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Abstract

Bevacizumab has been reported to be effective for recurrent glioblastoma. In our hospital, ifosfamide, 
carboplatin, etoposide (ICE) is the second-line chemotherapy for first recurrence of glioblastoma after 
temozolomide failure. In the present analysis, we retrospectively investigated the feasibility and effective-
ness of bevacizumab combined with ICE in patients with glioblastoma at second relapse during ICE treat-
ment. Between 2010 and 2012, tumor progressions were diagnosed in consecutive 8 patients who were 
treated with ICE for the first recurrence of glioblastoma. These patients were administered 3 cycles of  
10 mg/kg bevacizumab every two weeks in combination with ICE treatment. The objective response rate of 
bevacizumab combination was 75% in Neuro-Oncology Working Group (RANO criteria), including com-
plete response and partial response. Median progression free survival (PFS) and median overall survival 
(OS) after second relapse were 3.7 months (95% confidence interval [CI], 2.5–18.5 months) and 6.0 months 
(95% CI, 3.2–19.7 months), respectively. The 6-month PFS rates were 25% (95% CI, 0–55.0%). The median 
OS after initial diagnosis was 23.3 months (95% CI, 16.2–55.8 months). The grade 2 or 3 hematologic 
adverse events were identified in 7 of 8 patients, most of which might be due to ICE chemotherapy. The 
results of our retrospective analysis suggest that combination treatment with bevacizumab and ICE may 
be safe and beneficial in patients with recurrent glioblastoma.
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Introduction

Glioblastomas are primary malignant brain tumors 
causing poor morbidity and mortality.17) Current 
standard treatment in newly diagnosed glioblastoma 
includes radiotherapy with concomitant and adju-
vant temozolomide following surgery. The median 
survival for patients with glioblastoma remains  
14.6 months.17) The biological nature of glioblastoma 
is extremely refractory and relapsing. However, there 
is no consensus on the optimal practice for patients 

with recurrent glioblastoma. In the literatures, there 
are many retrospective studies and prospective trials 
to treat recurrent glioblastoma. An alternative dosing  
schedule of temozolomide is a reasonable option in 
patients with glioblastoma who experience progression 
after conventional 150 or 200 mg/m2 5/28 dosing 
schedule.9,10,24) The RESCUE study showed clinical 
benefit with 6-month progression free survival (PFS) 
rates (PFS-6) of 17% and 23.9% with continuous 
dose-intense temozolomide 50 mg/m2/d in recurrent 
glioblastoma.9) The study of the “week on/week 
off” dosing schedule of temozolomide at a dose of 
150 mg/m2/day demonstrated clinical benefit with Received June 11, 2013; Accepted July 17, 2013
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a PFS-6 of 43.8% in recurrent glioblastoma.24)

Based on the highly angiogenic nature of glio-
blastoma, anti-angiogenic targeted agents have been 
applied to a treatment approach. Bevacizumab is a 
humanized monoclonal antibody against the vascular 
endothelial growth factor.22) First phase II study of 
bevacizumab and irinotecan in patients with recur-
rent malignant glioma showed clinical benefit with 
a PFS-6 of 38%.16,19) Following studies showed the 
efficacy with a PFS-6 of 29–42.6% of single-agent 
bevacizumab in patients with recurrent glioblastoma 
who were treated with conventional management 
with temozolomide.4,6) Japanese phase II study of 
single-agent bevacizumab in patients with recur-
rent malignant glioma also demonstrated a PFS-6 
of 33.9%.8) However, bevacizumab responses are 
rarely durable.8,19,20)

Phase II study of ifosfamide, carboplatin, and 
etoposide (ICE) for recurrent glioblastoma showed 
a PFS-6 of 35% and mild adverse events.1) In our 
institute, ICE is used as second-line chemotherapy 
in patients with first relapsing glioblastoma treated 
with conventional management with temozolomide. 
Bevacizumab has generally been used in combination 
with cytotoxic agents in the management of solid 
malignancies. Retrospective studies have shown 
that regimens containing bevacizumab and carbopl-
atin were effective on recurrent glioblastoma.3,7,11,12) 
Therefore, for patients with re-recurrent glioblastoma 
treated with ICE, we use another chemotherapeutic 
agents containing bevacizumab combination with 
ICE. Retrospectively, we investigated the feasibility 
and effectiveness of bevacizumab combined with ICE 
in patients with second recurrence of glioblastoma 
during ICE treatment following temozolomide failure.

Materials and Methods

Patient’s demographics, clinical data, radiological, 
and histopathological findings, type of chemotherapy, 
number of chemotherapy cycles, and survival data 
were obtained retrospectively from our hospital 
medical records. We reviewed consecutive 8 patients 
diagnosed as second relapse of glioblastoma resistant 
to ICE, who were treated with bevacizumab in 
combination with ICE between 2010 and 2012. All 
patients had undergone previous surgery and were 
diagnosed histologically with glioblastoma. This 
retrospective analysis is in compliance with the 
Declaration of Helsinki (Sixth Revision, 2008). All 
data were collected retrospectively and in accord-
ance with institutional ethical policies.

