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blinded, independent radiographic assessment of post-con-
trast T1-weighted and non-contrast T2/FLAIR weighted 
magnetic resonance imaging (MRI) using RANO criteria. 
For	 69	 evaluable	 patients,	 median	 PFS	 was	 not	 signifi-
cantly longer in the low dose bevacizumab + lomustine arm 
(4.34 months, CI 2.96–8.34) compared to the bevacizumab 
alone arm (4.11 months, CI 2.69–5.55, p = 0.19). In patients 
with	 first	 recurrence,	 there	 was	 a	 trend	 towards	 longer	
median PFS time in the low dose bevacizumab + lomustine 
arm (4.96 months, CI 4.17–13.44) compared to the beva-
cizumab alone arm (3.22 months CI 2.5–6.01, p = 0.08). 
The combination of low dose bevacizumab plus lomus-
tine was not superior to standard dose bevacizumab in 
patients with recurrent glioblastoma. Although the study 
was	 not	 designed	 to	 exclusively	 evaluate	 patients	 at	 first	
recurrence, a strong trend towards improved PFS was seen 
in that subgroup for the combination of low dose bevaci-
zumab plus lomustine. Further studies are needed to better 
identify	 such	 subgroups	 that	 may	 most	 benefit	 from	 the	
combination treatment.
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Introduction

Glioblastoma is the most common malignant primary brain 
tumor in adults and invariably carries a poor prognosis 
despite maximal safe surgical resection, radiotherapy with 
concurrent temozolomide followed by cycles of adjuvant 
temozolomide [1]. Despite optimal multimodality treatment, 
recent clinical trials have reported a median survival of only 
14–16 months with a 26−33 % 2-year survival rate [1, 2]. 
At tumor progression, treatment options are limited, and 

Abstract Antiangiogenic therapy can rapidly reduce vas-
cular permeability and cerebral edema but high doses of 
bevacizumab may induce selective pressure to promote 
resistance.	 This	 trial	 evaluated	 the	 efficacy	 of	 low	 dose	
bevacizumab in combination with lomustine (CCNU) com-
pared to standard dose bevacizumab in patients with recur-
rent glioblastoma. Patients (N = 71) with recurrent glioblas-
toma who previously received radiation and temozolomide 
were randomly assigned 1:1 to receive bevacizumab mono-
therapy (10 mg/kg) or low dose bevacizumab (5 mg/kg) 
in combination with lomustine (90 mg/m2). The primary 
end point was progression-free survival (PFS) based on a 
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t1/2 of bevacizumab is approximately 3 weeks). This dose 
and frequency was based on the schedule used in other 
cancer types and a small series of patients with glioblas-
toma [18]. Although this dose has been found to be safe 
and	efficacious	in	most	patients,	 there	may	be	detrimental	
effects of giving chronic, high-dose anti-VEGF therapy to 
patients with glioblastoma. The normalization window may 
be narrowed by excessive vasculature suppression in the 
presence of high-dose, continuous antiangiogenic therapy. 
Over-suppression of the tumor vasculature may prematurely 
or permanently close the normalization window and conse-
quently reduce tumor exposure and uptake of anti-cancer 
agents [19]. Since no other combination regimens have been 
shown to improve outcomes compared to bevacizumab 
alone, we sought to overcome antiangiogenic therapy resis-
tance by adopting a low-dose bevacizumab regimen which 
we hypothesized may enhance lomustine delivery, improve 
its	 therapeutic	 efficacy,	 and	 reduce	 tumor	 resistance	com-
pared to the standard of care—standard dose bevacizumab 
monotherapy [20]. We additionally hypothesized that a low 
dose bevacizumab regimen in combination with lomustine 
would result in prolonged PFS and OS when compared to 
standard dose bevacizumab alone.

Materials and methods

Patients

Patients with recurrent glioblastoma were included in this 
study.	 Inclusion	 criteria	 included	 age	 ≥18	 years,	 histo-
logically	 confirmed	 glioblastoma	 in	 first,	 second,	 or	 third	
relapse, prior standard radiation for glioblastoma, prior 
treatment with temozolomide chemotherapy, Karnofsky 
performance	status	(KPS)	≥60,	and	adequate	hematologic,	
renal, and hepatic function. Exclusion criteria included prior 
treatment with an antiangiogenic agent or a nitrosurea. All 
patients were required to sign an informed consent form 
approved by the institutional review board.

