
Housekeeping Notes

• Please use the chat function to address ASCPT staff
• Please direct your questions through the chat function at any time 

throughout the presentation
• You will receive a short email survey after the webinar. Your 

response will help ASCPT plan future webinars.
• Please forward ideas for future webinar topics and/or questions on 

today’s webinar to members@ASCPT.org
• All previously recorded webinars are available to members via the 

Online Learning page on ASCPT.org

Welcome to the ASCPT Webinar!
The presentation will start momentarily
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Agenda

Biodistribution and PKPD 
of therapeutic mAbs

PKPD Considerations for 
T-cell Dependent Bispecifics

 Tumor 
Cell

T-cell
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Elimination mechanisms of mAbs

Nonspecific clearance   
-pinocytosis/endocytosis ⥤ proteolysis; 
-governed by FcRn, FcγRs, charge, and pI

Specific clearance due to antigen binding 
-governed by antigen biology, expression 
and kinetics

Immunogenicity
-clearance of immune complexes by FcgRs

Fab: CDR
Antigen Binding

Fc:  
Effector 

functions,PK
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Mechanism of distribution of mAbs

Lobo and Balthasar, 2008; Boswell, 2014 

Pinocytosis

FcRn
Paracellular/convection

Antibodies are largely confined to the vascular space due to their size

Distribution of indium-labeled 
anti-huCD3/Her2 in a mouse tumor 

model

D. Mandikian, B. Shen, V. Yip, L. Nazarova, H. Anezinos, A. Boswell
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Antibody distribution and elimination is a function of its structure, the 
antigen, and MOA/pharmacology of the antigen and antibody

mAb structure 
Size
Structural variants eg. glycans
Affinity to antigen, FcγR, FcRn
Depleting or blocking MOA
Species differences

Antigen
Turnover kinetics (half-life)
Expression levels/concentration
Soluble or membrane bound
Down/up-modulated or re-expressed
Pharmacological activity
Species differences

Fab: CDR
Antigen Binding

Fc:  
Effector functions

PK
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Preclinical Patients

Our vision-To design, develop, and deliver novel 
medicines to patients using quantitative pharmacology 

• Translational PKPD
• FIH dose/regimen
• Toxicokinetics
• Proof-of-concept
• Therapeutic Index
• Clinical development

DEVELOPMENT

• Format

• Fc function

• Affinity

• Antigen kinetics

• Stability

• PK
• SAR

DESIGN • PK @site of action 
• Right dose, route
• Formulation
• Sustained delivery
• Novel delivery systems

DELIVERY
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Soluble ST2 in vitreous is not a sink for IL33

sST2

IL-33

K D
 = 4 - 8

 nM

~ 40-50 pM

2.5 pM

KD= 60 pM

TIR domain

IL-33

rST2

Levina Goon, Laetita Comps-Agrar, Kelly Loyet  
Isabel Figueroa

mAbKD

[mAb] on D28 
following 10 mg IVT 

0.1 1 10
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Mechanism based asthma disease model supporting Genentech 
pipeline for target validation, molecule selection & biomarker 
evaluation

Model based research and analyses- 
anti-ST2 PD biomarker, iJAK dose selection

Mechanistic Data
(in-vitro & in vivo, ex 

vivo)

Internal 
(Pappu Lab)

Public lit.

Epithelial & ASM cells; FEV1, FeNO

IL-4,5,10,13,33; TSLP; eotaxin; CCL-13,17;  LTs, histamine

Th2, B, plasma cells, DC, eos, basos, mast

Clinical Data
(50+ in–house 

and 
published studies) 

Lebrikizumab

Public lit.

