LU UNIVERSITE

1T
INSTITUT PASTEUR [\ PIERRES MARIE

JURIE

The 2"d PSU International Teaching Platform

on Tumour Immunology and Immunotherapy
Jointly organized by
Prince of Songkla University, Université Pierre et Marie Curie (Paris 6) and Institut Pasteur

December 15 — 20, 2003
At The Department of Biomedical Sciences
Faculty of Medicine, Prince of Songkla University,

Hat Yai, Songkhla, Thailand

Lecture 6:
Specific therapy — monoclonal antibodies
Prof. Catherine Fridman
December 16, 2003

2% PSU Workshop on Tumour Immunology and Immunotherapy, December 15-20, 2003 Prince of Songkia University, Université Pierre et Marie Curie and Institut Pasteur

FUNCTIONS OF ANTIBODIES
IgM  PRESENT IN BODY FLUIDS AND TISSUES,
DEFENSES AGAINST INFECTION AND CANCER

1gG PRESENT IN BODY FLUIDS AND TISSUES,
DEFENSES AGAINST INFECTION AND CANCER

IgA PRESENT IN MUCOSAL SURFACES,
NEUTRALIZATION OF PATHOGENS

IgE PRESENT IN TISSUES AND ON VASCULAR ENDOTHELIUM,
ALLERGY, DEFENSES AGAINST HELMINTHS
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Fig. 1. Schéma d'une [¢G de souris.
-5+, ponts disulfin; s chifres indiquent le ¢ C, région

constante; CHO, carbohydrae; COOH, extrémité carbory-terminale H,chaine lourde; L.
chaine légére: NHL, extrémité amino-terminale; V., région variable
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ISOTYPES HAVE DISTINCT BIOLOGICAL ROLES

IgM IgG IgA IgE

COMPLEMENT + + - -
ACTIVATION

NEUTRALISATION - + + -
OF PATHOGENS

OPSONISATION - + + -
ADCC - + - -
ACTIVATION OF - - - +
MAST CELLS
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POLYCLONAL MONOCLONAL

ANTISERUM ANTIBODY
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MYELOMA CELL LINES

MOUSE MYELOMA MOPC21
P3X63 Ag8 NON Ig SECRETING
Sp 2/0 HGPRT NEGATIVE
RAT MYELOMA

EBV-TRANSFORMED HUMAN LYMPHOMA LINES
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MOUSE ORIGIN HUMAN ORIGIN
CHIMERIC MAbs VARIABLE REGIONS CONSTANT
REGIONS
HUMANIZED MAbs HYPERVARIABLE FRAME WORK AND
REGIONS CONSTANT REGIONS
HUMAN MAbs IN NONE WHOLE MAb
XENOMOUSE

2% PSU Workshop on Tumour Immunology and Immunotherapy, December 15-20, 2003 Prince of Songkia University, Université Pierre et Marie Curie and Institut Pasteur

THERAPEUTIC MAbs

AUTOIMMUNITY ANTI TNFa TNFa
(PAR) ANTIIL8 L8
TRANSPLANTATION OKT3 CD3 (T cells)
ALLERGY ANTI-IgE IgE
ANTI-FceRI FceRI
GLAUCOMA ANTI-TGFB TGFpB
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Oncology antibodies

approved by US FDA

Table 1
_Oncology antibodies approved by the LS FOA
Name (US Cancer  US FOA
traderame)  Company Target Mechanism Antiberty form' inchcation npprovel date Riets
Ritumaty Genertechand  CD20 ADCC. COC. deectly induces  Chimeric inG 1 NHL nzeEr 4
[ DEC apopiosis
Pharmaceusicals

Trasunmat,  Genestech HERZ Intibiion of HERZ-medisted  Humanized igG 1 Bresw 92598 151
{Hercopan') b ol pabeeation s cances

mpatens
Goetunmab  WyothAperstand  C033 Dobvory of calchoamcin inte.  Humanired lgGd Brked o AML SN0 [§]
oEngamicn Comech Geovp feukemee cels resuitng n DNA. cabchesmcn

