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Materials and Methods 

Results 
� Recent data have shown that bevacizumab (B) and iri notecan (I) as 

well as cetuximab (C) combined with B and I induce significant 
responses in recurrent high-grade gliomas (HHG)

� The epidermal growth factor receptor (EGFR) drives cell proliferation 
and survival. Amplification and overexpression of th e EGFR is 
observed in 35-45% of primary Glioblastoma Multifor me (GBM). The 
prognostic significance in GBM is still unknown 

� EGFR mutations are present in 40-50% of GBM, of whi ch the 
constitutively activated EGFRvIII is the most commo n

� GBM tumors are known to be hypoxic and highly vascu larized with 
pronounced tumor vascularity significantly correlate d with poor 
survival

� Hypoxia leads to, among others, stabilization of th e HIF-1� and HIF-
2� subunits that initiate transcription of pro-angioge nic factors such 
as the VEGF

� Previous immunohistochemical evaluation of GBM have  not been 
unequivocal. However, hypoxia measured by expressio n of the 
hypoxia inducible transmembrane enzyme, carbonic anh ydrase 9 
(CA9), has recently been associated with poor survi val outcome 
(Ref: Sathornsumetee et al. J. Clin. Oncol. 2008 )

Conclusions
• There was no difference in BI compared to CBI 

treatment for recurrent GBM in terms of 
response, PFS and OS

• However, high levels EGFRvIII and the 
endothelial marker CD34 were associated to 
response, longer PFS and OS in the BI group 
but not in the CBI group
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� Tumor material:

� CBI group: Recurrent primary Glioblastoma Multiform e (GBM) patients with 
progression <6 months from standard treatment (“Stu pp-regime”) treated with 
cetuximab, bevacizumab and irinotecan (CBI)

� BI group: Recurrent HGG pts with progression after receiving standard 
primary treatment including surgical interventions and usually at least two 
chemotherapy regimens prior to bevacizumab and irin otecan (BI)

� Treatment cycles of 4 weeks until progression in bo th CBI and BI

� Immunohistochemistry

� 4mm sections from formalin-fixed and paraffin-embed ded surgical specimens 
obtained prior to treatment with either BI or CBI w ere used

� Evaluation of the slides was performed independentl y and under blind 
conditions by J.E., H.B. and B.H. 
� Antibodies: EGFR, (Merck KgaA, Darmstadt, Germany);  EGFRvIII, (InRo BioMedTek, Umeå, 
Sweden); pAKT, (Cell Signaling Technology, MA, USA) ; PTEN (Cell Signaling Technology, 
MA, USA); HIF1, (BD Biosciences, NJ, USA); HIF2, (N ovus Biological, CO, USA); VEGF, 
(Santa Cruz Biotechnology, Inc, CA, USA); CD34, (Nov o Castra, UK); CA9, (from S. 
Pastorekova, Slovakia ( Pastorekova et al 1992 )); GLUT1, (Abcam, MA, USA). All Sections 
were counterstained with Mayer’s hematoxylin.

� Scoring of immunohistochemistry:

� CD34 positive vessels were counted in 3 hotspots at  400x magnification in 
tumor tissue. The mean value were used in the analy sis 

� EGFR and EGFRvIII was scored semiquantitatively on a  scale from 0 to 3 (0: 
no cells stained, 1: 1%– 10%, 2: 11% - 50%, 3:> 50% p ositive) 

� The remaining slides were scored semiquantitatively on a scale from 0 – 100% 
of positive staining cells in non-necrotic tumor ti ssue 

� Statistics:

� Statistical analyses were performed using SAS (v9.1 ). The effect of each 
biomarker for response was performed using logistic  regression. Response 
was scored as complete response (CR) or partial res ponse (PR) versus stable 
disease (SD) or progressive disease (PD) (MacDonald  criteria). The effect of 
each biomarker was screened for response using logi stic regression. This 
resulted in two biomarkers (CD34 and EGFRvIII) bein g chosen. The association 
between response and CD34 or EGFRvIII was found usi ng the logistic 
regression model stratified for treatment and inclu ding WHO performance 
status (PS). The relationship between CD34 or EGFRv III and progression free 
survival (PFS) as well as overall survival (OS) was  analysed using the Cox 
proportional hazards model. 

� Survival was determined from the time of treatment initiation, until time of 
death or last follow-up. 

� WHO PS was included in all multivariate analysis

Fig 1: Representative immunostaining detection of angiogenic/hypoxic markers. (1 and 2) Carbonic anhydrase 9 (CA9) on tumour cell membrane and cytoplasm, adjacent to necrotic area. (3 and 4) Vascular endothelial growth factor ( VEGF) in tumor
cytoplasm and stroma. Notice that there is no positive staining of normal brain tissue (black arrow).(5 and 6) HIF1a in tumour cell nuclei. (7 and 8) HIF2a in nuclei and cytoplasm. (9 and 10) GLUT1 in cytoplasm and endothelial. (11 and 12) EGFR 
showing grade 3+ positivity in cytoplasm. (13 and 14) EGFRvIII showing grade 3+ positivity in cytoplasm. (15 and 16) pAKT in tumor cytoplasm. (17 and 18) PTEN in tumor cytoplasm. The images are shown in x200 magnification (top row) and x400 
magnification (bottom row).

Fig 3. Kaplan-Meier curves showing the differences in PFS when using CD34 as a dichotomous 
variable (high versus low expression) in the CBI (A) or BI (B) group. The median CD34 value (=41) 
was used as intersection point. Log-rank test and hazard ratio (HR) were used to compare survival 
between these two subgroups. 
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Fig. 2. CD34 Immunostaining staining of endothelial cells in 
normal brain (A and B) and GBM tumor tissue (C and D). 
Notice low (C) versus high expression (D) of CD34. The 
images are shown in x200 magnification (A) and x400 
magnification (B-D). Black arrow showing the boarder 
between white (top) and grey (bottom). 
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Fig 6. Univariate analysis showing no significant difference (Log-rank) between BI and CBI treatment 
with regard to response, progression free survival (PFS) or overall survival (OS)

Table 1. Multivariate logistic regression analysis modelling the probability of 
response (CR + PR) to BI or CBI treatment in relation to CD34 and EGFRvIII. 
CD34 was analysed as a continuous log-transformed (base 2) variable, 
EGFVIII by its actual score. Odds ratio (OR) with 95% confidence interval (95% 
CI) and Chi-square (P) are shown. Only patients evaluable for response are 
included. Model adjusted for performance status (PS). 

Table 2. Cox proportional hazard model used for analysing the relation 
between two biomarkers (CD34 and EGFRvIII) and progression free survival 
(PFS) stratified according to treatment (BI or CBI). PS was included in the 
model. Hazard ratio (HR) with 95% CI are shown. CD34 and EGFVIII have 
been scored as in Table 1.  

Table 3. Cox proportional hazard model used for analysing the relation 
between two biomarkers (CD34 and EGFRvIII) and overall survival (OS) 
stratified according to treatment (BI or CBI). PS was included in the model. 
Hazard ratio (HR) with 95% CI are shown. CD34 and EGFVIII have been 
scored as in Table 1.
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