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The immunological synapse = target for biologics

Muromonab

TGN1412 Abatacept
(CTLA4-Ig)

Ipilimumab
Tremelimumab

anti-PD1: nivolumab, pembrolizumab
Anti-PD-L1: atezolizumab, durvalumab



Different types of monoclonal antibodies
Å Fab, F(ab')2 fragment, Fab' fragment, single-chain variable fragment, di-scFv, single domain

antibody
Å Bispecific antibodies (trifunctional antibody, Chemically linked F(ab')2, Bi-specific T-cell

engager

Anti-CD3/Anti-CD20; Anti-CD3/Anti-CD19…..



T-cell receptor
signalling
pathways



ÅAnti-CD3s are not fully
working the same way as an
antigen

ÅNot all anti-CD3s have the
same mechanisms



StieglmaierL (ExpOp BiolTher, 2015)



StieglmaierL (ExpOp BiolTher, 2015)



SmitsNC (ExpOp BiolTher, 2016)

T-cells NK-cells NK-cells



2017: More than 40 bi-specific in clinical development



Side effects and “biologics”

What did we learned or not from the 
clinic ?

ÅFrom the clinic
ïAnti-CD3 (Muromonab): CytokineReleaseSyndrome(CRS)

ïAnti-CD52(Alemtuzumab): CRS

ïTGN1412: severeCRS

ïIL-2: VascularLeakSyndrome

ïAlzheimervaccine(AN1792): meningoencephalitisin 6%of
immunizedpatients

ïIpilimumabandseverecolitis

ïNatalizumab and PML (progressive multifocal
encephalopathy)…



The TGN 1412 story

•March2006
•Phase I clinical trials with a superagonist anti-CD28
monoclonalantibody
•Potential therapeutic indication: auto-immune diseases
•6 humanvolunteersreceivedthe product
•Major Cytokine Release Syndrome with lungsaffected
•Hospitalisationin intensivecare
•Not observedin toxicologystudiesusingcynomolgusmonkeys



Summary Timeline of the Main Events after Infusion of TGN1412

G. Suntharalingam, N Eng J Med, 2006



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 



What are the main problems
with bi-specific ?



Catumaxomab

ÅBsAbtargetingboth CD3 andEpCAM

ÅApproved in 2009 for the treatment of
malignantasciteswith IPadministration

ÅKill tumor cells with a mechanisminvolving
ADCC(NKcells), T-cellsandphagocytosis

ÅIn FIHstudyby IVroute
ïFatalacuteliver failure

ïCytokinerelease-associatedsystemictoxicity even
at low doses



Blinatumomab

Å Blinatumomab : engagerof T-cellactivityviabindingto CD19andCD3 (BiTE).
Å Therapeutic indications: refractoryB-precursoracutelymphoblasticleukemia(approved

in 2014).
Å CRSwasfound asthe dose-limiting toxicity in earlyclinicaltrials

ï Modification of the administrationscheduleand incrementaldosageincreasewasusedto mitigate
this issue

Å Largephase2 study:
ï Severe(grade 3) CRSoccurred in 2% of 189 patients who receivedblinatumomab for approved

indication(n=3)
ï Adverseeffectshaveemergedasan issuein Blinatumomabtherapy,about99%of patientsin this trial

experiencedsomegradeof adverseeffects
ï Often attributable to cytokinerelease(pyrexia,headache,peripheraledema) or destructionof the B

cells(lymphopenia)

Å CRS has been observed in other trials and seems to correlate with disease burden; CRS
decreases with number of cycles of treatment
ï Steroidpre-treatment with dexamethasonehasbeenidentified asan effectivemannerof controlling

CRS

Å Neutoxicology (encephalopathy)grade3, 12% of patients: presenceof CD19+ cells in
the brain

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

Å Thedrugalsofeaturesa smallprotein sizeat 55kDaandrapidclearance
ï Suchclearancenecessitatesa continuousinfusion,goodability to easilyreachthe siteof action



Blinatumomab (2)

Å No animal models
ïSurrogatemolecule (muS103new) binding to murine CD3 and CD19 was

usedfor non-clinicaltoxicologyandsafetypharmacology
ïCRSandB-cellslysiswere observedin micebut theseresultswere not used

for FIMadministration

Å A « trial anderror » approachwasapplied
ïThreepilot phase1 conductedbeforethe pivotalclinicalstudies
ïCNSeffectsandCRSwereobserved
ïAEswere dose-dependent and occured mainly at the beginning of the

treatment

Å How to mitigate the risk ?
ïStep-dosing regimen plus steroids pretreatment (reduced cell numbers)

werethen usedto better manageAes
ï If baselineB-cell levelsare low AEsrelatedto the immunesystemappeared

lessprevalent
ÅIf baselineB-cell levelsarehighandtargetdoselevellow = one-stepregimen(ALL)
ÅIf baselineB-cell levelsarehighandtargetdoselevelhigh= two-stepregimen(NHL)