Myietag')
Aemhsumab e Pharmaceuicals C052 ADCC, COC
(Campatn)  and Beriex

Sttt brewiks ned apopkerics

Humanized lnG1 (=18 gm b

Laborstories
lorumomeb 1DEC €020 Debvery of cpotonic radation,  Murine lgG1 “Yoomfugate  NHL 27902 [8]
taaetan Phamacuscals ADCC, COC. apoptatis Imure parert form of
(Zeva™) riummabf*

Tk suffas. of the generic name of ambodies are sssigred 35
follows: munine ansbodies afn ‘omabs’, chimenc antbodies ar dmab’,
humarized antibodies are “rumaty’, and uly human antibodies are
‘umaty’ "lgG1 and kG2 isotypes e elfective in inducing COC and
ADCC. whereas the koG4 iotype is not effective for sither. lgG2 has

CDC activity, but no ADCC actrity [9]. Fotusmab wars scminisiered
precedng Indum-111 Zewalkin foliowed seven 1o nine days later by
second infusion of Ritusimabs prior 10 Yitrium-90 Zevalin. AML. scute
empelocyiic heuermia; CLL chions: hmphocyic leukermsa, KHL non-
Hodghun's ymphama.

(Trikha, Cur Opi Biotechnology, 2002)
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Oncology antibodies in phase III clinical development (1)

Tabsle 2
Dnealogy amtibesdies in phase IIl cirseal dovalepmant.
Mame Compemy Target  Mecharsm Antody form Cancer ndieston Sisus Rets
Colusimsts  ImClone Systems EGFR  Inisibts EGFRmodited fumor  Chimenic  Colorectal comcer  BLA NSt 284
(Ertin™) and sl (HER1) ol wasion. prolferstion, 1 Bccepied for
Myers Senstit melardanes, and o v by e
Enhances sctwity of some FOA
et aned
radiotherpy
Tostumomaty and €O Dolwery of cyiotosic racation,  Murine igG2a NHL BlAnat 18§
[P E——y . ADCE, COC, apogaonia 1eenpaate apgrewd ty
(Bem') plus urdabeled the FA, under
ety angesl
Bewcuumsb  Genentoch VEGF Inhibition of VEGE smcuced Humanaed  Breast cancer. Prase 8 (294
Presezin™) AT Gl enkorocnl eances,
NSCLC, renal
Cotns™ THT-1 Poragrne DNA-  Tages dusdanddprgoels  Chimaricly  Gloma Pruse it

FehTNT-B  Phamaceutcals associated The drug binds 1o DHA or DNA- ™) coniugate
sin sssnciatid protons. and
the ConCentrates 101 IV
ks it the lumer

(Trikha, Cur Opi Biotechnology, 2002)
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Oncology antibodies in phase III clinical development (2)

BEC2 ECncand  GD3
(Maosemab)  Mevek KGak
ity BCG ars o imemaney

Anti-ahotype: vocce to larget  Musne lgG2a SCLC Pharse 11
ganghoude GO, sdminmieond

stimudn

oy ™ Peoten Desin D33 ADCC, CDC Humanimed AL Praso il
([SMART™ Labs kGl

M185)

Pormtumomab Antisoma and ~ PEM Delivery of tonic radicactivey 10 Murine igG1 - Owarian cancer Phase B
(Tharagyn] Abbiet [MUCT)  PEM-expressing tumor cels Y conjugatn
Coatlac™ Than CEA Anti-icotypes vacone sntibody to Murne gl Colorectad cencer  Phase il

Prusmac s, teeget CEA
OvaRes” Aares CATZS  induces immune fesponse Murme ig Oranan cancer Phase B
e st G e
CA1ZS

Lympholide™  Immunomedics CDZ2  Hinds and clears CO22
([Epratarumab)  and Amgen exgressing cols.

