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Abstract. Over 65,000 primary brain tumors are diagnosed 
annually in the US alone. Malignant gliomas represent 
more than one-third of such cases. Despite advances in 
neuroimaging, surgical techniques, radiotherapy and chemo-
therapy, the survival rate of this disease remains poor. The 
introduction of agents which disrupt the function of vascular 
endothelial growth factor (VEGF) and its receptors to glioma 
therapy has resulted in an unusually high percentage of 
patients experiencing radiographic responses. Bevacizumab, 
approved by the Food and Drug Administration for the treat-
ment of recurrent glioblastoma in 2009, has changed the field 
of neuro-oncology. The drug has been utilized as a single 
agent and in combination with the classic cytotoxic agents 
typically applied in this setting. Numerous studies have 
reported high response rates and encouraging extensions of 
time-to-progression. The optimal schedule and combination 
of bevacizumab with alternative drugs has not been identi-
fied. The current study presents the results of a retrospective 
analysis of the combination therapy utilizing bevacizumab 
with the alkylating agent carboplatin in patients with recur-
rent malignant glioma.

Introduction

The treatment of malignant glioma is associated with a high 
failure rate. The majority of patients progress following initial 
therapy. The current standard of care for newly diagnosed glio-
blastoma includes maximal safe surgical resection followed 
by radiotherapy with concomitant and adjuvant chemotherapy 
(temozolomide) (1). Despite this approach, the median survival 

rate is estimated to be 14.6 months and only approximately 
25% of patients are alive at 2 years from diagnosis. At the 
time of progression, salvage therapies offer extremely modest 
efficacy. The majority of salvage therapies are associated with 
low response rates and a marginal benefit on progression-free 
and overall survival (OS) rates. Numerous agents have been 
tried in this setting, offering low response rates ranging from 5 
to 20% and median OS between 5 and 7.5 months (2-5).

The introduction of bevacizumab, a humanized monoclonal 
antibody against vascular endothelial growth factor (VEGF), 
to the therapy of recurrent glioblastoma (GBM) resulted in 
a significant improvement in response rates. By removing 
available circulating VEGF (frequently overexpressed by 
malignant gliomas), bevacizumab inhibits the proliferation of 
endothelial cells and the formation of new blood vessels (6), 
frequently resulting in remarkable radiographic responses. 
Stark-Vance, who pioneered the use of this antibody in glioma, 
paved the way for larger studies utilizing bevacizumab in 
combination with irinotecan in GBM (7). A phase II study 
led by Vredenburgh confirmed the initial encouraging find-
ings and reported an overall response rate of 57% in patients 
with recurrent GBM treated with bevacizumab in combination 
with irinotecan. Of these patients, 46% were progression‑free 
at 6 months (8,9). Single-agent bevacizumab has also been 
utilized in several prospective studies for recurrent GBM. 
Reported progression-free survival (PFS) was between 4 and 
4.2 months. Between 29 and 42% of patients were free from 
progression at 6 months and the reported median OS was 
between 7.8 and 9.2 months (10,11).

Combination therapies utilizing an anti-VEGF platform 
studied in a prospective fashion include bevacizumab with 
the following agents: irinotecan (9,10), etoposide (12), erlo-
tinib (13), temzolomide (14), carboplatin plus irinotecan (15) 
and carboplatin plus etoposide (16). The majority of combina-
tions offered similar benefits but toxicity was generally more 
pronounced when cytotoxic regimens were added to anti-VEGF 
therapy. Only one small retrospective study used carboplatin 
alone in combination with bevacizumab in patients with recur-
rent malignant glioma (17). A total of 9 patients were treated 
with this combination (5 with WHO grade III glioma and 4 
with WHO grade IV glioma). The PFS rate at 6 months was 
40% for grade III and 50% for grade IV patients. Due to the 
extremely small number of subjects in this retrospective study, 
it is difficult to draw conclusions concerning the efficacy of 
this regimen. 
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Carboplatin, a platinum analog, has been used in therapy 
for a variety of types of cancer, including ovarian, bladder, 
head and neck, endometrial, small- and non-small cell lung 
and germ cell tumors. The drug covalently binds to DNA pref-
erentially at the N-7 position of guanine and is not cell‑cycle 
specific. Following intravenous administration, carboplatin 
is widely distributed throughout the body and crosses the 
blood‑brain barrier, which makes it particularly attractive for 
glioma therapy. Carboplatin dosing is based on the target area 
under the curve (AUC) and, typically, doses between AUC of 4 
and 7 mg/ml/min are prescribed. The major toxicity of carbo-
platin is myelosuppression. Carboplatin monotherapy has 
been shown to be modestly effective in therapy of recurrent 
malignant glioma (5,18). The results of combination therapies 
utilizing carboplatin for this indication have also been encour-
aging (16,19). 

