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Anticorps Monoclonaux à usage thérapeutique: 

Etat de l’art…

AnticorpsAnticorps thérapeutiquesthérapeutiques: : 
uneune trèstrès vieillevieille histoire…histoire…

1891
Emil von Behring sauve un enfant du croup en lui injectant du sérum anti-diphtérique.
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Market of Monoclonal Antibodies
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Un outil thérapeutique aux multiples facettes

� Anticorps « nu »: recrutement des effecteurs immunita ires

� Anticorps « couplé »

� Radio-isotope: radiothérapie ciblée

� Agent cytotoxique: chimiothérapie ciblée

��� � Améliorer l’efficacité/épargne de toxicité

� Dérivés d’anticorps

� Améliorer la PK de l’anticorps ou d’une protéine
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AcmoAcmo “nu”: “nu”: L’exempleL’exemple du rituximabdu rituximab

Adapted from Cheson BD, Leonard JP. New Engl J Med 2008; 359: 613–626.
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Sehn LH, et al. J Clin Oncol 2005; 23:5027–5033.

Rituximab et lymphome diffus à grandes cellules B
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Fisher RI, et al. J Clin Oncol. 2005;23:8447-8452.

OS by Treatment Program
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Rituximab et Lymphome folliculaire
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The future of The future of nextnext antianti--CD20 CD20 mAbsmAbs
(and the (and the othersothers…)…)
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KISH FLKM ESLN FIRAH TPY IN IYN CEPA NP SEKN SPST QYCY
TLSH FLKM RRLE LIQTS KPY VD IYDCEPS NS SEKN SPST QYCN
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Type I or type II Type I or type II antibodyantibody ??

Type I mAbs
Rituximab, ofatumumab, veltuzumab, ublituximab

Type II mAbs
tositumomab, obinutuzumab

Localize CD20 into lipid rafts ��� �
CDC

Do not lo localize CD20 into lipid rafts ��� �
Low CDC

No homotypic adhesion ��� �
Caspase dependant cell death

Homotypic adhesion ��� �
Non-caspase dependant cell death

ADCC

Phagocytosis

CD20 antigen: Type I vs type II epitope

KISH FLKM ESLN FIRAH TPY IN IYN CEPA N P SEKN SPST QYCY

142 184178172

Niederfellner G, et al. Blood 2011; 118:358.

KISH FLKM ESLN FIRAH TPY IN IYN CEP A NP SEKN SPST QYCY

142 184170 173

Type I mAbs

Rituximab, 2H7, LT20

Type II mAbs

Obinutuzumab, 
tositumomab
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Comparison of the obinutuzumab-CD20 epitope-
binding with other CD20 mAbs
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Niederfellner G, et al. Blood 2011; 118:358.
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- Inter tetramer binding

- Translocation into lipid rafts

- CDC

- More CD20 mAbs

- « open » configuration of CD20

- Caspase dependant cell-death

Model of type I or type II mAbsModel of type I or type II mAbs--CD20 CD20 
interactionsinteractions

Lipid rafts

CD20

CD20

Type I

Type II

- Intra tetramer binding

- No translocation into lipid rafts

- No CDC

- Half CD20 mAbs

- « closed » configuration of CD20

- No caspase dependant cell-death

- Homotypic adhesion

- Program cell death induction

KISH FLKM ESLN FIRAH TPY IN IYN CEP A NP SEKN SPST QYCY

142 184170 173

Type I mAbs

KISH FLKM ESLN FIRAH TPY IN IYN CEPA NP SEKN SPST QYCY

142 184159 166

IPA GI YAPI

72 80

Rituximab, 2H7, LT20

Ofatumumab

Ofatumumab, a discontinuous epitope

Teeling JL, et al. Blood 2006; 177: 362-371
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Cristallographic study of ofatumumab antigen 
binding site

Du J, et al. Mol Immunol 2009; 46: 2419-2423.

