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pilot study reported in 1997. Four patients were enrolled in their 
study, each with a tumor that had grown into or originated from 
the cavernous sinus. This study showed surprising results : tu-
mor shrinkage in three patients and stabilization in the four33). 
Therefore, we began to use hydroxyurea for recurrent meningi-
oma. In our preliminary report of 4 meningioma patients treat-
ed with hydroxyurea, the drug was modestly active against me-
ningioma and well tolerated, with stabilized disease seen in all 
patients15). We report here our experience with hydroxyurea 
therapy in a more expanded cohort of patients with recurrent 
meningiomas who were followed up for an extended period. 

MATERIALS AND METHODS

A total of 331 meningioma patients were treated surgically 
between January 1988 and February 2012 in our department. 

INTRODUCTION

Intracranial meningiomas are extra-axial tumors that consti-
tute approximately 20% of all intracranial neoplasms, with an in-
cidence of 2-7 per 100000 in women and 1-5 per 100000 in 
men16,30). Surgical treatment is the primary therapy, but the re-
currence rate even in totally resected benign tumors (Simpson 
Grades 1-3) is approximately 10 to 20% after 5 years, 20 to 30% 
after 10 years, and approximately 50% after 20 years of follow-up 
review1,34). Treatment options at recurrence of incomplete resec-
tion include : further surgery, conventional external beam irradi-
ation, stereotactic radiosurgery and systemic therapies9,21). Hy-
droxyurea is an inhibitor of ribonucleotide reductase and 
interferes with deoxyribonucleic acid (DNA) synthesis in the S-
phase. Schrell et al.32) were the first to describe the use of hy-
droxyurea in patients with inoperable meningiomas, in a small 
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daily oral dose of hydroxyurea (1000 
mg/m2/day) at the start of therapy. Treat-
ment with hydroxyurea was repeated ev-
ery 28 days. Blood work was evaluated 
every 4 weeks and at clinical follow-up 
visits (including a complete physical and 
neurological examination), which were 
scheduled every 4 weeks. Treatment-re-
lated toxicity and complications were 
graded using the common terminology 
criteria for adverse events (CTCAE) ver-
sion 4.0. Tumor assessment was per-
formed by serial magnetic resonance 
imaging at 3 months, 6 months and year-
ly, using standard neuro-oncological re-
sponse criteria defined as : complete re-
sponse (CR), complete resolution of the 
enhancing tumor volume, and an im-

proved or normal neurological examination without steroid 
medication; partial response (PR), greater than 50% reduction 
of the enhancing tumor volume and a stable or improved neu-
rological 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 ste-
roids; and progressive disease, greater than a 25% increase of the 
enhancing tumor volume. Hydroxyurea was discontinued in 
the patient if the disease showed signs of progression, unaccept-
able toxicity developed.

RESULTS

Patient’s responses to hydroxyurea chemotherapy are listed in 
Table 2. All 13 patients were evaluable for radiographic respons-
es, treatment-related toxicity and complications. The mean fol-

Thirteen patients with recurrent meningioma were treated with 
hydroxyurea from June 1998 to February 2012. Criteria for ini-
tiating hydroxyurea therapy included the following : 1) histo-
logically confirmed diagnosis of meningioma; 2) neuroimaging 
evidence of recurrence; 3) Karnofsky Performance Status rating 
of 60 or higher; 4) life expectancy longer than 3 months; 5) re-
current tumors in locations associated with higher risk for re-
resection or patient do not want surgery. Thirteen patients, 
ranging in age from 32 to 83 years (mean 62.7 years), were en-
rolled into the study (Table 1). Nine patients were female and 
four were male. Eight of 13 patients with WHO grade I menin-
gioma and five patients with WHO grade II had recurrent me-
ningioma. Two patients had undergone some form of irradia-
tion prior to chemotherapy. The laboratory parameters necessary 
to begin treatment were as follows : WBC greater than 3000/uL, 
platelet count greater than 100000/uL, bilirubin less than 2 mg%, 
and creatinine less than 2 mg%. Each patient was started on a 

Table 1. Demographic data of meningioma patient cohort receiving hydroxyurea chemotherapy