Fluticasone (inh. steroid)
Mepolizumab(anti-IL5)
Lebrikizumab (anti-IL13)
Omalizumab(anti-IgE)
Montelukast (LT-antag)
Anti-ST2 

VALIDATE

KEY:
Cell types
Airway function & endpoints
Soluble mediators
Therapeutic interventions

CONSTRUCT CALIBRATE

Kapil Gadkar
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Current PK screening strategy for selection of 
lead mAb candidate

A. Baculovirus Assay (BV)

• BV>1: 100% probability of fast clearance (reject candidates)
• BV<1: 80% probability of slow clearance

• Fv Domain charge at pH 5.5  and a calculated HI sum of CDRs for LC1, LC3, and HC 
• Normal Fv 5.5 Charge/Low HI: 85% probability of slow clearance

B. In silico Charge and Hydrophobicity Tool 
(iCAT)

C. PK in SCID mouse vs cyno PK

• Useful tool prior to cyno studies
• mAbs with mouse CL < 4 mL/day/kg showed CL < 8 ml/day/kg in cynos)

D. Screening Strategy 

• Normal Fv Charge and BV < 1: 90% probability of slow clearance
• Currently working on in silico tools to identify charge patches
• Generally recommend having a back-up mAb engineering strategy 

Areas for expansion: bispecific mAbs, murine mAbs, mAbs for ophtha, mechanism of atypical CL, 
slow CL, in silico structure-modeling. 

Jeff Lutman, Kapil Gadkar, Amrita Kamath, Daniela Bumbaca, Carol Cullen, Vikas Sharma, Yuda Zhu, Isidro Hoetzel, Paul Carter, Paul Fielder

Sharma, 2014
Hoetzel, 2014
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Limited understanding/data 

Role of FcgRs in mAb biodistribution and clearance

Humanized mAb Murine mAb

Danielle Mandikian and 
Andy Boswell
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PKPD considerations for T-cell 
Dependent Bispecifics (TDBs)

 Tumor Cell T-cell
NK cell
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Immunological Synapse: MOA of TDBs

Huppa and Davis, 2003 Seckinger, 2017
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Spatiotemporal dynamics in immunological synapse

Huppa and Davis, 2003

CD4+ T cells

CD8+ T cells
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Bispecific Formats for TDBs

● No Fc or silent Fc in all formats except Catumaxomab
● Monovalent CD3 binding  for all except Tandem Diabody and scFv-Fc-scFv
● CD3 affinity ranges from 1-200 nM
● Tumor ag binding is monovalent or bivalent (helps avidity)
● Elimination half-life ranges from 2-8 hr (BiTE), 7-22hr (scFv-Fc-scFv) to days (for TDBs with Fc)
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TDBs in Clinical Development
Wu and Jimeno, 2018
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PKPD considerations for TDBs

DELIVERY

Antigen(s)

TDB

PK

Immunogenicity

DESIGN
Activation at site of 
action (tumor 
microenvironment) 

Route: IV vs SC

PKPD/Biomarkers
FIH
Dose/Regimen
Therapeutic Index
Immunogenicity
Drug-Drug Interactions
Combinations
Comparability
Indications

Factors unique to TDBs
Cell-Cell Interactions
(Conditional) Agonist

DEVELOPMENT
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PKPD considerations for DESIGN of TDBs 

Antigen(s): CD3 and tumor antigen
Kinetics 
Expression levels and profile 
Pharmacology
Epitope

TDB: 
Affinity, avidity, kon/koff
Valency
Format
Conformation
Linker stability
Fc functions

PK-Fc, size, format

Immunogenicity
Structure
MOA
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Epitope distance to the target cell membrane determines the potency of T 
cell-mediated lysis by BiTE antibodies specific for MCSP or EpCAM*

Bluemel, 2010 MCSP: Melanoma chondroitin sulfate proteoglycan (melanoma antigen); *EpCAM data not shown
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BiTE Epitope on 
MCSP



Membrane-Proximal Epitope Facilitates Efficient T Cell Synapse Formation 
by Anti-FcRH5/CD3 and Is a Requirement for Myeloma Cell Killing

Li 2017
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Antibody Distance from the Cell Membrane Regulates 
Antibody Fc-mediated Effector Mechanisms

Cleary, J. Immunol., 2017

CDC ADCP ADCC
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Impact of CD3 affinity on PK and cytokine levels

Steven R. Leong et al. Blood 2017;129:609-618

VH

L

H

PK in Tg mice

Cytokine levels in cynomolgus monkeys receiving 
CLL1/CD3H (HA) and CLL1/CD3L (LA). 

