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Abstract

Objective: Stereotactic Radiosurgery for atypical meningiomas was reported
with variable degrees of success. Hydroxyurea as radiation sensitizer and salvage
chemotherapy was established. We investigated the effect of hydroxyurea after
Gamma Knife Radiosurgery (GKS) for atypical meningiomas on tumor control and
survival.

Materials and methods: Between November 2008 and December 2014, 35
patients with pathological atypical meningiomas were treated by GKS. The medical
records were reviewed retrospectively, which included basic epidemiologic
characteristics, radiologic features, and clinical courses.

Results: Among them, 19 patients with 20 tumors were treated by GKS and
followed by adjuvant chemotherapy using hydroxyurea for 1 year or more and were
included in this study. They were followed up for 2 years or more after hydroxyurea
chemotherapy. Twenty tumors were treated with 26 GKSs. Five tumors had staged
treatment. Median volume of tumor was 12.7 cc. Mean prescription dose/session
was 14 Gy (10-16 Gy). Patients received hydroxyurea (1000 mg/day) for 1 year
after GKS (range 7 to 20 months). Mean follow up duration was 43 months. Tumor
control achieved in 18/20 tumors (90%), 15 shrank and 3 stable. Two tumors
experienced the progression (14 and 15 months). Transient edema occurred in
6 tumors, but there was no grade 3 or 4 myelosuppression. Distant progression
outside the field was observed in 5 patients. In 3 patients, new tumors developed
at the edge of craniotomy and in 1 patient, the tumor progression occurred after
GKS for another lesion after the adjuvant treatment. Actuarial progression free
survival and overall survival at 3 years were 89.5% and 94%.

Conclusion: We suggested good tumor control of atypical meningiomas treated
with GKS and a year of hydroxyurea. Randomized and double-arm studies are
required to confirm the results.
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Meningioma is an extra axial tumor which is a common primary
tumor of the central nervous system (20-30%). Its incidence is
between 4-6 per 100,000 peryear[1,2]. World Health Organization
(WHO) categorizes meningiomas into three grades; Grade 1 so
called benign meningioma, Grade 2 atypical meningioma and
Grade 3 anaplastic meningioma [3]. Anaplastic meningiomas

carry a particularly poor prognosis, with a median survival of 1.5
years and a 5 year mortality of 68% [4,5]. Atypical meningioma
is a meningioma of intermediate grade between benign and
malignant forms, with increased mitotic activity, brain invasion,
or at least three of the following features: increased cellularity,
small cells with high nuclear-to cytoplasmic ratio, prominent
nucleoli, sheeting and foci of necrosis [6].
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Surgical treatment is the primary therapy but may be inadequate
especially in tumors which are hard to remove completely
because of their location [2,7]. The recurrence rate even in
totally resected benign tumors is between 10-20% after 5 years,
20-30% after 10 years, and about 50% after 20 years of follow-up.
In some patients, surgery may be impossible or associated with
an unacceptable morbidity [7]. Long-term data using definitive
external beam radiation have demonstrated prolonged tumor
control comparable with that observed with surgery followed
by adjuvant radiation [6]. However, conventional radiotherapy
rarely reduces tumor size and may be complicated by long-
term side effects [2]. Therefore, stereotactic radiotherapy
(SRS) has become an alternative option to external-beam
radiation for recurrent or partially resected meningiomas and
for patients in whom surgery is not an option because of the
tumor’s location or patient comorbidities [6]. Although many
chemotherapeutic agents have been investigated, including
adriamycin, temozolomide, dacarbazine, ifosfamide, irinotecan
and so on, none showed conclusive results [8,9]. Hydroxyurea
is an oral antimetabolite whose main use is in the treatment of
chronic myeloid leukemia [10]. The mechanism of action appears
to be inhibition of ribonucleotide reductase causing apoptosis in
phase S of the cell cycle [2,5]. The drug is modestly active against
meningioma, well tolerated and induces stable disease, however
with no documented objective radiologic responses [5,7].

In the present study, we aimed to investigate the clinical results of
adjuvant chemotherapy with hydroxyurea after GKS for atypical
meningiomas, especially in terms of progression-free survival
(PFS) and overall survival (0OS). In addition, we estimated the
side effect of adjuvant hydroxyurea chemotherapy for atypical
meningiomas in the unique condition after GKS treatment.