Patient Age Sex Location Pathology
(WHO grade I/II) RT Surgeries

  1 52 F Tuberculum sellae I Y 1
  2 50 F Cerebellopontine angle I N 1
  3 54 M Planum sphenoidale I N 1
  4 49 M Sphenoid ridge I N 2
  5 49 F Frontoparietal convexity I N 1
  6 72 F Frontoparietal parasagittal I N 1
  7 68 F Cerebellopontine angle I N 1
  8 32 M Petrous apex I N 2
  9 79 F Frontal parasagittal II N 1
10 66 F Parietal parasagittal II N 1
11 83 M Frontal parasagittal II N 1
12 75 F Parietoccipital convexity II N 1
13 73 F Parietalconvexity II N 1

RT : radiation therapy, F : female, M : male, Surgeries : numbers of surgery

Table 2. Response and toxicity date of meningioma patient cohort receiving hydroxyurea chemo-
therapy

Patient TTP (months) Response Dosage reduced Hematologic toxicity
  1 128+ SD+ No No
  2   84 SD No No
  3   63+ SD+ No No
  4   85+ SD+ No No
  5   66+ SD+ No No
  6   88 SD→PD No No
  7 115 SD No No
  8   89 SD→PD No No
  9   77+ SD+ No No
10   92+ SD+ No No
11   36 SD→PD No No
12     8 SD No No
13   10 SD No No

TTP : time to tumor progression, SD : stable disease, PD : progressive disease , + : following up at present
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berg8) reported a 4-year relapse-free survival rate of 67% after 
radiation therapy for recurrent meningiomas. This study shows 
a 4-year relapse-free survival rate of 75% in twelve patients who 
were treated with only hydroxyurea therapy for recurrent me-
ningiomas. To obtain higher local control rates, higher doses of 
radiation would be necessary using more sophisticated tech-
niques28). Compared to conventionally fractionated radiation, 
radiosurgery clearly has short term advantages, such as reduced 
length of hospital stay, reduced patient costs and early return to 
pretreatment functional status29). Nevertheless, studies with 
longer follow-up periods and a larger number of patients are re-
quired to be able to sufficiently assess the long term outcome of 
radiosurgery11). The role of systemic treatment for recurrent 
meningioma remains contentious31). A number of agents have 
been examined including tamoxifen, mifespristone, interferons 
and systemic chemotherapy3,12,14). In general, these agents have 
been associated with low response rates and modest toxicity. 
The 2011 Central Nervous System National Comprehensive 
Cancer Network guidelines suggest these possible treatments 
(hydroxyurea, alpha-interferon or somatostatin analogues such 
as Sandostatin LAR) recognizing that there is very meager liter-
ature (medical level evidence category 3) regarding the medical 
oncology management of recurrent meningioma4-6).

Mechanism of action and clinical applications of 
hydroxyurea 

Hydroxyurea functions as a cell cycle-specific urea analog 
that inhibits the enzyme ribonucleotide diphosphate reductase 
and interferes with DNA synthesis by reducing the available 
pool of deoxyribonucleotides27). Recent laboratory studies have 
also suggested another mechanism of tumor cell death, the in-
duction of apoptosis32). The mechanism of hydroxyurea induced 
apoptosis remains unclear. It does not interact directly with DNA 
to cause strand breakage of adduct formation, which could up-
regulate p53 activity and lead to apoptosis19,36). In the late 1950s, 
hydroxyurea underwent further preclinical testing by Stearns et 
al.35) and was noted to have significant activity in vitro against 
L1210 leukemia cells and various solid tumors. Currently the 

low-up periods were 77.1 months, with a range of 19-128 months. 
The median time to progression (TTP) was 77 months (range 
8-128), with 6 patients still receiving treatment and accruing 
time at the time of the reporting of this study. The median TTP 
of grade I group was 90 months, and grade II group was 45 
months. Ten of 13 patients (76.9%) had SD with TTP of ranging 
of 8 to 128 months; there was no CR or PR. A patient with a pe-
trous apex meningioma had recurrence 42 months after the 
surgery. We started this patient on a daily oral dosage of hy-
droxyurea (1000 mg/m2/day). The patient’s tumor has not pro-
gressed for 89 months (Fig. 1). Three patients developed pro-
gressive disease. These three patients had SD that lasted 88, 89, 
and 36 months, respectively, before tumor progression. Hy-
droxyurea was well tolerated; toxicity was retrospectively re-
corded for all patients by type and grade using the CTCAE ver-
sion 4.0. The most common toxicity was hematological, with 
reduction in white blood cell. There was no severe (Grade III-
IV) blood systemic disorders; two patients with leukopenia 
were taken off drug therapy for a few days and the patients re-
covered. No severe toxicity was noted and no patients required 
dose reduction. And, there were no episodes of non-hemato-
logical side effects.

