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Blood baseline neutrophil count predicts bevacizumab efficacy 
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ABSTRACT
Bevacizumab is used to treat glioblastoma; however, no current biomarker 

predicts its efficacy. We used an exploratory cohort of patients treated with the 
radiochemotherapy then bevacizumab or chemotherapy at recurrence (N = 265). 
Bevacizumab use increased median overall survival (OS) 18.7 vs 11.3 months, p = 
0.0014). In multivariate analysis, age, initial surgery, neutrophil count, Karnofsky 
status >70% and bevacizumab administration were independent prognostic factors of 
survival. We found an interaction between bevacizumab use and baseline neutrophil 
count. The cut-off value for the neutrophil count was set at 6000/mm3. Only patients 
with a high neutrophil count benefited from the bevacizumab treatment (17.3 vs 
8.8 months p < 0.0001). We validated this result using data from the TEMAVIR 
trial, which tested the efficacy of neoadjuvant bevacizumab plus irinotecan versus 
radiochemotherapy in the first-line treatment of glioblastoma. Transcriptomic data 
from TCGA underlined that CSF3 expression, the gene encoding G-CSF, the growth 
factor for neutrophils, correlated with VEGF-A-dependent angiogenesis. In another 
independent cohort (BELOB trial), which compared lomustine versus lomustine plus 
bevacizumab at recurrence, bevacizumab only benefited patients with high CSF3 
expression in the tumor. These data suggest that only patients with a high peripheral 
neutrophil count before bevacizumab treatment benefited from this therapy.

INTRODUCTION

Glioblastomas (GBM) are the most frequent 
brain tumors [1, 2]. The standard of care for newly 
diagnosed GBM entails surgical resection, followed by 
radiochemotherapy with concurrent temozolomide and 

then six months of adjuvant temozolomide [3]. Despite 
this aggressive therapy, the prognosis of GBM remains 
poor with median overall survival of only 14 months [3].

High-grade gliomas are highly vascularized tumors 
leading to the rational use of antiangiogenic agents to 
treat this disease [4-7]. Bevacizumab is a humanized 
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monoclonal antibody raised against circulating VEGF-A. 
This drug is commonly used in combination with 
standard chemotherapy to treat metastatic colorectal, 
lung, ovarian, renal and breast carcinomas [8]. In 
GBM, some phase 2 trials have reported high response 
rates and high progression-free survival (PFS) with 
bevacizumab combined with chemotherapy [9-12]. 
Accordingly, bevacizumab is frequently used for recurrent 
GBM after radiotherapy. However, two phase III trials 
testing the effect of bevacizumab with concomitant 
radiochemotherapy [13, 14] failed to show any overall 
survival (OS) benefit. In addition, the EORTC 26101 
trial, which tested the effect of bevacizumab with 
lomustine in recurrent GBM [15], failed to demonstrate 
that bevacizumab improved OS. Consequently, the use of 
bevacizumab remains controversial and some health care 
agencies (like in France) have not approved bevacizumab 
for GBM. Nonetheless, a biomarker to predict the efficacy 
of bevacizumab in GBM is an unmet need.

The neutrophil count and the neutrophil-to-
lymphocyte ratio at baseline have been associated with 
GBM prognosis [16-19]. Preclinical reports suggest that 
neutrophils may promote tumor neoangiogenesis [20-22], 
thus raising the hypothesis that a high neutrophil count 
could be associated with a better response to anti-VEGF 
therapy. To address this question, we used two cohorts 
of GBM patients to determine whether the baseline 
neutrophil count could be a predictor of bevacizumab 
efficacy. 

MATERIALS AND METHODS

Exploratory cohort

Two hundred and sixty-five patients were extracted 
from the Dijon Anti-cancer Center cohort, which 
registers all patients aged 16 years and older with a new 
diagnosis of histologically confirmed GBM and treated 
at the center with radiochemotherapy according to the 
Stupp Protocol3. The pathological diagnosis was also 
made by neuropathologists at Dijon Teaching Hospital 
in accordance with WHO guidelines [23]. In any cases 
of doubt about the pathological diagnosis, Dominique 
Figarella, the national reference for neuropathology, 
was asked to make the diagnosis. All patients provided 
written informed consent to undergo surgery and 
chemoradiotherapy. They were also asked to give written 
consent for their personal data to be used anonymously for 
research purposes. The study was approved by the local 
internal review board and the CNIL (Commission National 
Informatique et Liberté) DR-2014-556 and CCTIRS 
(Comité consultatif sur le traitement de l’information en 
matière de recherche) n° 14.702. 

TEMAVIR cohort

This cohort included 120 patients aged from 18 to 
70 with unresectable glioblastoma, with a Karnofsky score 
higher than 50% recruited between April 2009 and January 
2011. Patients were randomized into an experimental 
arm consisting of neoadjuvant intravenous bevacizumab 
and irinotecan every 2 weeks for four cycles before 
classical radiotherapy with concomitant temozolomide 
and bevacizumab every 2 weeks. Adjuvant bevacizumab 
and irinotecan were given every 2 weeks for 6 months. 
The control arm consisted of the classical Stupp regimen. 
The use of bevacizumab was allowed at progression in the 
control arm. The protocol and the results of the trial have 
been published previously [24].

