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of targeted agents 
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1. Radiotherapy + targeted agents = Promising 

2. Collaboration of Radiation Oncology community + 

Pharmaceutical companies = Suboptimal 

3. The Radiation Oncology community should invest in 

the design & development of « smart » 

radiosensitizers  



 

 

What are the requiremenst of the « perfect drug »? 

1. Supra-additive effect with radiation  

2. Low toxicity, tumour specific 

3. Oral administration 

4. Biomarkers (tissues, blood, imaging…) 

5. Known target  

6. Mutifunctional with known mechanisms of actions 

7. Antitumoral effect alone (« cure » rather then 

« response ») 

8. Chemosensitizing effect 

9. Effect on micrometastasis 

10. Cheap to manufacture 
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Hypoxia a feature of solid tumours 

blood vessels 

proliferating cells 

(IdUrd +) 

Hypoxia 

(pimonidazole +) 
Biopsy of head/neck squamous cell carcinoma 

Consequences for the patient? 

• less sensitive to therapy 

• more metastasis 

• increased mortality 
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Oosterwijk et al, 1986- 

Parkkila et al, 1997- 

Harris et al, 2000- 

>400 papers  

CAIX Expression  

in Solid tumors  
CAIX Expression  

in Normal tissues 

Carbonic Anhydrase IX: a therapeutic target? 

Hypoxic  CA IX 

= functional + Dimer 
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CAIX expression has proven to be an indicator of 

overall survival   

( i.e. the higher the level of expression of CAIX in a tumour, the lower the 

chances of survival ). 
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P =0.001 

CAIX plays a key role in the 

biology of tumours. Patients with 

a high CAIX expression have a 

worse survival rate in most of 

solid cancers (see Chia et al. 

2001).  

CA-IX 

positive 
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Tumor associated CAIX : Regulate pHi & pHe 

7 
Med Res Rev. 2008, 28, 445-63. 

Oncotarget. 2012, 3, 84-97. 
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MDCK-CA IX, 4h HGF 

Stock & Schwab, 

Pflugers Arch, 2009 

CA IX role in motility & invasion 
• pH regulation and 

cell migration 
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Pipeline to the clinic 
Yaromina et al 

A program to screen 

compounds and select 

a development 

candidate for Phase I 

clinical evaluation.  

  
 

For a compound to be considered for 

clinical evaluation it should be 

specific, active, effective, safe as well 

as it should have favorable 

pharmacokinetic profile. A number of 

in vitro and in vivo assays are 

employed at different steps of the 

screening program to allow 

prioritization of the compounds 

according to the balance of their 

properties.  
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Simplified screening pathway 

Rami et al, J Med Chem 2013 

Chemical assay 

Functionnal assay 

In vitro assay 

Pharmacokinetic 

In vivo assay 
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5-nitroimidazole 

- radiosensitizers hypoxia 

targeting 

- nimorazole: clinically relevant 

doses without toxicity resulting 

in important benefits 

sulfamide 

- CAIX targeting 

- more targeting tumors compared to 

normal healthy tissue 

- ability to reduce extracellular 

acidosis 

Dual drugs: the leading coumpound = DH 348 

+ negative controle: separate single moieties 
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Sulfamide blocks the CA active site 

Rami et al, J Med Chem 2013 



ICTR, February  2014 

CA inhibition @ chemical assay: low nanomolar 

efficacy 

Rami et al, J Med Chem 2013 
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Simplified screening pathway 

Rami et al, J Med Chem 2013 

Chemical assay 

Functionnal assay 

In vitro assay 

Pharmacokinetic 

In vivo assay 
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CA IX role in tumour cells 

• pH regulation  -  survival in hypoxia/acidosis 
 pH~6.8 

pH~7.4 

Hypoxia  

pH~6.8 

pH~7.4 
Hypoxia + 
CAIX Inhibitor 

= Toxic for the cancer cell 
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A significant dose-dependent (P < 0.05) reduction in hypoxia-

induced extracellular acidosis of DH348 was observed, while the 

effect on cells exposed to ambient air was negligible 



ICTR, February  2014 

… in a CAIX dependent manner 

Dubois et al, Radiother Oncol 2013 
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Simplified screening pathway 