Humanized I NHL Phase W 18}

Thes information in these tables was compled lrom o vricty of
o uding publications, scisnmiic

‘company welrsies. ARl eflorts were mae to make the tables

complete and acourate, Bt there s no Quarantes. Abbrenations

ADCE, arsibory doperasent cofiar cyiotanicty. AML, scite

myeiocybe leukemia: BCG. Bacilus Caimette-Guenn: BLA.

Biegics Licence Appheation. CDC, complement dependert
cpomicity; CEA. articer: EGFR, epides

factor recepsor; NHL. non-Heoedgkin's hymphoma: NSCLC, non-smal
ool kg cancer: SCLC. smal-cel ing cancer: VEGT, vascular
wexothelial gpcmah Lrci

(Trikha, Cur Opi Biotechnology, 2002)
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HERCEPTIN: anti-HER2neu

- Humanized mAb

- HER2neu, an oncogene over-expressed in
breast cancer, ovarian cancer

- Encodes a receptor for a growth factor (EGF-R
family)

- Induces internalization of the receptor, thus
decreases sensitivity to growth factor
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Rituximab: Anti-CD20

Mouse antibody (2B8) Human antibody (IgG1x)
+ Chimeric antibody:
— mouse variable regions
— human constant regions
(IgG1, kappa)
* Retains capacities
— To bind to human FeyR
— To activate the human
complement cascade
* No induction of human
immune response
* Long plasmatic half life

(205 h after the 4th perfusion)

Chimeric antibody
(IDEC-C2BS)
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CD20: Structure

11q12-q13.1
¢ Chromosome 11
¢ 297 amino acids, 33 to 37 kDa
! * 4 spanning domains

associated with lipid rafts
(aa 215-229)

No known ligand

No precise function but involved
— in B-cell activation -

— in the regulation of B-cell growth and of

— transmembrane calcium flux

Tedder at al, Immunol Today 1994
Riley et al, Semin Oncol 2000
Deans et al, Immunology 2002
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CD20: Expression

Expresscn de Fantiphoe C000 of ofsulres antpdees de urixce
s les oo oo iy Kgoe B-jmphocytare

Cole s Y Ol Gl Gt

———— P

d *aprés Roche Pharma

« Expressed from pre-B cell to mature and activated B cells
« Expressed on nearly 95% of B-cell NHL
* No circulating soluble form in plasma

* Not down-modulated, shed or internalized following binding of
antibody
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Survival of non-Hodgkin’s advanced stage lymphomas
LNH low malignancy vs LNH high malignancy
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rituximab (anti-CD20)
in low grade B cell ymphomas




Rituximab in low grade B cell lymphoma

No. pts response

. relapse/non-responders (eval.) rate
Maloney (1997) follic./lymphocyt. 34 50% 3RC, 14RP
McLaughlin (1998) follic./lymphocyt. 151 50% 9RC, 67 RP
Piro (1999) follic./lymphocyt. 35 60% 5RC, 16 RP
Davis (1999) follic./lymphocyt. 28 43% 1RC, 11 RP
guyen (1999) lymphocyt. 15 7% 0RC,1RP
. 15t line of treatment (low tumoral mass)
Colombat (Blood 2001) ~ follic. 49 73% 13 RC, 23 RP
] rituximab + CHOP x 6 (7! line and relapses)
Czuczman (1999) follic./lymphocyt. 40 95% 22 RC, 16 RP
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Efficacy of Rituximab therapy in B-cell lymphoma (I)

» Treatment of relapsed or refractory patients with low-grade or
follicular lymphoma

e saii T e

(Mc Laughlin, J. Clin Oncol 1998)
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Rituximab (anti-CD20)

in aggressive B cell lymphomas

Efficacy of Rituximab therapy in B-cell lymphoma (II)

* Treatment of diffuse large B-cell lymphomas with a
combination of CHOP plus Rituximab in elderly patients
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CHOP compared with CHOP plus Rituximab- LNH-98.5

Cyclophosphamide 750 mg/m?
Doxorubicine 50 mg/m?