Statistical analysis

All patients were followed up until death or the 
date of the cut-off for study analysis. OS was calculated 
from the date when therapy started to the date of death. 
Median follow-up was calculated using the reverse 
Kaplan Meier method. OS probabilities were estimated 
using the Kaplan-Meier method and were compared by 
the log-rank test. The optimal cut-off was determined 
in an exploratory cohort using Cutoff Finder software 
[25]. The optimal cut off was defined as the point with 
the most significant (log-rank test) split. A multivariate 
Cox proportional hazard regression model was applied 
to assess independent prognostic effects for OS. The 
hazard ratios (HR) were given with their 95% confidence 
intervals (CI). All variables with a univariate Cox p 
value ≤ 0.20 were eligible for multivariate analyses. The 
multivariate model was adjusted for the use of neoadjuvant 
chemotherapy, sex, age, preoperative Karnofsky score 
(assessed the day before surgery), surgery (resection vs 
biopsy) and hemoglobin level. Neutrophil and lymphocyte 
counts were tested to be included in the survival model. 
Correlations between co-variables were first tested for 
eligible variables. To prevent collinearity, when two 
variables were significantly correlated, one variable was 
retained according to its clinical relevance or to the value 
of the likelihood ratio. The stability of hazard ratios was 
internally validated using bootstrapping (265 replications). 
Interactions between treatment with bevacizumab and 
neutrophil counts were tested in the whole population. All 
reported p values are two sided. The statistical significance 
level was set at p < 0.05. Analyses were performed using 
SAS 9.3 (Statistical Analysis System). 

Transcriptomic analysis

Gene expression analysis was performed using 
Rgui open-source software (http://cran.r-project.org) 
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in 202 patients suffering from GBM whose tumors had 
been analyzed by gene expression array (Affymetrix) 
by the International Genomics Consortium. The data 
were downloaded from TCGA website (https://tcga-
data.nci.nih.gov/docs/publications/gbm_exp/). Samples 
were selected according to the following criteria: 1) an 
average percentage of necrosis less than 40% on top 
and bottom slides; 2) microarray quality controls within 
standards and 3) high-quality data on each of the three 
gene expression platforms used. All specimens were 
collected using Internal Review Board-approved protocols 
and de-identified to ensure patient confidentiality. In the 
TCGA dataset, each sample represents a unique case 
[26]. Principal Component Analysis was based on the 
expression of angiogenic-related genes. The first two 
components expressed 25% of total variability. A PLS 
model was then used to validate the discrimination ability 
of the CSF3 expression level. Patients were divided into 
two groups based on the CSF3 expression median (lower 
or higher than median). A PLS model was estimated 
with these two groups of CSF3 expression levels as the 
response factor. A 10-fold cross-validation procedure was 
then used to validate the predictive power of the model 
and led to 75% of correct classifications. 

We also used another dataset, namely expression 
data available at the NCBI Geo datasets, accession number 
GSE72951, generated using Illumina HumanHT-12 WG-
DASL V4.0 R2 expression BeadChip platform. Data were 
obtained from 115 patients included in the BELOB trial, 
which included glioblastoma-bearing patients at recurrence 
(35 treated with bevacizumab, 37 treated with lomustine 
and 43 with both) [27, 28].Focusing on patients treated 
with lomustine or lomustine+bevacizumab, the association 
between treatment efficacy and CSF3 expression was 
determined in the BELOB cohort. Expression data were 
provided using arbitrary units. Patients were separated into 
two groups using the best CSF3 expression cutoff using 
Cutoff Finder Software.

By using qPCR, we tested CSF3 expression in a 
series of 12 untreated GBM and tested the correlation 
between CFS3 expression and neutrophil count before 
surgery.

RESULTS

Exploratory cohort

Patients

Two hundred and sixty-five patients with GBM 
consecutively treated with the radiochemotherapy for 
GBM recommended since 2006 were included in this 
cohort. The clinical characteristics are summarized in 
(Supplementary Table 1, available online only). Twenty-
two patients (8.3%) did not initially receive radiotherapy 

due to their large tumor size and received bevacizumab 
with chemotherapy as the first-line treatment. At 
recurrence, 28 (13.9%) were treated with local therapy (20 
with surgery, 7 with stereotaxic radiotherapy and one with 
both) and 172 patients were treated with chemotherapy. 
One hundred and fifty-nine patients received a 
bevacizumab-based regimen, while 106 patients did not 
receive bevacizumab (Supplementary Table 2, available 
online only).
Clinical outcome

Median follow-up for this cohort was 51.5 months 
(range, 2.2-93.2 months); 245 patients died during 
follow up. The median OS in the whole population was 
15.9 months (95% CI: 13.9-17.3). The median OS was 
improved in patients that received bevacizumab (18.7 
months (95% CI: 16.8-21.0) versus 11.3 months (95% CI: 
9.4-13.6) (p = 0.0014) (Supplementary Figure 1, available 
online only). We determined the best cut-off for neutrophil 
count at baseline to predict overall survival using Cutoff 
Finder Software (Supplementary Figure 2, available online 
only). The best cut-off was estimated at 5720/mm3, but as 
there was only a slight difference in the hazard ratio for a 
cut-off of 5720/mm3 and that of 6000/mm3, we chose to 
set the cut-off at 6000/mm3, which is also more clinically 
relevant. A high neutrophil count was strongly associated 
with poorer survival in the whole cohort (13.8 months 
(95% CI: 11.9-15.7) versus 18.6 months (95% CI: 15.9-
21.6) (p = 0.0032) (Supplementary Figure 1, available 
online only)). In univariate and multivariate analysis, 
age, complete resection, Karnofsky performance status, 
baseline neutrophil count and treatment with bevacizumab 
were significantly associated with better OS (Table 1). 
Bootstrapped HR were more similar than crude HR (Table 
1).

