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ABSTRACT

Objectives: To determine if a relationship exists between the presence of
estrogen receptors (ER), progesterone receptors (PR), or vascular endothelial
growth factor (VEGF) and the size, growth rate, and behavior of vestibular
schwannoma tumors. Design: Nine tumor samples from young female patients
with large vestibular schwannoma tumors were preselected because they were
presumed to be faster growing, more aggressive tumors. Immunohistochemical
staining was performed using monoclonal mouse antibodies to ER, PR, and VEGF.
Results: The mean age of the study sample was 32.3 years, mean tumor size was
3.2 cm, and the average growth rate was 0.4 cm per 2 months. The results of
immunohistochemical staining for ER and PR in all nine samples were unequiv-
ocally negative. Eight of nine tumor samples stained positive for VEGF, with five
demonstrating low intensity and three demonstrating moderate intensity staining.
Conclusions: There is histopathological evidence for the expression of VEGF in
vestibular schwannomas but not for ER and PR. Further studies are necessary to
determine the role of VEGF and other molecular pathways in the growth of
vestibular schwannomas and the application of anti-VEGF therapy as a potential
treatment option in the future.
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The management of vestibular schwannoma
(VS) has become more patient-focused and less
aggressive in the past decade thanks to the diag-
nostic accuracy of magnetic resonance imaging
(MRI) and a better understanding of the natural
history and behavior of this neoplasm. The
options of surgery, radiotherapy, and no treatment
(expectant management with serial scanning) are
usually offered leaving the decision of treatment
to the patient; how the decision is arrived at
reflects the patient’s understanding of benefits and
risks, and through whom information is obtained.
Tumor size and patient’s age are the two dominant
parameters in the decision-making process. What is
missing is a reliable way of demonstrating growth
potential and tumor aggressiveness; presently, this is
only possible through watchful waiting.

The growth of VS is difficult to determine
clinically as it is not directly correlated to tumor
size, symptoms, the duration of symptoms, or
patient’s age.! Many studies evaluating the general
growth rate of VS with serial MRI scans agree on
the presence of three different growth patterns
when tumors were followed expectantlyz_g; 60%
showed very slow to no growth, 30% had an
approximate growth rate of 0.2 cm per year, and
10% grew at a rapid rate of 1 cm or more per year.8
The rate of growth of an individual tumor was
relatively constant.” It is generally believed that
in solid tumors, early determination of growth rate
with sequential radiological studies may be predic-
tive of future tumor behavior.*” By and large, VS
grow slowly regardless of the size at presentation.
With this understanding, in the past decade, the
pendulum has swung toward more conservative
management with “watchful waiting” particularly
in those with small- to medium-sized tumors.

There are several clinical scenarios that are
considered less desirable for conservative manage-
ment, or for radiotherapy. In the case of a cystic VS,
rapid tumor growth can occur without warning,
resulting in compressive symptoms of the posterior
fossa with sudden neurological deterioration.
Histopathological and imaging studies have shown
that this increase in volume is due to the rapid

expansion of the cystic element of the tumor and
not by an actual increase in cellular growth.'®'! The
diagnosis of a VS during pregnancy or in a female
who is actively seeking pregnancy is also very dis-
concerting, since rapid cellular proliferation and
growth can occur. Early surgical intervention is
usually recommended.

In spite of the recognition of VS tumor
growth and pregnancy, there is insufficient evidence
to link this phenomenon to hormonal influence.
The role of steroid hormones has been demon-
strated in neoplasms such as breast cancer to stim-
ulate growth both in vivo and in vitro.'*"* This
knowledge has resulted in several therapeutic meas-
ures aimed at estrogen ablation (ovariectomy, adrenal-
ectomy, or hypophysectomy) and antiestrogen
therapy (tamoxifen) to inhibit tumor growth. The
absolute amount of estrogen receptor (ER) found in
the tumor can be utilized to predict the response
to these therapies.'>" Patients with ER-negative
tumors (ER-) have earlier recurrence and poorer
prognosis for survival than patients with ER-
positive tumors (ER + ). The progesterone receptor
(PR) level appears to indicate the level of functional
estrogenic stimulus.'"> The successful application
of these concepts to the treatment of breast cancer
has led to a search for other hormone-responsive
neoplasms.