Vincristine 1.4 mg/m?
Prednisone 40 mg/m?/d x5 d

Y U S U Y U S

Sweele . Beree
I O R O

CHOP

Rituximab 375 m?
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Event-free survival

Event-Free 1.0 7
Survival
0.8 1

R-CHOP
0.6

P <0.001

0.4 7

0.2 7

0.0 T T T T T 1
0 0.5 1.0 15 20 25 3
Years
Number at Risk

R-CHOP 202 177 137 108 63 19
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Overall survival

Survival
08 7 R-CHOP
0.6 P =0.007
0.4

0.2

0.0 T T T T T 1
0 0.5 1.0 1.5 2.0 25 3

Number at Risk Years
R-CHOP 202 187 167 118 64 21
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Increasing number of patients treated with Rituximab
between 1998 and 2001 in USA
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# Patients Treated

In vitro mechanisms of action of Rituximab™ on
primary non-Hodgkin’s lymphomas ?
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The anti-CD20 therapy leads to in vivo
depletion of B cells

« Reff et al, Blood 1994 (Macaque):

— in Peripheral blood (98%, D8),

— in Lymph Nodes and Bone Marrow (95%, D36).
* Maloney et al, Blood 1994 (Human):

— in Peripheral blood B cells (90%, D3-M2),

— in Lymph Nodes: 80% of positive tumour cells with
reduction of cell number (D14).
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THERAPEUTIC ANTITUMOR MAbs
MECHANISMS OF ACTION

1 -APOPTOSIS
2 -COMPLEMENT-DEPENDENT CYTOTOXICITY
3-ADCC via NK CELLS

4 - PHAGOCYTOSIS OF TUMOR CELLS VIA MACROPHAGES
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Detection of apoptosis
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Figure 2. Detection of imab: Bealis FLI were

Incubated In medium alone (upper panels) or with 2 pa/m rituximabs (lower panels)
for 2 days. Cell death was analyzed using annexin V, BI, DIOC(3), or the TUNEL
assay. Percentages of gated cells are indicated
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The induction of apoptosis is weak
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CDC is heterogeneous among the different groups of NHL
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Non tumour cells are resistant to CDC
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Regulation of CDC by
CD20, CD46, CD55 and CD59

1 P P
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CD20 CD46 CD55 CDs59
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Macrophage

(from L. Chatenoud. Nature Rev. Immunol., 3, 123-132, 2003)
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The ADCC is CD20-dependent

Patient 1 -
| Patien P
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Effector Targel ratio
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Rituximab therapy:
What are the biologic criteria of efficacy prediction?

 expression of CD20
o 27?

%
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FCGR3A Gene

ATG

1923

allele +4985T: 0,6

allele +4985G: 0,4

" FoyRilla-158F Y

Phenylalanine

]

exon é

2 A% g g 4‘!’4',,19"!.’19 WP,

A SUL TRl N N\ S S
G-

FcyRllla-158V

Valine

0

Homozygous 158F/F: ~35%
Heterozygous: ~50%
Homozygous 158V/V:~15%
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FCGR3A4 polymorphism influences binding of IgG
to NK-FeyRIIIa

N §| (independently from
FcyRIlla-48L/R/H
genotype)

Fig 2. FeyRilla™-158V binds more IgG than does FoyRilla™. 158F.
P Fiy RULA.

158FF (W] or homozygous FoyRITA- 156V () was compared, ime-
spective of the FoyRilla-48L/R/H genatype. At least three different
donars of each genotype were tested. The bevel of cytophilic IgG and
the binding of lgG1, 1563, and 1gG4 was significantly higher in NK

coll rom FeyRIA-TSTUV individunls (P < 03 In af cases). Koene HR et al. Blood, 1997.
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Cartron et al., Blood 2002

12 months clinical response differences: p = 0,03

Weng et Levy, JCO 2003

* Reanalysis of follicular NHL (n = 87) patients treated
between 1993 and 2003.

