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Introduction

Meningiomas account for 13 to 26% of intracranial neo-
plasms.1 Of these, 2 to 3% are anaplastic (World Health
Organization [WHO] grade III) as characterized by neoplastic
cytologic features and a high mitotic index.2,3 These lesions
rarely metastasize but commonly recur, especially if they are
subtotally excised, located at the skull base, or infiltrate the
brain parenchyma.1,4 Anaplastic meningiomas carry a partic-
ularly poor prognosis, with a median survival time of
1.5 years and a 5-year mortality of 68%.1

The current standard of care for anaplastic meningiomas,
at initial presentation, is surgery followed by postoperative
fractionated radiotherapy.5 For recurrent meningiomas, if the
tumor is not surgically accessible and reirradiation is not
possible, chemotherapy is then attempted.5 Options include
cytotoxic agents, hormonal therapy, and targeted agents.2

One agent being aggressively pursued is hydroxyurea (HU),
a selective inhibitor of ribonucleoside diphosphate reductase,
because of its ability to induce apoptosis of meningioma cells
in vitro, ease of administration, and acceptable toxicity
profile.6,7 Thus far, many case series have only shown HU
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Abstract Anaplastic meningiomas are rare and aggressive tumors with a high propensity for local
recurrence. Surgical resection and postoperative radiotherapy are the standard of care
for primary disease and local recurrences. Refractory disease is managed with chemo-
therapy with limited success. A highly efficacious, well-tolerated chemotherapeutic
agent has yet to be found for this disease entity. Hydroxyurea is currently receiving
renewed attention because of its efficacy in inducing apoptosis of meningioma cells in
vitro and its favorable side-effect profile. Thus far, in humans, this agent has only
induced stable disease.
We describe the first patient showing a near complete/partial clinical and radiological
regression after 5 months of 25 mg/kg of hydroxyurea once daily, given within 1 month
after stereotactic fractionated reirradiation of a previously irradiated and operated
anaplastic meningioma of the skull base. Magnetic resonance imaging showed a
significant and sustained response with tumor shrinkage and cavitation.
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to induce stable disease, with no documented objective
radiologic responses.2

This article reviews the literature pertaining to the use of
HU for anaplastic meningioma and presents a report of the
only known case of partial response to HU given after
reirradiation for a recurrent anaplastic meningioma of the
skull base.

Case Report

The patient is a 58 year-old female professor who first
presented to the Head and Neck clinic in October 2008 with
left-sided facial pain, otalgia, and aural fullness. She was a
smoker and had a past history of cataract surgery, salpingo-
oophorectomy for severe endometriosis, and left otitis
media with effusion requiring pressure equalization tube
several months prior. Physical examination revealed a left-
sided V2/V3 dysthesia and a left middle ear effusion.
Magnetic resonance imaging (MRI) with gadolinium infu-
sion of the base of the skull demonstrated a left
2.8 � 2.8 � 3.3 cm isointense left infratemporal fossa
mass involving the left wing of the sphenoid and pterygo-
palatine fossa, extending through the foramen ovale to
involve the meninges of the left middle cranial fossa.
Endoscopically guided biopsy using a transnasal and trans-
antral pterygopalatine approach demonstrated a WHO
grade I meningioma. The consensus at the tumor board
was to recommend treatment with stereotactic fractionat-
ed radiotherapy. Instead, the patient sought a second
opinion and underwent gamma knife radiosurgery at an
outside institution in November 2008, where she received a
dose of 12 Gy in a single fraction with a peripheral dose of
12 Gy covering 98% of the tumor volume (30.1 cc) with a
maximal dose of 24 Gy. The maximal dose to the optic
structures did not exceed 4 Gy. She was followed periodi-
cally with imaging that revealed interval stability of the
residual tumor mass.