As previously mentioned, only one small retrospective case 
series evaluated the combination of carboplatin with bevaci-
zumab in recurrent malignant glioma. We present the largest 
retrospective series of patients treated with this combination at 
one institution to date. 

Materials and methods

We performed a retrospective chart review of patients treated 
at the University of Washington Medical Center between 
2008 and 2010. The local Institutional Review Board 
approved the study. Patients eligible for the inclusion in the 
study cohort had to have WHO grade III or IV glioma that 
progressed following initial or prior therapy. Information was 
gathered, including patients' demographics, tumor type and 
grade, prior treatments, number of progressions, Karnofsky 
Performance Status (KPS), treatment schedule, number of 
doses of the treatment drugs, time-to-progression, OS rate 
and toxicity.

All patients selected for the study were treated with a 
combination of bevacizumab and carboplatin. Bevacizumab 
(Avastin®; Genetech, South San Francisco, CA, USA) was 
administered at a dose of 10 mg/kg every 14 days and carbo-
platin was dosed using AUC of 4-6 mg/ml/min, depending 
on the patient's prior treatment history and bone marrow 
reserves. One cycle consisted of 2 doses of carboplatin (every 
28 days) and 3 doses of bevacizumab (every 14 days) and lasted 
6 weeks. Radiographic assessment included review of MRI 
scans of all patients at multiple time points. T1-weighted post-
contrast and T2-fluid attenuated inversion recovery (FLAIR) 
images were used for analysis. Responses were determined 
using modified McDonald/RANO criteria. Steroid dosing 
was recorded for all patients and taken into account during 
response assessment. 

Results

Of the 19 eligible patients, 58% were male and 42% were 
female. The median age at diagnosis was 53 years. Median 
KPS at the time of therapy initiation was 80. At the time of 
disease progression, the median KPS was 60. At initial diag-
nosis, 14 patients had GBM, two anaplastic oligodendroglioma 
(AO), one oligoastrocytoma (OA) and two were classified as 
high‑grade glioma (HGG) at the time of recurrence. A total of 

13 patients were treated at the time of the first progression and 
six at the time of the second progression. In total, 90 doses of 
carboplatin and 172 doses of bevacizumab were administered. 
The mean time-to-progression was 19 weeks (95% CI, 15.3-
22.6) for the GBM cohort (median, 22 weeks) and 21.9 weeks 
(95% CI, 18.2-25.6) for the entire cohort (median, 22.2 weeks). 
Survival curves are depicted in Fig. 1. The median OS rate 
for GBM patients was 40 weeks (mean, 46.07 weeks; 95% CI, 
30.7-61.3; Fig. 2). The calculated median OS from the time of 
initial diagnosis was 111 weeks (95% CI, 68.8-153.1) for GBM 
patients. At 6 months 40% of GBM patients were progres-
sion‑free and 8 were alive at the time of data analysis; for 
the 7 deceased patients, the median survival was 43.7 weeks. 

Figure 1. Kaplan-Meier analysis of PFS (A) for all patients in the study and 
(B) for GBM patients only. PFS, progression-free survival; GBM, glioblastoma. 

Figure 2. Kaplan-Meier analysis of OS for GBM patients in the study. Note 
median OS of 40 weeks. OS, overall survival. GBM, glioblastoma.
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Hematological toxicity was observed in 8 (42%) patients. More 
than half of the patients (58%) experienced grade I or II toxicity. 
Of the patients who experienced hematological toxicity, three 
patients (37.5%) experienced grade III neutropenia, four (50%) 
grade III lymphopenia and one (12.5%) grade III thrombocy-
topenia. Grade IV hematological toxicity was not observed. 
One patient (5.2%) suffered from brain hemorrhage and one 
patient developed meningoencephalitis following herpes 
zoster infection. At the time of evaluation, the response rate 

was 52.6% [complete response (CR) plus partial response 
(PR); n=10]. Of the patients, 21% (n=4) had stable disease (SD) 
and in 26.3% (n=5) the response could not be fully assessed 
due to inadequate scans, missing data or lack of measurable 
disease at the start of therapy (Table I). Progressive disease 
was not observed prior to completion of the first cycle of 
therapy. A response following 1 cycle of therapy was achieved 
by 66% of responding patients, 25% following 2 cycles and 
8.3% following 3 cycles. The majority of patients who failed 

Table I. Summary of selected characteristics of patients enrolled in this study.

