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Abstract
Bevacizumab (Bv) remains frequently prescribed in glioblastoma (GBM) patients, especially at recurrence. We conducted 
a prospective clinical trial with 29 recurrent GBM patients treated with Bv alone with a longitudinal follow-up of different 
circulating immune cells [complete blood count, myeloid-derived suppressor cells (MDSCs), classical, intermediate, non-
classical and Tie2 monocytes, VEGFR1+ and regulatory T cells (Treg)]. We observed a significant increase for leucocytes, 
neutrophils, eosinophils and classical monocytes and a decrease for the fraction of Treg during the treatment. The best 
prognostic values for survival under Bv were obtained for basal neutrophils and Treg. Counts below 3.9 G/L for neutrophils 
and above 0.011 G/L for Treg were associated with an overall survival of 17.5 and 19.9 months, respectively, as compared 
with 5.4 and 5.6 months, respectively, for counts above and below these cutoffs (p = 0.004 and p < 0.001). No prognostic 
impact was observed for neutrophils in a retrospective cohort of 26 patients treated with nitrosoureas alone. In another 
retrospective validation cohort of 61 GBM patients treated at recurrence with a Bv-containing regimen, an interaction was 
observed between neutrophils and corticosteroid intake. The predictive value of neutrophils on survival under Bv was lost in 
patients treated with corticosteroids, when steroid-free patients with a low neutrophil count had a particularly long median 
survival of 3.4 years. These two simply accessible criteria (basal neutrophils and steroid intake) could be used to reserve this 
relatively costly treatment for patients likely to be the most responsive to Bv and prevent unnecessary side effects in others.
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Treg  Regulatory T cells
VEGF  Vascular endothelial growth factor

Introduction

The standard of care for glioblastoma (GBM) patients at 
recurrence is not well defined. Bevacizumab (Bv) is often 
prescribed in various countries because two phase II stud-
ies initially showed that approximately 30% of patients 
responded to treatment, with improved progression-free 
survival (PFS) [1, 2]. This led to the randomised controlled 
phase II BELOB trial, in which the rate of overall survival 
at 9 and 12 months was higher with the combination of Bv 
and lomustine than with either agent alone [3]. Yet, in the 
large EORTC 26101 phase 3 trial, adding Bv to lomustine 
failed to increase survival over lomustine alone, although 
the PFS was longer (4.2 months) in the combination group 
than in the monotherapy group (1.5 months) [4]. Despite 
these mixed results, Bv remains a therapeutic option for 
GBM patients. This is explained, in part, by the fact that 
this treatment can have corticosteroid-sparing effects, 
but also because a proportion of patients show long-term 
response to Bv. Several attempts have been made to iden-
tify this subset of patients to reserve this relatively costly 
treatment to responsive patients and prevent unnecessary 
side effects in others.

Vascular endothelial growth factor (VEGF), the molecu-
lar target of Bv, was previously seen as an obvious predic-
tive marker of response to Bv. However, most studies in 
gliomas as well as in other pathologies have failed to show 
a correlation between a high level of VEGF detected in the 
circulation or in the tumour and outcomes of patients [5, 
6]. Other studies aimed at identifying a link between the 
molecular profile of the tumour and the response to Bv-
containing regimen. Patients from the BELOB trial with an 
initial tumour assigned to the specific molecular subtype of 
glioma, IGS-18, or classical GBMs, showed more benefit 
from Bv/CCNU treatment. This benefit was not found for 
patients treated with Bv only [7]. In a smaller retrospective 
cohort of patients treated at recurrence with a combination 
of Bv and irinotecan, patients with initial tumours assigned 
to IGS-18 or classical GBMs had, on the contrary, worse 
outcomes than those assigned to IGS-22/23 [8]. A micro-
RNA profile of tumour tissue has been described to have 
a predictive potential in GBM patients treated with Bv [9]. 
Differential expression of single genes, as angiotensino-
gen and HLA class II, has also been reported to predict Bv 
response in recurrent patients treated with the same com-
bined treatment [10]. A major limitation of these studies is 
the use of primary tumour tissue for classification/analysis, 
whereas the treatment targets the recurrent tumour. As the 

recurrent tumour is rarely available for GBM patients, look-
ing for blood biomarkers may be a better alternative.

In this study, we analysed different blood circulating 
immune cells at the time of relapse. Infiltrating immune 
cells are recognised to play a crucial role in regulating the 
formation and the remodelling of tumoural blood vessels 
and can regulate responsiveness and resistance to antiangi-
ogenic therapies [11]. The great majority of these cells are 
bone marrow-derived cells recruited to the tumour via the 
blood. Our hypothesis was that the inhibition of angiogen-
esis at the tumour level, following the blockade of VEGF 
by Bv, would lead to changes in the recruitment of immune 
cells, inducing variations in their peripheral levels. A first 
goal was to conduct a longitudinal follow-up of different 
subsets of immune cells in the peripheral blood of recur-
rent GBM patients during their course of Bv treatment. A 
second goal was to analyse the potential prognostic value 
of enumeration of these cells. To achieve this goal, we 
conducted a prospective clinical trial, in which patients 
were treated at relapse by Bv alone. Some of the results 
were further validated in two independent retrospective 
cohorts of GBM patients.

Materials and methods

Patients and study design

Initial prospective cohort

Recurrent GBM patients for whom a Bv treatment was 
planned as part of their care were enrolled in this bicen-
tric prospective study. The primary goal of the study was 
to perform a longitudinal follow-up of different circulat-
ing immune cells and to highlight those whose rates varied 
significantly during the course of treatment. The secondary 
goal was to search for a link between immune cell levels 
and overall patient survival. Patients were above the age of 
18 years, had a proven progressive disease occurring at least 
3 months after radiotherapy and 4 weeks after chemotherapy 
(if appropriate) and were eligible for a Bv treatment. After 
inclusion, they were treated with Bv 10 mg/kg i.v. every 
2 weeks until progression.