DISCUSSION

Treatment of recurrent meningiomas 
25 to 50% of all surgically treated meningiomas are incom-

pletely resected or will recur because of their intracranial loca-
tion1,34). The likelihood of premature death in patients with 
WHO grade I and II tumors who undergo subtotal tumor re-
moval is 4.2 times higher than in those who undergo total re-
moval13). Recurrent meningiomas are managed by re-resection 
when clinically indicated and surgically accessible, otherwise 
radiotherapy is most often employed6). Retrospective analyses 
suggested that postoperative radiation therapy for residual le-
sions of meningioma might prevent or delay tumor progression 
and improve disease-free survival, but the efficacy of radiation 
for recurrent tumors remains controversial7). Forbes and Gold-

Fig. 1. Axial T1-weighted gadolinium-enhanced magnetic resonance (MR) images of patient 8 in Table 1, 2.  A : Preoperative MR image demonstrat-
ing an enhancing mass lesion at the petrous apex with brainstem compression. B : Postoperative MR image demonstrating a remained mass lesion 
at petrous apex. C : MR image at 42 months after the operation demonstrating increased the mass. Hydroxyurea was started. After then, the tumor 
had been a stable disease. D : MR image at 89 months after initiation of hydroxyurea treatment demonstrating more increase the tumor and midbrain 
was compressed by tumor mass.

A B C D



520

J Korean Neurosurg Soc 52 | December 2012

responses, 35% of patients had stable disease and 65% manifest-
ed progressive disease. The tumors in our series, as in the series 
of Newton et al.26) and Mason et al.20), were characterized by 
long periods of stability on long-term follow-up. Ten of 13 eval-
uable patients (76.9%) demonstrated SD, with a median TTP of 
77 months. Six of these patients continue to remain stable on 
hydroxyurea. However, there was no CR or PR in our study. It 
seems that hydroxyurea has a positive impact on the behavior 
of enlarging benign meningiomas and the data provide prelim-
inary support for its use in this group of patients, who often 
have limited therapeutic options. These data are important be-
cause more effective medical therapy is necessary for meningio-
mas. Although radiation therapy of meningiomas with stan-
dard external beam approaches or radiosurgery is often able to 
inhibit growth, the effect may not be durable22). Treatment with 
hydroxyurea appears to have delayed progression of the disease. 
Thus, hydroxyurea may provide a meaningful clinical benefit 
for recurrent meningiomas. The strength of this study is some-
what weakened by the fact that only 13 of patients had menin-
gioma that were actively recurrent after the surgery at the time 
of hydroxyurea initiation. 

Toxicity of hydroxyurea
Hydroxyurea was well tolerated by most patients. The only 

consistent toxicity was hematological, with mild reduction of 
WBC. More severe (CTCAE grade III-IV) hematologic toxicity 
was not observed, and transfusions of growth factors were not 
required for any patients. In addition, there were no infections 
associated with the episodes of neutropenia. In patients with 
meningioma treated with hydroxyurea, the most commonly re-
ported toxicity was hematological24). In the report by Schrell et 
al.32,33) when the white blood cell count fell below 3000/uL the 
dose was reduced for several day, with subsequent improve-
ment. The cohort reported by Mason et al.20) had similar myelo-
suppressive toxicity, with anemia and neutropenia being most 
common abnormalities. NCI grades 2 and 3 toxicity were noted 
in eight patients. Five of these patients continued hydroxyurea 
treatment after a dose reduction, two continued without a change 
in dose, and one had to discontinue treatment. In the study by 
Newton et al.25) grade 1 and 2 toxicity included leucopenia in 
nine patients, thrombocytopenia in seven patients, and anemia 
in five patients. Minor dosage reductions of 250 to 500 mg/day 
were necessary in 11 patients with hematological toxicity. Non-

principal indication for using hydroxyurea is the treatment of 
myeloproliferative disorders, chronic myelogenous leukemia 
and polycythemia rubra vera in particular10,17,23). 