To determine whether the neutrophil count was 
only a prognostic factor or also a predictive factor of 
bevacizumab efficacy, we performed an interaction test 
between the neutrophil count at baseline and bevacizumab 
therapy using the previous multivariate Cox model. The 
interaction between the neutrophil count and bevacizumab 
therapy was significant in this multivariate model (Table 
2). In the subgroup of patients with a high neutrophil count 
at baseline, bevacizumab therapy improved OS: 17.3 
months (95% CI 14.6-20.4) versus 8.4 months (95% CI: 
6.4-10.3), (p < 0.0001)). In the group of patients with a 
low neutrophil count, OS was not significantly improved 
in those treated with bevacizumab: 21.6 months (95% 
CI: 18.0-23.3) versus 15.9 months (95% CI: 12.0-19.9), 
(p = 0.7313))(Figure 1A and 1B). The neutrophil count 
remained a factor of a poor prognosis only in patients 
who did not receive bevacizumab, with OS of (8.4 months 
(95% CI 6.4-10.3) versus 15.9 months (95% CI 12.0-
19.9) for patients with a high and low neutrophil count, 
respectively (p = 0.0008)) (Figure 1C). For patients 
treated with bevacizumab, the neutrophil count lost its 
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prognostic ability (17.3 months (95% CI: 14.6-20.4) 
versus 21.6 months (95% CI: 18.0-23.3)) for patients with 
a high and low neutrophil count, respectively (p = 0.3358) 
(Figure 1D), suggesting that bevacizumab was able to 
counterbalance the deleterious effect of a high neutrophil 
count. To assess the stability of the neutrophil count to 
predict survival, we determined whether the neutrophil 
count at recurrence could predict bevacizumab efficacy. 
Using univariate and multivariate Cox models, we found 
that the neutrophil count at recurrence also predicted 
survival (Supplementary Table 3, available online only), 
and predicted bevacizumab efficacy (Supplementary 
Figure 3, available online only).

Validation cohort: the TEMAVIR cohort

The TEMAVIR clinical trial included 120 patients 
with grade IV unresectable GBM. In the experimental arm, 

60 patients were treated with neoadjuvant bevacizumab 
and irinotecan for 2 months before radiochemotherapy. 
In the control arm, 60 patients were treated with the 
radiochemotherapy regimen. The clinical characteristics 
have been reported previously [24]. Both arms gave 
similar results in terms of PFS and OS [24]. The neutrophil 
count at baseline was not different between the two groups 
(mean baseline neutrophil count: 10 746.89 per mm3 (SD 
= 14040.43) in the experimental arm vs 8 471.83 per 
mm3 (SD = 3384.07) in the control arm (p = 0.3178). 
Using the previously defined cut-off, a high neutrophil 
count at baseline tended to be associated with a poorer 
prognosis but did not reach significance probably because 
of a lack of statistical power due to the small number 
of patients (median OS 13.3 months (95%CI: 9.3-5.9) 
versus 17.2 months (95%CI: 14.0-17.7), p = 0.368; not 
shown). The interaction between the neutrophil count and 
bevacizumab therapy was significant in the univariate Cox 
model for OS (p = 0.0294). In the group of patients with 

Figure 1: Subgroup analysis of survival in function of bevacizumab usage and neutrophil count in the training set. 
A. Kaplan-Meier estimates of overall survival in patients treated or not with bevacizumab in the subgroup of patients with a high (≥6000/
mm3) neutrophil count at baseline in the training cohort. B. Kaplan-Meier estimates of overall survival in patients treated or not with 
bevacizumab in the subgroup of patients with a low ( < 6000/mm3) neutrophil count at baseline in the training cohort. C. Kaplan-Meier 
estimates of overall survival in patients with a high (>6000/mm3) versus low neutrophil count at baseline in the subgroup of patients treated 
with bevacizumab in the training cohort. D. Kaplan-Meier estimates of overall survival in patients with a high (>6000/mm3) versus low 
neutrophil count at baseline in the subgroup of patients treated without bevacizumab in the training cohort.
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a high neutrophil count at baseline, we also observed that 
bevacizumab improved OS, though the difference was 
only borderline significant (14.7 months (95% CI: 8.8-
18.0) versus 10.2 months (95% CI: 8.4-15.9), log rank test 
p = 0.1156 for patients from experimental versus control 
arm) (Figure 2A). In contrast, in the group of patients 
with a low neutrophil count, treatment with bevacizumab 
was deleterious compared with radiochemotherapy (15.0 
months (95% CI: 2.6-17.5) ersus 17.7 months (95% CI: 
14.0-23.6), log rank test; p = 0.0482) (Figure 2B). For 
patients in the control arm (radiochemotherapy), a high 
neutrophil count was associated with a poor prognosis: 
(10.2 months (95% CI: 8.4-15.9) versus 17.7 months 
(95% CI: 14.0-23.6), log rank test; p = 0.0301) (Figure 
2C). For patients in the experimental arm (bevacizumab), 
the prognostic value of the neutrophil count disappeared 
(14.7 months (95% CI: 8.8-18.0) versus 15.0 months (95% 
CI: 2.6-17.5); for patients with a high vs low neutrophil 
count, respectively, log rank test; p = 0.3686) (Figure 2D). 
This seems to confirm that bevacizumab was also able to 

compensate for the deleterious effect of a high neutrophil 
count in this independent cohort. 

Prognostic value of G-CSF in GBM

To gain deeper understanding of the link between the 
effect of bevacizumab and the neutrophil count at baseline, 
we wondered whether GBM could secrete a growth factor 
for neutrophils such as Granulocyte-Colony Stimulating 
Factor (G-CSF). Importantly, in a series of 12 GBM, CSF3 
(the gene coding for G-CSF) expression in the tumor bed 
correlated strongly with the neutrophil count (r² = 0.36; 
p = 0.04). Using public transcriptomic data from The 
Cancer Genome Atlas [26] for 202 patients suffering from 
GBM, we found that CSF3 was overexpressed mostly 
in mesenchymal glioblastoma (Figure 3A). Principal 
component analysis (PCA) based on angiogenesis-related 
genes (Supplementary Table 4A, available online only) 
showed that the main part of the variability was linked to 
CSF3 expression (Figure 3B). In addition, we validated 