Patients were evaluated with magnetic resonance 
imaging (MRI) every 1 to 2 months or according to 
clinical symptoms after the initial treatment. Tumor 

recurrence was diagnosed by MRI and positron 
emission tomography imaging with 18F-fluorode-
oxyglucose (18F-FDG). In the case with suspicious 
pseudo-progression, the adjuvant chemotherapy 
was continued.

The initial treatment following the first surgery 
were three types: radiotherapy with concomitant and 
adjuvant temozolomide,17) radiotherapy concomitant 
and adjuvant nimustine, carboplatin, vincristine, and  
interferon-beta (VACferon) followed by adjuvant 
temozolomide, radiotherapy with concomitant and 
adjuvant temozolomide and interferon-beta.21) All 
patients were diagnosed with first recurrence of glio-
blastoma and received ICE chemotherapy following 
surgical resection or/and stereotactic radiosurgery 
(35 Gy, 5 fractions) or no treatment. ICE regimen 
consisted of ifosfamide (750 mg/m2/day on day 1, 2,  
and 3), carboplatin (75 mg/m2/day on day 1, 2, 
and 3), and etoposide (75 mg/m2/day on day 1, 
2, and 3) in every 4–6 weeks.1) All patients were 
diagnosed with second recurrence of glioblastoma 
refractory to ICE and received 3 cycles of 10 mg/kg  
bevacizumab, every two weeks, in combination with 
the same regimen of ICE as before.

The objective response rate (ORR) to treatment 
was assessed using the Response Assessment in 
Neuro-Oncology Working Group (RANO criteria).23) 
We evaluated contrast-enhanced T1-weighted images 
and fluid attenuated inversion recovery (FLAIR) 
images at the second relapse and after 3 cycles of 
bevacizumab. Both complete and partial responses 
were considered objective responses. Toxicity was 
evaluated after 3 cycles of bevacizumab according 
to the National Cancer Institute Common Toxicity 
Criteria (CTCAE) version 4.0. PFS was measured 
from the date of image diagnosis to the date of 
disease progression or death. Patients alive and 
progression free at last contact are treated as 
censored in the PFS analysis. Overall survival 
(OS) was defined as the time from the date of 
diagnosis to the date of death or last contact. 
The Kaplan–Meier method was used to estimate 
survival, which was measured from the time of 
diagnosis to the date of death. Statistical analyses 
were with PRISM version 5.0 (GraphPad Software 
Inc., La Jolla, California, USA).

Results

The characteristic features of 8 patients analyzed in 
this study are summarized in Table 1. There were 
6 males and 2 females, and the median age was  
53 years. Six patients received radiotherapy (60 Gy,  
30 fractions) with concomitant and adjuvant temo-
zolomide as the initial treatment. Exceptionally, 
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Table 1  Demographic characteristics of patients With second recurrence of glioblastoma

Case Age Sex First 
chemotherapy

Radiation 
(Gy)

First 
chemotherapy 
(cycle number)

Salvage 
treatments at 
first relapse

ICE cycle 
number 

at second 
relaspe

Salvage 
treatments 
at second 
relapse

KPS at 
second 

relapse (%)

1 60 M VACferon 59.4 VACferon (6), 
TMZ (27)     6   60

2 27 F TMZ 60 TMZ (12) Surgery 12 Surgery 80

3 52 M TMZ 60 TMZ (11) Surgery   8   50

4 47 M TMZ 60 TMZ (6) Surgery   3   70

5 67 F TMZ 60 TMZ (7) Surgery, SRT 
35Gy

  2   60

6 64 M TMZ+IFN 60 TMZ+IFN (5)     2   50

7 62 M TMZ 60 TMZ (16) SRT 35Gy   4   70

8 51 M TMZ 60 TMZ (4) Surgery, SRT 
35Gy

  4   60

F: female, KPS: Karnofsky performance status, M: male, SRT: stereotactic radiosurgery, TMZ: temozolomide, VACferon: nimus-
tine, carboplatin, vincristine, interferon-beta.

one patient, Case 1, was received ACNU regimen of 
VACferon with radiotherapy followed by adjuvant 
temozolomide. Another patient, Case 5, was received 
interferon-beta in combination with the conventional 
management with radiotherapy and temozolomide. 
After the first recurrences were recognized during 
temozolomide treatment, three patients (Cases 
2–4) had tumor resection, two (Cases 5 and 8) had 
tumor resection followed by stereotactic surgery 
for the residual tumor (35 Gy, 5 fractions), and 
one patient (Case 7) had only stereotactic surgery 
(35 Gy, 5 fractions). All patients were treated with 
ICE chemotherapy after temozolomide failure. At 
second relapse diagnosed during ICE treatment, 
3 cycles of 10 mg/kg bevacizumab in every two 
weeks were administered. The median values of 
Karnofsky Performance status were 60 (50–80). 
The cycle numbers of ICE were 2–12 before the 
second relapse of glioblastoma. Only one patient 
(Case 2) had tumor resection before administration 
of bevacizumab.