Validation cohorts

GBM patients treated at first recurrence with Bv alone or 
in association with camptothecin or nitrosoureas (cohort 1) 
or nitrosoureas alone (cohort 2) and for whom a complete 
blood count was available before treatment were selected.
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Analysis of blood samples

Fifteen millilitres of peripheral venous blood was collected 
in K2 EDTA tubes before initiation of Bv and then before 
the third, fifth and seventh cycles of treatment. The flow-
chart of the study design is illustrated in Sup. Figure 1. For 
each point, a complete blood cell count (CBC) was per-
formed on a Beckman Coulter haematology analyser. A 
six-colour flow cytometric analysis on fresh blood was also 
performed using a BD FACSCanto II cytometer (Rennes) 
or a Beckman cytometer (Paris). Flow cytometry analyses 
were performed using FACSDiva (BD Biosciences) and 
Kaluza (Beckman Coulter) software. The gating strategies 
are described in detail in Figure S2. Negative controls were 
included for defining accurate gating. Preliminary tests made 
it possible to ensure that identical results were obtained at 
the two sites carrying out the analysis. G-MDSCs (granu-
locytic myeloid-derived suppressor cells) were identified as 
 CD33+/CD203−/CD14−/CD16−/low/HLA-DR−. Classical, 
intermediate and non-classical monocytes were identified 
as  CD14high/CD16−,  CD14high/CD16+ and  CD14low/CD16+, 
respectively. Tie 2 expressing monocytes (TEM) were iden-
tified as  CD14+/Tie2+, M-MDSCs (monocytic myeloid-
derived suppressor cells) as  CD14+/HLA-DR−/neg and Treg 
as  CD3+/CD4+/CD25high/FoxP3+. VEGFR1 expression was 
analysed on  CD14+ cells and total leucocytes (cytometric 
analysis based on cell size and granularity). For each popu-
lation, an absolute number was calculated as follows: (total 
white blood cell count × percent of the population of interest 
among leucocytes)/100. For Treg, the percentage of Treg 
among  CD3+ T cells and among  CD3+/CD4+ T cells was 
also determined. For a detailed description of the antibodies, 
the methods used for labelling and the gating strategies, see 
Sup. Figure 2.

For the validation cohorts, data were extracted from CBC 
done as part of the standard monitoring of the patients.

Statistical analysis

Data were described using median [minimum–maximum] 
values concerning quantitative variables and frequencies 
n (%) for categorical variables. Biological counts were 
reported in the form of cell counts and percent out of cell 
populations of interest (e.g. % of Treg among  CD3+ T cells). 
Box plots were presented to draw evolution of biological 
counts at each sample time: before C1 (the first cycle noted 
C1), C3, C5 and C7. Evolution over time of the cell popula-
tions was tested through one-way ANOVA with repeated 
measures. Further pairwise comparisons from the baseline 
value (C1) were conducted with Wilcoxon matched pairs 
signed-ranks tests. No adjustment for alpha risk inflation was 
performed, but figure presentation allows reproducing such 
kind of reasoning by distinguishing p < 0.5, 0.01 and 0.001.

Overall survival was defined as the time between inclu-
sion in the study and death. Survival rates were estimated 
by the Kaplan–Meier method and survival curves compared 
by log-rank tests. Each explanatory factor was dichotomised 
by the median value at C1 and the median value of the ratio 
to baseline after two cycles (C3). Survival medians and 
95% confidence intervals are presented as M [95% IC lower 
bound–95% IC upper bound].

Results from the prospective cohort were then con-
firmed on two different historical cohorts of patients having 
received Bv (n = 61) or not (n = 27) at recurrence. Steroid 
intake at recurrence, neutrophil counts (> median) and inter-
actions between biological parameters and steroid intake 
were introduced in a multivariable Cox model.

Analysis was conducted with the R Core Team software 
(2014): a language and environment for statistical comput-
ing. R foundation for statistical computing, Vienna, Austria 
(http://www.R-proje ct.org/).

Results

Studied populations

Twenty-nine patients (21 in Rennes and 8 in Paris) were 
enrolled in the prospective study from September 2012 
through December 2014. The median overall survival was 
8.5 months [6.8–18.4]. To constitute the validation cohort 
1, all the GBM patients having received Bv at recurrence, 
not having participated in the prospective protocol and for 
whom a total blood count was available within 10 days 
before the start of treatment were extracted from the local 
database. Sixty-one patients treated between December 2008 
and May 2017 were selected. Among this cohort, 60% of 
patients received Bv alone as a second-line treatment and 
56% received a combined treatment (Bv and chemotherapy) 
as a second or third line. In the prospective cohort, half of 
the patients received a combined treatment (Bv and chemo-
therapy) after failure of Bv as monotherapy, which makes 
these two cohorts relatively similar. The validation cohort 
2 included 27 patients treated by nitrosourea alone between 
the dates of April 2009 and October 2015. The medians for 
overall survival were 8 months [6–11] and 9 months [5–17] 
for cohorts 1 and 2, respectively. Clinical patient character-
istics are summarised in Table 1.

Levels of different immune cells vary significantly 
during Bv treatment

As shown in Fig. 1, significant variations were recorded for 
total leucocytes during treatment, with a notable increase 
between the samples taken before treatment (5.8  G/L 
[2.3–14.2]) and the one taken before the third cycle (7.3 G/L 

http://www.R-project.org/


874 Cancer Immunology, Immunotherapy (2019) 68:871–882

1 3

[3.8–14.9]) (p = 0.001). This increase was mainly due to the 
contingent of myeloid cells. Indeed, a similar profile was 
observed with neutrophils (3.9 G/L [1.54–13.35]) at C1, 
(5.5 G/L [2.45–14.71]) and C3 (p = 0.022) and with mono-
cytes (0.42 G/L [0.03–0.77]) at C1 (0.5 G/L [0.20–0.91]) 
and C3 (p = 0.005), whereas lymphocyte levels remained sta-
ble during the treatment. Among the monocytes, the increase 
was in the large majority population of classical monocytes. 
The absolute  CD3+CD4+CD25+FOXP3+ Treg count did not 
change during the course of treatment, whereas a decrease 
in the percentage of Treg among  CD3+ T cells and  CD3+/
CD4+T cells was observed with 2.26% and 4.325% at base-
line and 1.86% and 3.265% at C7, respectively (p = 0.016 
and 0.006). No significant variation was observed for the 
other analysed immune cells when considered as a per-
centage among leucocytes (for monocytes and MDSCs) or 
among  CD14+ cells (for monocytes).