Materials and Methods

Patient collections

This retrospective study is a review of 35 patients with
pathologically proven atypical meningiomas, diagnosed and
reviewed according to WHO grading system, 2016 [6] brain
invasion joins a mitotic count of 4 or more as a histological single
criterion and additive criteria of 3 of the other 5 histological
features such as spontaneous necrosis, sheeting (loss of whorling
or fascicular architecture), prominent nucleoli, high cellularity
and small cells (tumor clusters with high nuclear: cytoplasmic
ratio) (Figure 1). Those patients were treated between November
2008 and December 2014 by GKS at our institute using Leksell
Gamma Knife Unit Model C and Perfexion (Elekta AB, Stockholm,
Sweden). All patients had undergone radical surgery and
histopathologically diagnosed before GKS. The exclusion criteria
were as follows: (1) those with recurrent atypical meningioma
after treatment for a previous benign meningioma; (2) those with
spinal cord meningioma; (3) those who had undergone previous
radiotherapy for tumor; and (4) those with <12 months of follow-
up due to follow-up loss.

Patient sex, age at the time of surgery, symptoms at diagnosis,
tumor location and size, extent of resection, histological grade,
use of postoperative radiotherapy or chemotherapy, duration
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of follow-up and recurrence/progression were retrospectively
reviewed for each patient by using the medical records.

The first goal of treatment was tumor control due to the
progressive nature of the disease. Indications of GKS treatment
included unoperated tumors, residual/recurrent tumors, patients
refusing surgery and patients unfit for surgery. Inclusion criteria
for the adjuvant chemotherapy with hydroxyurea in the patients
with incompletely resected atypical meningioma were as follows:
1) those with histologically proven atypical meningioma, 2)
chemotherapy and radiotherapy naive patients, 3) those with
a Karnofsky performance status better than or equal to 60, 4)
those with a life expectancy greater than 3 months, 5) those with
adequate hematologic, renal and hepatic functions, 6) those
without serious concurrent medical illnesses or active infection.

Radiological findings

Tumor size was defined as the largest tumor diameter rounded
to the nearest centimeter on gadolinium-enhanced T1 weighted
MRI before the initial surgery. Peritumoral edema was estimated
by the longest distance from the margin of the tumor on fluid-
attenuated inversion recovery (FLAIR) images. The locations of
tumors were divided into convexity and non-convexity groups.
Recurrence was defined as the presence of new tumor in
patients with a completely resected tumor, as judged on the first
postoperative MRI, and progression as evidence of new growth
of an incompletely resected tumor on serial postoperative MRI
compared with the immediate postoperative images. All patients
had undergone preoperative MRI. Baseline postoperative
MRI was performed immediately after surgery to evaluate the
residual mass and then at 3 or 6 months intervals within the
first 2 years. To assess tumor recurrence/progression, serial MRI
was performed at 1 year interval in the patients, but if mass-
related symptoms or focal neurological signs developed, MRI
was performed immediately. Two neuroradiologists (Kim YM,
M.D. and Sunwoo MP, M.D.) individually conducted radiological
reviews to characterize tumors and to determine the presence
of a recurrence/progression without any clinical or pathological
information on the patients.

Applications of stereotactic radiosurgery

Before treatment all patients had a magnetic resonance image
(MRI) brain with contrast. On the treatment day and after
application of the stereotactic frame, an MRI was performed 1.6
mm thickness with no gap axial T1-weighted contrast enhanced
images. On stereotactic fiducial definition, only images with a
mean error of deviation of less than 1 mm were accepted. Gamma
plan software, versions 9 and 10.1.1 (Elekta AB, Stockholm,
Sweden) was used for dose planning. The intended prescription
dose was between 10-16 Gy with a median of 14 Gy to the 50%
isodose curve and with tumor coverage between 85-100 %.