Clinical results in 3 cycles of bevacizumab combi-
nation in patients with second recurrence of glio-
blastoma resistant to ICE are summarized in Table 2.  
The ORR of bevacizumab including complete response 
and partial response was 75% in RANO criteria (Fig. 1,  
Case 2). The median PFS and OS after bevacizumab 
in combination with ICE were 3.7 months (95% 
confidence interval [CI], 2.5–18.5 months) and 6.0 
months (95% CI, 3.2–19.7 months), respectively. 
The PFS-6 rates were 25% (95% CI, 0–55.0%). The 
median OS after onset was 23.3 months (95% CI, 
16.2–55.8 months). Two patients (Cases 2 and 7) 

were treated with additional bevacizumab at third 
relapse of glioblastoma.

Bevacizumab in combination with ICE did not 
produce any acute toxic events. Hematologic and 
nonhematologic grade 2 or 3 adverse events are 
showed in Table 3. There was no grade 4 or higher 
adverse events except in one patient (Case 1). The 
death of the patient (Case 1) was not related to 
chemotherapy. Hematologic toxicities were identi-
fied in 7 of 8 patients and comprised 60% of the 
grade 2 or 3 adverse events. These adverse events 
were thought to be attributed to ICE chemotherapy. 
Cerebral hemorrhage, hypertension, proteinuria, and 
venous thromboembolism more than grade 3 were 
not identified in this series.

Discussion

This is the first report to evaluate combined admin-
istration with bevacizumab and ICE in patients 
with second recurrence of glioblastoma during ICE 
treatment, although it is retrospective analysis in 
small number cases. These results indicated that 
bevacizumab combined with ICE improved clinical 
deterioration in 6 of 8 patients with glioblastoma 
at second relapse. Furthermore, this combination 
therapy did not cause any severe adverse events, 
which means that bevacizumab is well tolerated 
although during ICE chemotherapy.

Bevacizumab is widely used in recurrent glioblas-
toma, alone or in combination with other agents. 
In the meta-analysis of bevacizumab effect for 
recurrent glioblastoma using 15 studies published 
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Table 2  Results of bevacizumab in combination with ICE in patients with second recurrence of glioblastoma

Case Bevacizumab 
cycles

ICE cycle 
number after 

second relaspe
RANO criteria OS from the 

initial diagnosis 
OS from ICE 

(months)

OS from 
bevacizumab 

(months)

Current 
status

1 3   2 PR 55.2 8.4 1.6 Dead

2 3 + 4 10 PR 44.2 30.2 18.7 Dead

3 3 17 PR 55.8 45.2 33.0 Alive

4 3   6 PR 20.2 11.1 8.0 Dead

5 3   1 SD 16.6 7.6 3.0 Dead

6 3   2 PR 16.2 8.4 4.8 Dead

7 3 + 2   3 PR 26.3 9.3 6.3 Dead

8 3   3 SD 16.4 9.6 5.6 Dead

ICE: ifosfamide, carboplatin, and etoposide, OS: overall survival, PR: partial response, RANO criteria: Response Assessment in 
Neuro-Oncology Working Group, SD: stable disease.

Fig. 1  Illustrative Case 2, 27-year-old female. A, D: Glioblastoma of the patient had rapidly regrown after the 
third surgery for her second relapsing tumor resistant to ICE. B, E: Her lesion was decreased after 3 cycles of  
10 mg/kg bevacizumab combined with ICE. C, F: Her lesion recurred after 3 cycles of ICE following bevacizumab. 
A, B, C: contrast-enhanced T1-weighted images. D, E, F: fluid attenuated inversion recovery images. ICE: ifosfamide,  
carboplatin, etoposide.

from 2005 to 2009, PFS-6 was 45%. The median 
OS was 9.3 months. The response rate analysis 
demonstrated 6% complete response, 49% partial 
response, and 29% stable disease.25) Japanese phase II  
study of single-agent bevacizumab showed that 
PFS-6 was 33.9% and median OS was 3.3 months 

in 29 patients with recurrent glioblastoma.8) In our 
analysis of bevacizumab in combination with ICE 
chemotherapy, PFS-6 was 25% and median OS 
was 6.0 months. Regarding the survival endpoints, 
our results seem to be worse than previously 
published data. It was a primary factor that the 
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Table 3  Number of patients who experienced adverse 
events according to CCTAE grade