Hormonal triggers in the growth of VS are
unclear. Certain clinical features of VS have sug-
gested a possible association between the growth of
these tumors and sex hormone status. The potential
of a hormone-responsive Schwann cell tumor is
based on the following observations: (1) this neo-
plasm tends to occur more frequently in women'?;
(2) the course of growth is more rapid during
periods of hormonal change such as the end of the
menstrual cycle or during pregnancyls; and (3) these
neoplasms tend to be larger and more vascular in
females compared with males.'® Other investigators
have focused on proangiogenic factors that influ-
ence tumor growth. The expansion of any solid
tumor with a volume greater than 2 or 3 mm?®
requires angiogenesis to meet the oxygen and

nutrient demands of the enlarging tissue. '8
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Vascular endothelial growth factor (VEGF) induces
angiogenesis through endothelial cell proliferation
and migration. It can be found in circulating
thrombocytes and is secreted by several cell types
such as macrophages, leukocytes, and smooth
muscle cells. Although VEGF has been correlated
with several types of tumors and is considered one
of the most potent proangiogenic factors, its role in
VS has not been clarified. Growth rate and size have
been shown to correlate significantly with the total
number of vessels.'” It has also been shown that the
region of neovascularization tends to be at the
expanding surface zone of the tumor.?® This knowl-
edge has led to the search for a probable role of
angiogenic growth factors in VS.

The aim of this study is to determine whether
relationships exist between the presence of ER, PR,
or VEGF and the size, growth rate, and behavior of
VS tumors.

METHODS
Study Group

Nine women with unilateral VS were selected as the
primary study group. Patient selection was based on
the sex, age, and tumor size at the time of surgery.
None of the selected patients had evidence of
neurofibromatosis. All tumors were surgically re-
moved by the translabyrinthine approach at Sunny-
brook Health Sciences Centre between April 2003
and February 2006. All were confirmed as schwan-
nomas histologically.

Immunohistochemical Analysis: Estrogen
and Progesterone Receptors, VEGF

Immunoperoxidase staining for estrogen and pro-
gesterone receptors and VEGF was performed on
formalin-fixed, paraffin-embedded tissue sections,
using the avidin-biotin peroxidase complex (ABC)
method. The blocks of tissue were obtained from

intracapsular tumor biopsies and were histologically
confirmed to be schwannomas. They were cut into
4 pm sections and placed on a glass slide. The
section was deparaffinized and pretreated with hy-
drogen peroxide to remove any endogenous perox-
idase enzyme activity inherent in the tissue that
might produce nonspecific staining. The samples
were then incubated with primary mouse mono-
clonal antibodies to ER (1:100; 6F11, Novocastra,
Newcastle, England), PR (1:100; 312, Novocastra),
and VEGF (1:200; Clone VG1, MS-1467, Labo-
ratory Vision, Fremont, CA). The sections were
washed and a “biotinylated” secondary antibody
directed against the Fc portion of the primary
antibody was applied to the section. The section
was incubated then washed to remove any excess
secondary antibody. An ABC was then added. The
section was washed again to remove any excess
ABC complexes and incubated with diaminobenzi-
dine. The sections were counterstained with hema-
toxylin. Breast tissue was used as an appropriate
positive and negative control for estrogen and
progesterone receptors and skin angiosarcoma was
used as a positive VEGF control.

Estrogen and progesterone receptor reactions
were quantified based on the suggested level of
estradiol binding that will correlate with response
to hormonal therapy in breast cancer. A strong
nuclear staining in greater than 10% of the cells
indicated a positive receptor value. The staining
intensity of VEGF within the schwannoma cells was
classified as “0” (no staining), “+” (weak staining/
staining in a few cells), “++” (moderate staining),
“++4+7 (strong staining), and “++++" (very strong
staining). Two neuropathologists viewed all nine
stained sections individually to control for interob-
server variation.

RESULTS

The nine women selected for this study ranged
in age from 20 to 42 years (mean, 32.3 years) at
the time of tumor surgery. Tumor within the
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Table 1 Patient Demographics

Patient Tumor Size Growth Rate GPN ER/PR VEGF
Age (cm) (cm/2 months) Status Pregnancy History’ Staining Staining
32 3.65 0.34 G1P1 During third trimester - 4+
29 3.8 0.4 G1PO No - +

35 3.5 n/a GOPO No - ++
27 4.3 0.3 GOPO No - +

31 3.0 n/a* G1P1 During second trimester - +

42 1.7 n/a* G2P2 No - +

38 3.6 n/a* G1P1 Within 6 months postpartum - +

37 4.0 n/a* G2P2 2 years postpartum - ++
20 1.3 n/a* GOPO No - -

*Cannot calculate growth rate in cases where observation with serial scanning was not performed prior to surgery.
TPregnancy status at time of diagnosis or presentation of initial symptoms.