Trial design and treatment arms

The study was a phase II comparative, randomized, single 
center	 trial	with	 patients	 randomly	 assigned	 [stratified	 by	
first,	second,	or	third	recurrence,	age	(≤50	versus	>50 years), 
KPS low (60–80) versus high (90–100), and scheduled sur-
gery (yes or no)] to receive treatment with bevacizumab 
[10 mg/kg every 2 weeks (5 mg/kg/week)] or low dose 
bevacizumab [5 mg/kg every 3 weeks (1.66 mg/kg/week)] 
plus lomustine (90 mg/m2) each 6 week cycle. The primary 
end	point	of	the	study	was	to	compare	the	efficacy	between	
the two arms by independent, blinded, radiographic assess-
ment of PFS. Secondary objectives included the proportion 

response to single or combinational chemotherapy is poor, 
with an objective response rate of 6 %, 6-month progression 
free survival (PFS-6) of 15 % and median overall survival 
of 6 months [3]. Nitrosoureas such as lomustine continue to 
be used commonly as salvage therapy. In a phase III study 
comparing enzastaurin to the lomustine (CCNU), lomustine 
was found to be superior suggesting that nitrosoureas still 
have a role in the treatment of glioblastoma in the recurrent 
setting [4].

Angiogenesis is a pathologic hallmark of glioblastoma 
with the expression of vascular endothelial growth fac-
tor (VEGF) among other pro-angiogenic cytokines as one 
of the most important regulators of angiogenesis [5]. The 
expression of VEGF and other proangiogenic cytokines in 
glioblastoma results in the development of abnormal tumor 
vasculature. This aberrant tumor vasculature is believed to 
enhance tumor hypoxia and impair the delivery of cytotoxic 
chemotherapy [6].

Bevacizumab (Avastin, Genentech/Roche) is a human-
ized monoclonal antibody that binds to VEGF preventing its 
interaction with VEGFRs resulting in suppression of VEGF 
signaling. Bevacizumab was approved by the FDA in 2009 
for treatment of recurrent glioblastoma [7]. Multiple clinical 
trials in patients with recurrent glioblastoma targeting the 
VGEF pathway alone or in combination with cytotoxic che-
motherapy have shown promise for a meaningful prolon-
gation of progression free survival [8−10]. Unfortunately 
despite impressive radiographic responses, bevacizumab 
has	not	 resulted	 in	a	durable	 survival	benefit	either	 in	 the	
recurrent or the upfront setting [11, 12].

Antiangiogenic therapy has been shown to prune abnor-
mal vessels and “normalize” existing vasculature which 
may paradoxically improve drug and oxygen delivery to 
the tumor for a period of time following drug administra-
tion [13]. Ideally, this window of “normalization” leads to 
a temporary improvement in tumor oxygenation and blood 
flow,	 which	 enhances	 radiation	 [14] and chemotherapy 
effectiveness [6]. In an orthotopic murine model of glioma, 
vascular normalization was induced by both low and high 
doses of bevazicumab [15]. The potential consequence of 
higher doses of bevacizumab has been associated with the 
promotion of tumor hypoxia, a well-known mediator of 
treatment resistance, and promotion of an aggressive phe-
notype of glioblastoma [16]. Thus, lower doses of antian-
giogenic therapy may potentially improve chemotherapy 
delivery and ultimately patient outcome. In one retrospec-
tive analysis, low dose intensity bevacizumab (<5 mg/kg/
week) was associated with improved PFS and OS with an 
inverse relationship seen between dose-intensity and overall 
survival when compared to normal dose intensity bevaci-
zumab (r = −0.48, p > 0.00001) [17].

The current standard of care for bevacizumab dosing for 
recurrent glioblastoma is 10 mg/kg IV every 2 weeks (the 
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treatment using a 1:1 randomization scheme. The primary 
measure	 of	 efficacy	 was	 PFS.	 The	 method	 advocated	 by	
Rubenstein et al. was used for this randomized phase II 
screening	design	where	a	direct,	but	non-definitive,	“screen-
ing” comparison of the experimental versus standard treat-
ments occurred [22]. Within this framework the one-sided 
type I error rate was set to 0.10 and the power to 0.90. Dif-
ferences in PFS was monitored at three time points and 
took place: (1) after a total of 28 events occur (to monitor 
futility), (2) after 55 events occur and (3) after at least 82 
events occur. The test statistic used was based on the log-
rank test. An early stopping rule for futility served as guid-
ance for early termination of patient accrual. The interim 
stopping rule consisted of a group sequential test based on a 
Gamma family Type I error spending function. Results from 
the interim analysis were reported to an independent Data 
Monitoring Committee (DMC) convened at MD Anderson 
Cancer Center. The DMC assessed the data along with sup-
portive	data	 including	other	efficacy	outcomes,	and	safety	
data. All analyses were by intention to treat. Time-to-event 
endpoints are descriptively summarized by Kaplan–Meier 
curves. Point and interval estimates of treatment effects are 
based on maximum likelihood methods. For binomially dis-
tributed variables, proportions are reported with their 95 % 
confidence	 intervals,	 differences	 in	 proportions	 and	 95	%	
confidence	intervals	for	the	difference	in	proportions.	Con-
fidence	intervals	were	constructed	using	two-sided	95	%	and	
were based on the normal approximation.