Rami et al, J Med Chem 2013 

Chemical assay 

Functionnal assay 

In vitro assay 

Pharmacokinetic 

In vivo assay 
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Mouse pharmacokinetics & formulation 

  Mouse Pharmacokinetic analysis 

Compound 

IV Dose (5mg/kg) PO Dose (50mg/kg)  
  

bioavailability  

Total CLint 
(mL/min/kg)  

AUC to Last 
(µg-hr/mL)  

AUC to Last (µg-
hr/mL)  

  

S4 278 0.306 0.161 3.00% 

FC9-403 108 0.752 0.342 4.50% 

FC9-398 59.9 1.4 7.85 57.60% 

DH307 174.79 0.448 0.356 3.80% 

DH338 -1.57 1.497 13.351 90.30% 

DH348 44.31 1.829 35.294 178.90% 

NKP60 10.47 8.034 78.968 96.00% 

Cyprotex 2013 

 

+ Oral formulation 

possible 
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Simplified screening pathway 

Rami et al, J Med Chem 2013 

Chemical assay 

Functionnal assay 

In vitro assay 

Pharmacokinetic 

In vivo assay 
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Does DH348 enhances effect of conventional 

therapies?  

Inject HT-29 cells Assess IR response 

+/- CAI 
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DH348 sensitizes HT-29 tumors to IR  (10 Gy SD)… 
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P = 0.003 

Dubois et al, Radiother Oncol 2013 
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… more compared to previously published single 

CAIX targeting (11c) indanesulfonamide … 
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P = 0.03 

P = NS 

SER =  
T4xSV vehicle + IR 

T4xSV Drug + IR 

SER: 

DH348 = 1.50 

11c = 1.14 

Dubois et al, Radiother Oncol 2011 and 2013 
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… in a CAIX dependent manner 

Dubois et al, Radiother Oncol 2013 
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… and sensitizes to chemotherapy drugs (such as 

doxorubicin), having basic properties 

P = 0.03 

Rami et al, J Med Chem 2013 
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✔ CA XII expression  is upregulated in mouse T lymphoma cells, in a human T lymphoma cell line and in 

human T-ALL samples. 

✔ CA XII participates to cell survival of T lymphoma cells by maintaining an alkaline intracellular pH. 

✔ CA XII  may represent a new therapeutic target for T ALL/LL. 

  - alone 

  - as an adjuvant therapy (L-asparaginase, dexamethasone) 

Transcriptomic analysis  

Affymetrix-MoGene-1_0-st-v1 

CA9 

CA12 

c-myc 

CDH4 

FBLN1 

116    84   130    99   103   106    92 

KO WT Courtesy of V. Imbert  
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Untreated 

100µM 

DH307 DH338 DH348 

60µM 

Mouse Lymphoma  tPTEN-/- Cells cultured in solid methylcellulose medium 

60µM 

R E P L A T I N G  

a f t e r  1  w e e k  

0

20

40

60

80

100

120

untreated DH307
60µM

DH338
60µM

DH348
60µM

1st round 2nd round

N
um

b
e
r 

of
 c

ol
on

ie
s 

 (
%
 o

f 
co

nt
ro

l)
 

Therapeutic effect of DH348 on lymphoma cells CAXII 

Courtesy of V. Imbert  
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• Bifunctional 5-nitroimidazole CAIX targeting drugs are promising 

compounds with good PK to combine with IR and/or chemotherapy 

 

• Ongoing: 

– Test dual compound oral formulation (50 mg/kg) in different models (lung, glioma, 

H&N, colon) 

– Test separate single moieties in vivo 

– Assess normal tissue toxicity on intestinal (short-term toxicity) and lung (long-term 

toxicity) epithelium combined with irradiation 

– Large-scale toxicity studies 

– GMP production 

– First in human clinical trial 

Conclusions 
Conclusionss 
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What are the requiremenst of the « perfect drug »? 