Subject		  Age at diagnosis	 Tumor	 KPS at initiation	 No. of doses	
number	 Gender	 (years)	 type	 of therapy	 (carboplatin/bevacizumab)	 Response

  1	 M	 41	 GBM	 80	 10/20	 PR
  2	 F	 60	 GBM	 70	 5/9	 PR
  3	 M	 47	 GBM	 100	 3/7	 SD
  4	 M	 61	 GBM	 80	 5/11	 CR
  5	 M	 27	 GBM	 70	 4/11	 Possible PD
  6	 M	 67	 GBM	 60	 2/3	 SD
  7	 F	 35	 HGG	 70	 4/7	 Possible SD
  8	 M	 53	 GBM	 90	 7/15	 PR
  9	 F	 22	 GBM	 90	 8/15	 SD
10	 F	 61	 GBM	 50	 1/10	 Possible CR
11	 M	 47	 GBM	 60	 4/8	 PR
12	 M	 64	 GBM	 80	 5/6	 Possible SD
13	 M	 74	 GBM	 70	 3/1	 PR
14	 F	 63	 AO	 80	 7/14	 PR
15	 M	 39	 OA 	 70	 5/10	 CR
16	 F	 38	 HGG	 90	 3/13	 Possible SD
17	 F	 23	 AO	 80	 5/12	 CR
18	 F	 55	 GBM	 90	 5/15	 PR
19	 M	 58	 GBM	 50	 5/UNK	 SD

M, male; F, female; GBM, glioblastoma; HGG, high-grade glioma; AO, anaplastic oligodendroglioma; OA, oligoastrocytoma; KPS, Karnofsky 
Performance Status; PR, partial response; CR, complete response; PD, progressive disease; SD, stable disease; UNK, unknown.

Figure 3. Example of a radiographic response to the combination of bevacizumab and carboplatin following one cycle of therapy in a patient with recurrent 
GBM (subject number 1). (A) T1 post-gadolinium images and (B) FLAIR images are shown prior to (left) and following (right) therapy. Note the significant 
reduction of the mass effect indicating rapid onset of anti-edema effects of bevacizumab. Radiographic response was correlated with the marked improvement 
of the patient's neurological symptoms (aphasia and hemiparesis). FLAIR, fluid attenuated inversion recovery. GBM, glioblastoma.
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this therapy experienced confined, ipsilateral radiographic 
progression on T1 post-gadolinium and FLAIR images. A 
summary of the data is shown in Table I and an example of a 
radiographic response is shown in Fig. 3.

Discussion

According to the studies published to date, there is no strong 
evidence suggesting that the addition of cytotoxic therapy to 
anti‑VEGF agents translates into improved efficacy (20,21), 
although the vascular normalization theory offers an attractive 
mechanism supporting a combination approach utilizing an 
anti-VEGF agent with a traditional cytotoxic agent. The current 
retrospective series is the largest reported to date utilizing the 
combination of carboplatin with bevacizumab. The choice of 
agents for the treatment of recurrent malignant glioma at our 
institution was dictated by the available evidence, properties 
and pharmacokinetics of the agents and toxicity profile. It was 
revealed that carboplatin paired with bevacizumab offers a high 
response rate (52.6% in the present study) that compares favor-
ably with the results of other published studies. The median OS 
for GBM patients in our study was 10 months and 40% of these 
patients were progression‑free at 6 months. These results also 
compare favorably with published prospective data. While direct 
comparisons are not possible due to differences in study designs, 
numbers of patients, treatment regimens and tumor histologies, 
the reviewed data indicate that carboplatin with bevacizumab 
offers moderate activity, comparable or possibly superior to 
single-agent anti-VEGF therapies (Table II). To confirm this 
hypothesis, a prospective randomized study of this combination 
is required. Notably, the results of a recently published phase II 
study combining carboplatin with irinotecan and bevacizumab 
did not confirm the superiority of that particular combined 
approach over the single-agent bevacizumab (15). 

In addition to the encouraging efficacy of the studied 
combination, a rapid response to therapy (66% of patients 
responded following only one cycle of therapy) and tolerable 
toxicity with no instances of grade IV hematological events 

was also observed. Patients maintained a good quality of 
life while receiving therapy. The combination was active at 
first and second recurrence in bevacizumab-naïve patients. 
The majority of the radiographic progressions observed were 
ipsilateral to the initial disease site and did not indicate the 
conversion of glioma into a more aggressive, diffuse phenotype 
that is occasionally described post anti-VEGF therapy (22).

In conclusion, acknowledging the limitations of the current 
study, we consider that the combination of carboplatin and 
bevacizumab is active and well-tolerated in recurrent HGG 
patients. Optimization of carboplatin dose intensity and 
schedule with regard to the administration of anti-VEGF 
agents (‘vascular normalization window’) may result in 
improved efficacy in future studies with this combination. 
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