Basal neutrophil and Treg counts have the best 
prognostic values for overall survival

For each cell population, the prognostic impact of the base-
line level and the ratio to baseline level after two cycles of 
treatment were tested. As shown in Table 2, a high baseline 
level (above the median) of total leucocytes, neutrophils and 
platelets had a significant pejorative impact on overall sur-
vival. Conversely, a high baseline level (above the median) 
of intermediate monocytes, non-classical monocytes and 
Treg had a positive impact on overall survival. The two 
best predictors of survival in our series of patients treated 
with Bv were the basal levels of neutrophils and Treg. No 
prognostic impact was found for the ratio to baseline level 
after two cycles of treatment. Figure 2 presents the plots of 
Kaplan–Meier survival curves showing the overall survival 
of patients dichotomised according to the median values. 
Patients with an absolute neutrophil count above 3.9 G/L had 
a median overall survival of 5.4 months [3.9–14.5], whereas 
patients with neutrophils below or equal to 3.9 G/L had a 

median overall survival of 17.5 months [8.5-NR] (p = 0.004). 
Patients with an absolute Treg count above 0.011  G/L 
had a median overall survival of 19.9 months [17.5-NR], 
whereas others had a median overall survival of 5.6 months 
[5.3–12.3] (p < 0.001).

Among clinical variables available, age was not a prog-
nostic variable, when baseline corticosteroid treatment 
was associated with reduced survival in univariate analy-
sis (p < 0.001). Unlike neutrophils, Treg had a prognostic 
impact regardless of steroid in bivariate analysis (Table 3).

Neutrophil count has a high positive predictive 
value of response to Bv, only in steroid‑free patients

Treg results could not be validated in retrospective data as it 
requires flow cytometry that is not routinely performed. On 
the contrary, this could be done in two independent cohorts 
for neutrophil counts, using the previously determined cut-
off 3.9 G/L. In the cohort of 61 patients treated at recur-
rence with Bv with or without chemotherapy, the results 
were similar to those obtained during the prospective trial. 
Patients with an absolute neutrophil count above 3.9 G/L 
had a median overall survival of 6 months [5–10], whereas 
patients below 3.9 G/L had a median overall survival of 
16 months [8-NR] (p < 0.001) (Fig. 3a). On the other hand, 
Impact on overall survival of neutrophils was not found in 
the cohort of 26 patients treated at recurrence with nitros-
ourea alone (Fig. 3b). This indicates that neutrophil count is 
predictive of response to Bv in GBM patients at recurrence.

As observed in the prospective cohort, age was not a 
prognostic variable (data not shown), when baseline corti-
costeroid treatment was associated with reduced survival in 
univariate analysis (p = 0.001) (Table 3). On the other hand, 
both corticosteroids and neutrophils remained significant in 
bivariate analysis, with a positive interaction between these 
two variables (p = 0.024) (Table 3).

The neutrophil count was 3.3 G/L [2.1–8.2] in the popula-
tion that did not take corticosteroids at the beginning of Bv 

Table 1  Baseline characteristics 
of the patients

Bv bevacizumab, CT chemotherapy, PFS progression-free survival, OS overall survival

Prospective cohort 
(n = 29)

Validation cohort 1
Bv+/− CT (n = 61)

Validation 
cohort 2
CT only (n = 27)

Age (years)
 Median 59.1 56.9 59.9
 Range (32–76) (31–79) (37–81)

Use of glucocorticoids [n (%)]
 No 13 (45%) 18 (30%) 13 (48%)
 Yes 16 (55%) 43 (70%) 14 (52%)

Median survival (months)
 OS 8.5 8.0 9.0
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treatment compared to 7.4 G/L [2.1–15.1] for the patients 
on corticosteroids (p = 1.4 × 10−5, Wilcoxon test) (Fig. 3c). 
It should be noted that among the 18 patients without cor-
ticosteroids at baseline treatment, 11 had received no cor-
ticosteroids during their previous postoperative treatment 
and could therefore be considered ‘glucocorticoid-naïve’. 
After stratification of patients according to corticosteroid 
treatment, predictive value of neutrophil count remained sig-
nificant only in the population without corticosteroid intake 
at recurrence (n = 18), resulting in a better overall survival 
for patients with low neutrophils counts of 41 months [16-
NR], compared to 7.5 months [5-NR] for patients with high 
neutrophil counts (p = 0.007) (Fig. 3d, e).

Discussion

In this study, we were able to show that different popula-
tions of circulating cells vary significantly in GBM patients 
treated at recurrence with Bv, especially with an increase in 
the absolute number of different subsets of myeloid cells that 
occurs after the first two cycles of treatment. The only sig-
nificant observed reduction was for the percentage of Treg 
among  CD3+ or  CD3+/CD4+ T cells. A similar reduction in 
blood Treg percentage, linked to a decrease in their prolif-
eration, has been reported for metastatic colorectal cancer 
after two cycles of Bv plus chemotherapy [12]. In our cohort 
of patients, this decrease had no impact on patients’ behav-
iour, whereas it correlates with a better overall survival in 
metastatic renal cancer patients treated with sunitinib, a mul-
titargeted receptor tyrosine kinase inhibitor (TKI) includ-
ing VEGFR types 1 and 2 [13]. In GBM patients treated at 
recurrence with axitinib, a selective inhibitor of VEGFR-1, 2 
and 3, a significant increase of the percentage of Treg within 
 CD4+ T cell was observed after 6 weeks of treatment in the 
case of progressive disease [14].

The best correlations with survival, in our prospective 
cohort of patients, were found for factors analysed before 
treatment, not for decrease or increase of a particular subset 
of immune cells. It seems therefore that the pre-existing state 
of the patient conditions the response to treatment, rather 
than the specific activity of Bv on the different immune cells 
analysed. More than half of the patients were receiving corti-
costeroids before the introduction of Bv at recurrence, which 
indicates that they had neurologic symptoms. These patients 
had a shorter survival, which could be linked to a poorer 
performance status and/or a greater tumour volume. One 
cannot also exclude a direct deleterious effect of corticoster-
oids. Retrospective clinical analyses have indeed identified 
corticosteroid use during first-line radiotherapy as an inde-
pendent indicator of shorter survival in three independent 
cohorts of GBM patients [15].

Patients receiving corticoids had higher neutrophil counts 
than steroid-independent patients. This is a well-known 
effect of corticosteroid intake, due in particular to their 
demargination from the endovascular lining of the blood 
vessels [16], which can explain why the prognostic value 
of neutrophil count was lost for these patients. On the other 
hand, the basal neutrophil count refined the prognosis among 
patients without corticosteroids, with the identification of 
patients with a particularly long median survival of 3.4 years 
from the beginning of Bv treatment.