1. Supra-additive effect with radiation  

2. Low toxicity, tumour specific 

3. Oral administration 

4. Biomarkers (tissues, blood, imaging…) 

5. Known target  

6. Multifunctional, known mechanisms of actions  

7. Antitumoral effect alone («cure» rather then 

« response ») 

8. Chemosensitizing effect 

9. Effect on mmetastasis 

10. Cheap to manufacture 

 

CAXII:  

T-ALL & T 

lymphoma 

Not shown 

http://www.google.co.uk/url?sa=i&source=images&cd=&cad=rja&docid=HutXigL3ekUw0M&tbnid=Wuv4MBeTBkCyCM&ved=0CAgQjRw&url=http%3A%2F%2Fwww.cherryonthecakestudio.com%2F&ei=PUz9UveKG-voywOyioL4Ag&psig=AFQjCNGMBLI_fbwAtBSqRDEUjp2GbscXpQ&ust=1392418237482428
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ADME in vitro screening. 

 

Absorption, distribution, metabolism and 

excretion (ADME) properties contribute 

to the drug success rates. Early 

detection and eradication of poor ADME 

properties in vitro eliminates 

unfavourable compounds and  improves 

the quality of compounds in the pipeline. 

A number of important ADME properties 

that contribute to pharmacokinetic 

profile are listed. ADME properties act 

interdependently underlying the 

necessity to consider a specific property 

in conjunction with other assays. 

ADME in vitro screening 

Yaromina et al 
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ADME in vitro screening 

Cyprotex 2013 

compound Solubility 
bound (μM)  

Permeability     
efflux ratio 

Stability 
clearance 

Metabolism 
cytochrome inhibition (μM) 

Plasma protein binding 
mean fraction unbound 

DH307 >100 27.9 17.2 >25 0.432 

DH338 >100 1.11 6.67 >25 0.422 

DH348 >100 0.638 4.88 >25 1.000 

NKP60 >100 1.11 2.27 >25 0.308 

- Solubility: compound considered soluble > 100 μM 

- Caco-2 permeability: efflux ratio < 2 indicates (1) reasonable oral bioavailability and (2) low efflux possibility by P-glycoprotein transporters 

- Hepatic stability: low intrinsic clearance if CL < 8.8 μl/min/mg protein 

- CYP450 metabolism: no or weak inhibition when IC50 > 10 μM 

- Plasma protein binding: how higher unbound fraction, how more free drug available 

X X 
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Com-pound 
  

Cmax 

(mg/ml) 
  

tmax (h) 
  

AUC 

(mgh/ml) 
  

t1/2 (h) 
  

MRT (h)* Bioavaila-bility 
  

Elimination 

rate con-stant 
(h-1) 

Volume of 

distri-bution** 
Vd(l/kg) 

Volume of 

distribuition 
Vss (l/kg) 

Clearance 
(ml/min/kg) 

 

DH307 

1.4 
(0.23-
2.3) 

3 
(2.9-
3.3) 

13 
(3.4-21) 

7 
(5.6-11) 

12 
(11-18) 

0.27 
(0.066-0.35) 

0.099 
(0.064-0.12) 

10 (7.1-16) 12 (9.1-18) 16 (13-21) 

 

DH338 

12  
(2.7-20) 

2.5 
(2.2-
3.9) 

69 
(31-130) 

6.9 
(5-10) 

6.5 
(5.1-15) 

0.77 
(0.43-0.87) 

0.1 
(0.066-0.14) 

5.1 (3.2-8.9) 3.5 (2.4-
7.6) 

8.7 (5.2-14) 

 

DH348 

11 
(1-22) 

3.7 
(3-5.5) 

110 
(21-310) 

6.1 
(5-10) 

11 
(8.1-23) 

0.69 
(0.16-0.81) 

0.11 
(0.07-0.14) 

2.5 (1.3-5.4) 3.2 (1.7-
7.6) 

4.6 (1.9-10) 

 

NKP60 

47 
(13-70) 

2.8 
(2-5.2) 

420 
(130-
1700) 

6.5 
(4.7-18) 

11 
(5-28) 

