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The immunological synapse = target for biologics
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Different types of monoclonal antibodies

A Fab, F(ab')2 fragment, Fab' fragment, single-chain variable fragment, di-scFv, single domain
antibody

A Bispecific antibodies (trifunctional antibody, Chemically linked F(ab')2, Bi-specific T-cell
engager
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Fab Fl;EuI::n'}2 Fab' scFv di-scFv sdAb
{fragrment antigen binding) (single-chain (single domain
variable fragrrent) antibady)
chemically linked BiTE
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Anti-CD3/Anti-CD20; Anti-CD3/Anti-CD19.....
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A Anti-CD3s are not fully
working the same way as an
antigen

A Not all anti-CD3s have the
same mechanisms
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Table 1. Multivalent antibodies currently ongoing in clinical trials.

Name Fomnat Target Development stage
Blinatumomab (MT103) BiTE CD19wxCD3 FDA approved in 2014
Solitomab (MT110, AMG110) BiTE EpCAMxCD3 Phase |

AMG330 BiTE CD33xCD3 Phase |

AMGZ1 BiTE CEAxCD3 Phase |

CD16xCD33 BiKE CD1&xCD33 Preclinical development
CD16xCD133 BiKE CD16xCD133 Preclinical development
EpCAMI16 BiKE EpCAMXCD16 Preclinical development
AFM13 BiKE CD30xCD16A Phase |
CD1exCD19xCD22 TRIKE CD16xCD19xCD22 Phase Il

Catumaxomab (Removab®) Trifunctional Ab (Triomab’) EpcamxCD3xFc Phase 1I/11l
Ertumaxomab (Rexomun®) Trifunctional Ab (Triomab’) HER2xCD3xFc Phase Il

Bi20/FBTAOQ5 (LymphomunTM) Trifunctional Ab (Triomab’) CD20xCD3xFc Phase 1/11

3F8/GD2BI Trifunctional Ab (Triomab’) GD2xCD3xFc Phase /11

EGFREi Trifunctional Ab {Triomab'} EGFRxCD3xFc Phase |

Bispecific protein therapy

ULBP2-BB4 Bispecific protein NKG2D/NKG2D ligands

UNKG2D-CD3 scFv Bispecific protein UNKG2D-CD3

Anti-MICA therapy mAb MICA Preclinical development
Monalizumab mAb NEKG2ZA Phase II, phase | and Il
aCD16 mAb D16

Lirilumab mAb KIR2DL1,2,3 Randomized phase ll, phase [, Phase I
MGD0D06 DART CD123xCD3 Phase |

Abbreviations: Ab: antibody; BIiTE: bispecific T-cell engager; BIKE: bispecific killer cell engager; CEA: carcinoembryonic antigen; DART: dual-affinity re-targeting
molecules; EGFRBi: epidermal growth factor receptor bispecific antibody; EpCAM: epithelial cell adhesion molecule; MICA: MHC dass |related chain A; mAb:
monoclonal antibody; scFv: single-chain variable fragment; TriKE: trispecific killer cell engager; ULBP: UL16-binding protein.

2017: More than 40 bi-specific in clinical development



Side effects and “biologics”

What did we learned or not from the
clinic ?

A From the clinic

- Anti-C3B (Muromonab): CytokineRelease&syndromg CRS)

I Anti-Cb2 (Alemtuzumal: CRS

I TGNL412 severeCRS

I IL-:2: Vasculat.eakSyndrome

I Alzheimervaccine(ANL792: meningoencephalitisn 6% of

Immunizedpatients
Ipilimumabandseverecolitis

Natalizumab and PML (progressive multifocal
encephalopathy).



The TGN 1412 story

e March2006

Phase | clinical trials with a superagonist anti-C[28
monoclonalantibody

* Potential therapeutic indication: auto-immune diseases

* 6 humanvolunteersreceivedthe product

* Major Cytokine Release Syndrome with lungsaffected

e Hospitalisationn intensivecare

* Not observedn toxicologystudiesusingcynomolgusnonkeys




Summary Timeline of the Main Events after Infusion of TGN1412

TGM1412 infusion
Headache, rigars, lumbar myalgia

Hypotension, tachycardia

First corticosteroid dose

Transient improvement

— Fever, lymphopenia, monocytopenia =——=== === -I

Epiphenomena: desguamation, difficulties
with concentration, calf myalgia

I— Leukocyte recovery —I

i— Increasing ALT, thrombocytosis —|

Multiorgan failure {Patient &) |

|— Multiorgan failure {Patient 5) —|

Multiorgan
failure
(Patients 1=4)

Y v
| T T T T T T | | T T T T T T T 1 | T T l
o 3 ] a 12 15 18 21 24 2 3 4 5 & 7 & 9 10 15 20 25 g
Hours after Infusion Days after Infusion
| Phase 1: Cytokine storm == ~|
| Phaze 2: Reactive = memmmmmmm----- {
| Phase 3: Recovery  =====--- .|

| Phase 4: Steady state

G. Suntharalingam, N Eng J Med, 2006



Summary of Laboratory Results for the Six Patients during the First 30 Days (Panels

A and B) and the First 5 Days (Panel C) after Infusion of TGN1412
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What are the main problems
with bi-specific ?