Lessons

ÅIt is possibleto enter clinic without relevant
animalmodels

ÅVery low levels of compoundare needed to
havepharmacologicalactivity≠from classical
therapeuticantibodies

ÅConsider reducing the number of cells
expressing the target before BiTE
administration(not possiblefor all therapeutic
indications)



Case studies



Anti-CD20/Anti-CD3 bi-specific

Å Therapeutic indications
ïB-cellnon-Hodgkinlymphoma

Å Pharmacodynamics
ïCompletesetof in vitro studiesusingcellsfrom humanandmonkey
ïBcell lysisand0,7% CD20occupationprovoques60%cell lysis

ÅT-cell lysisismuchmoreefficient thanADCC(Rituximab)

ïEC50s between monkey cells (45 pM) and human cells (63pM)
ïProof of concept with human B cell lymphoma in vitro and xenograft

mousemodelswith humantumor cells.

Å Pharmacokinetics
ï In cynomolgusmonkeys,clearancewasdependenton both doseand level

of circulatingBcells: target mediated drug disposition
ïClearanceis reducedafter the secondadministrationcomparedto the first

administration
ïConsistentwith the reductionof B cellsafter the first administrationanda

subsequentreductionof target-mediateddrugdisposition.



Å Toxicology
ïCynomolgusmonkeywas consideredthe appropriate animal species

for toxicity testing
ï ICHS9 2-weekGLPrepeatdosetoxicitystudyto supportphase1 entry

Å In vitro assays
ï tissuecross-reactivityin humantissues
ïAssessmentof cytokine release in both human and cynomolgus

monkeyblood: wholeblood
Ådifferencein potencybetween humanand cynomolgusmonkeyof up to 70-

fold (for the mostexpressedcytokine= IL-6).

Å Observations
ïDose-dependentand transient reduction in all peripherallymphocyte

subsets
ïMaximalincreasesin cytokinereleasemeasured4 hourspost-dose
ïLessthan 100µg/kginducedclinicalsignslinkedto cytokinerelease
ïChangesin solublemediatorsconsistentwith anacutephaseresponse
ïTransientactivationof the coagulationsystem,secondaryto post-dose

elevationsof multiple cytokines
ïB-celldepletion
ïHighincidenceof ADAsdetected14dayspost-dosing



Starting dose (1)
Å Model:
Å In vivo PK/PDmodel, in which cytokine release (IL-6, IFN-gamma, and TNF-

alpha), is used as a pharmacodynamicendpoint and correlated with drug
exposure.
ï Cytokine release, particularly IL-6 and IFN-gamma, were identified as relevant

pharmacodynamicreadouts,asthey reflect both the modeof actionandthe safetyof
the product.

ï BaselineB-cell count was applied as an additional constraint to the PK/PDmodel
since cytokine release is dependent on CD19 expression= B cells in “normal”
animals.

Å SerumPKdatascaledfrom monkeyto humanaccordingto allometricprinciples
Å Indirect responsemodel was used to describecytokine releasein blood after

administrationof the compound(bloodandthen tissue).
Å To accountfor speciesdifferencesin cytokinerelease,the doseis correctedfor

the lower potencyin cynomolgusmonkeysusingan in vitro factor of 70-fold for
IL-6

Å ISSUE:
ï The PK/PDmodel only considersB-cell counts in circulation. B cells in tumors can

contribute to cytokinereleaseinto the circulation
ï No data to allow an estimate of the effect of tumor load on cytokine releasein

plasma.
ï A 10-fold safetyfactor is appliedto the dosepredictedfrom the PK/PDmodeldue to

this uncertainty.



Starting dose (2)

ÅEIH dose
ïPredictedfrom the PK/PDmodel accordingto the

followingclinicalconstraints:
Åmorethat 90%of the patientsbelow600pg/mL IL-6

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

ïThis threshold is seen as a clinically tolerable
based on clinical experience with other bi-
specifics

ï50Bcells/µLbloodat dosingtime.

ïProposed EIH dose was 200 fold lower than the
estimated therapeutic dose ranges



Anti-CLEC12A/CD3 bi-specific
ÅTherapeutic indications
ïAcute myelogenous leukemia (AML)/CLEC12A/ leukemic stem

cell-associatedantigen
ïCLEC12A is expressedon AML leukemicstem cells,but not on

normalhaematopoieticcells
ïCLEC12A+ expressedon granulocyte-monocytelineagein bone-

marrowandon dendriticcells
ïSpeciescrossreactivity is limited to humans(both for the CD3

armandthe CLEC12Aarm)
ïNoeligibleanimalmodel
ïIn vitro humandata
ÅLysisof HL60 tumour cellsby MCLA-117 usingpurified humanT cells in

presenceof humanserum.
ÅKilling of AML blasts isolated from bone marrow or peripheral blood

samplesby the product and autologouseffector T cells present in the
non-manipulatedsampleat verylow E:Tratio

ïKilling 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.