Neutrophils are the most abundant white blood cells in 
humans. It has now been well established that these cells 
are not only terminally differentiated involved in infection, 
but can also be found in different stages of maturation and 
activation into the blood from which they can extravasate 
into tissues. Especially, a population of circulating  CD49d+/
VEGFR1high/CXCR4high neutrophils that stimulates angio-
genesis has been described in humans and mice. These 
neutrophils represent a small population in healthy humans 
and are recruited to tissue by VEGF-A [17]. Glioma models 
suggest that increased recruitment of neutrophils during anti-
VEGF therapy promotes glioma progression with a mes-
enchymal switch and may promote tumour resistance [18]. 
Neutrophils may also be involved in immunosuppression. 
In GBM patients, an expanded population of circulating 
degranulated neutrophils characterised by a decrease in den-
sity and an increase of arginase release inducing a peripheral 
immunosuppression has been described [19]. These neutro-
phils could correspond to the recently described immuno-
suppressive neutrophils, characterised by the expression of 
CD10+ that can inhibit proliferation and interferon gamma 
production by T cells via a CD18-mediated contact-depend-
ent arginase 1 release [20]. It would certainly be interesting 
to distinguish these different neutrophil subtypes in GBM 
patients using these new markers.

MDSCs are also myeloid cells frequently described as 
involved in GBM immunosuppression. These cells are a 
heterogeneous population of cells at different stages of dif-
ferentiation. At least two distinct MDSC subpopulations 
have been identified in humans: the granulocytic subset 
(G-MDSCs) and the monocytic subset (M-MDSCs). An 
increased number of both types of circulating MDSCs has 
been reported in the PBMC (peripheral blood mononuclear 
cells) of GBM patients compared to normal donors [21, 22]. 
The number of MDSCs remains, however, relatively low 
compared to neutrophils, with an average of 40 neutrophils 
for one MDSC in our study. Furthermore, we show here that 
the number of MDSCs does not vary significantly during Bv 
treatment and does not correlate with patient survival.

A pre-treatment neutrophil–lymphocyte ratio (NLR) 
has been shown to be prognostic in several solid tumours. 
For newly diagnosed GBM patients treated according to 
the Stupp protocol, no less than four studies have reported 
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that a high ratio (4.1–7.5, depending on the study) before 
treatment is correlated with a shorter survival [23–26]. This 
ratio is regarded as a marker of systemic cancer-associated 
inflammation. In our prospective cohort, we observed that 
a median basal NLR of 5.2 and patients with a value above 
the median had no significant shorter median overall sur-
vival (7.2 months versus 17.5 months; p = 0.083, data not 
shown). However, a prognostic value was obtained when 

considering the neutrophil count alone. Such an association 
between blood baseline neutrophil count and Bv efficacy in 
GBM has previously been reported, but with contradictory 
results as compared with ours. In the retrospective cohort 
reported in the study of Bertaut et al. [27], GBM patients 

Fig. 1  Immune cells with significant variations during bevacizumab 
treatment. A complete blood cell count (CBC) and a cytometric anal-
ysis were assessed at baseline (C1) and before the third (C3), the fifth 
(C5) and the seventh (C7) cycles of treatment. Leucocyte, neutrophil, 
eosinophil, total monocyte and classical monocyte counts increased, 
whereas percentage of Treg among  CD3+ and  CD3+/CD4+ T cells 
decreased during treatment. The bottom of the box-and-whisker plot 
graph shows the 25th percentile of the variable, the line within the 
box indicates the median, and the top of the box shows the 75th per-
centile. Ends of the whiskers are at 25th percentile − (1.5 × interquar-
tile range) and 75th percentile + (1.5 × interquartile range). Outliers 
are indicated as small circles. † indicates p values for global change 
during treatment (p ≤ 0.05†, p ≤ 0.01††, one-way repeated ANOVA). * 
indicates p values for changes between baseline and the subsequent 
cycles (p ≤ 0.05*, p ≤ 0.01**, p ≤ 0.001***, Wilcoxon test)

◂ Table 2  Cell populations with a prognostic impact on overall survival

Patients were dichotomised according to the median value of the 
different cell populations. Comparison of survival curves was done 
using the log rank test. Populations with a negative impact on sur-
vival appear on bold
CBC complete blood cell count, FCM flow cytometry

Cell population Baseline level

Cutoff (G/L) p

Total leucocytes (CBC) 5.8 0.01
Neutrophils (CBC) 3.9 0.004
Platelets (CBC) 189 0.022
Intermediate monocytes (FCM) 0.023 0.026
Non-classical monocytes (FCM) 0.013 0.027
Treg (FCM) 0.011 < 0.001

Fig. 2  Overall survival for 
the initial cohort of patients. 
Kaplan–Meier analysis of 
overall survival according to 
basal neutrophil (a) and Treg 
(b) counts
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were treated mostly with radio-chemotherapy as a first-line 
and 60% of them received a Bv-based regimen at recurrence. 
Neutrophil count was performed before the initiation of the 
first treatment and overall survival was calculated from 
the date when therapy started to the date of death. In the 
whole cohort of patients, a high neutrophil count (> 6 G/L) 
was associated with poorer survival, but this association 
remained only in the group of patients not receiving Bv. 
The authors concluded that Bv was able to counterbal-
ance the deleterious effect of a high neutrophil count. In 
this study, overall survival was the result of the initial treat-
ment, comprising temozolomide (TMZ) and the treatment 
at recurrence, with or without Bv. In this case, the status 
of  O6-methylguanine DNA methyltransferase (MGMT) pro-
moter methylation, which is a very powerful predictor of 
response to TMZ for newly diagnosed GBM patients, with a 
PFS difference of approximately 7 months between “methyl-
ated” and “unmethylated” patients, [28] should have been 
taken into account. However, this was not the case and could 
have induced a bias in the reported result. On the other hand, 
given the significant fluctuations in neutrophil counts, espe-
cially those induced by corticosteroid treatment, it seems 
preferable to consider the neutrophil count at the beginning 
of Bv treatment, as was done in our study. In any case, only 
complementary prospective studies will allow the validation, 
or not, of these different results.

