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is recommended, even if the patient has a history of standard 
TMZ chemotherapy6,30). Continuous therapy with metronomic 
regimens was reported to inhibit tumor angiogenesis through 
the suppression of tumor endothelium regeneration and 
MGMT depletion of the tumor endothelium9-11,25). On such a 
theoretical basis, dose-dense TMZ chemotherapy has been in-
vestigated for the treatment of recurrent or TMZ-refractory 
GBM despite ongoing debates on their clinical efficacy23,29). 
Considering the grim prognosis of recurrent GBM and the cost 
effectiveness of chemotherapy, it is important to clarify the clin-
ical efficacy of continuous low-dose TMZ chemotherapy and to 
incorporate biomarkers to predict the response. In the present 
study, we focused on the pathologic features and clinical courses 
of recurrent and TMZ-refractory GBM treated with continuous 
low-dose TMZ (50 mg/m2, daily) until tumor progression. 

Microvessel density is considered a surrogate marker of neo-
vascularization by detecting endothelial cells of the tumor mi-

INTRODUCTION

The prognosis of glioblastoma (GBM) patients still remains 
poor despite advances in surgical techniques, radiotherapy and 
chemotherapy. The median overall survival is expected to be 
only 14.6 months after maximum safe resection and irradiation 
with concurrent temozolomide (TMZ) and adjuvant TMZ che-
motherapy. In spite of multimodal therapies, most patients suf-
fer recurrence and die within forty weeks13,22). However, there is 
no consensus on the treatment for recurrent and TMZ-refrac-
tory GBM. Bevacizumab, a humanized monoclonal antibody 
against vascular endothelial growth factor (VEGF)-A, has been 
shown to have significant biological activity in patients with re-
current GBM and has been under investigation with other tar-
get agents12). Nitrosourea-based chemotherapy is associated 
with the risk of severe hematological toxicity32).

Rechallenge with alternative dosing TMZ for recurrent GBM  

Continuous Low-Dose Temozolomide Chemotherapy 
and Microvessel Density in Recurrent Glioblastoma 

Jong-Yun Woo, M.D.,1 Seung Ho Yang, M.D.,2 Youn Soo Lee, M.D.,3 Su Youn Lee, M.S.,1 Jeana Kim, M.D.,4 Yong Kil Hong, M.D., Ph.D.1

Departments of Neurosurgery,1 Pathology,3 Seoul St. Mary’s Hospital, The Catholic University of Korea, Seoul, Korea 
Department of Neurosurgery,2 St. Vincent’s Hospital, The Catholic University of Korea, Suwon, Korea 
Department of Hospital Pathology,4 Bucheon St.Mary’s Hospital, The Catholic University of Korea, Bucheon, Korea

Objective : The purpose of this study was to evaluate the clinical efficacy of continuous low-dose temozolomide (TMZ) chemotherapy for recurrent 
and TMZ-refractory glioblastoma multiforme (GBM) and to study the relationship between its efficacy and microvessel density within the tumor. 
Methods : Thirty patients who had recurrent GBM following Stupp’s regimen received TMZ daily at 50 mg/m2/day until tumor progression between 
2007 and 2013. The median duration of continuous low-dose TMZ administration was 8 weeks (range, 2–64). 
Results : The median progression-free survival (PFS) of continuous low-dose TMZ therapy was 2 months (range, 0.5–16). At 6 months, PFS was 
20%. The median overall survival (OS) from the start of this therapy to death was 6 months (95% CI : 5.1–6.9). Microvessel density of recurrent tu-
mor tissues obtained by reoperation of 17 patients was 22.7±24.1/mm2 (mean±standard deviation), and this was lower than that of the initial tu-
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recurrences develop in tumor cells with low metabolic burden. The efficacy of continuous low-dose TMZ could not be expected in recurrent GBM 
cells in poor angiogenic environments. 
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6.0), and then treated in a microwave oven for 10 min at 500 W. 
For CD34 staining, the tissue sections were digested with 0.2% 
trypsin in 0.01 mol/L phosphate-buffered saline (PBS) for 20 
min at 37°C. Next, the tissues were immersed in 3% H2O2 with 
distilled water for 10 min to inactivate endogenous peroxidases. 
After blocking non-specific binding by normal goat serum, the 
sections were incubated overnight at 4°C with mouse anti-
monoclonal CD34 antibody (QBEnd10 clone, 1 : 100, Dako, 
Glostrup, Denmark) as the primary antibody. Counterstaining 
was performed for 1 min with Mayer’s hematoxylin. Images 
were acquired using an Olympus BX41 microscope (Olympus, 
Tokyo, Japan) with a Camedia digital camera. The immunos-
tained slides were examined under light microscopy by two of 
the authors who were blinded to the patients’ clinical histories. 
Tumor microvessel density was determined by calculating the 
mean number of any endothelial cells stained with CD34 in 
three areas of highest vascularization in each slide under ×200 
magnification.