ÅPharmacokinetics
ïHuman Immune System(HIS)mice = immuno-deficient, pre-

conditioned BALB/c mice in which human CD34+
haematopoietic progenitor cells derived from umbilical cord
blood are transplanted. Both human CD3 and CLEC12A are
expressedon a largemajorityof myeloidsubsetsin HISmice

ïInitial studyin the BRGSF-HISmouseshowed only limited T cell
activation following IV injection of 1 mg/kg and no antibody
wasdetectedin the serumat 2, 7 or 14daysafter injection

ïNo PK studies in cynomolgus monkeys

ÅToxicology
ïNoanimaltoxicologystudiesconducted

Å In vitro assays
ïtissuecross-reactivityin humantissues
ïAssessmentof cytokine releasein both human : whole blood

andPBMCs
ÅWhole blood: strong stimulation of IL-6 releaseat 100 ng/mL and

higher, with significant increasesin IL-10, TNFαand IFNγrelease
becomingevidentat concentrationsbetween300and3000ng/mL



Starting dose
ÅModel
ïBasedon the MABELfrom Pharmacologicaldata
ïCalculationof MABELbasedon co-incubation studies using

HL-60cellsandhumanPBMC
ïThe most sensitive of these readouts (T cell activation as

measuredby CD69increaseon CD8 Tcells) hasbeenused

ÅISSUE
ïNoassessmentof neutropenia

ÅEIH dose
ïMABEL= meanEC20=10ng/mL
ïA startingdoseof 25μgwasproposedfor the product infused

intravenously
ïAssumingthat the product will be distributed only in the

plasmacompartment(about2.5 liters in an adult; 10 ng/mLx
2500mL= 25μg)
ïEfficacious estimated concentrations for AML cell killing

(about100-1000ng/mL)



Questions/Issues
Å Measurement of CD3 binding affinity

ï low, mediumandhighbindingaffinity dependson thecompany’sdefinition andthe
assaybeingused(e.g., SPR,cellbasedaffinity)

Å CRS
ï Theappropriateformat of theseassaysmay be different from the typical formats

requested
ï Regulatorybodiesarecontinuingto requestthe samesetof assays
ï Arethey relevantfor bi-specific

ÅWhat is the utility of cytokine releaseassaysin the absenceof exogenoustarget expressing
cells

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

Å PK modeling
ï Predicting the PK is challengingand the conventionnal approach may not be

appropriate: allometricscalingof preclinicalparametersto predicthumanPK
ï Target-mediated drug disposition models (TMDD) that mechanisticallydescribe

bindingto two or more targetscanbe proposed

Å FIH dose selection
ï Considerations for MABEL dose setting for bi-specific, what are the key

considerationsfor the in vitro assays?
ï FIHdeterminedwith MABELcalculatedwith in vitro model EC20 too conservative,

patient will not benefit from the treatment ?
ï PK/PDmodellingapproaches



Cytokine Release assay using peripheral blood 
mononuclear cells or blood

Soluble phase

Solid phaseNot fully adapted to 
bi-specific



Back-up slides



Biotherapeutics ?

ÅProteins
ïGrowthfactors(EPO…)

ïCytokines (IL-2…)

ïAntibodies: monoclonals, bi-specific…

ÅCells
ïCelltherapy: Replacement of a damagedtissue…

ïBonemarrowtransplantation

ïchimericantigenreceptors(CAR) T-cells: tumor cellskilling

ÅGene therapy
ïVector(AAV, lentivirus…)-basedgeneexpression

ïCellswith geneticmodifications (CD34+…)

Very diverse



Cytokine Release assay using peripheral blood 
mononuclear cells or blood

Soluble phase

Solid phase



Cytokine levels obtained with the different CRAs using TGN 1412



Toxicity evaluation: how to proceed with 
biopharmaceuticals ?

Å Existingguidelines(ICHS6, ICHS8) are not well coveringthe topic of
toxicity andbiologics

Å Neutralization of an immune mediator in normal animals may not
reflect what will happenin humans
ï Thefactor is not circulatingat steady-state, the target is not expressedon the

samecellsin animalsandhumansΧ

Å Be inspire by the literature and the science
ïNecessityof“cross-fertilization”betweentoxicology/research/pharmacology
ï Themostcritical factor in understandingpatient safetyis to understandthe full

spectrumof the pharmacologicaleffects
ïSometimeverytricky,evolvesveryrapidly(CART-cells,bi-specificantibodyΧ)
ïNeedto investigatewherethe target isexpressed

Å This can only be accomplishedby examining the entire weight of
evidenceacrossall sources.

Å Knowledgeof interspeciesdifferences regarding the biology of the
target ismandatory

Å Needof in vitro modelsusinghumancells


