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Problem statement

* Biologicals:
« ~30% of new drug approvals (12/46 FDA 2017)
« $445 billion sales projected 2019

 Immunogenicity (IG):
* 89% Incidence; 49% efficacy impacted

—->Management of IG will be a significant and
recurring topic in interactions between sponsors and
regulatory agencies

Wang et al., AAPS J. 18: 395 (2016)
CERTARA®



Highly variable

Strand et al., BioDrugs 31: 299 (2017)

Table 3 Summary of ADAb formation rates for individual biologic/biosimilar by chronic inflammatory disease

Biologic Frequency of ADAb formation. % (no. of studies®)

RA PsA JIA AS Ps CD ucC Range
ABA 2-20 (7) 2-11 (2) 2-20 (9)
ADA 0-51 (33) 0-54 (8) 6-33 (6) 8-39 (9) 0-51 (12) 0-35 (13) 3-5(3) 0-54 (80)
CZP 2.8-37 (7) 21 (1) 3-25 (6) 3-37 (14)
ETN 0-13 (25) 03) 0-6 (2) 04 2-5(5) 0-13 (37)
GLM 2-10 (11) 6 (1) 0-6.4 (2) 0-19 (8) 0-19 (22)
INF 8-02 (48) 15-33 (3) 26-42 (2) 6.1-69 (10) 041 (12) 3-83 (29) 6-46 (10) 0-83 (110)
RTX 0-21 (8) 0-21 (8)
SEC 0-0.1 (3) 0-0.3 (3) 0-1(8) 0-1 (14)
TCZ 0-16 (14) 1-8 (3) 0-16 (17)
UST 8-11 (3) 4-8.6 (10) 0-1(2) 1-11 (15)
CT-PI13 26-52 (2) 27 (1) 21 (1) 24 (1) 21-52 (5)

« Compound
« Dose and administration
« Patient population
 Disease state
« Co-medication
CERTARAD? ¢ Other




|G QSP Consortium: rationale

« Management of IG in a diverse patient population is a complex,
multifactorial problem

« The use of mechanistic models is well-precedented in such

circumstances (i.e. PBPK)
 Increased regulatory focus on utilizing in-silico models for

How FDA Plans to Help Consumers Capitalize

deC|S|On I I Iakl ng on Advances in Science | i cinica tia
Posted on July 7, 2017 by FDA Voice devices
data set:

By: Scott Gottlieb, M.D.

with exte
eeeeeee

and simulation to predict clinical outcomes, inform clinical trial designs, support

- The Consortium aims to develop the industry-standard
guantitative systems pharmacology (QSP) model, coupled to a
robust IT platform, to predict and manage |G and guide decision

making in drug development

CERTARAD



Physiologically-based pharmacokinetics (PBPK)
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FDA submissions using PBPK modelling
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GUT compartment in

the Full PB2K model ey compa e Full PB2E model

u Pediatrics
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#DDI+Others Cumulative as of June 18,
= First in man PK Prediction 2014 (n=96)

® Hepatic Impairment
Sinha, MHRA PBPK Workshop

® Drug distribution 2014, London, UK
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Consortium approach

Building the industry standard |G Simulator:

Sharing knowledge/resources/data

Cconsensus on science and common tools/standards

Engaging academics and regulators through publication ga

& education (a.o. upcoming British Pharmacological Society, ASCPT ‘Yl o
and European Immunogenicity Platform conferences)

Managing Immunogenicity Using

Rigorous approach to IT and QA: interoperable, future
proof and meeting regulatory requirements
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i

Ability for individual members to integrate confidential
data/knowledge/models on a continuous and seamless
manner

CERTARAD



Certara’s QSP Platform
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The 10 QSP Consortium IO Consortium IG Consortium i -
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QSP Platform

Each QSP Consortium is a tree, where trunk
represents biology common to all applications, while
branches and leaves represent target specific
mechanisms. Consortia are rooted in QSP Platform.