Statistical analysis
Progression-free survival time (PFS) was estimated from the 

start of continuous low-dose TMZ administration to tumor 
progression or drop-out from the study. Overall survival (OS) 
was from the start of continuous low-dose TMZ to the date of 
death, irrespective of its cause. PFS and OS were assessed by the 
product-limit method of Kaplan-Meier for all patients, and it 
was performed by using the SPSS software package (version 
18.0, SPSS Inc., Chicago, IL, USA). The local ethics committee 
gave approval for this work.

RESULTS

Clinical outcomes 
The patient population included 21 males and 9 females with 

a median age of 56.5 years (range, 32–79). The median KPS at 
enrollment was 80 (range, 60–100). All patients were previously 
treated with CCRT and adjuvant TMZ chemotherapy only. Sev-
enteen out of 30 patients underwent reoperation, and among 
them, grossly total resection and subtotal resection were achieved 
in 4 and 13 patients, respectively. Reoperation was used for con-
firmation of recurrent disease or for debulking to provide 
symptoms relief. The histological findings showed recurrent 
GBM in 15 patients and mostly radiation necrosis with viable 
tumor cells in 2 (Fig. 1). The median time between the initial 
GBM diagnosis and low-dose continuous TMZ administration 
was 14.25 months (range, 8–40.5). The median duration of low-
dose continuous TMZ administration was 8 weeks (range, 
2–64). 

The median overall survival (OS) from the initial diagnosis 
was 22 months [95% confidence interval (CI) : 15.2–28.8]. The 
median progression-free survival (PFS) of continuous low-dose 
TMZ therapy was 2 months (95% CI : 1.0–2.9). The 6-months 
PFS was 20%. The median OS from the start of low-dose, con-

corvasculature3,24). Several studies have indicated that microvessel 
density is an important prognostic factor in various malignan-
cies4,17,19). We analyzed prognostic value of the microvessel density 
of GBM cells obtained by surgical interventions.

MATERIALS AND METHODS

Patient characteristics 
From January 2007 to May 2013, 30 patients diagnosed with 

recurrent and TMZ-refractory GBM were given a dose of 50 
mg/m2 TMZ daily until disease progression or the decision to dis-
continue by the care giver at our institution The patients had 
previously been treated with concurrent chemoradiotherapy 
(CCRT) with adjuvant TMZ following the initial diagnosis of 
GBM. The first surgery achieved total resection, subtotal resec-
tion and biopsy in 16, 10, and 4 patients, respectively. The me-
dian Karnofsky performance status (KPS) scale at the time of 
first diagnosis was 90 (range, 70–100). 

Recurrence was determined by pathological examination in 
17 patients and radiological findings according to Macdonald’s 
criteria15) in 13 patients. TMZ was administered orally everyday 
at 50 mg/m2/day until neurological or radiological deterioration 
developed. The patients were asked to fast for four hours prior 
to and two hours after administration. Full blood examination 
was performed every 4 weeks. Clinical characteristics are sum-
marized in Table 1. Toxicity grading was evaluated according to 
the National Cancer Institute Toxicity Criteria (v4.0).

 
Microvessel density

Resected specimens were fixed in 10% formalin and embed-
ded in paraffin. Thin sections (4 μm) were deparaffinized twice 
using xylene and rehydrated in ethanol. The sections were 
placed in 0.01 mol/L of trisodium citrated dehydrate buffer (pH 

Table 1. Patient characteristics

Variables Numerical values
Gender

Male 21
Female 9

Median age (yrs) 56.5 (range, 32–79)
Median KPS at enrollment 80 (60–100)
Previous therapy

Radiation and TMZ 30
Adjuvant TMZ 30

Median time between the initial diagnosis 
and enrollment (months)

14.25 (range, 8–40.5)

Diagnosis of recurrence
Radiological finding 13
Tissue diagnosis 17

Median duration of daily TMZ 
administration (months)

2 (range, 0.5–16)

Median follow-up (months) 22 (range, 5–43)
KPS : Karnofsky Performance Scale, TMZ : temozolomide
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tinuous TMZ administration to death was 6 months (95% CI : 
5.1–6.9) (Fig. 2). Toxicity including nausea, vomiting and dizzi-
ness was well tolerated. Grade III and IV hematologic toxicity 
did not occur. 