In October 2011, the patient returned to the clinic with
headache, facial pain, respiratory difficulty, and nasopharyn-
geal reflux. MRI revealed local recurrence of the tumor invad-
ing the left masticator and parapharyngeal spaces and at the
skull base with cortical bone invasion of the left mandibular
ramus. A metastatic work-up did not demonstrate distant
spread. With tumor board consensus, the patient underwent
a wide local excision of the mass via a left lateral rhinotomy
with a left maxillectomy, left partial palatectomy, and left level
I–III neck dissection. Pathology revealed anaplastic (WHO
grade III) meningioma with positive surgical margins. She
then received adjuvant reirradiation consisting of fractionated
stereotactic radiotherapy of 60 Gy in 30 daily fractions of 2 Gy
each over an overall treatment time of 6 weeks. The treatment
was delivered using 6 MV photons on a Novalis linear acceler-
ator and BrainLab planning system. The planning target vol-
ume (PTV) consisted of the gross tumor volume with a 3-mm
margin. The patient was immobilized using a relocatablemask
with daily verification using kv-kv verification. The reirradia-
tion was given with concomitant Temodol (75 mg/m2 daily)
ending in March 2012.

Unfortunately, in April 2012 the patient presented to the
emergency department with epistaxis, and MRI revealed
progression of the mass with increased invasion of the left
temporal bone and orbit (►Figs. 1A, 1C). At this point
palliative care was consulted, and medical oncology began
a palliative course of HU 1800 mg daily by mouth, subse-
quently reduced to 1500 mg because of grade 3 pancyto-
penia. Surprisingly, after 5 months of therapy, follow-up
MRI in September 2012 demonstrated a significant interval
decrease in tumor volume with cavitation of the lesion
(►Figs. 1B, 1D). The patient is currently doing well on
1500 mg HU daily.

Discussion

To our knowledge, this is the first reported case of a WHO
grade III meningiomawith an objective radiologic response to
HU following reirradiation. Several clinical studies of HU have
been published including patients with WHO grade III me-
ningiomas (►Table 1). In 1997, Schrell and colleagues evalu-
ated the activity of HU (20 mg/kg/day) in four patients with
recurrent unresectable meningiomas. The one patient har-
boring a WHO grade III tumor had no shrinkage of the tumor
but had disease stabilization over 24 months of therapy.8 In a
similar study, Mason et al evaluated the efficacy of 20–30mg/
kg/day HU in a cohort of 20 patients over a 2-year treatment
period. The one patient with a grade III malignant neoplasm
had progressive disease on neuroimaging after 24 weeks of
therapy.9

Hahn and colleagues evaluated the use of 20mg/kg/dayHU
and concurrent conformational radiation therapy for
12 weeks in 21 patients with recurrent or progressive dis-
ease.3 The two patients with WHO grade III lesions had no
radiologic responses to treatment with a median progres-
sion-free survival time of 13 months.3 In another modifica-
tion, Reardon and associates evaluated the effect of 500 mg
HU given twice a day along with imatinib 400 to 1000 mg
daily. Four patients had grade III lesions, and the best re-
sponse was stable disease and only 46.2% progression-free
survival at 6 months.10

In 2012, Chamberlain published a retrospective case series
focusing on high-grade lesions that consisted of 22 patients
with WHO grade II and 13 patients with WHO grade III
recurrent meningiomas treatedwith 1000mg/m2 HU.7 There
were no radiologic responses.7

Thus HU has been used in 21 patients with anaplastic
meningioma without a single objective radiologic response
(►Table 1). Our patient, like these others, is in her 6th decade
of life and had already had disease progression after two
courses of radiotherapy, Temodol, and surgery. The dose of
HU and dosing schedule were also similar. However, this
patient differed from most of the described cases in that she
had beenpreviously treatedwith Temodol chemotherapyand
that the time between completing reirradiation and begin-
ning HU was < 1 month.

One must ask why this patient responded when the other
21 did not. There are several possibilities. Perhaps the number
needed to treat with HU is such that one has not seen the full

Journal of Neurological Surgery Reports Vol. 75 No. R1/2014

Recurrent Anaplastic Meningioma Gurberg et al. e53

T
hi

s 
do

cu
m

en
t w

as
 d

ow
nl

oa
de

d 
fo

r 
pe

rs
on

al
 u

se
 o

nl
y.

 U
na

ut
ho

riz
ed

 d
is

tr
ib

ut
io

n 
is

 s
tr

ic
tly

 p
ro

hi
bi

te
d.



effect of this agent with such a small number of cases. An
interaction between HU and the previously administered
Temodol is also possible. More plausible, however, is an
interaction between HU and the stereotactic reirradiation
therapy that was given shortly before the drug.