210 Biological response differences: p = 0,04
2
; 9
2 8
o
£ 7
§ s Homozygous V/V
g -

.5

4

3 Homozygous F/F

P and heterozygous

A

Median follow-up: 35 months (31-41)

0 10 20 30 20 50
Time to progression (months)
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Fig2. Koplan-Meier estimates of p jon-f ival by lobul
G fragment € receptor llla (FeyRllla) 158 valine (V)/phenylalanine [F} polymeor-
phism. Progression-froe survival curves were plotted by FeyRilla 158 V/F genatype

on all 87 patients. F carriers represent patients with either 158 V/F or 158 F/F
genotype. TTP, median fime o progression.
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FCGR34 influences the decrease in B lymphocytes
induced by Rituximab
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Anolik JH et al. Arthritis Rheum, 2003.
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‘Weng et Levy, JCO 2003

* Influences of FeyRIIIa-158V/F polymorphism
and FcyRIIa-131H/R polymorphism.
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HOW TO INCREASE ANTI-CD20 EFFICACY ?
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INCREASE ANTIBODY-DEPENDENT CELL
CYTOTOXICITY (ADCC)

— GM-CSF (Knouri et al..2002; Rossi et al. 2002)
— Interleukin 2 Holmberg et al..2003)

— G-CSF (van der Kolk et al.,2003)
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G-CSF + RITUXIMAB
» Rationale:
— increase in ADCC by PMN
— increase in CD11c and FcyRI expression
— increase in PMN number

— G-CSF Spg/kg X 3 days

* Treatment:
] xa
— Rituximab 375 mg/m? on day 3

* Results:
— 19 pts with low grade NHL
— ORR: 42%
— Median TTP: 24 months (52+- 56+)

Van der Kolk et al.,Leukemia,2003
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TIME TO PROGRESSION OF PATIENTS
TREATED WITH IFNa 2a + RITUXIMAB

Y

Comparison with the TTP of patients treated
with Rituximab alone (from the pivotal study)
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CONCLUSIONS

* A better knowledge of the mechanisms of action
of MoAbs will allow to improve their efficacy
» Engineering CD20mAD :
— At the antigen-binding site
— At the Fc portion
* The future of immunotherapy is in combinations
rather than in sequential treatments
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BISPECIFIC ANTIBODIES

REACTS WITH THE

ACTIVATES AN EFFECTOR CELL TUMOUR CELL

22 F(ab') 7A4 Flab'

Schematic diagram of a bispecific Ab (MDX-260, anti-CD64/anti-Gyy,).
Qrey N-ethyl s yl; R, O-pheny dyl.

(Michon et al., Blood, 86, 1124-1130, 1995)
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BISPECIFIC MAbs
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Targeting neuroblastoma cells with anti-FcyRI/anti-Gp, BsAb

No killi
o g Killing
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Circulating IgG

FeyRI %

Circulating IgG
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Fig. 1. Schéma d'une IgG de souris,
S-S, ponts disulfine; les chifres indiquent les positions des acides aminés C. région
constante; CHO, carbohydrate; COOH, extrémité casboxy-tesminale H, chaine lourde; L,

chaine légére; NH2, extrémité amino-terminale; V., région variable.
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ADVANTAGES

MAb LONG HALF LIFE
HIGH AFFINITY

ScFv DO NOT NEED IMMUNIZATION
CAN BE EXPRESSED
INTRACELLULARLY

PITFALLS

SIZE

NEED Ag FOR IMMUNIZATION
HYBRIDOMA INSTABILITY
IMMUNOGENICITY

LOW AFFINITY
MONOVALENT
SHORT HALF LIFE
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