Table 1: Uni and multivariate analysis (Cox regression) for factors associated with OS
Univariate 
HR 95% CI p Multivariate 

HR 95% CI p HR after bootstrap

Age
     <59
     ≥59

1
1.7 1.3-2.2 <0.0001 1

1.7 1.2-2.3 0.0004 1
1.7

Sex
     Female
     male

1
1.1 0.8-1.4 0.6

Diagnosis: 
       Biopsy 
       Surgery

1
0.7 0.5-0.9 0.002 1

0.7 0.5-0.9 <0.0001 1
0.7

Karnofsky status
      <70
      ≥70

1
0.3 0.2-0.5 <0.0001 1

0.3 0.2-0.5 <0.0001 1
0.3

Neoadjuvant 
chemotherapy
      No
     Yes

1
0.8 0.8-1.5 0.2 1

0.9 0.6-1.6 0.18 1
0.9

Bevacizumab use
     No
    Yes

1
0.6 0.5-0.8 0.0015 1

0.7 0.5-0.9 0.008 1
0.7

Neutrophil count
      <6000/mm3 
    >6000/mm3

1
1.2 1.2-2 0.0035 1

1.6 1.1-2.1
0.005 1

1.7

Lymphocyte count
     <median
    >median

1
0.9 0.7-1.2 0.53

Monocyte count
     <median
    >median

1
0.9 0.7-1.3 0.85

Hemoglobin value
    <median
    >median

1
1.1 0.8-1.4 0.71
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Table 2: multivariate analysis (Cox regression) for factors associated with OS with bevacizumab/neutrophil interaction
multivariate 
HR

95% 
CI p

Age
     <59
     ≥59

1
1.7 1.3-2.3 0.8

Diagnosis: 
       Biopsy 
       Surgery

1
0.7 0.5-

0.97
0.035

Karnofsky status
      <70
      ≥70

1
0.4 0.2-0.6 <0.0001

Neoadjuvant chemotherapy
      No
     Yes

1
0.8 0.5-1.6  0.6

Bevacizumab Neutrophil
interaction

 
0.02

Figure 2: Subgroup analysis of survival in function of bevacizumab usage and neutrophil count in the validation set. 
A. Kaplan-Meier estimates of overall survival in patients treated in the experimental arm with bevacizumab or in the standard arm without 
bevacizumab in the subgroup of patients with a high (≥6000/mm3) neutrophil count at baseline in the TEMAVIR cohort. B. Kaplan-Meier 
estimates of overall survival in patients treated in the experimental arm with bevacizumab or in the standard arm without bevacizumab 
in the subgroup of patients with a low ( < 6000/mm3) neutrophil count at baseline in the TEMAVIR cohort. C. Kaplan-Meier estimates 
of overall survival in patients with a high (>6000/mm3) versus low neutrophil count at baseline in the subgroup of patients treated with 
bevacizumab in the experimental arm of the TEMAVIR cohort (bevacizumab use). D. Kaplan-Meier estimates of overall survival in 
patients with a high (>6000/mm3) versus low neutrophil count at baseline in the subgroup of patients treated with bevacizumab in the 
standard arm of the TEMAVIR cohort (no bevacizumab use).
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our observation through a Partial least square (PLS) model 
by showing that expression of angiogenic genes could be 
used to discriminate patients according to their CSF3 
expression with an accuracy of 75% obtained by 10-fold 
cross-validation (Supplementary Figure 4, available online 
only). Together, these data underline that CSF3 expression 
is related to a specific type of angiogenic process. 
Moreover, we observed that VEGFA-related angiogenic 
genes correlated more strongly with CSF3-related genes 
than with VEGFA independent angiogenic genes. This 
suggests that CSF3 high-expressing tumors were more 
strongly associated with VEGFA-dependent angiogenesis 
than were CSF3 low-expressing tumors (Figure 3C) 
(Supplementary Table 4B and C, available online only) 

Using transcriptomic data from the BELOB phase 
II trial, which compared lomustine versus lomustine plus 
bevacizumab in recurrent glioblastoma, we confirmed 
that CSF3 expression was overexpressed in mesenchymal 
tumors and correlated with VEGFA expression (see 
eFigure 5 in the Supplement). In the group of patients 
with a high CSF3 level, lomustine plus bevacizumab was 
associated with better OS (12.3 months (95% CI: 8.4-14.6) 
versus 7.6 months (95% CI: 5.8-10.3), log rank test p = 
0.0212) (see eFigure 6 in the Supplement). In contrast, 
in the group of patient with low a CSF3 level there was 
a non-significant trend towards a deleterious effect of 
lomustine plus bevacizumab (5.9 months (95% CI: 4.4-
10.8) versus 13.9 months (95% CI: 2.9-19.6), log rank 
test; p = 0.35) (see eFigure 6 in the Supplement). For 
patients treated with lomustine alone, a high CSF3 was 
associated with poor OS: (7.6 months (95% CI: 5.5-10.2) 
versus 13.2 months (95% CI: 11-19.5), log rank test; p = 
0.0442) (see eFigure 6 in the Supplement). For patients 
treated with lomustine and bevacizumab, the prognostic 
value of CFS3 disappeared (12.3 months (95% CI: 9.5-
14.6) versus 5.8 months (95% CI: 4.4-10.8); for patients 
with a high vs low CSF3, respectively, log rank test; p = 
0.28) (see eFigure 6 in the Supplement). Together, these 
data demonstrate that tumor CSF3 expression, like the 
neutrophil count, can predict bevacizumab efficacy.