Hydroxyurea chemotherapy

Hydroxyurea (Hydrin®; Korean United Pharm Inc. Seoul, Korea)
was administered orally for 28-consecutive days (1,000 mg/m?/
day divided twice per day or rounded to the nearest dose level
based on availability of hydroxyurea capsule size) every 4 weeks
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(operationally defined as a cycle of therapy). Hydroxyurea was
prescribed in a routine practice at our institutes [11] and no
pharmaceutical sponsorship was provided in the conduct of this
study. No premedication was required with oral hydroxyurea.
Administration of hydroxyurea was repeated every 28 days (4
weeks) provided that all toxicity from the previous cycle had
resolved. If recovery had not occurred by day 28, the subsequent
cycle of hydroxyurea was delayed until recovery. All toxicities
including hematologic due to hydroxyurea chemotherapy were
rated retrospectively according to the Common Terminology
Criteria for Adverse Events version 4.0.

All patients underwent brain MRI for the base control images
within 2 weeks of starting hydroxyurea administration. Blood
counts were obtained on day 1 of each hydroxyurea cycle (or
more often if clinically indicated), neurologic examination was
performed every 4 weeks, and gadolinium-enhanced brain MRI
was performed after every 3 cycles of hydroxyurea chemotherapy
(i.e., every 12 weeks). Modified neuroradiographic response
criteria as defined by Macdonald et al. [12] were used; complete
response (CR), complete resolution of the enhancing tumor
volume and an improved or normal neurological examination
without steroid medication; partial response (PR), greater
than 50% reduction of the enhancing tumor volume and a
stable or improved neurological examination on stable or
decreased doses of steroid; stable disease (SD), less than 50%
reduction or 25% growth of enhancing tumor volume without
a significant change in the neurological examination on stable
or decreasing doses of steroids; and PD, greater than a 25%
increase of the enhancing tumor volume. All neuroradiography
was reviewed by 2 neuroradiologists (Kim and Sunwoo) blinded
to treatment. In patients with radiographically SD, PR or CR, 3
additional cycles of hydroxyurea were administered, and repeat
MR was performed. Patients were continued on hydroxyurea
therapy until documentation of PD at which time patients
discontinued hydroxyurea and were either monitored or offered
alternative therapy. Alternative meningioma-directed therapy
such as conventional radiotherapy and repeated surgery (or no
additional therapy) was offered to patients that radiographically
progressed.

Follow-up

Imaging follow-up examinations using contrast-enhanced MRI
were done every 3 months for the 1% year, every 6 months for
the 2" year, and then annually. Additional imaging was obtained
when a patient developed new symptoms or experienced the
worsening of any preexisting symptoms. The patient’s history
and examination findings were recorded and compared with
those documented prior to treatment. A 20% or greater increase
in the diameter measurements in at least 2 of the largest axes
was considered tumor progression. In cases where the tumor was
not sufficiently visible on regular imaging, the patient underwent
MRI using the same protocol as the one used on the day of
treatment. The images were then imported into Gamma Plan,
fused and co-registered to the treatment images for comparison.
A volume difference of more than 20% from the day of treatment
was considered significant. Informed consent was obtained from
all patients or their guardians.

© Under License of Creative Commons Attribution 3.0 License

2018

Vol.1 No.2:7

Journal of Medical Oncology

Statistics

We used IBM SPSS statistics (version 20.0, IBM Corp.) for the data
analysis. The following tests were performed: (1) a comparison
between 2 independent groups for nonparametric data using
the Wilcoxon rank sum test; and (2) a Chi-square test to study
the association between 2 variables or a comparison between
2 independent groups as regards the categorized data. The
probability of error at 0.05 was considered significant, whereas
probabilities of error at 0.01 and 0.001 were considered highly
significant. Kaplan-Meier curves were used to calculate actuarial
tumor control rates and hearing preservation rates.

Results
Patients’ characteristics

Twenty-three patients were given hydroxyurea after GKS
treatment, while 12 patients refused to take the treatment or
were incompliant. These 12 patients were also excluded from
the study. Sixty-five percent of patients were females and 35%
were males. Age ranged from 30-60 years with a median of 52.
All patients underwent surgical resection of meningiomas prior
to GKS. Nineteen patients out of 23 were harboring 20 tumors
and were available for radiological follow up for a minimum of 1
year and clinical follow up for a minimum of 2 years.

The mean follow-up period after ending 1 year of hydroxyurea
intake was 43 months (14-76 months). Four patients were lost
from follow up. Nineteen tumors underwent 26 gamma knife
procedures. Five tumors underwent staged treatment. The
tumor volume was 0.6-38.3 cc (median 12.7 cc). The prescription
dose/session ranged from 10 to 16 Gy (mean 14 Gy).