Catumaxomab

A BsAbtargetingboth CCB and EpCAM

A Approved in 2009 for the treatment of
malignantasciteswith IPadministration

A Kill tumor cells with a mechanisminvolving
ADC((NKcellg, T-cellsand phagocytosis

A In FIHstudyby IV route
| Fatalacuteliver failure

I Cytokinereleaseassociatedsystemictoxicity even
at low doses




To o

Blinatumomab

Blinatumomab : engagerof T-cell activity viabindingto CO19and C8 (BiTE.

Therapeuticindications refractory B-precursoracute lymphoblastideukemia(approved
in 2014).
CR3vasfound asthe doselimiting toxicity in earlyclinicaltrials
i I\(I]_oc_lification of the administrationscheduleand incrementaldosageincreasewas usedto mitigate
thisissue
Largephase2 study.
I Severe(grade 3) CRSoccurredin 2% of 189 patients who received blinatumomab for approved
indication(n=3)
I Adverseeffectshaveemergedasanissuein Blinatumomaltherapy,about99%of patientsin this trial
experiencedsomegradeof adverseeffects
I Often attributable to cytokinerelease(pyrexia,headache peripheraledemg or destructionof the B
cells(lymphopenia)
CRS has been observed in other trials and seems to correlate with disease burden; CRS
decreases with number of cycles of treatment
i gtlgrsoid pre-treatment with dexamethasondiasbeenidentified asan effective mannerof controlling
I\rlleugoxicology (encephalopathygrade 3, 12% of patients presenceof COL9+ cellsin
the brain

Blinatumomab shows effectiveness at very low clinically achievable doses (20-30
ng/day) compared to similar conventional antibody therapies

Thedrug alsofeaturesa smallprotein sizeat 55 kDaandrapid clearance
I Quchclearancenecessitates continuousinfusion,goodability to easilyreachthe site of action



Blinatumomab (2)

A No animal models

I Surrogatemolecule (muS.03hew) binding to murine CEB and C19 was
usedfor non-clinicaltoxicologyand safetypharmacology

I CR&ndB-cellslysiswere observedin mice but theseresultswere not used
for FIMadministration

A A«trial anderror » approachwasapplied
I Threepilot phasel conductedbeforethe pivotal clinicalstudies
I CN&ffectsand CRSvereobserved

I AEswere dosedependent and occured mainly at the beginningof the
treatment

A How to mitigate the risk ?

I Stepdosing regimen plus steroids pretreatment (reduced cell numbers)
were then usedto better manageAes

I If baselineB-celllevelsare low AEsrelatedto the immune systemappeared
lessprevalent
A If baselineB-celllevelsare highandtarget doselevellow = one-stepregimen(ALL)
A If baselineB-celllevelsare highandtarget doselevel high=two-stepregimen(NHL)



Lessons

A It is possibleto enter clinic without relevant
animalmodels

A Very low levels of compoundare neededto
have pharmacologicaactivity # from classical
therapeuticantibodies

A Consider reducing the number of cells
expressing the target Dbefore BITE
administration(not possiblefor all therapeutic
indications)




Case studies



Anti-CD20/Anti-CD3 bi-specific

A Therapeutic indications

B-cellnon-Hodgkinlymphoma

A Pharmacodynamics

Completesetof in vitro studiesusingcellsfrom humanand monkey

B celllysisand0,7% C[20 occupationprovoquescocell lysis
A T-celllysisis muchmore efficientthan ADCGRituximat)
EC50s between monkey cells (45 pM) and human cells (63pM)

Proof of concept with human B cell lymphoma in vitro and xenograft
mousemodelswith humantumor cells

A Pharmacoklnetlcs

In cynomolgusmonkeys,clearancewas dependenton both doseand level
of circulatingB cells target mediated drug disposition

Cearanceis reducedafter the secondadministrationcomparedto the first
administration

Consistentwith the reductionof B cellsafter the first administrationand a
subsequenteductionof targetmediateddrugdisposition



A Toxicology

Cynomolgusmonkey was consideredthe appropriate animal species
for toxicity testing

ICH® 2-week GLPepeatdosetoxicity studyto supportphasel entry

A In vitro assays

tissuecrossreactivityin humantissues

Assessmentof cytokine release in both human and cynomolgus
monkeyblood: wholeblood

A differencein potency between human and cynomolgusmonkeyof up to 70-
fold (for the mostexpresseaytokine=IL-6).