DISCUSSION

Together, these data underscore the capacity of a 
high peripheral neutrophil count to predict bevacizumab 
efficacy in GBM both at recurrence and in the neoadjuvant 
setting. While the neutrophil count was strongly associated 
with the benefit of bevacizumab in terms of OS in the 
first cohort, data were only borderline significant in the 
TEMAVIR cohort. The absence of statistical significance 
was probably due to the lack of power given the small 
number of patients. Besides, 25% of patients in the 
control arm (radiochemotherapy) received bevacizumab 
at recurrence, which could have strongly biased survival 
results. 

High-grade gliomas secrete large amounts of 
vascular endothelial growth factor (VEGF), which 
acts in a paracrine manner to promote endothelial cell 
proliferation, survival, and migration [29]. Inhibiting 
VEGF is an efficient anticancer therapy in many cancer 
types [30, 31, 32] and bevacizumab is currently used 
for the treatment of recurrent glioblastoma [33,9, 28, 
34]. As bevacizumab targets VEGF-A, it is plausible 
that tumors with high VEGF-A expression and whose 
angiogenesis is mainly dependent on VEGF-A are more 
likely to respond to bevacizumab. GBM have often been 
reported to produce G-CSF [35-37]. In addition, G-CSF 
induces paracrine and autocrine activation of GBM cells, 
thus rendering GBM cells resistant to apoptosis and able 
to promote pro-angiogenic pathways via the increased 
expression of VEGF-A [38-40]. In addition, G-CSF could 
also induce VEGF-A production by microenvironmental 
microglia cells [41]. These data may explain why high 
CSF3 expression in GBM is associated with the response 
to bevacizumab. In contrast, intratumoral neutrophil 
infiltration was previously associated with resistance to 
bevacizumab [42]. We could suspect that the peripheral 
neutrophil count does not directly affect bevacizumab 
efficacy but is rather a surrogate marker of high CSF3 
expression, as demonstrated by the correlation between 
CSF3 expression and the neutrophil count.

Recently, two randomized phase III trials - AVAglio 
(Avastin in Glioblastoma) and RTOG-0825 (Radiation 
Therapy Oncology Group 0825) - investigated the 
addition of bevacizumab to standard-of-care therapy in 
newly diagnosed GBM [13, 14]. Both studies reported 
longer median PFS with bevacizumab versus placebo 
(AVAglio: 10.6 v 6.2 months; hazard ratio [HR], 0.64; 
RTOG 0825: 10.7 v 7.3 months; HR, 0.79) [13, 14]. 
The increased PFS did not translate into an expected OS 
benefit in the intent-to-treat population in either study, 
suggesting that bevacizumab is not effective and may even 
be deleterious in certain patients with glioblastoma. The 
failure of bevacizumab to improve overall survival in a 
global population of glioblastoma was also underlined at 
recurrence in the recent EORTC 26101 trial, which tested 
the effect of adding bevacizumab to the lomustine regimen 
in recurrent glioblastoma [15]. The molecular profiles 
established in the RTOG and AVAglio studies raised the 
hypothesis that mesenchymal or proneuronal phenotypes 
were associated with the response to bevacizumab as the 
first-line therapy [43]. These data contradict our results. 
These discrepancies could be due to differences in 
inclusion criteria and treatments in the different cohorts. 
In particular, in AVAGLIO and RTOG 0825, patients 
were treated with first-line bevacizumab. In addition, 
many patients received bevacizumab in the second-line, 
which could have affected the results. In our retrospective 
cohort, patients were given bevacizumab mainly as 
the second-line treatment. The patients included in the 
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TEMAVIR clinical trial were suffering from unresectable 
GBM, and could not have been included in AVAGLIO 
and RTOG0825. However, due to the simplicity of our 
biological testing, a retrospective study of the effect 
of the neutrophil count in AVAGLIO and RTOG0825 
should be performed. In addition, the EORTC phase III 
trial (NCT01290939), which compared lomustine versus 
bevacizumab plus lomustine in the second-line, was 
close to ours from a clinical viewpoint, and it could be 
interesting to evaluate the predictive role of the neutrophil 

count in these studies as a second external validation 
cohort to confirm our results.

In conclusion, we propose that the neutrophil 
count at baseline could be used as a surrogate predictor 
of bevacizumab efficacy in GBM. However, this use of 
neutrophil count as a predictor of efficacy of bevacizumab 
is probably tumor specific. This could be due to conflicting 
results found in the literature in lung and colorectal cancer 
[44, 45]. The particularity of GBM may be related to the 
direct ability of tumor cells to produce G-CSF and thus 

Figure 3: Bioinformatic analysis of relation of CSF3 expression with molecular subtype of glioblastoma and angiogenic 
process. A. Expression of CSF3 mRNA in the 202 glioblastoma patients of the TCGA classified according to the molecular classification of 
glioblastoma. B. First plane of the Principal Component realized on the 202 glioblastoma patients using angiogenic genes. Each point on the 
graph represents one patient. The colored ellipses represent the inertia in each group delimited by the quartiles of the CSF3 gene expression. 
Groups were established as follows: “25%” corresponds to patients with CSF3 expression below the first quartile; “50%” corresponds to 
patients with CSF3 expression between the first and the second quartiles; “75%” corresponds to patients with CSF3 expression between the 
second and the third quartiles; “100%” corresponds to patients with CSF3 expression above the third quartile. The percentage of variance 
reflected by horizontal axe is 16% and 10% by vertical axis. C. Top: Histogram of the correlations observed between CSF3-related genes 
and VEGFA-related genes. Bottom: Histogram of the correlations observed between CSF3-related genes and VEGFA-non related genes. 
The mean of the distribution is visualized through the vertical dashed lines.
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promote the expansion of neutrophils. These G-CSF 
secreting GBM are more proangiogenic, thus providing 
a biological rationale to explain their sensitivity to 
bevacizumab. Our results could be quickly validated using 
AVAGLIO, RTOG0825 and EORTC (NCT01290939) 
data.