Before discussing the possible interaction between ioniz-
ing radiation and HU, the interaction between ionizing
radiation (IR) and tumor progression is of interest. Several
cases have been reported in the literature describing malig-
nant transformation of meningioma after gamma knife ra-
diosurgery (GKR) 11–14. In the present case, the patient’s
meningioma was first classified as WHO grade I in 2008;
however, it recurred as WHO grade III disease, 3 years after
GKR. This is yet another example of possible progression of
benignmeningioma secondary to GKR. However, as discussed
by Kubo and colleagues in their case series on this topic, the
histologic diagnosis of irradiation-induced malignant trans-
formation is extremely challenging, and the relationship may
in fact be the result of GKR being used to treat recurrent
disease that may have actually transformed prior to
irradiation.11

In discussing the temporal relationship between HU and
reirradiation of the lesion, it is important to mention that in
the Hahn et al study,3 concurrent HU and radiotherapy only
induced stable disease. There are, however, intriguing reports

in the basic science literature of the effects of HU adminis-
tered closely after ionizing radiation. HU is an inhibitor of the
DNA repair enzyme ribonucleotide reductase (RR). The mo-
lecular target of HU is the tyrosyl radical of the R2 subunit of
the RR enzyme. By inhibiting the RR, HU inhibits the conver-
sion of the ribonucleotide phosphates to deoxyribonucleotide
forms that are essential for DNA synthesis and repair. Many
investigators have studied the temporal relationship of the
interaction of HU and IR. In 1997, Kuo and colleagues studied
the effect of sequencing of HU exposure before and after IR
exposure in human cancer cell lines. The authors reported a
larger degree of radiosensitization when HU shortly followed
IR as compared with HU delivered before IR.15 The proposed
mechanism of the observed radiosensitization was that IR
induced DNA damage and this induced a subsequent increase
in RR activity to perform DNA repair.16 When this IR-induced
increase in RR activity was shortly followed by the exposure
to HU, which is an RR inhibitor, the IR-induced repairable
DNA lesionswere converted to irreparable DNA lesionswith a
significant increase in radiosensitization.16 Similar results
were reported by Ward and associates, who found that
HU treatment immediately after IR directly inhibited the
IR-induced DNA repair in HeLa cancer cervix cell lines.17

Thus we report the first case of a patient with recurrent
anaplastic meningioma to have a near complete/partial

Fig. 1 Magnetic resonance Imaging of the sinuses (A) April 2012 axial, (B) September 2012 axial, (C) April 2012 coronal, (D) September 2012
coronal. Pre- and post-hydroxyurea demonstrating a significant objective radiologic response.
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radiologic regression after 5 months of 25 mg/kg of HU once
daily, given within 1 month after stereotactic fractionated
reirradiation. Although this is only a report of one patient, a
plausible mechanismmay be that HU sensitized the tumor to
the previously administered ionizing radiation leading to
tumor shrinkage and cavitation. Clearly, more research is
needed to further explore this novel finding and further
elucidate the potential of HU in treating anaplastic
meningioma.
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Table 1 Summary of current studies on the efficacy of hydroxyurea in anaplastic (WHO grade III) meningioma

Study Age, sex No. of
patients

NOS Prior RT
(mo pre-HU)

Prior ChemoRx
(mo pre-HU)

Best
response

Follow-up Toxicity of
grade 3 or
higher

Schrell et al8 56, M 1 6 Yes, RT (60) No SD 24 mo No

Mason et al9 57, F 1 3 Yes, RT þ
SRT (17)

No PR 24 wk No

Hahn et al3 54–72,
M and F

2 1, 2 Concurrent N/A SD, PR 4–34 mo No

Reardon et al10 Median 50;
M 43%,
F 57%

4 NA 33% (NA) Yes
(10% of patients)

SD 24 mo Yes

Chamberlain7 NS 13 NA Yes, RT þ
SRT (> 3 mo)

No SD 12 mo Yes

Abbreviations: ChemoRx, chemotherapy; mo pre-HU, therapy completed x months before hydroxyurea administration; NA, not applicable; NOS,
number of surgeries; NS, not specified; PR, progression; RT, radiotherapy; SD, stable disease.
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