Clinical impication of microvessel density  
Immunohistochemical staining (IHC) for microvessel densi-

ty was performed to examine the role as the prognostic factor 
in the recurrent specimens obtained by surgical interventions 
(Fig. 3). The median microvessel density within recurrent tu-
mor area obtained by reoperation was 15/mm2 (range, 3–97), 
and this value was applied as a cut-off value. OS and PFS tend-
ed to be better in the lower microvessel density group than in 
the higher density group, but this finding was not statistically 

significant (p-value=0.156 and 0.144, respectively) (Fig. 4). 
The microvessel density of the first specimen obtained by the 

initial operation was 61.4±32.7/mm2 (mean±standard devia-
tion). The value was higher than the microvessel density of 
22.7±24.1/mm2 in the recurrent specimen (p-value=0.001). 

In analyzing 17 patients underwent reoperation, the mi-
crovessel density of the first specimen (65.5±11.4/mm2) was 
higher than that of the recurrent specimen (p-value=0.001). A 
median microvessel density of 55/mm2 and 15/mm2 was ap-
plied as a cut-off value in the initial and recurrent tumor, re-
spectively. The median OS (35 months) of patients with low 
microvessel density in the initial specimens and low microvessel 
density in the recurrent specimens tended to be higher than 
that (22 months) of patients with high microvessel density in 

Fig. 1. Glioblastoma with necrosis and 
hyaline thickening of vascular walls 
associated with radiation (A) hematox-
ylin & eosin (H&E) (×100). Area of radi-
ation necrosis (B) (×200) with infiltra-
tion of viable tumor cells (arrow) (C) 
having Ki-67 positivity (D) (×400). 
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Fig. 2. Kaplan-Meier curves showing progression-free survival (PFS) (A) and overall survival (OS) (B).
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the initial specimens and high microvessel density in the recur-
rent specimens. However, the differences between groups were 
not statistically significant (p-value=0.687).

There was no significant relationship between PFS, OS and 
biological markers such as ki67 (p-value=0.950), p53 (p-val-
ue=0.752), MGMT promoter methylation (p-value=0.368) and 
1p/19q deletion (p-value=0.379).

DISCUSSION

This study showed that the 6-month PFS was 20% and the 
median PFS was 2 months in recurrent and TMZ-refractory 
GBM patients treated with continuous low-dose TMZ chemo-
therapy. All patients had received radiotherapy with concomi-
tant TMZ and cyclic TMZ therapy. Other cytotoxic agents or 
target therapies were not administered. In contrast to other tri-
als using dose-dense or metronomic TMZ chemotherapy for 
recurrent GBM, tissue diagnosis was performed in 17 patients 
(56.7%) who underwent surgery. Fifteen specimens revealed 
recurrent GBM cells without radiation necrosis. Two patients 
with radiation necrosis with a few viable tumor cells showed 8 
and 2 months of PFS following continuous low-dose TMZ 
therapy, respectively. In the case of treatment-related necrosis 

with tumor cells, deciding whether these tumor cells are still vi-
able is difficult. It was reported that salvage pathologies reveal 
pseudoprogression (treatment-related necrosis without viable 
tumor cells) in 12 of 28 (42.8%) patients with GBM after con-
current radiotherapy and TMZ26). Therefore, the investigators 
restricted entry into the clinical trial of recurrent GBM only to 
patients with disease progression for more than three months 
from the end of chemoradiation21). We decided to give continu-
ous low-dose TMZ to a patient with clinical deterioration previ-
ously treated with 6-cycle adjuvant TMZ chemotherapy follow-
ing irradiation with concurrent TMZ, although the pathologic 
findings obtained by reoperation showed radiation necrosis 
with infiltration by a few tumor cells. It is suggested to consider 
surgery in clinically symptomatic patients, as it may improve 
the clinical condition of the patient and allow a histological diag-
nosis of the lesion (i.e., tumor or extensive necrosis, or both)18). 
There are concerns that the response rate and antitumor effects 
of this regimen could be affected by pseudoprogression or radi-
ation change. 

