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Targeting intra-cellular and micro-

environnment  radioresistance pathway

Radiosensitization



Integrins and Growth factors receptors

from Streuli et al, Biochem J 2009

Two main integrins involved in radio/ chemo-resistance

a5b1

avb3/ avb5
VEGFR

FGFR

a5b1 : 

• GBM model : resistance to TMZ

• Expression correlated with worse prognosis in glioma

and in small cell lung carcinoma

Janouskova et al, Cancer Res 2012

Lawson et al, Br J Cancer 2010

Eke et al JCI 2012

Head and neck carcinoma



Integrins

 avb3/avb5 Integrins

 Express on tumor cells and 

endothelial cells

 Angiogenesis

 Migration; invasion

 Proliferation

 Survival



Involvement of  avb3 and avb5 integrins in the control of 

radioresistance and of  hypoxia pathway

b5



Involvement of ILK –HIF1a and survivin in the regulation of 

radiation induced mitotic cell death in Glioblastoma 

ILK

Irradiation

Survivin

Radioresistance

HIF-1a

Mitotic cell death

(Lanvin et al, Eur J Cancer 2013) avb3
FGFR1

PLCγ 

(Gouaze-Andersson, Cancer  Res in press)



Are these factors predictive of clinical response to 

radiotherapy.. or to chemotherapy?



Phase I-II Tipifarnib and  Radiotherapy  for patients with de Novo 

Glioblastoma

Median OS  :  80.3 weeks (95%CI = [57.8; 102.7]).

Median TTP :

23.1 weeks (95%CI = [15.4; 28.2])

(Ducassou et al, Eur J Cancer 2013)

Tipifarnib: 200mg /day in  continuous infusion starting 1 week before  and then 

during 6 weeks  of radiotherapy



Predictive factor of response to radiotherapy in GBM 

patients

(Ducassou et al, EJC 2013)

FGFR1 and  avb3 integrins :

Independent predictive factors of TTP and Overall survival



b3 integrin-FGF-2 :protein expression profile correlated 

with local control after radio-chemotherapy in locally 

advanced stage III NSCLC

(Massabeau et al Int J Radiat Bio Phys 2009)

Phase I clinical trial 

associating continuous infusion of Cilengitide with radio-chemotherapy
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The β 5/ FAK /GSK 3 β integrin pathway in high-grade osteosarcoma: 

a protein expression profile predictive of response to neoadjuvant 

chemotherapy

Le Guellec et al, Human Pathol 2013



β 5 integrin pathway involved in HIF-1a regulation is associated 

with  a worse OS and predicts response to chemotherapy

β 5  integrin – FAK- GSK3 β combination:
discriminated good and poor responders to 

chemotherapy, with the highest AUC (89.9%; 95% 

CI, 77.4-1.00) yielding a

sensitivity of 94%, a specificity of 86%, and a 

diagnostic accuracy  of  90%. 



Inhibition of integrin’s pathways with radio-

chemotherapy and clinical trials : 

disappointment and hopes!



Control group

Weeks        

1–6

Weeks                

7–34

Maintenance     

therapy for                     

10 months (optional)

Cilengitide* (2000 mg, 2x/week)

+ TMZ (75 mg/m2 po qd)

+ Focal RT (5x/week, 30 x 1.8–2.0 

Gy/total dose 60 Gy)

Assessment of methylation status of MGMT gene promoter 

Cilengitide  (2000 mg, 2x/week)

+ TMZ (150–200 mg/m2 po qd d1–5 every 

28 days for 6 cycles)

Cilengitide (2000 mg, 2x/week)

Randomized (1:1)
Cilengitide group

TMZ (75 mg/m2 po qd)                               +

Focal RT (5x/week, 30 x 1.8–2.0 Gy/total 

dose 60 Gy)

TMZ (150–200 mg/m2 po qd d1–5 every 28 

days for 6 cycles)

Study 011 : Centric
Merck-EORTC

(n=545)



(Stupp et al, Lancet Oncol 2014)

Results

Yes but : short high life of Cilengitide





Potential radiosensitizing effect of b5/ b3 integrin inhibition when administred 

during each fraction of radiotherapy in GBM (5 f/ week)

(Nabors et al, Neuro-Oncology 2015)

What about continous infusion of 

Cilengitide  during radiotherapy?