Another potential interesting biomarker associated with 
overall survival in our prospective cohort of patients was 
the basal absolute count of Treg. As Treg contribute to 
immunosuppressive mechanisms, high levels of these cells 
are intuitively expected to correlate with a poor prognosis. 
However, if a high tumour infiltration by Treg is signifi-
cantly associated with shorter overall survival in many solid 
tumours, the opposite can be observed [29–31]. In GBM, 
in particular, some studies have shown a prognostic value 
of  Foxp3+ tumour-infiltrating lymphocytes [32], and others 

not [33, 34]. In any case, lymphocytes and especially Treg 
remain a minority contingent of immune cells in GBM 
tumours compared to myeloid cells. Concerning the prog-
nostic impact of peripheral blood Treg, the same phenome-
non can be observed. For example, in patients with follicular 
lymphoma, high levels prior to therapy have been associated 
with decreased PFS [35]. On the other hand, no correlation 
was observed between the pre-treatment percentage of circu-
lating Treg and survival in newly diagnosed GBM patients, 
[33] whereas in diffuse large B-cell lymphoma (DLBCL), a 
low number of circulating Treg has been shown to be asso-
ciated with poor prognosis [36]. The prognostic value of 
Treg seems to vary according to the type of tumour, but also 
according to the treatment. We have also to keep in mind that 
Treg are not a homogeneous population. Different stages of 
activation/differentiation have been described based on the 
expression of markers, such as CD127/CD152/CD45RO. In 
patients with non-small cell lung cancer (NSCLC) treated 
with front-line chemotherapy, an increased percentage of 
baseline naive Treg is associated with a poor clinical out-
come, whereas high baseline levels of terminal effector Treg 

Table 3  Univariate and 
bivariate survival analysis

HR hazard ratio, CI confidence interval

Univariate analysis Bivariate analysis

HR (95% CI) p value HR (95% CI) p value

Prospective cohort (Bv)
 Corticosteroid use (yes) 4.8 [1.90; 12.12] < 0.001 3.7 [1.31; 10.22] 0.013
 Neutrophil count > 3.9 G/L 3.31 [1.43; 7.65] 0.005 1.96 [0.76; 5.05] 0.164

Prospective cohort (Bv)
 Corticosteroid use (yes) 4.8 [1.90; 12.12] < 0.001 2.1 [0.65; 6.96] 0.212
 Treg count > 0.011 G/L 0.13 [0.04; 0.40] < 0.001 0.21 [0.05; 0.83] 0.026

Validation cohort 1 (Bv+/− CT)
 Corticosteroid use (yes) 3.2 [1.58; 6.56] 0.001 7.2 [1.84; 27.94] 0.005
 Neutrophil count > 3.9 G/L 3.2 [1.55; 6.80] 0.002 5.9 [1.63; 21.61] 0.007
 Interaction – – 0.16 [0.03; 0.78] 0.024

Fig. 3  Overall survival for the validation cohorts and impact of corti-
costeroid intake. Kaplan–Meier analysis of overall survival according 
to basal neutrophil in a series of 61 glioblastoma patients treated at 
recurrence with bevacizumab alone or with chemotherapy (a) and in 
a series of 26 glioblastoma patients treated at recurrence with nitro-
soureas (b). c Impact of corticosteroid intake on neutrophil count 
in the series of 61 patients. The bottom of the box-and-whisker plot 
graph shows the 25th percentile of the variable, the line within the 
box indicates the median and the top of the box shows the 75th per-
centile. The ends of the whiskers are at 25th percentile − (1.5 × inter-
quartile range) and 75th percentile + (1.5 × interquartile range). Outli-
ers are indicated by small circles. **** indicates the p value of the 
neutrophil counts of patients taking corticosteroids versus those not 
taking corticosteroids (p = 1.3 × 10−7, calculated by t test). Kaplan–
Meier analysis of overall survival according to basal neutrophil count 
in patients without corticosteroids (c) or with corticosteroids (d) and 
receiving a bevacizumab containing regimen
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is correlated with improved clinical response [37]. As for 
neutrophils, it would therefore be interesting to check if 
peripheral Tregs found in GBM patients at recurrence dis-
play a particular activation profile. In our prospective cohort 
of patients exclusively treated at recurrence with Bv, a high 
level of Treg, defined as  CD3+CD4+CD25+FOXP3+, was 
linked to a better prognosis. In contrast to neutrophils, Treg 
levels and their prognostic significance were not influenced 
by corticosteroid use. This could be regarded as an advan-
tage for using Treg as a prognostic marker instead of neutro-
phils. However, we believe that neutrophils respond better 
to the quality criteria required for a good biomarker, such as 
robustness, reproducibility and accessibility.

The overall survival observed in our two cohorts of 
patients treated at recurrence with Bv are consistent with 
those reported in the literature [38]. However, to our knowl-
edge, no biomarker to date has identified a population with 
such a long median survival. In the study of Tabouret et al., 
for example, high plasma matrix metalloproteinase-2 levels 
in recurrent HGG receiving Bv were associated with a better 
overall survival of 12.8 months, [39] compared to 41 months 
for corticosteroid-free patients with a low neutrophil count 
in our validation cohort. Of course, this difference could be 
due to the selection bias of patients likely to receive Bv at 
the phase of relapse. Nevertheless, we believe that these new 
criteria (neutrophil count and corticosteroid intake) should 
be tested in the large clinical studies previously reported that 
have used Bv in GBM at relapse and could easily be entered 
into the current practice of oncologists.

Acknowledgements The authors acknowledge the Centre de Res-
sources Biologiques (CRB) Santé of Rennes BB-0033-00056 for man-
aging patient samples. The authors gratefully acknowledge the staff of 
the «bureau d’étude clinique and cellule de promotion» in the oncology 
center Eugène Marquis for setting up and monitoring the study.

Author contributions VQ was the principal investigator. VQ, AFC, ET 
and EV directed the study design. AFC and EV oversaw clinical care 
and provided patient samples. TA and AG performed flow cytometry 
measurements and analysis. BC-G designed and performed statistical 
analyses. FS supported sample collection. VQ wrote the manuscript, 
on which all co-authors commented.

Funding This work was supported by grants from la Ligue Contre le 
Cancer Comités d’Ille-et-Vilaine, des Côtes d’Armor et du Morbihan 
and from Roche France (angiogenesis and tumour grant).

Compliance with ethical standards 

Conflict of interest The authors declare that they have no conflict of 
interest.

Ethical approval and ethical standards Trial number for the prospec-
tive study: NCT01836536/clinical trial.gov. The prospective protocol 
was approved by the Rennes Medical Ethics Committee and patients 
gave written informed consent to the use of their materials for research 
purposes prior to treatment (reference 12/01-834). For the retrospective 

cohorts, patients had given their non-opposition for the use of their 
anonymous clinical data.

Open Access This article is distributed under the terms of the Crea-
tive Commons Attribution 4.0 International License (http://creat iveco 
mmons .org/licen ses/by/4.0/), which permits unrestricted use, distribu-
tion, and reproduction in any medium, provided you give appropriate 
credit to the original author(s) and the source, provide a link to the 
Creative Commons license, and indicate if changes were made.