In the phase II RESCUE study (continuous TMZ 50 mg/m2/
d), 6-month PFS was 23.9% in recurrent GBM patients. Patients 
who had received prior chemotherapy for recurrent disease 
were excluded. Best response was shown in patients who had 

Fig. 3. Vessels stained with cluster de-
terminant 34 and a light counterstain 
of hematoxylin. Magnification : ×200. 
Area of low (A) and high (B) microves-
sel density. A B

Fig. 4. Kaplan-Meier curves of progression-free survival (A) and overall survival (B) according to microvessel density within the recurrent tumors (p-
value : 0.144, 0.156, respectively). MVD : microvessel density.
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completed a prior course of concurrent TMZ chemoradiothera-
py plus adjuvant TMZ followed by a drug-free period of at least 
2 months21). In the recent phase II trial study (continuous TMZ 50 
mg/m2/d), 6-month PFS was 19% and median OS was 7 months in 
recurrent GBM patients. Twenty-six patients (70%) had previ-
ously received bevacizumab or experimental targeted therapies. 
Patients with previous bevacizumab exposure survived signifi-
cantly less than bevacizumab-naïve patients20). Along with our re-
sults, continuous TMZ 50 mg/m2/d protocol showed tolerable 
toxicities. Although grade III and IV hematologic toxicities did 
not occur in our series, lymphopenia is understood to be the 
most frequent toxicity experienced during therapy following this 
regimen. 

It was reported that microvessel density correlated signifi-
cantly with postoperative survival in both previously untreated 
and treated patients with supratentorial astrocytomas1,14). Mi-
crovessel density in high grade gliomas was significantly higher 
as compared to that in low grade gliomas. Microvessel density 
revealed a positive correlation with histologic grade in high 
grade gliomas2,16). Initially, we investigated the relationship be-
tween the efficacy of continuous low-dose TMZ chemotherapy 
and the microvessel density of recurrent tumors. However, our 
series showed that microvessel density adds little information to 
help predict PFS and OS of recurrent GBM patients given con-
tinuous low-dose TMZ. It was stated that microvessel density 
may not be a predictor of treatment efficacy, because it is not a 
measure of the angiogenic dependence of a tumor, but rather 
reflects the metabolic burden of the supported tumor cells8).

Next, we compared microvessel density of recurrent speci-
mens with that of the initial specimens. Interestingly, the mi-
crovessel density of recurrent specimens was significantly lower 
than that of the initial specimens. Changes in microvessel den-
sity reflect the changing ratio of the vascular component of the 
tumor to its tumor-cell component. Although a decrease in mi-
crovessel density is associated with the previous treatment, the 
disease status was identified as recurrence. This can be partially 
explained by the lower oxygen consumption rate of recurrent 
tumor cells. In addition, tumor cells are known to tolerate oxy-
gen deprivation and to be resistant to apoptosis under hypoxic 
conditions31). Because recurrent tumor cells can remain viable 
in low metabolic demand, the microvessel density in the recur-
rent specimen can be decreased. 

Although the small number of patients in this retrospective 
study is the major limitation, continuous low-dose TMZ does 
not influence GBM cells that develop the recurrence in poor 
angiogenic environments. Similarly, combination therapy with 
continuous low-dose TMZ and bevacizumab is not superior to 
TMZ only in terms of PFS and OS28). The initial results reported 
at ASCO 2014 of the German randomized phase II DIREKTOR 
trial using the ‘one week on-one week off ’ TMZ versus ‘three 
weeks on-one week off ’ TMZ did not yield a significant differ-
ence between the two group27). However, the analysis presented 
that MGMT promoter methylation status shows the same re-

sults as the study of Han et al.7) : the 6-month PFS after dose-in-
tensified TMZ was 39.7% in patients with methylated MGMT 
promoter versus 6.9% in patients without MGMT promoter 
methylation. In our series, there was no significant difference 
between MGMT promoter methylation status and the progno-
sis. Recently, other combination therapy beyond continuous 
low-dose TMZ only has been investigated for recurrent GBM5,33). 

CONCLUSION

Our findings show that continuous low-dose TMZ chemo-
therapy is not a promising alternative strategy for recurrent and 
TMZ-refractory GBM. Measurements of microvessel density 
do not have predictive value for recurrent GBM treated with 
continuous low-dose TMZ chemotherapy. It is critical to identi-
fy the resistance mechanism and develop novel strategies for 
the treatment of recurrent GBM.
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