Two major criteria come into consideration in
order to upgrade meningiomas: (1) Mitotic index
(greater than or equal to 4/10 HPF); and (2) At
least 3 of the 5 following parameters: sheeting
architecture, small cell formation, hypercellularity,
macronucleoli, spontaneous necrosis. This picture
illustrates mitotic figures and sheeting architecture
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Responses and outcomes

Tumor control was achieved in 18 out of 20 tumors where
15 tumors shrank (Figure 2) and 3 tumors remained stable
with a tumor control rate of 90%; median volume of atypical
meningioma before treatment was 12.2 cc (range from 8.5 t0 19.4
cc) and after 9.2 cc (range from 4.0 to 14.1 cc) in patients with
PR (p=0.047 in student’s t-test), and 19.3 cc (range from 14.7 to
24.3 cc) and 17.6 cc (range from 14.3 to 21.7 cc) in patients with
SD (p=0.218 in student’s t-test). Tumor progression occurred
in 2 patients (at 14 and 15 months). Transient edema was

a N

(A) (8)

(A) Magnetic resonance images of a case at the
day of treatment (2011), (B) after 3 years of follow
up (2014).

Figure 2
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Table 1 Collective results of the 19 patients who had their data available.

Period of hydroxyurea
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observed in the 6 tumors which were temporary, and no grade
3 or 4 myelosuppression were recorded during the hydroxyurea
adjuvant chemotherapy. Two patients died from progression of
other tumors notincluded in the study after 3 and 6 years. Distant
tumor progression (in another intracranial location or outside
the treatment field) was observed in 5patients. In 3 patients, new
tumors developed at the edge of previous craniotomy, in one
patient tumor progression occurred after receiving radiosurgery
alone for another lesion after the end of adjuvant treatment and
in one patient progression occurred in an untreated tumor that
was under observation. The actuarial PFS and OS at 3 years were
89.5% and 94%, respectively.

Side effects

All patients received hydroxyurea, 13 patients received it for 12
months continuously and 1 patient received it for 12 months but
interrupted due to side effects in the form of grade 2 anemia.
Only 5patients received their treatment for less than 1 year (8-
10 months), one of those 5 patients had grade 2 epigastric pains
and constipation. Such side effects were temporary and were
medically well managed. One patient received hydroxyurea for
more than 1 year (20 months). The results of the 19 studied
patients are collected in Table 1, where patient number 8 had
2 lesions.

Discussion

To the best of our knowledge and thorough research, this study

Follow-up duration

Patient number Gender  Age (year) chemotherapy (month) Radiological response  PFS (month) (month)
1 Female 52 20 SD - 84
2 Female 56 8 SD - 72
3 Male 58 12 PR - 33
4 Female 58 12 PR - 36
5 Male 46 9 PR - 72
6 Male 59 12 PD 14 24
7 Female 57 10 PR - 26

8* Female 37 12 PR - 28
9 Female 30 12 PR - 72
10 Female 51 12 PR - 72
11 Male 60 7 PR - 60
12 Male 36 12 PR - 60
13 Female 57 12 PR - 48
14 Female 57 12 PR - 32
15 Male 65 9 PD 15 30
16 Male 50 12 PR - 60
17 Female 62 12 PR - 60
18 Female 57 12 PR - 48
19 Female 58 12 PR - 26

* the patient had 2 meningiomas in the brain

PD: Progressive Disease; PFS: Progression Free Survival; PR: Partial Response; SD: Stable Disease
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Table 2 Different studies that used hydroxyurea for the treatment of meningioma.

Authors Number of patients Dropped or unavailable results Response Progression Rate of tumor control (%)

Schrell et al. [17] 4 0 4 0 100
Newton et al. [18] 16 0 14 2 88
Rosenthal et al. [8] 13 0 11 2 85
Mason et al. [19] 20 0 13 7 65
Weston et al. [2] 6 3 2 1 66
Chamberlain [3] 35 0 15 20 43
Kim et al. [11] 24 0 14 10 58
Current study 23 4 17 2 89

is the first to use this combination treatment of gamma knife
radiosurgery followed by hydroxyurea chemotherapy for the
treatment of atypical meningioma. That being said, such work
has many limitations especially being a retrospective one, the
limited number of the studied patients and the lack of central
pathological slides revision. In 2012, Adeberg et al. [13] published
their data regarding the long-term outcome after radiotherapy
in patients with atypical and malignant meningiomas. OS was
81% and 53% at 5 years for atypical or anaplastic meningiomas,
respectively. PFS was 95% and 50% for atypical and 63% and 13%
for anaplastic histology at 2 and 5 years [13].

