioid
Serous
Squamous
Mixed
Other
Unknown

Grade
Low (1 or 1)

High (111)
Unknown

Cytoreduction
Optimal
Suboptimal

Unknown or n/a

49
32
19
0

56.7 + 10.7 (28.3-82.48)

59.4 +10.5 (32.2-85.1)

82
12
4
2

28.8+ 7.1 (18.0-54.0)

17
11
39
29

19
38
12

10

26
63
11

34
12
54
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Variable

No. of patients

Time from initial diagnosis to brain metastases, mean months + SD (range)
Brain metastases at initial diagnosis
Present
Absent
Clinical presentation of brain metastases (10 patients had >1 presenting symptom)
Seizures
Altered Mental Status
Fall
Weakness
Headache
None/Other
CA-125 at time of diagnosis of brain metastases
Median (range)
Treatment for brain metastases
Chemotherapy
Radiation
Combination
Surgery + Radiation
Surgery + Radiation + Chemo
Radiation + Chemo
Radiation + Gamma Knife
Chemo + Gamma Knife
Surgery + Radiation + Gamma Knife
Surgery + Chemo + Gamma Knife
Surgery + Radiation + Chemo + Gamma Knife

Radiation + Chemotherapy + Gamma Knife

Expectant Management

33.6 + 30.4 (0-164.8)

96

32
10
38

22

78.0 (6-5748)
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Table 2

Univariate and Multivariate analysis of prognostic factors on overall survival

Page 18

Variable Univariate Multivariate

Isolated versus Multifocal Brain Metastases HR 0.33; C1 0.17-0.63, p=0.001 HR 2.66; ClI 1.19-5.93; p=0.017
CA-125 Level HR 0.54; C1 0.30-0.95; p=0.03 ns

Ovarian versus Uterine versus Cervical primary HR 3.28; Cl 31.6-44.4, p=0.002 ns

Presenting Symptom: seizures, falls, or weakness vs. all other groups  HR 0.54; Cl 0.32-0.91, p=0.02 ns

Single agent vs. multimodal therapy HR 6.0; Cl 1.62-5.9, p<0.001 ns

ns=not significant
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