Results

Between January 2010 and December 2014, 83 patients 
were enrolled. Twelve patients were judged ineligible 
and were excluded from all analyses. After these exclu-
sions, 71 patients were randomly assigned in a 1:1 ratio 
to receive bevacizumab monotherapy (n = 36) or low dose 
bevacizumab plus lomustine (n = 35) (Fig. 1). The demo-
graphic and baseline clinical characteristics were well-
balanced in terms of major prognostic factors (age, KPS, 
and number of prior recurrences) across the two treatment 
arms (Table 1).

For the 12 patients treated with lomustine dosed at 
90 mg/m2 in combination with low dose bevacizumab, 
there were 7 grade 4 (leukopenia n = 1, neutropenia n = 1, 
thrombocytopenia n = 2, lymphopenia n = 3) and 17 grade 
3 (leukopenia n = 4, neutropenia n = 3, thrombocytope-
nia n = 4, lymphopenia n = 6) hematologic adverse events 
prompting revision of the protocol to lower the lomustine 
dose to 75 mg/m2. There were no unexpected AEs or treat-
ment related deaths observed in any arm during the course 
of the study. The reported toxicities are in accordance with 
the known toxicities of both drugs (Table 2).

of patients progression-free at 6 months after randomiza-
tion, OS, radiographic response rate, time to progression, 
and safety. Exploratory end points, to be reported else-
where, included determination of baseline plasma myeloid 
chemokines or circulating myeloid cells and the association 
with response or resistance to bevacizumab as measured by 
radiographic response and PFS.

Treatment plan

Single agent bevacizumab was given intravenously at a dose 
of 10 mg/kg every 2 weeks until disease progression or unac-
ceptable toxicity. In the combination group, bevacizumab 
was given intravenously at a dose of 5 mg/kg every 3 weeks. 
Lomustine was initially given at 90 mg/m2 every 6 weeks but 
was later reduced to 75 mg/m2 following the occurrence of 17 
grade 3 and 7 grade 4 hematologic adverse events observed 
in 12 patients and 27 cycles of treatment. For those patients 
randomized to the combination group, lomustine was given 
on day 3 of each 6-week cycle. After every 6-week cycle, 
patients underwent clinical evaluation and radiographic 
tumor assessment with MRI. Lomustine was given up to a 
maximum of six cycles. In the setting of hematologic toxic-
ity from lomustine, the lomustine dose could be reduced a 
maximum of two times. Further reduction in dose was not 
permitted, and the patient was removed from the protocol.

Evaluations

The primary PFS end points were determined in patients based 
on gadolinium enhanced, T1 weighted and T2/FLAIR MRI 
scans assessed separately by treating physicians and by an 
independent, treatment-arm blinded, radiographic review by a 
neuro-radiologist based on published RANO criteria [21]. For 
patients	with	measurable	disease	at	study	entry	(defined	as	bi-
dimensionally measurable disease with a minimum measure-
ment	of	1	cm	on	MRI),	progression	was	defined	as	either	(1)	
25 % increase in the sum of products of all measurable lesions 
over smallest sum observed (over baseline if no decrease) 
using the same techniques as baseline; (2) clear worsening of 
any evaluable disease; (3) appearance of any new lesion/site; 
(4) clear clinical worsening or failure to return for evaluation 
due to death or deteriorating condition (unless clearly unrelated 
to this cancer). The neurologic status and KPS were deter-
mined based on physical examination by the treating investiga-
tor before and during treatment. Adverse events (AEs) were 
recorded and graded according to the Common Terminology 
Criteria for Adverse Events (CTCAE) version 3.0.