CERTARAD



IG QSP Consortium: Facts and Figures

e Launched January 2017

Six member companies

Initial duration 3 years

Monthly Webinar meetings

Annual Face-Face

Supported by ~10 Certara staff (QSP, IT, Operations)

G: Certara - QSP - IG Consortium
« Multi-disciplinary team of ~50 experts
« 2 Sub-teams: In Vitro Assays and IT

CERTARAD



The IG QSP Consortium model and simulator

Citation: CPT Pharmacometrics Syst. Pharmacol. (2014) 3, e134; doi10.1038/psp.2014.31
@© 2014 ASCPT  All rights reserved 2163-8306,14

www.nature.com,/psp

ORIGINAL ARTICLE

A Mechanistic, Multiscale Mathematical Model
of Inmunogenicity for Therapeutic Proteins:

Part 2—Model Applications

X Chen’, TP Hickling? and P Vicini®

tOwild*=<e

Antigenic protein
Antidrug antibody

The AAPS Journal, Vol 16, No. 5, September 2014 (& 2014)
DOL: 10120851 2248-014-9640-5

Research Ariicle

Simulation of Monoclonal Antibody Pharmacokinetics in Humans
Using a Minimal Physiologically Based Model

Linzhong Li,"* Tain Gardner,' Miroskw Dostalek,” and Masoud Jamei'

&

Competitive equilibrium binding of

endogenous and exogenous IgG to
l FcRn with independent affinities.
Tissue

- &p -

— %o . Ve | Q0 FoRn +1gG™ 5 FeRn - 1gG

=al gy T prg] M o i o

o - | FeRn +1gG* « i FeRa-IgG

e+ [ -
. A b st / N DD
[ W 0-mmuk, s / ot
(1-at . V an Kagy

AL ¢ AG S mABAG |

B-cellreceptor
Ditterentiation
Weak activation
Strong activation

Proliferation

Link between models

|G Model v7

Bioinformatics predictions

|G Simulator v2

CERTARAD

Number of epitopes = 2
MHC Class Il allele

Allele
frequency

Epitope 1
binding affinity
(include BC
loop region)

Epitope 2 binding
affinity (include
FG loop loop
region)

(North
American
population)

DPA1*01:03/DPB1*02:01

DPA1*01/DPB1*04.01 0.2364 4000
DRB1*03:01 0.0689 4000
DRBE1"11:01 0.0472 4000
DRB1*15:01 0.0696 218
DRB1*04.05 0.0231 4000 118
DRB1*07:01 0.0872 4000 161
DRB1708:02 0.0742 4000 854
DRB1*13:02 0.0394 4000 168



Application

A |

- Extrapolation to population with

T EE T different HLA allele frequencies.

o —@

— , L Tmem Personalised & Precision medicine:
o R S Prediction of PK and IG for

' i genotyped individual.

; i~ jﬁ» Extrapolation to larger populations.
| o Sl (Phase lll, IV)

== U4t dor- |
= Lt IG Management: Extrapolation to

Rl il different dosing regimes.
‘;i;?v “ e — @ mQ¥ -rg;--
L | Extrapolation to paediatric population

AT < - e or individual children.
. st

umiber OF Epitopes
Wesk Binding Constant (nmol/L)

Extrapolation to disease population.

Eptope 2 Bndng Corsam*

it Desgn

Extrapolation to age group.

Prediction of the effect of co-therapy

CERTARA® e SEEES .



Case study: PCSK9 Genentech

A Member of the Roche Group

Kapil Gadkar & Jennifer Rohrs

Bio-informatics analysis alone does not predict
clinical ADA response

Antibody # Binding # MHC | % ADA+
Drug peptides* alleles Patients

Bococizumab 68%
(Pfizer) (Ridker, 2017)
Alirocumab 1 1 5.1%
(Regeneron) (Roth, 2017)
Evolocumab 0 0 0.1%
(Amgen) (Henry, 2016)

GNE anti-PCSK9 2 3 4%
(Genentech) (GENE data*)

* Based on Phase Il clinical study with ~200 subjects

C E RTARA > © 2014, Genentech / Proprietary information — Please do not copy, distribute or use without prior written consent




IG QSP White Paper

* Review on biologics drug
development using MIDD
approaches and managing
Immunogenicity with the IG
Simulator

* Available for download on
the Certara Quantitative
Systems Pharmacology
web site

CERTARA?