A Observations

Dosedependentand transientreductionin all peripherallymphocyte
subsets

Maximalincreasesn cytokinereleasemeasured hourspostdose
Lesghan 100ug/kginducedclinicalsignslinkedto cytokinerelease
Changesn solublemediatorsconsistentwith anacutephaseresponse

Transientactivationof the coagulationsystem,secondaryto postdose
elevationsof multiple cytokines

B-celldepletion
Highincidenceof ADAgdetected14 dayspost-dosing



To I

o I

o Starting dose (1)

In vivo PK/PDmodel, in which cytokine release (IL.-:6, IFNgamma, and TNF
alpha), is used as a pharmacodynamicendpoint and correlated with drug
exposure

i Cytokine release, particularly 1L.-6 and IFNgamma, were identified as relevant

pharmacodynamiceadouts,asthey reflect both the mode of actionandthe safetyof
the product

I BaselineB-cell count was applied as an additional constraintto the PK/PDmodel
since cytokine release is dependent on C[L9 expression= B cells in “normal”
animals.

SerumPKdatascaledfrom monkeyto humanaccordingo allometricprinciples

Indirect responsemodel was usedto describecytokine releasein blood after
administrationof the compound(bloodandthen tissue)

To accountfor speciesdifferencesin cytokinerelease,the doseis correctedfor
the lower potencyin cynomolgusnonkeysusingan in vitro factor of 70-fold for
IL-6

ISSUE:

I The PK/PDmodel only considersB-cell countsin circulation B cellsin tumors can
contribute to cytokinereleaseinto the circulation

I No data to allow an estimate of the effect of tumor load on cytokine releasein
plasma

I A10-fold safetyfactor is appliedto the dosepredictedfrom the PK/PDmodeldue to
this uncertainty



Starting dose (2)

A EIH dose

I Predictedfrom the PK/PDmodel accordingto the
following clinicalconstraints
Amore that 90%of the patientsbelow 600 pg/mL IL-6

All-6 was shown to be the most sensitive studied
cytokinefollowingadministration

I This threshold Is seen as a clinically tolerable
based on clinical experience with other bi-
specifics

I 50 B cells/pLblood at dosingtime.

I Proposed EIH dose was 200 fold lower than the
estimated therapeutic dose ranges



Anti-CLEC12A/CD3 bi-specific

A Therapeutic indications

Acute myelogenousleukemia (AMLD/CLETC2A/leukemic stem
cellassociatedantigen

CLEC2A is expressedon AML leukemicstem cells, but not on
normalhaematopoieticcells

CLEC2A+ expressedon granulocytemonocytelineagein bone-
marrowandon dendriticcells

Speciescrossreactivity is limited to humans(both for the C3B
armandthe CLEC2A arm)

No eligibleanimalmodel

In vitro humandata

A Lysisof HL60 tumour cellsby MCLA117 using purified human T cellsin
presenceof humanserum

A Killing of AML blasts isolated from bone marrow or peripheral blood
samplesby the product and autologouseffector T cells presentin the
non-manipulatedsampleat verylow ET ratio

Killing of CLEC12A expressing cells with EC20 values for T cell
activation being in the range 10-85 ng/mL, and in the range 6-
25 ng/mL for cell lysis of HL-60 cells.



A Pharmacokinetics

I Human Immune System(HIS)mice = immuno-deficient, pre-
conditioned BALB/c mice Iin which human C[B84+
haematopoietic progenitor cells derived from umbilical cord
blood are transplanted Both human CB8 and CLEC2A are
expressean alargemajority of myeloidsubsetan HISmice

I Initial studyin the BRGSHISmouseshowed only limited T cell
activation following IV injection of 1 mg/kg and no antibody
wasdetectedin the serumat 2, 7 or 14 daysafter injection

I No PK studies in cynomolgus monkeys
A Toxicology
I Noanimaltoxicologystudiesconducted

A In vitro assays
I tissuecrossreactivityin humantissues

I Assessmenbf cytokine releasein both human: whole blood
andPBMCs
A Whole blood: strong stimulation of IL-6 releaseat 100 ng/mL and

higher, with significant increasesin 1L-10, T N Fand | F Mejease
becomingevidentat concentrationdbetween300and 3000ng/mL