Tumor size is based on maximal tumor dimension.

GPN, gravapara number; n/a, not applicable; —, negative; +, weak; + +, moderate.

cerebellopontine angle was measured by MRI, in
three dimensions: transverse, anteroposterior, and
height. Tumor size ranged from 1.3 to 4.3 cm in
maximal dimensions within the cerebellopontine
angle (mean, 3.2 cm).

The most common presenting symptoms for
these patients were unilateral hearing loss, tinnitus,
and imbalance. Three of the nine women had
follow-up imaging ranging from 2 to 5 months’
duration with either MRI or CT scan. Expectant
management with serial scanning was not a treat-
ment option in the remaining six patients due to
either the large tumor size at diagnosis or the
management preference of the patient. The average
growth rate of the tumors in this study was 0.4 cm
per 2 months (ranging from 0.3 to 0.45 cm per
2 months). These results are summarized in Table 1.

The results of the immunohistochemical
staining for ER and PR in all nine cases were
unequivocally  negative. Immunohistochemical
staining for VEGFE was positive in eight out of
nine cases. Positive expression of VEGEF in the
tumor samples was a finely granular cytoplasmic
staining of the cells with intensified focal staining
in the perinuclear region (Fig. 1). Of the tumor
samples demonstrating VEGF expression, five
revealed low intensity (4) and three revealed mod-
erate (++) intensity. There was only slight varia-
tion of staining within the tissue of each individual
tumor. The grading of VEGF stain reaction was

performed on the basis of the whole section and in
all nine cases was the same for both investigators.
Staining also occurred in the cytoplasm of endo-
thelial cells within vessel lumen as expected.

DISCUSSION

It is generally agreed that a diagnosis of a VS during
pregnancy is a source of great concern to the
treating physician. For these patients, an expectant
approach to treatment or radiotherapy may not be
an option. Following a VS with sequential radio-
graphic imaging runs the risk of losing a window of
opportunity to operate on a smaller tumor with
relatively less morbidity from surgery. Should a
tumor grow rapidly, the risks of surgery become
greater, particularly with regard to the facial nerve.

Since operative risks and complications
are often a function of tumor size,’! attempts at
pharmacological manipulation to induce tumor re-
gression have been made. The theoretical potential
for treating VS with hormonal manipulation or
anti-VEGF antibodies to induce tumor regression
preoperatively is to improve surgical outcome for
patients with large tumors. This therapy could also
be applied to eradicate residual tumor postopera-
tively or those with unresectable tumors. Despite
this potential application, several clinical studies
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Figure 1

(A) A vestibular schwannoma displays weak (+) expression of vascular endothelial growth factor (VEGF)

(immunohistochemistry and hematoxylin; original magnification 200 x ). (B) A vestibular schwannoma displays moderate
(+ +) expression of VEGF in the cytoplasm and especially in the perinuclear region of many of the tumor cells
(immunohistochemistry and hematoxylin; original magnification 200 x ).

have used antiestrogen therapy empirically in
the management of inoperable or recurrent menin-
giomas with negative results.”*** Sequential CT
scanning following tamoxifen and medroxyproges-
terone acetate treatment have been conducted for
periods up to 2 years with no objective response
obtained.?*** However, in only 2 of the 11 cases
examined in these studies was the sex hormone
receptor profile of the tumor known; in both cases,
only low levels of PR were noted. Currently, there
have not been similar studies applying anti-VEGF
therapy empirically to this patient population.

The observation that VS growth may be
under the influence of hormonal factors has been
reported in the past. In a study by Beatty and
colleagues, unilateral VS were removed from six
women during pregnancy or within 10 months
postpartum (mean, 5 months). Using immunohisto-
chemical analysis there was no correlation between
the quantity of ER or PR and pregnancy.”* Flow
cytometry used to assess the proliferative potential of
these tumors also showed no correlation to preg-
nancy. The proliferative potential of a tumor cell is
most appreciated if cells in all phases of the growth
cycle are identified.®® Flow cytometry, however,
only identifies tumor cells in S-phase and is not
representative of the overall proliferative potential
of a tumor. More recent studies have performed
immunostains that label for K;-67 nuclear antigen

because it is expressed in the G1, G2, S, and M

phases of the cell cycle. The results of these studies
25,26 growth
rate and K;-67. Szeremeta and associates?’
studied 10 cases of VS with K;-67 immunostain
and noted variations of proliferative indices.

show no correlation between tumor size,
26-28

Kasantikul and Brown, using a fluorescent
steroid histochemical technique, first reported ER
in VS.*® This study has often been criticized for
using phosphate-buffered saline as a negative con-
trol and estradiol concentrations so high that bind-
ing to other nonspecific sites could not be excluded.