Managing Immunogenicity Using
Quantitative Systems Pharmacology

Piet van der Graaf, Andrzej Kierzek, & Timothy Hickling

https://www.certara.com/consulting/systems-pharmacoloqy/?ap%5B0%5D=CSC&ap%5B1%5D=CSC

CERTARA'JC7 piet@certara.com


https://www.certara.com/consulting/systems-pharmacology/?ap[0]=CSC&ap[1]=CSC
https://www.certara.com/consulting/systems-pharmacology/?ap[0]=CSC&ap[1]=CSC

Overview of IG Simulator

Biological Process Map interface

File Edit Licensing Notifications Simulation Help

C e

Read

f| |e . B Population Wsp-Wsp-Wep-Si...

PKPD Types

@) rofiles

Trial Design

B Substrate  Wsp-Wsp-SB-Adali.

File Options Tools View Licensing Notifications Help

P.d. -

(>

Phys Chem and Blood Binding
Absorption

Distribution

Elimination

TMDD

Brain

MHC Il Epitopes
PO Basic 1

Export IG Model code. Write IG Model Read IG Model
and augment
ODEs

File EGH Seach View Encoding Language Settings Macro Run Plugins Window 7
SHELGE JmBde A% cxBIH1[EIEAxCTDEER

e
s

nnacll

seactd B
0 \anguag,,

Matlab code R code R code with
equation in C

Excel file with
documentation of
variables, equations and
parameters

length: 15254 lines 423 Ln:1 Col:1 Sel:010 Dos\Windows UTF-6

IG Model code and PBPK
variable connections in Lua

© Copyright 2018 Certara, L.P. All rights reserved.

IG Model code and
documentation
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Resources

z A S
Simuiation  Prediction

‘Workspace =
Workspace | Workspace Adalimumab_Bartedds 0....

Simcyp simulator

Wsp-SB-Adalimumab

simit

Number Of Epitopes 2
Weak Binding Constant (nmol/L) 4000

Epitope 1 Binding Constant

MHC Il Allele Gene
Unit:

DRB1*04:01 DRB1
DRB140403 DRET
DRB1*04:04 DRET
DRB1*04:07 DRB1
DRB1*04:11 DRB1
DRB1*07:01 DRE1
DRA1*08:02 DRE1
DRB1*08:11 DRE1
DRB1*11:01 DRE1
DRB1*14:04 DRB1
DRB1*15:01 DRB1

Rest of DRB DRB1

] oa

oP

82
5235
120
8315
3829

7495
2133

amol/L

Epitope 2 Binding Constant

Unit:
56.7

4857

2533

69.44

67.67

5133
194,67

4000
195.33
4000
4000
4000
4000
4000

Simulate virtual trial and

output results.
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v

]|

I Pl R
Input Sheet  Ode State Infc ... @
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il

Chart 1 I
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—
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9 ’ ' ! “00e400)
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1 e, Lsee0z
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EE) f i \ \ [—
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Virtual trial results in Simcyp
formatted Excel file



Modular Biological Process Map interface

£3 IG_Model_v7.0.1* | [Not Loaded] - IG Simulator Version 2.0.19.0 - B £ 1G_Model_v7.0.1% | [Not Loaded] - IG Simulator Version 2.0.19.0
File Edit Licensing Notifications Simulation Help i
e it it E R e
N
_ji BEWE | pComs :
g [
-~ VolBlood {
i ; MHCII_pathway
{
"*Haemnamun‘ 1
I‘\t
l I HaemFraction
a asma
T
]

‘ | ) - | ‘ : MHCII_P?th\fvay
@ gpe ) s - Wﬁ ¥, a i

Modules encapsulate complex mechanisms which are connected
to the model through well defined interfaces. This facilitates both
visualisation and consortium team development of multiscale
mechanistic models.

f)
CE RTARA © Copyright 2018 Certara, L.P. All rights reserved. 14



Connection to Simcyp PBPK model

G IG_Model_v7.0.1* | [Adalimumab_Bartelds_0.003] - IG Simulator Version 2.0.19.0 - O -