References

 1. Friedman HS, Prados MD, Wen PY, Mikkelsen T, Schiff D, Abrey 
LE, Yung WK, Paleologos N, Nicholas MK, Jensen R, Vreden-
burgh J, Huang J, Zheng M, Cloughesy T (2009) Bevacizumab 
alone and in combination with irinotecan in recurrent glioblas-
toma. J Clin Oncol 27:4733–4740

 2. Kreisl TN, Kim L, Moore K, Duic P, Royce C, Stroud I, Garren N, 
Mackey M, Butman JA, Camphausen K, Park J, Albert PS, Fine 
HA (2009) Phase II trial of single-agent bevacizumab followed 
by bevacizumab plus irinotecan at tumor progression in recurrent 
glioblastoma. J Clin Oncol 27:740–745

 3. Taal W, Oosterkamp HM, Walenkamp AM, Dubbink HJ, Beere-
poot 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, Bromberg JE, van Heuvel I, Vern-
hout RM, van der Holt B, van den Bent MJ (2014) 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. Lancet Oncol 
15:943–953. https ://doi.org/10.1016/S1470 -2045(14)70314 -6

 4. Wick W, Gorlia T, Bendszus M, Taphoorn M, Sahm F, Harting I, 
Brandes AA, Taal W, Domont J, Idbaih A, Campone M, Clement 
PM, Stupp R, Fabbro M, Le Rhun E, Dubois F, Weller M, von 
Deimling A, Golfinopoulos V, Bromberg JC, Platten M, Klein 
M, van den Bent MJ (2017) Lomustine and bevacizumab in pro-
gressive glioblastoma. N Engl J Med 377:1954–1963. https ://doi.
org/10.1056/NEJMo a1707 358

 5. Rana P, Pritchard KI, Kerbel R (2017) Plasma vascular endothelial 
growth factor as a predictive biomarker: door closed? Eur J Cancer 
70:143–145. https ://doi.org/10.1016/j.ejca.2016.11.002

 6. Baumgarten P, Blank AE, Franz K, Hattingen E, Dunst M, Zeiner 
P, Hoffmann K, Bahr O, Mader L, Goeppert B, Machein M, Seif-
ert V, Steinbach JP, Plate KH, Harter PN, Mittelbronn M (2016) 
Differential expression of vascular endothelial growth factor A, its 
receptors VEGFR-1, -2, and -3 and co-receptors neuropilin-1 and 
-2 does not predict bevacizumab response in human astrocytomas. 
Neuro Oncol 18:173–183. https ://doi.org/10.1093/neuon c/nov28 8

 7. 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, van der Holt B, Vernhout RM, Sillevis Smitt PA, 
Kros JM, French PJ (2016) Identification of patients with recur-
rent glioblastoma who may benefit from combined bevacizumab 
and CCNU therapy: a report from the BELOB trial. Cancer Res 
76:525–534. https ://doi.org/10.1158/0008-5472.CAN-15-0776

 8. Laffaire J, Di Stefano AL, Chinot O, Idbaih A, Gallego Perez-
Larraya J, Marie Y, Vintonenko N, Boisselier B, Farina P, Delat-
tre JY, Figarella-Branger D, Honnorat J, Sanson M, Ducray F 
(2014) An ANOCEF genomic and transcriptomic microar-
ray study of the response to irinotecan and bevacizumab in 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1016/S1470-2045(14)70314-6
https://doi.org/10.1056/NEJMoa1707358
https://doi.org/10.1056/NEJMoa1707358
https://doi.org/10.1016/j.ejca.2016.11.002
https://doi.org/10.1093/neuonc/nov288
https://doi.org/10.1158/0008-5472.CAN-15-0776


881Cancer Immunology, Immunotherapy (2019) 68:871–882 

1 3

recurrent glioblastomas. Biomed Res Int 2014:282815. https ://
doi.org/10.1155/2014/28281 5

 9. Hayes J, Thygesen H, Gregory W, Westhead DR, French PJ, Van 
Den Bent MJ, Lawler SE, Short SC (2016) A validated micro-
RNA profile with predictive potential in glioblastoma patients 
treated with bevacizumab. Mol Oncol 10:1296–1304. https ://doi.
org/10.1016/j.molon c.2016.06.004

 10. Urup T, Michaelsen SR, Olsen LR, Toft A, Christensen IJ, Grun-
net K, Winther O, Broholm H, Kosteljanetz M, Issazadeh-Navi-
kas S, Poulsen HS, Lassen U (2016) Angiotensinogen and HLA 
class II predict bevacizumab response in recurrent glioblastoma 
patients. Mol Oncol 10:1160–1168. https ://doi.org/10.1016/j.
molon c.2016.05.005

 11. Rivera LB, Meyronet D, Hervieu V, Frederick MJ, Bergsland E, 
Bergers G (2015) Intratumoral myeloid cells regulate responsive-
ness and resistance to antiangiogenic therapy. Cell Rep 11:577–
591. https ://doi.org/10.1016/j.celre p.2015.03.055

 12. Terme M, Pernot S, Marcheteau E, Sandoval F, Benhamouda N, 
Colussi O, Dubreuil O, Carpentier AF, Tartour E, Taieb J (2013) 
VEGFA-VEGFR pathway blockade inhibits tumor-induced 
regulatory T-cell proliferation in colorectal cancer. Cancer Res 
73:539–549. https ://doi.org/10.1158/0008-5472.CAN-12-2325

 13. Adotevi O, Pere H, Ravel P, Haicheur N, Badoual C, Merillon N, 
Medioni J, Peyrard S, Roncelin S, Verkarre V, Mejean A, Fridman 
WH, Oudard S, Tartour E (2010) A decrease of regulatory T cells 
correlates with overall survival after sunitinib-based antiangio-
genic therapy in metastatic renal cancer patients. J Immunother 
33:991–998

 14. Du Four S, Maenhout SK, Benteyn D, De Keersmaecker B, 
Duerinck J, Thielemans K, Neyns B, Aerts JL (2016) Disease 
progression in recurrent glioblastoma patients treated with the 
VEGFR inhibitor axitinib is associated with increased regu-
latory T cell numbers and T cell exhaustion. Cancer Immu-
nol Immunother 65:727–740. https ://doi.org/10.1007/s0026 
2-016-1836-3

 15. Pitter KL, Tamagno I, Alikhanyan K, Hosni-Ahmed A, Pattwell 
SS, Donnola S, Dai C, Ozawa T, Chang M, Chan TA, Beal K, 
Bishop AJ, Barker CA, Jones TS, Hentschel B, Gorlia T, Schlegel 
U, Stupp R, Weller M, Holland EC, Hambardzumyan D (2016) 
Corticosteroids compromise survival in glioblastoma. Brain 
139:1458–1471. https ://doi.org/10.1093/brain /aww04 6