Martuza and associates used a radioligand
binding method with dextran-coated charcoal
absorption on unselected tissue samples. Estrogen
receptors were observed in 7 of 16 schwannomas
using very low estradiol levels, suggesting the pres-
ence of high-affinity estrogen-specific type I bind-
ing sites.’’ However, if the criteria established for
breast cancer are applied to this study, most of the
Schwann cell tumors fall into the borderline or
negative category. In a similar study, Markwalder
and colleagues found 4 and 13 of the 21 schwan-
noma tissue samples to be considered ER- and
PR-positive, respectively, according to the criteria
established for breast cancer.?” This study has been
criticized for the use of a single saturating dose of
hormone® and the fact that almost all of the
patients received preoperative prednisone to de-
crease brain swelling. The effect of glucocorticoid
therapy on the receptor assay is unknown. Similarly,
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Monsell and Wiet examined intracapsular VS
tissues and found 19% of the samples were ER+,
17% were PR+, and 8% were positive for both
receptors.33 Contrary to the above studies, other
authors using the same staining technique have
been unable to demonstrate the presence of ER or
PR on acoustic neuroma specimens.****

To date there have been several studies in the
applying an

stain for

literature immunohistochemical
method to ER and PR on VS
samples.”***37 One of these studies was performed
on pregnant female patients®* while the other two
were performed on a consecutive series of unse-
lected V'S patients.**” There is a consistent finding
among these studies demonstrating that ER and PR
are not represented in any clinically relevant quan-
tities. In our study, a series of nine young female
patients with large VS were preselected because
they were presumed to have faster-growing, more
aggressive tumors. It was felt by the authors that
this select study population would have the highest
probability of ER +and PR + findings given their
shared characteristics. The results of this study
revealed no positive staining for either ER or PR.
This fails to provide support to the clinical hy-
pothesis that VS have a potential hormone-re-
sponsive property. The methods of assay used
were both specific and sensitive. Further investi-
gation is required to provide an explanation for
the clinical observations of VS growth patterns in
pregnancy.

Contradicting results have also been re-
ported for the role of VEGF in the growth of
VS. Brieger and coworkers studied VEGF and
other proangiogenic growth factors in 34 patients
and concluded that tumor angiogenesis is not
likely to be a relevant mechanism of VS growth.*®
Contrary to this investigation, two studies by
Cayé-Thomasen and associates described the ex-
pression of VEGF and VEGF receptor-1
(VEGFR-1) in Schwann cell cytoplasm, with a
more intense staining of the perinuclear region in
all 15 and 27 patients included in the respective
studies. The authors reported a significant corre-
lation between the concentration of VEGF and

VEGFR-1 expression in VS and tumor growth
rate, but not symptom duration or tumor size 118
Our findings are supportive of the results of the
latter two investigations that VS cells express
VEGF. Whether or not VEGF plays a causative
role in the growth of this tumor is unknown.
Experiments have shown that intravenous
infusion of anti-VEGF monoclonal antibodies can
reduce tumor weight by up to 96% in nude mice
injected with malignant tumor cells.>’ The anti-
VEGEF treatment used in this study was directed
toward the suppression of VEGF directly or at the
receptor level. This may prove to be a potential
treatment option for fast-growing VS in the future.

CONCLUSION

There is histopathological evidence for the expres-
sion of VEGF in VS but not for ER and PR. A
causative role of sex hormones in the growth of VS
and hormonal manipulation in the treatment of this
disease cannot be supported. Nevertheless, it is
possible that sex hormones play an important role
in tumor growth through a less direct pathway.
There is emerging evidence that Merlin, the protein
encoded by the NF2 gene, likely interacts with
proteins and molecules that would lead to differ-
ential levels of cell regulation and tumor suppres-
sion.*® Future studies in the role of VEGF and sex
hormones will likely be at the molecular level to
have any significant impact on therapy.
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