0.95 
(0.61-0.99) 

0.11 
(0.039-0.15) 

0.95 (0.67-2) 0.95 
(0.61-0.99) 

1.8 (0.46-
4.7) 

Mouse: Oral route 50 mg/kg dosing (mouse weight 0.03 kg) 
All values are given as Median (10 – 90 percentile) 

*Mean residence time 

**Vd: Proportionality factor to calculate amount remaining in the body from measured blood plasma level. 

X 

Mouse PK simulation on based on ADME data 

Cyprotex 2013 

Info needed on 

- Solubility 

- Caco-2 permeability 

- Hepatic stability 

- CYP450 metabolism 

- Plasma protein binding 

- LogP and PKa 
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CA IX role in tumor cells 

• pH regulation  -  survival in hypoxia/acidosis 
 

pH~6.8 

pH~7.4 
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CA IX role in tumour cells 

• pH regulation  -  survival in hypoxia/acidosis 
 

pH~6.8 

pH~7.4 pH~6.8 

pH~7.4 

Hypoxia + 
CAIX Inhibitor Hypoxia  

= Toxic for the cancer cell 
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MDCK-CA IX, 4h HGF 

Stock & Schwab, 

Pflugers Arch, 2009 

CA IX role in tumor cells 

• pH regulation and 
cell migration 
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CA IX interacts with bicarbonate transporters  

Svastova et al., J Biol Chem, 2012 
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CA IX is present  

in invading tumor cells 
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Head & Neck cancer: 397 patients 

Nordsmark et al, Radiother Oncol 2005  

Clinical relevance of hypoxia on irradiation 



ICTR, February  2014 

Overgaard et al, The Lancet 2005 

Nimorazole 

5-nitroimidazoles improve tumor control (DAHANCA 5) 

1 
2 

3 

4 
5 
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Herceptin: Biomarker + 
 

Tirapazamin: Biomarker - 



ICTR, February  2014 

Rat Rhabdomyosarcoma: optimizing imaging conditions 
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CARBONIC ANHYDRASE XII : A POTENTIAL THERAPEUTIC TARGET  FOR T CELL 

ACUTE LEUKEMIA/LYMPHOMA.  
Dr Véronique IMBERT INSERM U1065 Mediterranean Centre for Molecular Medicine (C3M)  - Nice – France  

Lck-cre PTEN flox/flox 
X 

tPTEN-/- 

tPTEN-/- mice : a T lymphoma model 

Spleen 

WT    KO 
 

1cm 

KO99 

WT 

Thymus 

1cm 

Transcriptomic analysis  

Affymetrix-MoGene-1_0-st-v1 
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✔ Study the capacity of DH307 and DH348 to enhance the effects of 
conventional therapies used in T-ALL/LL (dexamethasone/L-asparaginase) in vitro 
(mouse tPTEN-/- cells and human samples) and in vivo 

✔ Xenograft tumor model (3D+hypoxia) 

In vivo 
treatments tPTEN-/- KO99 cell line 

with luciferase reporter gene 
(plenti-Fire Luciferase) 

Follow up of tumor 
progression by Imaging 

vehicle drug 

DH307 
DH348 

Perspectives 
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What have we done so far? 

1. Indanesulfonamides are able to inhibit extracellular rate of acidification and tumor cell 

proliferation under hypoxia in a CAIX dependent manner 

2. Indanesulfonamide treatment sensitizes HT-29 tumors to irradiation in a CAIX 

dependent manner 

 

 

Inhibition of CAIX activity, an attractive therapeutic avenue? 

Dubois et al, Radiother Oncol 2011 
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Reduction of extracellular acidification upon 

hypoxia 

Rami et al, J Med Chem 2013 
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• Sulfonamides 

• Sulfamates 

• Sulfamides 

e.g. acetazolamide, indisulam, 

celecoxib 

Neri and Supuran, Nature Reviews Drug Discovery 2011 

CAIX: ensure Extracellular acidification and CAIX 
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Therapeutic effect of DH348 on lymphoma cells CAXII 

Courtesy of V. Imbert  