 16. Nakagawa M, Terashima T, D’Yachkova Y, Bondy GP, Hogg JC, 
van Eeden SF (1998) Glucocorticoid-induced granulocytosis: con-
tribution of marrow release and demargination of intravascular 
granulocytes. Circulation 98:2307–2313

 17. Massena S, Christoffersson G, Vagesjo E, Seignez C, Gustafsson 
K, Binet F, Herrera Hidalgo C, Giraud A, Lomei J, Westrom S, 
Shibuya M, Claesson-Welsh L, Gerwins P, Welsh M, Kreuger 
J, Phillipson M (2015) Identification and characterization of 
VEGF-A-responsive neutrophils expressing CD49d, VEGFR1, 
and CXCR4 in mice and humans. Blood 126:2016–2026. https ://
doi.org/10.1182/blood -2015-03-63157 2

 18. Liang J, Piao Y, Holmes L, Fuller GN, Henry V, Tiao N, de Groot 
JF (2014) Neutrophils promote the malignant glioma phenotype 
through S100A4. Clin Cancer Res 20:187–198. https ://doi.
org/10.1158/1078-0432.CCR-13-1279

 19. Sippel TR, White J, Nag K, Tsvankin V, Klaassen M, Klein-
schmidt-DeMasters BK, Waziri A (2011) Neutrophil degranula-
tion and immunosuppression in patients with GBM: restoration of 
cellular immune function by targeting arginase I. Clin Cancer Res 
17:6992–7002. https ://doi.org/10.1158/1078-0432.CCR-11-1107

 20. Marini O, Costa S, Bevilacqua D, Calzetti F, Tamassia N, Spina 
C, De Sabata D, Tinazzi E, Lunardi C, Scupoli MT, Cavallini 
C, Zoratti E, Tinazzi I, Marchetta A, Vassanelli A, Cantini M, 
Gandini G, Ruzzenente A, Guglielmi A, Missale F, Vermi W, 

Tecchio C, Cassatella MA, Scapini P (2017) Mature CD10(+) and 
immature CD10(−) neutrophils present in G-CSF-treated donors 
display opposite effects on T cells. Blood 129: 1343–1356. https 
://doi.org/10.1182/blood -2016-04-71320 6

 21. Gielen PR, Schulte BM, Kers-Rebel ED, Verrijp K, Bossman SA, 
Ter Laan M, Wesseling P, Adema GJ (2016) Elevated levels of 
polymorphonuclear myeloid-derived suppressor cells in patients 
with glioblastoma highly express S100A8/9 and arginase and 
suppress T cell function. Neuro Oncol 18:1253–1264. https ://doi.
org/10.1093/neuon c/now03 4

 22. Raychaudhuri B, Rayman P, Ireland J, Ko J, Rini B, Borden EC, 
Garcia J, Vogelbaum MA, Finke J (2011) Myeloid-derived sup-
pressor cell accumulation and function in patients with newly 
diagnosed glioblastoma. Neuro Oncol 13:591–599. https ://doi.
org/10.1093/neuon c/nor04 2

 23. Lopes M, Carvalho B, Vaz R, Linhares P (2018) Influence of 
neutrophil-lymphocyte ratio in prognosis of glioblastoma multi-
forme. J Neurooncol 136:173–180. https ://doi.org/10.1007/s1106 
0-017-2641-3

 24. Mason M, Maurice C, McNamara MG, Tieu MT, Lwin Z, Millar 
BA, Menard C, Laperriere N, Milosevic M, Atenafu EG, Mason 
W, Chung C (2017) Neutrophil–lymphocyte ratio dynamics during 
concurrent chemo-radiotherapy for glioblastoma is an independent 
predictor for overall survival. J Neurooncol 132:463–471. https ://
doi.org/10.1007/s1106 0-017-2395-y

 25. Han S, Liu Y, Li Q, Li Z, Hou H, Wu A (2015) Pre-treatment 
neutrophil-to-lymphocyte ratio is associated with neutrophil and 
T-cell infiltration and predicts clinical outcome in patients with 
glioblastoma. BMC Cancer 15:617. https ://doi.org/10.1186/s1288 
5-015-1629-7

 26. Alexiou GA, Vartholomatos E, Voulgaris S (2013) Prognostic 
value of neutrophil-to-lymphocyte ratio in patients with glioblas-
toma. J Neurooncol 115:521–522. https ://doi.org/10.1007/s1106 
0-013-1240-1

 27. Bertaut A, Truntzer C, Madkouri R, Kaderbhai CG, Derangere V, 
Vincent J, Chauffert B, Aubriot-Lorton MH, Farah W, Mourier 
KL, Boidot R, Ghiringhelli F (2016) Blood baseline neutrophil 
count predicts bevacizumab efficacy in glioblastoma. Oncotarget. 
https ://doi.org/10.18632 /oncot arget .10898 

 28. Quillien V, Lavenu A, Ducray F, Joly MO, Chinot O, Fina F, 
Sanson M, Carpentier C, Karayan-Tapon L, Rivet P, Entz-Werle 
N, Legrain M, Zalcman EL, Levallet G, Escande F, Ramirez C, 
Chiforeanu D, Vauleon E, Figarella-Branger D (2016) Validation 
of the high-performance of pyrosequencing for clinical MGMT 
testing on a cohort of glioblastoma patients from a prospective 
dedicated multicentric trial. Oncotarget 7:61916–61929. https ://
doi.org/10.18632 /oncot arget .11322 

 29. Badoual C, Hans S, Fridman WH, Brasnu D, Erdman S, Tartour 
E (2009) Revisiting the prognostic value of regulatory T cells in 
patients with cancer. J Clin Oncol 27:e5–e6 (author reply e7). 
https ://doi.org/10.1200/JCO.2009.23.0680

 30. Shang B, Liu Y, Jiang SJ (2015) Prognostic value of tumor-infil-
trating  FoxP3+ regulatory T cells in cancers: a systematic review 
and meta-analysis. Sci Rep 5:15179. https ://doi.org/10.1038/srep1 
5179

 31. Fridman WH, Pages F, Sautes-Fridman C, Galon J (2012) The 
immune contexture in human tumours: impact on clinical out-
come. Nat Rev Cancer 12:298–306. https ://doi.org/10.1038/nrc32 
45