Statistical analysis

This was a randomized, two-arm, comparative, single-
center, phase II trial with patients randomized to either 
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bevacizumab plus lomustine arm (4.3 months, CI 2.96, 
8.34) compared to the bevacizumab alone arm (4.1 months, 
CI 2.69, 5.55, p = 0.19) (Fig. 2). In 47 patients treated at 
first	recurrence,	there	was	a	trend	towards	statistical	signifi-
cance with longer median PFS time per blinded radiology 
evaluation in the low dose bevacizumab plus lomustine arm 
(5.0 months, CI 4.17–13.44) compared to the bevacizumab 
alone arm (3.2 months CI 2.5–6.01, p = 0.08) (Fig. 3). 
Median OS in all patients treated with low dose bevaci-
zumab in combination with lomustine was 9.6 months (95 % 
CI	6.26–16.73)	and	was	not	significantly	longer	than	those	
treated with bevacizumab alone (8.3 months, CI 6.42–11.58, 
p =	0.75).	Median	OS	in	patients	with	first	recurrence	on	low	
dose bevacizumab plus lomustine was 13.05 months (95 % 
CI	7.08–17.82),	not	significantly	 longer	 than	those	treated	
with bevacizumab alone (8.8 months, CI 6.42–20.22, 
p = 0.98) (Fig. 4). The trial was closed early due to futility 
for the primary end point of PFS.

Six-month PFS was 36.4 % (95 % CI 23.3 %, 57.1 %) in 
the low dose bevacizumab plus lomustine group and 23.6 % 
(95 % CI 12.9 %, 43.3 %) in the bevacizumab group. In 
patients	treated	at	first	recurrence,	6-month	PFS	was	45.8	%	
(95 % CI 29.7 %, 70.8 %) in the low dose bevacizumab plus 

At the time of analysis, 62 patients had progressed or 
died among 69 radiographically evaluable patients, and the 
median	 PFS	was	 not	 significantly	 longer	 in	 the	 low	 dose	

Table 1 Baseline characteristics of patients with recurrent glioblas-
toma enrolled in study

Category Bevacizumab + CCNU (%) Bevaci-
zumab 
alone 
(%)

# Previous recurrence
1st 25 (71.4) 24 (66.7)
2nd 10 (28.7) 12 (33.3)

Age
≤50 13 (37.1) 13 (36.1)
>50 22 (62.9) 23 (63.9)

KPS
60–80 11 (31.4) 13 (36.1)
90–100 24 (68.6) 23 (63.9)

Gender
Male 11 (31.4) 12 (33.3)
Female 24 (68.6) 24 (66.7)

Assessed for eligibility  
(n =83) 

Eligible for 
randomiza�on  

(n = 71) 

Ineligible (n = 12) 
Withdrew consent (n=1) 
Pursued other tx (n= 5) 
Death (n=1) 
Abnormal labs (n=3) 
Insurance denial (n=2) 

Not treated: (n= 2) 
Withdrew consent (n=1) 
Clinical decline (n= 1) 

Randomized  
(n = 71) 

Arm A: Bev + CCNU 
(n = 35) 

Arm B: Bev alone 
(n = 36) 

Analyzed  
(n=33) 

Analyzed 
(n=36) 

90 mg/m2 (n=12) 
75 mg/m2 (n=21) 

Fig. 1	 Trial	profile
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tumor vasculature in vivo [15]. The reduced dose of bevaci-
zumab in combination with lomustine led to an extension of 
PFS and OS of 2 months compared to bevacizumab 10 mg/
kg every 2 weeks [25].

An unexpectedly large number of patients on the com-
bination arm treated with lomustine developed grade 3 or 4 
myelotoxicity requiring a protocol amendment. Following 
dose reduction of lomustine from 90 mg/m2 to 75 mg/m2, 
fewer grade 3 and 4 hematologic adverse events were noted, 
and the treatment was overall well tolerated. In the BELOB 
trial, lomustine was initially dosed at 110 mg/m2 with subse-
quent lowering of the dose to 90 mg/m2 due to hematologic 
side effects noted at the time of a preplanned safety review. 
At our institution, patients are typically treated to a goal 
of 12 cycles of adjuvant temozolomide as tolerated. The 
median number of temozolomide cycles for patients entered 
in our trial was six. The greater exposure of our patients to 
temozolomide prior to the introduction of lomustine may 
potentially explain why the patients on this trial were less 
able to tolerate the 90 mg/m2 dose of lomustine compared to 
the patients on the BELOB trial.

