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Introduction
Glioblastoma remains the most frequent and aggressive 

primary brain tumor for adult. This tumor was characterized by an 
extensive angiogenesis and a high VEGFA expression [1]. Recently, 
bevacizumab, a monoclonal antibody against VEGFA, was associated 
with a valuable but heterogeneous activity for patients with recurrent 
high grade glioma [2,3]. In addition to standard of care for newly 
glioblastoma, the use of bevacizumab in first line was associated with 
a prolonged progression-free (PFS) and maintenance of functional 
independence but no difference was observed for overall survival (OS) 
[4,5]. Given this heterogeneous activity and the uncertain impact on 
OS, a predictive biomarker of bevacizumab activity remains an unmeet 
medical need. To date, in contrast with other targeted therapy such 
as anti-EGFR, no biomarker has been validated for bevacizumab 
despite numerous studies. As a consequence, a large number of 
patients are exposed to bevacizumab with a possible unfavorable risk/
benefit balance. With the use of cetuximab, a monoclonal antibody 
directed against EGFR in patients with metastatic colo-rectal cancer, 
a retrospective study suggested that cetuximab trough concentration 
could be associated with progression-free survival [6]. Considering 
bevacizumab, pharmacokinetics is known to be highly variable from 
one patient to another and its clearance has been correlated to gender, 
weight, tumor burden, albumin, and inflammation [7]. Moreover, the 
inter-patient variability of bevacizumab for glioblastoma patients is 
unknown because most of the available data came from clinical trials 
excluding brain tumors. 

Our objective was to evaluate the pre-cycle 2 trough concentration 
of bevacizumab in patients with recurrent glioblastoma and to test its 
potential association with patient characteristics and outcome.

Methods
We retrospectively included all adult patients referred to our 

institution for recurrent glioblastoma who received bevacizumab 
at the dose of 15 mg/kg every 3 weeks, with or without associated 
chemotherapy (alkylating agent: CCNU or BCNU) with available 
plasma samples (Assistance Publique-Hôpitaux de Marseille Tumor 
Bank, authorization number 2013-1786) at the time of the second 
bevacizumab administration (first residual sample). Clinical and 
imaging evaluations were performed every 3 weeks and 6 weeks 
respectively. Responses were reviewed using the RANO criteria [8].

Plasma bevacizumab concentration was quantified by enzyme 
linked immunosorbent assay (Elisa, Theradiag, Croissy Beaubourg, 
France) [9]. This method uses biotinylated recombinant human VEGF 
conjugated to an anti-Human IgG (γ-chain specific), F(ab’)2 fragment-
Peroxidase antibody and absorbance was measured at 450 nm. The 
lower and upper limits of quantification were 2.5 and 300 mg/L 
respectively. Interday precision was below 15%. 

Antibodies against bevacizumab were determined using the same 
principle (Theradiag kit).
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Abstract
Purpose: Predictive marker of bevacizumab activity is an unmet medical need. Our objective was to evaluate the 

trough concentration of bevacizumab in patients with recurrent glioblastoma and to analyze its potential association 
with patient characteristics and outcome.

Methods: We retrospectively included patients with recurrent glioblastoma treated with bevacizumab and 
chemotherapy with available plasma collected before the second bevacizumab administration (residual time). Trough 
bevacizumab concentrations and antibodies against bevacizumab were quantified by enzyme linked immunosorbent 
assay (ELISA).

Results: We included 21 patients with a median age of 63.4 years at bevacizumab initiation. Occurrence of 
antibody against bevacizumab was not observed. Median pre-cycle 2 trough concentration of bevacizumab was 87.1 
µg/mL (range, 21.7 µg/mL -151.8 µg/mL). Trough concentration of bevacizumab was not correlated to patient age 
(p=.529), gender (p=.622), weight (p=.403), size (p=.871), Body Mass Index (p=.439), Karnofsky Performans Status 
(p=.988) and steroid intake (p=0.403). No correlation was found between trough bevacizumab concentration and 
response rate (p=.856). The highest tertile of trough bevacizumab concentration tended to be associated with poor 
progression-free survival (p=0.152), while no correlation was observed for overall survival.