 32. Yue Q, Zhang X, Ye HX, Wang Y, Du ZG, Yao Y, Mao Y (2014) 
The prognostic value of  Foxp3+ tumor-infiltrating lymphocytes 
in patients with glioblastoma. J Neurooncol 116:251–259. https 
://doi.org/10.1007/s1106 0-013-1314-0

https://doi.org/10.1155/2014/282815
https://doi.org/10.1155/2014/282815
https://doi.org/10.1016/j.molonc.2016.06.004
https://doi.org/10.1016/j.molonc.2016.06.004
https://doi.org/10.1016/j.molonc.2016.05.005
https://doi.org/10.1016/j.molonc.2016.05.005
https://doi.org/10.1016/j.celrep.2015.03.055
https://doi.org/10.1158/0008-5472.CAN-12-2325
https://doi.org/10.1007/s00262-016-1836-3
https://doi.org/10.1007/s00262-016-1836-3
https://doi.org/10.1093/brain/aww046
https://doi.org/10.1182/blood-2015-03-631572
https://doi.org/10.1182/blood-2015-03-631572
https://doi.org/10.1158/1078-0432.CCR-13-1279
https://doi.org/10.1158/1078-0432.CCR-13-1279
https://doi.org/10.1158/1078-0432.CCR-11-1107
https://doi.org/10.1182/blood-2016-04-713206
https://doi.org/10.1182/blood-2016-04-713206
https://doi.org/10.1093/neuonc/now034
https://doi.org/10.1093/neuonc/now034
https://doi.org/10.1093/neuonc/nor042
https://doi.org/10.1093/neuonc/nor042
https://doi.org/10.1007/s11060-017-2641-3
https://doi.org/10.1007/s11060-017-2641-3
https://doi.org/10.1007/s11060-017-2395-y
https://doi.org/10.1007/s11060-017-2395-y
https://doi.org/10.1186/s12885-015-1629-7
https://doi.org/10.1186/s12885-015-1629-7
https://doi.org/10.1007/s11060-013-1240-1
https://doi.org/10.1007/s11060-013-1240-1
https://doi.org/10.18632/oncotarget.10898
https://doi.org/10.18632/oncotarget.11322
https://doi.org/10.18632/oncotarget.11322
https://doi.org/10.1200/JCO.2009.23.0680
https://doi.org/10.1038/srep15179
https://doi.org/10.1038/srep15179
https://doi.org/10.1038/nrc3245
https://doi.org/10.1038/nrc3245
https://doi.org/10.1007/s11060-013-1314-0
https://doi.org/10.1007/s11060-013-1314-0


882 Cancer Immunology, Immunotherapy (2019) 68:871–882

1 3

 33. Thomas AA, Fisher JL, Rahme GJ, Hampton TH, Baron U, Olek 
S, Schwachula T, Rhodes CH, Gui J, Tafe LJ, Tsongalis GJ, Lef-
ferts JA, Wishart H, Kleen J, Miller M, Whipple CA, de Abreu 
FB, Ernstoff MS, Fadul CE (2015) Regulatory T cells are not a 
strong predictor of survival for patients with glioblastoma. Neuro 
Oncol 17:801–809. https ://doi.org/10.1093/neuon c/nou36 3

 34. Han S, Zhang C, Li Q, Dong J, Liu Y, Huang Y, Jiang T, Wu A 
(2014) Tumour-infiltrating CD4(+) and CD8(+) lymphocytes as 
predictors of clinical outcome in glioma. Br J Cancer 110:2560–
2568. https ://doi.org/10.1038/bjc.2014.162

 35. Voo KS, Foglietta M, Percivalle E, Chu F, Nattamai D, Harline 
M, Lee ST, Bover L, Lin HY, Baladandayuthapani V, Delgado D, 
Luong A, Davis RE, Kwak LW, Liu YJ, Neelapu SS (2014) Selec-
tive targeting of Toll-like receptors and OX40 inhibit regulatory 
T-cell function in follicular lymphoma. Int J Cancer 135:2834–
2846. https ://doi.org/10.1002/ijc.28937 

 36. Glowala-Kosinska M, Chwieduk A, Nieckula J, Sadus-
Wojciechowska M, Grosicki S, Rusin A, Nowara E, Giebel S 
(2013) Association of circulating regulatory T cell number with 
the incidence and prognosis of diffuse large B-cell lymphoma. Eur 
J Haematol 91:122–128. https ://doi.org/10.1111/ejh.12144 

 37. Kotsakis A, Koinis F, Katsarou A, Gioulbasani M, Aggouraki D, 
Kentepozidis N, Georgoulias V, Vetsika EK (2016) Prognostic 
value of circulating regulatory T cell subsets in untreated non-
small cell lung cancer patients. Sci Rep 6:39247. https ://doi.
org/10.1038/srep3 9247

 38. Diaz RJ, Ali S, Qadir MG, De La Fuente MI, Ivan ME, Komotar 
RJ (2017) The role of bevacizumab in the treatment of glioblas-
toma. J Neurooncol 133:455–467. https ://doi.org/10.1007/s1106 
0-017-2477-x

 39. Tabouret E, Boudouresque F, Barrie M, Matta M, Boucard C, 
Loundou A, Carpentier A, Sanson M, Metellus P, Figarella-
Branger D, Ouafik L, Chinot O (2014) Association of matrix 
metalloproteinase 2 plasma level with response and survival in 
patients treated with bevacizumab for recurrent high-grade gli-
oma. Neuro Oncol 16:392–399. https ://doi.org/10.1093/neuon c/
not22 6

Publisher’s Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1093/neuonc/nou363
https://doi.org/10.1038/bjc.2014.162
https://doi.org/10.1002/ijc.28937
https://doi.org/10.1111/ejh.12144
https://doi.org/10.1038/srep39247
https://doi.org/10.1038/srep39247
https://doi.org/10.1007/s11060-017-2477-x
https://doi.org/10.1007/s11060-017-2477-x
https://doi.org/10.1093/neuonc/not226
https://doi.org/10.1093/neuonc/not226

	Absolute numbers of regulatory T cells and neutrophils in corticosteroid-free patients are predictive for response to bevacizumab in recurrent glioblastoma patients
	Abstract
	Introduction
	Materials and methods
	Patients and study design
	Initial prospective cohort
	Validation cohorts

	Analysis of blood samples
	Statistical analysis

	Results
	Studied populations
	Levels of different immune cells vary significantly during Bv treatment
	Basal neutrophil and Treg counts have the best prognostic values for overall survival
	Neutrophil count has a high positive predictive value of response to Bv, only in steroid-free patients

	Discussion
	Acknowledgements 
	References