ACKNOWLEDGMENTS

We thank Philip Bastable for manuscript editing.
Trial Registration: clinicaltrials.gov Identifier: 

NCT01022918 and www.trialregister.nl, number 
NTR1929

CONFLICTS OF INTEREST

Authors declare no financial disclosure or conflicts 
of interest.

This study was conducted without financial support.

REFERENCES

1. Adamson C, Kanu OO, Mehta AI, Di C, Lin N, Mattox 
AK and Bigner DD. Glioblastoma multiforme: a review 
of where we have been and where we are going. Expert 
opinion on investigational drugs. 2009; 18(8):1061-1083.

2. Ohgaki H. Epidemiology of brain tumors. Methods in 
molecular biology. 2009; 472:323-342.

3. Stupp R, Mason WP, van den Bent MJ, Weller M, Fisher 
B, Taphoorn MJ, Belanger K, Brandes AA, Marosi C, 
Bogdahn U, Curschmann J, Janzer RC, Ludwin SK, 
Gorlia T, Allgeier A, Lacombe D, et al. Radiotherapy plus 
concomitant and adjuvant temozolomide for glioblastoma. 
The New England journal of medicine. 2005; 352(10):987-
996.

4. Jain RK, di Tomaso E, Duda DG, Loeffler JS, Sorensen AG 
and Batchelor TT. Angiogenesis in brain tumours. Nature 
reviews Neuroscience. 2007; 8(8):610-622.

5. Gupta K, Radotra BD, Banerjee AK and Nijhawan R. 
Quantitation of angiogenesis and its correlation with 
vascular endothelial growth factor expression in astrocytic 
tumors. Analytical and quantitative cytology and histology 
/ the International Academy of Cytology [and] American 
Society of Cytology. 2004; 26(4):223-229.

6. Hong YK, Lange-Asschenfeldt B, Velasco P, Hirakawa S, 
Kunstfeld R, Brown LF, Bohlen P, Senger DR and Detmar 
M. VEGF-A promotes tissue repair-associated lymphatic 
vessel formation via VEGFR-2 and the alpha1beta1 and 
alpha2beta1 integrins. FASEB journal : official publication 
of the Federation of American Societies for Experimental 
Biology. 2004; 18(10):1111-1113.

7. Nam DH, Park K, Suh YL and Kim JH. Expression of 
VEGF and brain specific angiogenesis inhibitor-1 in 
glioblastoma: prognostic significance. Oncology reports. 

2004; 11(4):863-869.
8. Keating GM. Bevacizumab: a review of its use in advanced 

cancer. Drugs. 2014; 74(16):1891-1925.
9. Vredenburgh JJ, Desjardins A, Herndon JE, 2nd, Marcello 

J, Reardon DA, Quinn JA, Rich JN, Sathornsumetee S, 
Gururangan S, Sampson J, Wagner M, Bailey L, Bigner 
DD, Friedman AH and Friedman HS. Bevacizumab plus 
irinotecan in recurrent glioblastoma multiforme. Journal of 
clinical oncology : official journal of the American Society 
of Clinical Oncology. 2007; 25(30):4722-4729.

10. Friedman HS, Prados MD, Wen PY, Mikkelsen T, Schiff D, 
Abrey LE, Yung WK, Paleologos N, Nicholas MK, Jensen 
R, Vredenburgh J, Huang J, Zheng M and Cloughesy T. 
Bevacizumab alone and in combination with irinotecan 
in recurrent glioblastoma. Journal of clinical oncology 
: official journal of the American Society of Clinical 
Oncology. 2009; 27(28):4733-4740.

11. Chamberlain MC and Johnston SK. Salvage therapy with 
single agent bevacizumab for recurrent glioblastoma. 
Journal of neuro-oncology. 2010; 96(2):259-269.

12. Lorgis V, Maura G, Coppa G, Hassani K, Taillandier L, 
Chauffert B, Apetoh L, Ladoire S and Ghiringhelli F. 
Relation between bevacizumab dose intensity and high-
grade glioma survival: a retrospective study in two large 
cohorts. Journal of neuro-oncology. 2012; 107(2):351-358.

13. Chinot OL, Wick W, Mason W, Henriksson R, Saran F, 
Nishikawa R, Carpentier AF, Hoang-Xuan K, Kavan P, 
Cernea D, Brandes AA, Hilton M, Abrey L and Cloughesy 
T. Bevacizumab plus radiotherapy-temozolomide for 
newly diagnosed glioblastoma. The New England journal 
of medicine. 2014; 370(8):709-722.

14. Gilbert MR, Dignam JJ, Armstrong TS, Wefel JS, 
Blumenthal DT, Vogelbaum MA, Colman H, Chakravarti 
A, Pugh S, Won M, Jeraj R, Brown PD, Jaeckle KA, Schiff 
D, Stieber VW, Brachman DG, et al. A randomized trial of 
bevacizumab for newly diagnosed glioblastoma. The New 
England journal of medicine. 2014; 370(8):699-708.

15. Wick W, Brandes A, Gorlia T, Bendszus M, Sahm F, 
Taal W, Taphoorn M, Domont J, Idbaih A, Campone 
M, Clement PM, Stupp R, Fabbro M, Dubois F, Bais C, 
Musmeci D, et al. LB-05 PHASE III TRIAL EXPLORING 
THE COMBINATION OF BEVACIZUMAB 
AND LOMUSTINE IN PATIENTS WITH FIRST 
RECURRENCE OF A GLIOBLASTOMA: THE EORTC 
26101 TRIAL Neuro-oncology. 2015; Volume 17  suppl 5 

16. Han S, Liu Y, Li Q, Li Z, Hou H and Wu A. Pre-treatment 
neutrophil-to-lymphocyte ratio is associated with neutrophil 
and T-cell infiltration and predicts clinical outcome in 
patients with glioblastoma. BMC cancer. 2015; 15:617.