GKS is considered the best radiation option for meningiomas
and was reserved in the past years for the smaller volume
lesions with more and more data published for treating larger
meningiomas [14]. Wang et al. in 2016 published a retrospective
analysis of 46 patients with atypical or anaplastic meningiomas
treated with postoperative GKS [15]. The local tumor control at 1,
3 and 5 year was 91.1%, 59.3% and 39.5%, respectively, for WHO
grade 2 meningiomas and 76.2%, 63.5% and 0% for WHO grade 3
meningiomas [15]. In terms of the efficacy of GKS treatment alone
in this study, it is impossible for us to estimate the strict response
to the GKS due to too short follow-up duration after GKS, because
we started the hydroxyurea adjuvant chemotherapy within 4
weeks after GKS.

The management of atypical meningioma with chemotherapy
had not been a standard of care even after many phase 2 trials
have been published over the past 20 years [2,16-20]. One
retrospective study suggested that adjuvant treatment after
incomplete resection of atypical meningioma is associated with
longer PFS than conservative treatment; however, there was
no difference in PFS between hydroxyurea chemotherapy and
radiotherapy after surgery [11].

Apilot study was published in 2005 which discussed the treatment
of progressive or recurrent meningiomas with hydroxyurea and
concurrent 3-dimensional conformal radiation and most of their
patients (13/21) were WHO grade | meningioma, 4 cases were
atypical and 4 were of unproven pathology. They showed tumor
stabilization in 14/21 patients only and none of the cases showed
tumor regression [21]. In 1997, Schrell et al. [17] were the first
to report dramatic tumor reduction of meningioma following
the use of hydroxyurea, and in the year 2000, Newton et al [18]
reported that 14 out of 16 cases achieved stable disease with
very little overall toxicity. Another more recent study that used
hydroxyurea for recurrent surgery and radiation refractory high-

© Under License of Creative Commons Attribution 3.0 License

grade meningioma reported very limited activity of hydroxyurea
and questionedits effectiveness [3]. Theirretrospective case series
of 35 patients with recurrent WHO Grade 2 (n=22) or 3 (n=13)
meningioma treated with hydroxyurea following progression
after surgery and radiotherapy was collated with primary study
objectives of overall response rate, median and PFS at 6 months.
Thirty-five patients with recurrent high-grade meningioma were
treated with hydroxyurea (1,000 mg/m? orally divided twice
per day; one cycle operationally defined as 4 weeks of daily
hydroxyurea). Their patients had progressed radiographically
after prior therapy with surgery (35/35) and radiotherapy (35/35:
external beam radiotherapy 35/35; stereotactic radiotherapy
35/35). Their patients experienced modest toxicity of hydroxyurea
(28.5% all grades and 8.5% grade 3+ anemia or fatigue). There
were no radiographic responses, 43% of patients had SD and
57% manifested PD at first evaluation. The overall PFS was 3.0%
at 6 months and median PFS was 2.0 months. Most patients
(80%) following progression on hydroxyurea were subsequently
treated on an investigational trial. The results of some previous
studies that used hydroxyurea for the treatment of meningioma
are listed in Table 2 and are compared the data of the current
study regarding the radiological response to treatment.

The protocol was well tolerated with no grade 3 or 4 toxicities
and none of the studied cases were withdrawn from the study
due to toxicity. Such toxicity profile was better than that
reported by Weston et al. [2] and Loven et al. [22] with many
sever hematologic toxicities that were the cause for treatment
discontinuation. This could be attributed to the fixed low dose
used in our study.

Conclusion

The results of the current study suggest a good tumor control
with stabilization or shrinkage of atypical meningiomas treated
with stereotactic radiosurgery followed by one year of adjuvant
hydroxyurea. Larger randomized and double-arm studies are
essential to confirm the possible role of hydroxyurea in the
management of those tumors.
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