File Edit Licensing Motifications Simulation Help

@ i ID_p‘
L

AffMat

[ ; v _‘ .
2|l £ o kon _ADA Kd ADAInI

\A g | B e [ e Kd ADA
N ol IR .
0.47

koff_ADA
kon_ADA_per Vp )

@ Simcyp Species Properties \D
Visual
[= Modet

Name Ag

.
Comment " . 1
Association Confirmed
Ag_amt

Associated External  Substrate exogenous plasma concentration

Unit micro * M

Concentration Yes

Apply Cance

Specie “Ag” in biological process map is merged with variable “Substrate exogenous
plasma concentration” in Simcyp PBPK. The ODE for Simcyp variable is augmented by
rate laws of ADA binding and Immune Complex dissociation.

f)
CE RTARA © Copyright 2018 Certara, L.P. All rights reserved. 15



Simcyp simulator with Immunogenicity screens

([T ——

Workspace Adalimumab_Bartel.. ¥ |
& Population Wsp-Wep-Ws.. T ..

[i® substrate wspwsp-sa-. .

PKPD Types

@) erofites
Trial Design o

Phys Chem and Blood Binding
Absorption

Distribution.

Elimination

TMDD

Brain

MHC Il Epitopes

PD Basic 1

Run simulation using:

File Options Tools View Licensing Norifications Help Resources

¥ 9-¢. 285

sensitivity PE Batch

%

ist view

ﬂmﬁc\ip

®) Minimal PBPK Model for mAbs
(O Full PBPK Model for mAbs

) Minimal PBPK Model for other proteins

File Options Tools

‘Workspace =0

Workspace Adalimumsb_Barel.. = ..
B Population Wsp-Wep-Ws.. ..

™ substrate wepwspse-. * ..

%8¢ 2AS

* The compound section of Simcyp
biologics model has been expanded to
allow input of antigenic peptide binding

constants.

* Population section of Simcyp has been

expanded

« Allele frequencies are used to
generate MHC Il binding constants for
individual subject Correlated Monte
Carlo simulation of a clinical trial.

CERTARAD

© Full PBPK Mode for other proteins PKPD Types
&) Profiles
FcRn-mediated pathway ® 1:1 binding O 2:1 binding
Trial Design O
FeRn binding (pH 6.0)
Mean o Mean o Phys Chem and Blood Binding
Ko1 (uM) 0672 10 i Koz My 2912 |[z0 e
Fluid phase uptake and recycling Distribution
Kep (1) 00298 « 0715 Eliminstion
0548 1125 TMDD
Krei (1/h) - Kre2 (1/h) Brain
Convective and diffusive pathway MHC i Epitopes
oy (Sigmay) 076 o) (Sigmai) 02 PD Basic 1
) Notes

View Licensing  Motifications  Help  Resources

Sensitivit

Number Of Epitopes
Weak Binding Constant (nmol/L)
MHC 11 Allele
> |DRB1*04:01 DRE1
DRB1*04:03 DRB1
DRB1*04:04 DRB1
DRE1*04:07 DRB1
DRB1*04:11 DRE1
DRB1+07:01 DRE1
DRE1*08:02 DRE1
DRB1#08:11 DRE1
DRE1*11:01 DRE1
DRE1*14:04 DRB1
DRB1*15:01 DRE1
Rest of DRB DRB1
Da Do
oP op

[ %
Batch View

CYP

st

Epitope 1 Binding Constant  Epitope 2 Binding Constant

Unit: nmol/L. Unit: nmol/L
82 567
5235 9857
120 2533
8315 6944
3829 67.67
50 5133
204 19467
7485 4000
ma3 19533
358 4000
9867 4000
4000 4000
4000 4000
4000 4000

File  Options  Tools

open
I_
Workspace Adalimumab_Bartel.. v/ .
B Population Wp-Wep-Ws.. * .

i substrate Wsp-WspSE. ~

PKPD Types

@) profiles
Trial Design 0

i
Gl Tract

Tissue Composition

Tissue Flow Rates

Brain

Lung

Additional Organ

FeRn lgG

Lymph & Subcutaneous

Target

Blood

HLA Genotype

Immune Cell Baselines -

%

View Licensing  Notifications  Help

Ped-g- 2 B

Resources.