17. McNamara MG, Lwin Z, Jiang H, Templeton AJ, Zadeh 
G, Bernstein M, Chung C, Millar BA, Laperriere N and 
Mason WP. Factors impacting survival following second 
surgery in patients with glioblastoma in the temozolomide 
treatment era, incorporating neutrophil/lymphocyte ratio 



Oncotarget70957www.impactjournals.com/oncotarget

and time to first progression. Journal of neuro-oncology. 
2014; 117(1):147-152.

18. Alexiou GA, Vartholomatos E and Voulgaris S. Prognostic 
value of neutrophil-to-lymphocyte ratio in patients with 
glioblastoma. Journal of neuro-oncology. 2013; 115(3):521-
522.

19. Bambury RM, Teo MY, Power DG, Yusuf A, Murray S, 
Battley JE, Drake C, O’Dea P, Bermingham N, Keohane C, 
Grossman SA, Moylan EJ and O’Reilly S. The association 
of pre-treatment neutrophil to lymphocyte ratio with overall 
survival in patients with glioblastoma multiforme. Journal 
of neuro-oncology. 2013; 114(1):149-154.

20. Raccosta L, Fontana R, Maggioni D, Lanterna C, 
Villablanca EJ, Paniccia A, Musumeci A, Chiricozzi E, 
Trincavelli ML, Daniele S, Martini C, Gustafsson JA, 
Doglioni C, Feo SG, Leiva A, Ciampa MG, et al. The 
oxysterol-CXCR2 axis plays a key role in the recruitment of 
tumor-promoting neutrophils. The Journal of experimental 
medicine. 2013; 210(9):1711-1728.

21. Phan VT, Wu X, Cheng JH, Sheng RX, Chung AS, Zhuang 
G, Tran C, Song Q, Kowanetz M, Sambrone A, Tan M, 
Meng YG, Jackson EL, Peale FV, Junttila MR and Ferrara 
N. Oncogenic RAS pathway activation promotes resistance 
to anti-VEGF therapy through G-CSF-induced neutrophil 
recruitment. Proceedings of the National Academy 
of Sciences of the United States of America. 2013; 
110(15):6079-6084.

22. Tecchio C and Cassatella MA. Neutrophil-derived cytokines 
involved in physiological and pathological angiogenesis. 
Chemical immunology and allergy. 2014; 99:123-137.

23. Nava F, Tramacere I, Fittipaldo A, Bruzzone MG, Dimeco 
F, Fariselli L, Finocchiaro G, Pollo B, Salmaggi A, 
Silvani A, Farinotti M and Filippini G. Survival effect of 
first- and second-line treatments for patients with primary 
glioblastoma: a cohort study from a prospective registry, 
1997-2010. Neuro-oncology. 2014; 16(5):719-727.

24. Chauffert B, Feuvret L, Bonnetain F, Taillandier L, Frappaz 
D, Taillia H, Schott R, Honnorat J, Fabbro M, Tennevet 
I, Ghiringhelli F, Guillamo JS, Durando X, Castera D, 
Frenay M, Campello C, et al. Randomized phase II trial 
of irinotecan and bevacizumab as neo-adjuvant and 
adjuvant to temozolomide-based chemoradiation compared 
with temozolomide-chemoradiation for unresectable 
glioblastoma: final results of the TEMAVIR study from 
ANOCEFdagger. Annals of oncology : official journal of 
the European Society for Medical Oncology / ESMO. 2014; 
25(7):1442-1447.

25. Budczies J, Klauschen F, Sinn BV, Gyorffy B, Schmitt 
WD, Darb-Esfahani S and Denkert C. Cutoff Finder: 
a comprehensive and straightforward Web application 
enabling rapid biomarker cutoff optimization. PloS one. 
2012; 7(12):e51862.

26. Verhaak RG, Hoadley KA, Purdom E, Wang V, Qi Y, 
Wilkerson MD, Miller CR, Ding L, Golub T, Mesirov 
JP, Alexe G, Lawrence M, O’Kelly M, Tamayo P, Weir 

BA, Gabriel S, et al. Integrated genomic analysis identifies 
clinically relevant subtypes of glioblastoma characterized 
by abnormalities in PDGFRA, IDH1, EGFR, and NF1. 
Cancer cell. 2010; 17(1):98-110.

27. Erdem-Eraslan L, van den Bent MJ, Hoogstrate Y, Naz-
Khan H, Stubbs A, van der Spek P, Bottcher R, Gao Y, 
de Wit M, Taal W, Oosterkamp HM, Walenkamp A, 
Beerepoot LV, Hanse MC, Buter J, Honkoop AH, et al. 
Identification of Patients with Recurrent Glioblastoma Who 
May Benefit from Combined Bevacizumab and CCNU 
Therapy: A Report from the BELOB Trial. Cancer research. 
2016; 76(3):525-534.

28. Taal W, Oosterkamp HM, Walenkamp AM, Dubbink HJ, 
Beerepoot LV, Hanse MC, Buter J, Honkoop AH, Boerman 
D, de Vos FY, Dinjens WN, Enting RH, Taphoorn MJ, van 
den Berkmortel FW, Jansen RL, Brandsma D, et al. Single-
agent bevacizumab or lomustine versus a combination of 
bevacizumab plus lomustine in patients with recurrent 
glioblastoma (BELOB trial): a randomised controlled phase 
2 trial. The Lancet Oncology. 2014; 15(9):943-953.

29. Millauer B, Shawver LK, Plate KH, Risau W and Ullrich 
A. Glioblastoma growth inhibited in vivo by a dominant-
negative Flk-1 mutant. Nature. 1994; 367(6463):576-579.