Starting dose

A Model
I Basedon the MABELlfrom Pharmacologicalata

I Calculationof MABELbasedon co-incubation studies using
HL-60 cellsandhumanPBMC

I The most sensitive of these readouts (T cell activation as
measuredoy C369increaseon C8 T cellg hasbeenused

A ISSUE
I Noassessmendf neutropenia

A EIH dose
I MABEl=meanEQ0=10ng/mL

I Astartingdoseof 25 gvasproposedfor the productinfused
Intravenously

I Assumingthat the product will be distributed only in the
plasmacompartment(about 2.5 liters in an adult; 10 ng/mLx
2500mL=25u0Q)

I Efficacious estimated concentrations for AML cell Kkilling
(about100-1000ng/mL)



Questions/Issues

A Measurement of CD3 binding affinity

I low, mediumandhighbindingaffinity dependsonthe c o mp adefiitios andthe
assaypeingused(e.g., SPRcell basedaffinity)

A CRS

I Theappropriate format of these assayanay be different from the typical formats
requested

I Regulatonybodiesare continuingto requestthe sameset of assays

I Arethey relevantfor bi-specific

A What is the utility of cytokine releaseassaysn the absenceof exogenoustarget expressing
cells

A Shouldcytokine releasein human bioactivity (potency)assaysbeen used for human first-in-
dosesettingfor this modality?

A PK modeling

I Predictingthe PKis challengingand the conventionnal approach may not be
appropriate allometricscalingof preclinicalparametersto predicthumanPK

I Targetmediated drug disposition models (TMDD)that mechanisticallydescribe
bindingto two or moretargetscanbe proposed

A FIH dose selection

I Considerationsfor MABEL dose setting for bi-specific, what are the key
considerationdor the in vitro assay®

I  FIHdeterminedwith MABELcalculatedwith in vitro model EQO too conservative,
patient will not benefitfrom the treatment ?

I PK/PDmodellingapproaches



Cytokine Release assay using peripheral blood

mononuclear cells or blood
Soluble phase

Test mAb Blood or PBMCs

(various concentrations) /
\ R Collect plasma.

} "‘ Measure key
cytokines®.
LIncubate > (e.g., with MSDhuman
multiplex cytokine kit)
Multiple Donors

Not fully adapted to Solid phase
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Back-up slides



Biotherapeutics ?

A Proteins
I Growthfactors( EP O ...)
I Cytokines (H2 ...)
I Antibodies monoclonals bispecific..
A Cells
I Celltherapy. Replacement of damaged | s s ue ...
I Bonemarrowtransplantation
I chimericantigenreceptors(CAR) -Cells tumor cellskilling

A Gene therapy
I Vector( AAV, | ebadedgeneexrptession
I Cellswithgenetcmo di fi cati ons (CD34-

Very diverse



Cytokine Release assay using peripheral blood

mononuclear cells or blood
Soluble phase

Test mAb Blood or PBMCs

(various concentrations) /
\' _ Collect plasma.

S Measure key

cytokines*.
Lincubate > (e.g., with MSDhuman
multiplex cytokine kit)
Multiple Donors p
Positive controls
Negative controls (A) mab solution or controls PBMC from healthy donors

1,10, 100 ug/well

t \ Collect Sup and
5 = - ——  measure
Yy gAY Dry Yoy cytokines
\v/

overnight
(B) Add mouse Addtest Mab  pBMC from healthy donors
anti-h,Mc or controls
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Cytokine levels obtained with the different CRAs using TGN 1412
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Toxicity evaluation: how to proceed with

biopharmaceuticals ?

A Existingguidelines(ICHS5, ICHB) are not well coveringthe topic of
toxicity andbiologics

A Neutralization of an immune mediator in normal animals may not
reflectwhat will happenin humans

I Thefactor is not circulatingat steadystate, the target is not expressedn the
samecellsin animalsand humans

A Be inspire by the literature and the science

I Necessityof“ c r-fosrst i |betweantokiamlagy/research/pharmacology

I Themostcritical factor in understandingpatient safetyis to understandthe full
spectrumof the pharmacologicaéffects

I Sometimeverytricky, evolvesveryrapidly (CARI-cells,bi-specificantibodyX)
I Needto investigatewherethe target is expressed

A This can only be accomplishedby examiningthe entire weight of
evidenceacrossall sources

A Knowledgeof interspeciesdifferences regarding the biology of the
targetis mandatory

A Needof in vitro modelsusinghumancells