Cytokine Profiles in Cyno

Does binding on/off rates impact activity?
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Relative affinities of CD3/(Her2) compete for 
distribution to targets

Increased CD3 affinity leads to decreased tumor distribution 
and increased secondary lymphatic tissue distribution

Example: HER2/CD3 TDBs dosed in huCD3TG mice, inoculated with dual tumors 

Mandikien, 2018
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Valency: Binding and antibody internalization is reduced 
for bispecific antibodies compared to bivalents

Binding and uptake of HER2 targeting 
antibodies in KPL4 cultured cells

Danielle Mandikian, Madeleine Ramos and Andy Boswell
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Reduced valency leads to reduced internalization 
in vivo

Example: Anti-HER2 knob in hole antibodies dosed in KPL4 
tumor bearing mice, normalized to HER2 epitope

Bispecific 
Catabolism

Bivalent
Catabolism

Danielle Mandikian, Madeleine Ramos and Andy Boswell

Bispecific Antibodies show 
slight differences in tumor 
penetration and appear at 
higher concentrations on 
the periphery.
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With anti-CD33/CD3 TandAb, bivalent binding for 
both CD3 and CD33 correlated with activity

CD33CD3 CD3

Reusch, 2016
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Anti-CEA/CD3 TCB (IgG-Fab) format leverages 
bivalent binding and avidity

Bacac 2016
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Does format impact TDB PKPD and distribution?

CD33CD3 CD3

Size, valency, Fc (PK), Avidity
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Size, valency Size, valency, Fc (PK only)

Size, valency, Fc, 
Avidity



PKPD considerations for Design of TDBs

Affinity, avidity, format, epitope, valency, 
flexibility/conformation are key design parameters-need further 
systematic studies to delineate effects on activity, PK, 
distribution.

Antigen epitope and size likely critical. 

PK: long half-life is desirable feature 

Immunogenicity: no clinical data yet but given novel formats 
and “immune activation” MOA, immunogenicity should be 
critically assessed

Next generation TDB designs will likely include additional 
immune functions (co-stimulation), and/or NK cells or gamma 
delta T cells. Also, “threading the needle” between normal 
expression vs tumor expression will be an important design 
challenge.

DESIGN

Closing remarks
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PKPD considerations for Development of TDBs

 ● PKPD/Biomarkers
● FIH/Dose Escalation
● Dose/Regimen
● Therapeutic Index
● Immunogenicity
● Drug-Drug Interactions
● Combinations
● Comparability
● Indications

DEVELOPMENT

30



Anti-CD20/CD3 PKPD (Model)  

Ferl 2018
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PKPD in Cynomolgus Monkeys with anti-CD20/CD3

B-Cell Depletion Cytokine Release

*

T-Cell Activation

Target engagement 
biomarker

Target engagement/PD 
biomarker

Safety biomarker

32
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Multiple variables contribute to the determination of 
approach for (TDBs) FIH dose selection

FIH 
Dose

MOA

Reversibility 
of toxicity

Monitorability 
of toxicity

Variability/no
n-linearity in 

PK

Dose 
response

Relevance of 
the animal 

model

Adapted from Siddharth Sukumaran, NBC 2017

Synapse formation triggers 
immune activation and  results in cell 
killing

 Main concern is acute 
cytokine release syndrome

 Most likely

Might be steep

NHPs are used as safety species (not 
useful at times); healthy animals 
might not reflect the clinical 
outcomes

FIH dose selection is usually based on MABEL

 Clinical Signs

Meric Ovacik
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FiH Dose -  in vitro approach

In vitro cell killing, T cell activation or cytokine release are the main 
assays 

gRED Confidential — do not copy, distribute or use without prior written consent.