30. Folkman J. Tumor angiogenesis. Advances in cancer 
research. 1985; 43:175-203.

31. Folkman J. Angiogenesis in cancer, vascular, rheumatoid 
and other disease. Nature medicine. 1995; 1(1):27-31.

32. Parangi S, O’Reilly M, Christofori G, Holmgren L, Grosfeld 
J, Folkman J and Hanahan D. Antiangiogenic therapy of 
transgenic mice impairs de novo tumor growth. Proceedings 
of the National Academy of Sciences of the United States of 
America. 1996; 93(5):2002-2007.

33. Vredenburgh JJ, Desjardins A, Herndon JE, 2nd, Dowell 
JM, Reardon DA, Quinn JA, Rich JN, Sathornsumetee S, 
Gururangan S, Wagner M, Bigner DD, Friedman AH and 
Friedman HS. Phase II trial of bevacizumab and irinotecan 
in recurrent malignant glioma. Clinical cancer research : 
an official journal of the American Association for Cancer 
Research. 2007; 13(4):1253-1259.

34. Wong ET, Hess KR, Gleason MJ, Jaeckle KA, Kyritsis 
AP, Prados MD, Levin VA and Yung WK. Outcomes and 
prognostic factors in recurrent glioma patients enrolled onto 
phase II clinical trials. Journal of clinical oncology : official 
journal of the American Society of Clinical Oncology. 
1999; 17(8):2572-2578.

35. Wang J, Yao L, Zhao S, Zhang X, Yin J, Zhang Y, Chen 
X, Gao M, Ling EA, Hao A and Li G. Granulocyte-colony 
stimulating factor promotes proliferation, migration and 
invasion in glioma cells. Cancer biology & therapy. 2012; 
13(6):389-400.

36. Revoltella RP, Menicagli M and Campani D. Granulocyte-
macrophage colony-stimulating factor as an autocrine 
survival-growth factor in human gliomas. Cytokine. 2012; 
57(3):347-359.



Oncotarget70958www.impactjournals.com/oncotarget

37. Karcher S, Steiner HH, Ahmadi R, Zoubaa S, Vasvari G, 
Bauer H, Unterberg A and Herold-Mende C. Different 
angiogenic phenotypes in primary and secondary 
glioblastomas. International journal of cancer Journal 
international du cancer. 2006; 118(9):2182-2189.

38. Brantley EC, Nabors LB, Gillespie GY, Choi YH, Palmer 
CA, Harrison K, Roarty K and Benveniste EN. Loss of 
protein inhibitors of activated STAT-3 expression in 
glioblastoma multiforme tumors: implications for STAT-3 
activation and gene expression. Clinical cancer research : 
an official journal of the American Association for Cancer 
Research. 2008; 14(15):4694-4704.

39. Niola F, Evangelisti C, Campagnolo L, Massalini S, Bue 
MC, Mangiola A, Masotti A, Maira G, Farace MG and 
Ciafre SA. A plasmid-encoded VEGF siRNA reduces 
glioblastoma angiogenesis and its combination with 
interleukin-4 blocks tumor growth in a xenograft mouse 
model. Cancer biology & therapy. 2006; 5(2):174-179.

40. Ohki Y, Heissig B, Sato Y, Akiyama H, Zhu Z, Hicklin 
DJ, Shimada K, Ogawa H, Daida H, Hattori K and Ohsaka 
A. Granulocyte colony-stimulating factor promotes 
neovascularization by releasing vascular endothelial 
growth factor from neutrophils. FASEB journal : official 
publication of the Federation of American Societies for 
Experimental Biology. 2005; 19(14):2005-2007.

41. Chen CH, Huang SY, Chen NF, Feng CW, Hung HC, 
Sung CS, Jean YH, Wen ZH and Chen WF. Intrathecal 
granulocyte colony-stimulating factor modulate glial cell 
line-derived neurotrophic factor and vascular endothelial 
growth factor A expression in glial cells after experimental 
spinal cord ischemia. Neuroscience. 2013; 242:39-52.

42. Liang J, Piao Y, Holmes L, Fuller GN, Henry V, Tiao N 
and de Groot JF. Neutrophils promote the malignant glioma 
phenotype through S100A4. Clinical cancer research : an 
official journal of the American Association for Cancer 
Research. 2014; 20(1):187-198.

43. Sandmann T, Bourgon R, Garcia J, Li C, Cloughesy T, 
Chinot OL, Wick W, Nishikawa R, Mason W, Henriksson 
R, Saran F, Lai A, Moore N, Kharbanda S, Peale F, Hegde 
P, et al. Patients With Proneural Glioblastoma May Derive 
Overall Survival Benefit From the Addition of Bevacizumab 
to First-Line Radiotherapy and Temozolomide: 
Retrospective Analysis of the AVAglio Trial. Journal of 
clinical oncology : official journal of the American Society 
of Clinical Oncology. 2015; 33(25):2735-2744.

44. Hiura K, Shiraishi A, Suzuki C, Takamura K, Yamamoto 
M, Komori H, Watanabe Y and Iwaki-Egawa S. MMP-
9/ANC score as a predictive biomarker for efficacy of 
bevacizumab plus platinum doublet chemotherapy in 
patients with advanced or recurrent non-squamous non-
small cell lung cancer. Cancer biomarkers : section A of 
Disease markers. 2015; 15(4):433-440.

45. Passardi A, Scarpi E, Cavanna L, Dall’Agata M, Tassinari 
D, Leo S, Bernardini I, Gelsomino F, Tamberi S, Brandes 
AA, Tenti E, Vespignani R, Frassineti GL, Amadori D 
and De Giorgi U. Inflammatory indexes as predictors 
of prognosis and bevacizumab efficacy in patients with 
metastatic colorectal cancer. Oncotarget. 2016; 7:33210-
33219. doi: 10.18632/oncotarget.8901.