Radiosensitizing effect ? 



b3 integrin-FGF-2 :protein expression profile correlated with

local control after radio-chemotherapy in locally advanced

NSCLC

(Massabeau et al Int J Radiat Biol Phys 2009)

Phase I clinical trial 

associating continuous infusion of Cilengitide with radio-chemotherapy
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Weeks 1   2   3   4   5   6   7   8   9   10   11   12   13   14   15   16    17    18   19…..

Continuous infusion 

of cilengitide

C C C C

N N NN

Cilengitide twice a week 

(2000 mg/injection)

Radiotherapy (66 Gy)

C

N

CDDP 80 mg/m2

Navelbine 25 mg/m2

N Navelbine 15 mg/m2

Dose Level Schedule Cilengitide 

dosing

-1 Continuous 

infusion (7 

days pump) 

starting 2 

weeks before 

radiotherapy 

until the end 

of 

radiotherapy

8 mg/h

Starting 

dose

12mg/h

+1 18 mg/h

+2 27mg/h

+3 40 mg/h

DLT period observation : 

From week 3 to one month after 

the end of radio-chemotherapy

Phase I clinical trial

associating  continuous infusion of Cilengitide with radio-chemotherapy



Translational research

Weeks 1   2   3   4   5   6   7   8   9   10   11   12   13   14   15   16    17    18   19…..

Continuous infusion 

of cilengitide

C C C C

N N NN

Cilengitide twice a week 

(2000 mg/injection)

Radiotherapy (66 Gy)

CT-Scann

FDG-PET

Biopsy

CT-Scann

FDG-PET

CT-

Scann

FDG-

PET

Biopsy

Proteomic Proteomic



• Fourteen patients were 

included between March 

2010 and July 2013. 

• Eleven patients were 

evaluable for DLT. 

• Three patients were 

considered not evaluable for 

DLT and efficacy due to early 

withdrawn (Patient 1 and 14 for 

metastatic progressive disease 

on the imaging evaluation 

performed after 2 weeks of 

exclusive Cilengitide treatment 

while Patient 2 was withdrawn 

because of a cholestatic

hepatitis in a context of 

pulmonary infection at week 4

Patients characteristics



After inclusion of the third patient at level 3, development of Cilengitide 

was interrupted by Merck KGa 



Response

Estimation TTP           N %

Progression

No 5 (45,5)

Yes 6 (54,5)

Median TTP : 14.4 m (95%CI=[8.4 ; Not Reach]

Progression or 

Death

No

4 (36.4)

Yes 7 (63.6)

Estimation  PFS           N %

Median PFS : 14.4 m (95%CI=[8.4 ; Not Reach]

Estimation OS                     N %

Alive

Dead

5  (45.5)

6 (54.5)

Median Overal Survival : 29.4 m 

95%CI =[11.73; not reached]



Dose Level Best 

respo

nse

TEP 3 

weeks

TEP 

18 

weeks

Delay

(m)

Local 

progr

essio

n

Progr

essio

n or 

death

0 PR Stable PR 38.18 yes

0 PR Stable CR 52.99 No No

0 PR PD Stable 10.61 yes

1 PR Stable CR 45.24 No No

1 PR CR 9.89 No Yes

1 Stable PR 8.87 Yes

2 PR Stable PR 14.36 yes

2 PR Stable PR 8.38 Yes

2 Stable 3.06 Yes

3 PR Stable CR 23.46 No No

3 PR Stable 13.31 No No

Proteomic analysis before and after Cilengitide for patients CR vs PR 



Before Cilengitide

18w after start of treatment

TEP-TDM patient 4 (Dose level 0)  : CR 



TEP-TDM patient 10 (Dose level 2)  : PR 

Before treatment

After 2 weeks 

cilengitide

After 18 

weeks



HIF-1a

Hypoxia Irradiation

ILK

Survivin

avb3 FGFR1

PLCγ 

avb5

Mitotic cell death

FAK

RhoBGTP

GSK3-b

P

Radioresistance

• Osteosarcoma
• Glioblastoma

• Lung carcinoma

Chemo-resistance

Proteomic analysis is currently performed to predict good 

responders  to this treatment and to bring to light new targets

Continuous infusion
Cilengitide
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