✓ Either i-) PMBC or ii-) PBMC and target expressing cell line  

✓ EC20 – EC30 were used as the projected Cmax to determine FiH dose 
(in conjunction with VC)

✓ Most sensitive endpoint (e.g. cell killing or T cell activation ) or most 
sensitive safety endpoint (T cell activation or cytokine release) were 
used

✓ Safety factors and RO information were used as supporting data

Meric Ovacik
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Findings and recommendations from Saber et al, 2017

Dose Escalation Considerations

Typically dose escalation 3+3; for TDBs single patient cohort before 
switching to 3+3. 

Protocol Amendments:  
increase duration of infusion
include a step dose 
use medication prophylactically for IRR/CRS

Meric Ovacik
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Quantitative systems pharmacology (QSP) model of 
Anti-CD20/CD3 to characterize cycle 1 dose schedules

Peripheral Blood Bone Marrow

Spleen
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Rituxan (effectorless) increases the EC50 for 
B-cell killing 

Liping L. Sun et al., Sci Transl Med 2015;7:287ra70

Published by AAAS
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C) PBMCs isolated from healthy donors were first incubated with rituximab-DANA (R-D) at the concentration indicated for 1 hour, 
and then CD20-TDB was added. After 48 hours, B cell killing was determined by FACS. (D) huCD20-huCD3 double-transgenic mice 
were treated once intravenously at the dose indicated; for combination treatment, mice were pretreated intravenously with 
rituximab-DANA, and CD20-TDB (0.5 mg/kg) was injected intravenously 30 min later. Spleens were collected at day 7, and B cell 
counts were determined by FACS. Bars in the plots indicate mean values, with P values calculated by unpaired t test (n = 3 mice 
per group).



Combinations: Agents that increase tumor infiltrating lymphocytes, decrease 
T cell/tumor cell immunosuppression; cytokines/chemokines; anti-VEGF, 
vaccines.

Use of Combos with TDBs 38



PKPD considerations for T-cell bispecifics

DEVELOP-
MENT

PKPD: Well established serum PKPD relationships (eg. T cell 
activation); need tissue PKPD assessments

FIH: use of in vitro T cell activation assays 

Dose/Regimen: Dose escalation and fractionation 

DDI: Presence of Herceptin or Rituxan/Gazyva

Combinations: Agents that increase TILs, decrease T 
cell/tumor cell immunosuppression; cytokines/chemokines; 
anti-VEGF.

Closing remarks
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PKPD considerations for Delivery  of TDBs

 

DELIVERYDESIGN

DEVELOPMENT

Activation at site of 
action  
Route: IV vs SC
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Activation of T-cell (effector cell) at site of action 
(tumor) 

 

Boustany, 2017
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PKPD considerations for T-cell bispecifics

DELIVERY

Affinity, format, epitope, valency are key design parameters-need 
further systematic studies to delineate effects on activity

PK: long half-life is desirable feature 

Immunogenicity: no clinical data yet but given novel formats and 
“immune activation” MOA, immunogenicity should be considered

Next generation TDBs design will likely include additional immune 
functions (co-stimulation), and/or NK cells or gamma delta T cells

DESIGN

DEVELOP-
MENT

Improving “delivery” of TDBs will likely be part of next generation 
TDBs; eg. SC route or “mask” TDBs

PKPD: Well established PKPD relationships (eg. T cell activation); 
PKPD at site of action will be critical
FIH: use of in vitro T cell activation assays 
Dose/Regimen: Dose escalation and fractionation 
DDI: Presence of Herceptin or Rituxan/Gazyva
Combinations: Agents that increase TILs, decrease T cell/tumor cell 
immunosuppression; cytokines/chemokines; anti-VEGF.