Preclinical studies and clinical pharmacology of 
hydroxyurea in meningiomas 

For meningiomas, hydroxyurea has constituted the primary 
medical therapy based on several studies and upon the initial 
report of its in vitro and in vivo activity by Schrell et al.32,33). Schrell 
et al. demonstrated in vitro that hydroxyurea, and oral chemo-
therapy with a variety of anti-tumoral effects was a potent in-
hibitor of cultured meningioma cells by inducing apoptosis of 
tumor cells32,33). Several subsequent clinical trials have demon-
strated the in vivo efficacy of drug, with modest and acceptable 
toxicity seen in patients (Table 3)6). Hydroxyurea is adminis-
tered orally and has excellent absorption and bioavailability 
from the gastrointestinal tract26). In cancer patients, oral bio-
availability is very good, ranging from 80 to 100% in various 
studies10). In tissue level, hydroxyurea enters cells via passive 
diffusion, including the brain and cerebrospinal fluid2). At the 
many studies, hydroxyurea was administered orally and the 
dosage given was 20-30 mg/kg/day or 1000 mg/m2/day. 

Clinical studies of hydroxyurea in meningiomas
Mason et al.20) evaluated the activity of hydroxyurea over a 

2-year treatment period (20-30 mg/kg/day) in a group of patients 
with recurrent or unresectable meningiomas. Newton et al.25,26) 
reported on the use of hydroxyurea (20 mg/kg/day) in several pa-
pers with overlapping cohorts. Rosenthal et al.31) treated 15 con-
secutive patients harboring recurrent or high-risk meningiomas 
with hydroxyurea (20 mg/kg/day). Hahn et al.11) recently report-
ed the results of a pilot study using the combination of hydroxy-
urea and concurrent conformal radiation therapy. These studies 
showed that hydroxyurea has modest activity in patients with re-
current meningiomas. In contrast to the studies outlined above, 
other reports are less suggestive of the effectiveness of hydroxy-
urea against meningiomas. Loven et al.18) described 12 patients 
with unresectable meningiomas who received hydroxyurea at the 
usual dosing regimen over a 24-month observation period. Nine 
patients had progressive disease with a median time to progres-
sion of 13 months. Chamberlain and Johnston6) treated 60 pa-
tients who had WHO grade I recurrent meningioma with hy-
droxyurea (1000 mg/m2/day). There were no radiographic 

Table 3. Hydroxyurea for recurrent meningioma

Author (references) # (# benign) Prior RT Response (%) Median TTP (months) Toxicity* (>grade 2) (%)
Newton et al.25,26)   17 (13) 7   SD (88) 20 25 (15)
Mason et al.20)   20 (16) 8   SD (60) 30   5
Rosenthal et al.31) 15 (5) 1   SD (73) 10 27 (20)
Hahn et al.11) 21 (4) 21 (concurrent)   SD (52) 14 53 (0)
Loven et al.18) 12 (8) 6 SD (8) 13 33 (25)
This study 13 (8) 1   SD (77) 77 15 (0)

*National Cancer Institute Common Toxicity Criteria. # : numbers of patients, RT : radiotherapy, SD : stable disease, TTP : time to progression
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hematological side effects included mild fatigue, bleeding of the 
gums, and constipation. 

Treatment strategies of hydroxyurea in meningiomas
It is important that more effective medical therapy be devel-

oped for meningiomas. The use of chemotherapy might obviate 
the need for further surgical procedures in certain patients and 
offer another beneficial treatment option for patients whose tu-
mors progress despite surgery and irradiation26). We think that 
could be considered an alternative therapy in patients with re-
current meningiomas following surgical resection. The current 
results suggest that hydroxyurea is active enough against me-
ningiomas to stabilize tumors after failure of surgical resection. 
However, phase III controlled trials and Class I data will be 
needed to more accurately determine the response profile of 
hydroxyurea and how it compares with other therapies.

CONCLUSION

This study with extended follow-up period shows that hy-
droxyurea has modest activity against recurrent meningiomas 
and may induce durable stabilization of tumor in patients, in-
cluding in patients whose tumors have recurred after multiple 
surgical resection and irradiation. We believe that hydroxyurea 
treatment is well tolerated and convenient, and could be con-
sidered an alternative treatment option in patients with recur-
rent meningiomas prior to reoperation or radiotherapy. 
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