Low dose single agent bevacizumab dosed 5 mg/kg 
every 3 weeks has been evaluated in a retrospective review 
of recurrent glioblastoma patients with substantial activ-
ity noted (median PFS of 3.6 months and median OS of 
6.4 months) comparable to other studies evaluating single 
agent bevacizumab at higher doses [28]. This comparable 
efficacy	suggests	that	low	dose	bevacizumab	has	activity	in	
recurrent glioblastoma and is a reasonable treatment regi-
men to investigate. In addition, no grade III-IV toxicities 
were observed at this low dose [28]. It is possible that low 
dose bevacizumab may be associated with less toxicity 
when compared to standard dose bevacizumab.
To	the	best	of	our	knowledge,	this	is	the	first	prospective	

study incorporating low dose bevacizumab in combination 
with lomustine. Lomustine was administered on day 3 of the 

lomustine group and 27.6 % (95 % CI 14 %, 54.5 %) in the 
bevacizumab group. The objective response rate based on 
blinded radiographic review was 2/12 (17 %) in the low 
dose bevazicumab group plus lomustine 90 mg/m2, 8/21 
(38 %) in the low dose bevazicumab group plus lomustine 
75 mg/m2, and 7/36 (19 %) in the bevacizumab alone group.

Discussion

This single center study failed to meet its primary end point 
of	 demonstrating	 a	 benefit	 in	PFS	 for	 the	 combination	 of	
low dose bevacizumab plus lomustine versus bevacizumab 
alone. The trial was closed early due to futility for its pri-
mary end point. Median PFS and OS were both longer in 
the combination treatment arm particularly in glioblastoma 
patients	with	first	 recurrence	 suggesting	 the	 possibility	 of	
clinical	activity	 in	 this	 subgroup.	However,	 these	findings	
did	 not	 reach	 statistical	 significance	 possibly	 due	 to	 the	
small numbers of patients treated on this trial. The trend 
in	 PFS	 favoring	 the	 combination	 supports	 the	 findings	 of	
the published BELOB study [23]. In the randomized phase 
III follow-up study to BELOB, EORTC 26101, PFS was 
longer in the combination of bevazicumab and lomustine 
(4.2 months) compared to lomustine alone (1.5 months), 
but	 no	 overall	 survival	 benefit	 was	 seen	 in	 the	 combina-
tion arm (9.1 months) compared to the lomustine arm alone 
(8.6 months) [24].

The combination of bevazicumab and lomustine has also 
been evaluated in a number of other studies in an attempt 
to address questions regarding the optimal dosing and tim-
ing of initiation of bevacizumab [25−27]. In one of these 
studies, bevacizumab was intentionally reduced to 5 mg/
kg every 2 weeks in combination with lomustine 90 mg/m2 
based on preclinical work suggesting that even subclinical 
doses of bevacizumab had an equal effect on regression on 

Table 2 Treatment related toxicities

Category Grade 3 Grade 4

Bev + lomustine 
90 mg/m2

Bev + lomustine 
75 mg/m2

Bev alone Bev + lomustine 
90 mg/m2

Bev + lomustine 
75 mg/m2

Bev 
alone

Leukopenia 4 1 0 1 0 0
Neutropenia 3 1 1 1 0 0
Thrombocytopenia 4 2 0 2 0 0
Lymphopenia 6 6 8 3 1 0
Fatigue 0 1 4 0 0 0
CNS hemorrhage 0 0 0 0 0 0
HTN 1 0 2 0 0 0
VTE 0 0 0 1 0 0
GI perforation 0 0 1 0 0 0
CNS ischemia 0 0 0 0 0 2
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combinations. Likewise, the normalization window was 
assumed to be ‘open’ on day three but this may not have 
been the optimal time of cytotoxic drug delivery. Although 
it is not known if optimal biologic dosing will translate 
into	enhanced	therapeutic	efficacy	in	the	clinic,	it	is	impor-
tant for investigators to recognize the potential importance 
of optimal biologic dose and the potential for antagonis-
tic effects of one drug on the other. Preclinical studies to 
optimize therapies should be attempted prior to combining 
drugs in the clinical setting.

Limitations of this study included the small number of 
patients evaluated and the trial being completed at a single 

6-week cycle during the hypothesized normalization win-
dow in the effort to optimize the time when drug delivery 
is proposed to be most effective. Numerous studies com-
bining bevacizumab with other therapies have been ineffec-
tive [29−32]. Although the reasons for this are unknown, 
there are no studies that have been performed to determine 
the optimal biologic dose of bevacizumab or other non-
cytotoxic, biologic therapies alone or in combination with 
other therapeutics. We chose the lower dose bevacizumab 
schedule based on the 3 week half-life, but the actual dose 
of 5 mg/kg may still have been too high. If so, lowering 
the	dose	further	may	potentiate	the	efficacy	of	bevacizumab	

Fig. 3 Median PFS per blinded 
radiology evaluation by treat-
ment	arms	in	patients	with	first	
recurrence

 

Fig. 2 Median PFS per blinded 
radiology evaluation by treat-
ment arms
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