Closing remarks
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PK(PD) Considerations for Comparability Strategy

Non-linearity in PK

Variability in PK (low doses generally tested)

PK dependent on time variant-PD marker

Presence of impurities (eg. CD3 homodimers)
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Key References
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Li, 2017 
Sun 2015 
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Changes in charge and/or pI may affect PK

Igawa, 2010; Yadav, 2015 

Igawa, 2010
7.2
8.0
8.7
9.2

pI

Single IV Bolus @ 10 mg/kg in Cynos

WT

-4

+3

Anti-Lymphotoxin alpha (LTa) Variants

How do we use this to design great molecules?
Factors to consider: FcRn/FcgR binding, charge, pI, hydrophobicity, 3D structure. 
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BiTE potency is influenced by antigen size

Blumel, 2010 MCSP: Melanoma chondroitin sulfate proteoglycan (melanoma antigen)
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Retention at the cell surface is key for TDB MOA

TDBs need to be on the surface in order 
to form functional cytolytic synapses

Surface half-life of tumor antigen

Many antibody therapeutics are against 
receptors shown to have increased 
internalization

Its unknown if switching into bispecific 
format will impact the internalization rate 
of antibody bound receptors

Danielle Mandikian and Andy Boswell
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PKPD and Biomarker Strategy

PKPD of anti-CD20/CD3 in Cyno 1) Safety: IL6 is being considered as the 
surrogate for CRS.

2) PD (target engagement): 
T cell activation (CD69+, or CD25+ T cells), 
T cell margination, B cell depletion, 
increase in cytokines. They are not 
correlated with efficacy but they all show 
that the drug is active.

3) Resistance biomarker: no definitive 
marker yet

Iraj Hoseini
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Epitope distance to the target cell membrane determines the potency of T 
cell-mediated lysis by BiTE antibodies specific for MCSP or EpCAM

Blumel, 2010 MCSP: Melanoma chondroitin sulfate proteoglycan (melanoma antigen)

Potency of EpCAM-specific BiTE antibody MT110 decreased with increasing distance of EpCAM to 
target cell membrane

51

BiTE Epitope on 
MCSP



Impact of CD3 affinity on PK and cytokine levels

Cytokine levels in cynomolgus monkeys receiving 
CLL1/CD3H (HA) and CLL1/CD3L (LA). 

Steven R. Leong et al. Blood 2017;129:609-618

VH

L

H

PK in Tg mice PKPD in Cyno

Does binding on/off rates impact activity?
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Anti-CD20/CD3 PKPD (Model)  

Ferl 2018
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FDA Oncology analysis of CD3 bispecific constructs and FiH 
dose selection” Saber et al. ,2017

Regardless of sponsor’s strategy; Saber et al. 

A) B) C)

C = projected Cmax in humans, EC50= EC50 from the most sensitive assay, KD= Reported value, RO=Receptor Occupancy, PA= Pharmacologic activity, 
NOAEL= No observed adverse effect level  HNSTD= Highest non-severely toxic dose BW= Body weight  BSA= Body surface area

1/10th  NOAEL 
1/6th HNSTD using BW or BSA

 FiH Dose Estimation 

Dose Escalation

FiH Dose 3 X FiH Dose 9 X FiH Dose

 MTD

1) estimated FiH dose based on three methods 

2) defined a hypothetical dose escalation schedule 

3) used MTD from available clinical data to evaluate whether FiH dose will 
result in MTD or how many dose escalations until MTD is reached

Meric Ovacik
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Key findings from Saber et al. ,2017

FiH Dose based on 
RO %

above the human MTD
FiH Dose based on 
NOAEL or HNSTD

FiH Dose based on 
in vitro Activity

10%-30% PA 
acceptable/ manageable toxicities

X

✓  
in vitro Activity Studies 

(Human Cells) Wide range of EC50

Animal Toxicology HNSTD reached with 90% of constructs.

Meric Ovacik
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