A ring of hydrophobic residues surrounding a deep b inding cleft 

+

The CD20 epitope of ofatumumab involves 
small loop

-

Du J, et al. Mol Immunol 2009; 46: 2419-2423.
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The future of The future of nextnext antianti--CD20 CD20 mAbsmAbs
(and the (and the othersothers…)…)

* * �����
������

KISH FLKM ESLN FIRAH TPY IN IYN CEPA NP SEKN SPST QYCY
TLSH FLKM RRLE LIQTS KPY VD IYDCEPS NS SEKN SPST QYCN
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Amino acid 158 is involved in FcAmino acid 158 is involved in Fc--FcFc ggggggggRR
interactioninteraction
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Low fucose content

Fc Mutant

Engineered monoclonal antibodies: 
Improved affinity to immune cells

EffectsEffects of of glycoeglycoengineering

Target Cells : Raji Target Cells : WIL2-S
sFc� RIIIaV sFc� RIIIaF

Okazaki A, et al. J Mol Biol 2004; 336: 1239-1249.
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Nom Industriel ADCC CDC Apoptosis

Rituximab Roche + + +

Ocrelizumab Genentech + + +

Veltuzumab Immunomedics + + +

Ofatumumab GSK + ++ +/-

AME-133 Lilly ++ + +

PRO131921 Genentech ++ +/- +

Obinutuzumab Roche/Glycart +++ 0 +++

Ublituximab LFB +++ + +

KM3065 Kyowa +++ + +

GlycoengineeringGlycoengineering antianti--CD20 CD20 mAbsmAbs

GA101 Phase I study in relapse/refractory CLL
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Cartron G, et al. EHA 2009 .
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Target Antibody Company

CD20 Rituximab (MabThera®, Rituxan®) Roche, Genentech

Ofatumumab (Arzera®) Glaxo-Smith-Kline

Obinutuzumab Roche

Ublituximab LFB

AME-133v Lilly

CD22 Epratuzumab Immunomedics

CD23 Lumiliximab Biogen Idec

CD37 TRU-016 Abbott

CD52 Alemtuzumab Bayer

CD74 Milatuzumab Immunomedics

CD80 Galiximab Biogen Idec

CD194  (CCR4) KW-0761 Kyowa Hakko Kirin

Anticorps « nu »: la bonne cible?

Target Name Company

CD25 Daclizumab (Xenapax®) Roche

CD32B Anti-CD32B MacroGenics

CD40 Dacetuzumab Seattle Genetics

Lucatumumab Novartis

CP-870893 Pfizer

CD137 BMS-663513 Bristol-Meyers-Squibb

PD1 CT-011 CureTech Ltd

MK-3475 Merk

BMS-936558, BMS-936569 Bristol-Meyers-Squibb

OX40 Anti-OX40
Portland Providence Medical

Center

CTLA4 Tremelimumab Pfizer

Ipilumumab Bristol-Meyers-Squibb

CD194  (CCR4) KW-0761 Kyowa Hakko Kirin

New targets for the future?
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Radio-immunothérapie

Le choix du bon radio-isotope

Zevalin

Bexaar



14

Le choix du bon radio-isotope

I131 Bexaar ® Y90 Zevalin ®

Available Limited available

Inexpensive Expensive

Easily conjugated Chelation chemistery

b, g b

Radioprotection Limited protection

Comparaison Rituximab/ 90Y-Ibritumomab-
Tiuxetan (Zevalin)
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ORR: 80%

ORR: 56%

CR: 34% CR: 20%

Witzig T, et al. J Clin Oncol 2002;20: 2453-63.

90Y: 
- Émetteur pur b

- Distance d’émission 
maximum 11 mm 
- 90 % de l’ énergie 
déposée sur 5 mm
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90Y-Ibritumomab-Tiuxetan (Zevalin): Toxicité

Immédiate

• MDS/AML secondaire

• Tumeur solide

• Hématopoïèse à long terme

Retardée

Anti-drug conjugates (ADC)
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Brentuximab-vedotin for CD30 + lymphoma

Phase I study

Younes A, et al. N Engl J Med 2010; 363: 1812-1821
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Brentuximab-Vedotin for CD30 + lymphoma

Advani RH, et al. ASH 2011; Abst 443

Phase II study
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Anti-drug conjugates

MME: Monomethyauristatin E

Brentuximab-Vedotin, SGN 35

Dérivés d’anticorps
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Romiplostim se lie au récepteur de la TPO, c-mpl af in 

d’augmenter la production plaquettaire

• Romiplostim: peptibody Fc-agoniste de c-mpl

Romiplostim Nplate ®

Michel M et al. Hematologie 2006; 12: 305-314.

Romiplostim Nplate ®: Etudes pivotales de phase III

Kuter DJ et al. Lancet 2008; 371: 395-403.
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Conclusion

� Anticorps monoclonaux: 

= révolution thérapeutique

� Application à tous les domaines de la médecine

� Rapport bénéfice/risque souvent favorable

� Enjeu: définir la bonne cible