Conclusion: Evaluation of the trough concentration of bevacizumab during treatment for patients with 
glioblastoma is feasible and highly variable. Its prognostic value should be explored in prospective trial.
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Correlation between bevacizumab pre-cycle 2 trough 
concentrations and patient characteristics were analyzed using the 
Spearman correlation and the Mann Whitney U tests. Survival analyses 
were performed using the Kaplan Meier and the Log Rank tests.

Results
We included 21 patients with a median age of 63.4 years at 

bevacizumab initiation (Table 1). Majority of patients receiving 
chemotherapy in association with bevacizumab: CCNU (N=13) or 
BCNU (N=5). Occurrence of antibody against bevacizumab was not 
observed in our cohort. Median pre-cycle 2 trough concentration 
of bevacizumab was 87.1 µg/mL (range, 21.7 µg/mL -151.8 µg/mL). 
Trough concentration of bevacizumab does not appear to be correlated 
to patient age (p=.529), gender (p=.622), weight (p=.403), size (p=.871), 
Body Mass Index (p=.439), Karnofsky Performans Status (p=.988) and 
steroid intake (p=0.403) at the time of bevacizumab initiation. No 
correlation was found between trough bevacizumab concentration and 
response rate (p=.856). Survival impact of bevacizumab concentration 
was then analyzed after dichotomization of the trough concentration 
by the median; subsequently, we compared the highest tertile versus the 
two lowest tertiles of concentration. No correlation was found between 
the trough bevacizumab concentration and the overall survival of 
patients. However, the highest tertile of trough concentration tended to 
be associated with poor progression-free survival (p=0.152) (Figure 1). 

Discussion
Despite several retrospective researches on potential biomarkers 

that may predict bevacizumab efficacy, no robust biomarker has 
emerged to date, and the identification of a predictive marker of 
bevacizumab efficacy remains an unmeet medical need. Several 
circulating or tissue biomarkers were explored but the results remained 
limited and never confirmed [10]. The aim of our study was to explore 
the potential impact of the pre-cycle 2 trough concentration of 
bevacizumab on patient outcome. Analysis of trough concentration 
after bevacizumab administration is feasible for glioblastoma 
patients and this trough concentration presented large inter-patient 
variations (from 21.7-151.8 µg/mL), which does not appear to be 
correlated to patients characteristics. These concentrations were in 
line with those previously reported for other solid tumors [7]. We 
explored the potential prognostic value of this trough concentration 

and observed a trend between the highest trough concentrations and 
a poor progression-free survival. Of note, we evaluated the trough 
concentration of free circulating bevacizumab which does not take 
account of the bevacizumab bound to the VEGFA. A higher trough 
plasma concentration of bevacizumab could be assimilated to a lower 
chelation of the VEGFA by the bevacizumab, or could suggest a higher 
diffusion into cerebral. In animal models, it has been shown that lower 
plasma exposition of rituximab was correlated with a higher diffusion 
in tumor [11]. The prognostic value of trough concentration and these 
hypotheses should be obviously explored in larger and prospective 
trials using repeated measurements of bevacizumab.

Our study presented limitations: it is a retrospective study with 
a very limited number of patients and some pharmacokinetics 
parameters were absent of our data record. However, it is the first study 
exploring the feasibility and the potential prognostic impact of the 
trough concentration of bevacizumab for neuro-oncological patients 
in a homogenous cohort of recurrent glioblastoma.

Figure 1: Progression-free survival of patients according the trough concentration of bevacizumab, segregated by the median concentration (A) or by the highest 
third concentration (B).

Factors N %
Median age (years) 63,9 (42,5-89,8)

Median BMI (m²) 1,85 (1,5-2,0)
Median weight (kg) 72,0 (52 – 98)
Median size (cm) 171 (155 – 196)

Gender (Men/Women) 15 / 6 71,4 / 28,6
KPS
60 6 28,6
70 9 42,8

80-90 6 28,6
Treatment

Bev + CCNU 13 61,9
Bev + BCNU 5 23,8
Bev. Alone 3 14,3

Steroid (median, range) 40 (0-80)
Response

Complet response 1 5
Partial response 6 28
Stable disease 5 24

Progression 9 43

Table 1: Patient characteristics.
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Evaluation of the trough concentration of bevacizumab for patients 
with glioblastoma is feasible and highly variable. Prognostic value of 
this dosage should be explored in prospective trial.
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