Toxicity Grade 2 Grade 3 Total

Anemia 1 0   1

Lymphopenia 3 3   6

Platepenia 2 0   2

Hypoalbuminiemia 1 0   1

Constipation 5 0   5

Total 12 3 15

CCTAE: Common Terminology Criteria for Adverse Events

subjects were patients with second recurrence of 
glioblastoma in our analysis. This is compatible 
with previous reports that the PFS-6 and ORR were 
numerically higher in patients experiencing first 
relapse compared to those experiencing second 
relapse.4,8)

The phase II study to evaluate effect of bevaci-
zumab-alone and bevacizumab-plus-irinotecan for 
recurrent glioblastoma demonstrated no significant 
difference of survival endpoints, median OS times 
were 9.2 months and 8.7 months, respectively. 
However, our analysis showed that in two patients 
(Cases 2 and 3) who received more than 8 cycles of 
ICE, bevacizumab improved their disease progres-
sions refractory to ICE chemotherapy. Many previous 
reports also have implied that bevacizumab may 
have potential to affect tumor in combination with 
another chemotherapeutic agent.7,18,19) A possible 
mechanism is that antiangiogenic therapy affects 
tumor vascular structure and blood perfusion. The 
study to assess tumor blood perfusion in recurrent 
glioblastoma treated with cediranib, a pan-VEGF 
receptor tyrosine kinase inhibitor, demonstrated 
that tumor blood perfusion increased in 7 of 30 
patients. Increase of tumor blood perfusion was 
associated with longer survival. Antiangiogenic 
therapy induced-vascular normalization probably 
changes the efficacy of the combination drugs.15)

Recently, two phase III studies, AVAglio and 
RTOG 0825, to evaluate the addition of bevaci-
zumab to standard temozolomide management in 
patients with newly diagnosed glioblastoma were 
performed.2,5) These studies showed that the addi-
tion of bevacizumab did not improve OS but did 
improve PFS. Based on these results, it is a contro-
versial matter whether bevacizumab is combined 
with the standard temozolomide management as 
the initial treatment. And there are clinical ques-
tions to resolve. First, what is the factor to bring 
effect of bevacizumab? Bevacizumab-plus-irinotecan 

also resulted in high ORR and an increased PFS-6 
value, but showed no improvement in OS. Some 
patients with recurrent glioblastoma and well 
respond to bevacizumab have survived significantly 
longer than non-responders.19) In our analysis, 
salvage effects of additional bevacizumab tend to 
be prominent in ICE responders. Second, how do 
we use bevacizumab to be more effective and less 
harmful, for example, continuation or short-period 
administration similar to steroid? The retrospective 
study demonstrated that bevacizumab continuation 
beyond initial progression was associated with 
modestly improved outcome compared with non-
bevacizumab therapy.13) Third, no difference was 
seen in bevacizumab dose-response benefit between 
5 mg/kg and 10 mg/kg to 15 mg/kg. The lack of a 
dose-response effect would require confirmation in 
a prospectively conducted clinical trial. A model 
for the potential therapeutic benefits of low-dose 
antiangiogenic therapy was introduced.22) Antian-
giogenic therapy is perspective tool in association 
with tumor vascularity and drug delivery.

There is no established standard salvage chemo-
therapy for recurrent glioblastoma after the failure 
of standard management with temozolomide. Phase 
II studies of ICE chemotherapy in patients with 
recurrent glioblastoma showed clinical benefit 
with a PFS-6 of 35%.1) In our hospital, we use 
dose-reduction regimen of ICE as second-line 
chemotherapy for first relapsing glioblastoma. A 
Germany retrospective study, which was reported 
by Schäfer et al., showed that ICE was not effec-
tive in patients with recurrent high-grade glioma if 
applied at second or third relapse.14) In our analysis, 
PFS-6 was 37.5% in patients treated with ICE 
chemotherapy at the first relapse of glioblastoma. 
Retrospective studies of chemotherapy containing 
bevacizumab and carboplatin have also shown 
favorable effect that PFS-6 rates were 22–50% in 
recurrent glioblastoma.3,7,11,12) These suppose that the 
regimen containing carboplatin has potency to be 
active in malignant glioma, and that the efficacy 
of regimen combined with bevacizumab and ICE in 
patients with first relapse of glioblastoma should 
be addressed.

In conclusion, we consider that the combination 
of bevacizumab and ICE is well tolerated and may 
derive some clinical benefits in recurrent glioblas-
toma patients, in spite of the limitations of our 
analysis. Bevacizumab seems to be more active with 
in patients with first recurrence of glioblastoma 
compared those with its second recurrence. The 
dose intensity and schedule of bevacizumab and 
ICE need be optimized in future studies.
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