HLA-DRB1
o[-
MHC II Allele Allele Frequency
> |DRE1*04:01 0014302281
DRB104:03 0.000386548
DRE104:04 0.042520294
DRB104:07 0014302281
DRB1*04:11 0
DRB1+07:01 0022419791
DRB108:02 0.001159644
DRE1*08:11 o
DRE1+11:01 0.020377658
DRE1*14:04 [
DRE1*15:01 L]
Rest of DRB 0875531503

Batch Real Time Result: Pos P Scientist View =z
linteers.MHCIl SINMCYP
HLA-DQ HLA-DP
|- &=
MHC Il Allele Allele Frequency MHC Il Allele Allele
> |pa 1 > |op 1

LA

© Copyright 2018 Certara, L.P. All rights reserved.
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Trial design

i

Simcyp (QSP IG) Version 17 Release 1: Adalimumab_Bartelds_0.003 - O 14 Simcyp (QSP IG) Version 17 Release 1: Adalimumab_Bartelds_0.003
File Options Tools View Licensing Notifications Help —Resources File Options Tools View Licensing Notifications Help Resources
@ = 4 7 i e A o = 4 /E i = \
F-Ed - & & = F - & & & e :
Open Save  Clear Simulation  Prediction  Annotzton | Senstvity  PE Batch Scientist View = Open Save Clear Simulation  Prediction Batch nti
Workspace -0 N I t Workspace -0 5 s ‘
Workspace Adalimumab_Bartelds 0... 7 .. Trial DESIg SIm 3: Workspace Adalimumab_Bartelds 0.. 7 .. Trial DeSIg SIm !l
@ Population Wsp-Wsp-Wsp-5i.. ~ | .. O Population Representative ®) Virtual Population % Population Wsp-Wsp-Wsp-Si.. 7 .. Substrate ® Fasted o)
ﬁ\j Substrate  Wsp-Wsp-SB-Adali.. ¥ .. r]\j Substrate  Wsp-Wsp-SB-Adali.. ¥ .. SC-First Order ¥ Dose (mg) ~ |40
= Trials Fixed Individual Trial Design €3 =
PKPD Types PKPD Types
7 No. of trials 1 Minimum age (yea 7 .
@ profies @ proies O Single Dose Startat | 900AM E day |1
- No. of subjects in each trial 100 Maximum age (yea| -
Trial Design '0 Trial Design ‘:)
o Size B 100 Proportion of fema o
@ Multiple Dose  Numberof Doses /' 79 <) 236
[Trials ] Redefine subjects over time Trials
Dosing Regimen [Dosing Regimen |
Sampling Plan Day Clock Time Duration of study (h) Start at Gestational Week Sampling Plan
Analytical Error s . 00 |m 26520 0 ~ Fui Analytical Error
Data Analysis Data Analysis
End 1106 %00AM |m
150
Single Dose Startat 9:00AM B day |1
® Multiple Dose  Number of Doses 1105 (hy|24
% « %

Simcyp simulator is modularised into System, Compound, Population and
Trial design. Trial screens specify number of subjects from target
Population and dosing regime of the Compound. Virtual trial is then
simulated with Correlated Monte Carlo approach. In IG Simulator,
Compound and Population files include |G specific parameters and
simulation is run with multiscale model integrating PBPK and Immune
response parts.

CERTARAD

© Copyright 2018 Certara, L.P. All rights reserved. 17



Running simulation

File Edit Licensing MNotifications | Simulation | Help
| Verify F5

Refresh Engine

Quick Search (Ctrl+Q)

Solver Settings

Run Ctrl+R

MHCII_pathway

© st sfot Jof

< : >

Before simulation is run the model is verified. This includes unit
dimensionality verification as well as unit conversion.

0
CERTARA@ © Copyright 2018 Certara, L.P. All rights reserved. 18



Clinical trial simulation: output

25 /e/e/é>

= ADA+ (strong)
— ADA-
s ADA+ (Mid)

N
o
T
1

ADA+ Patients [%]

Median drug concentration [mg/L]

0 1 1 1 1 | 1 1 1
04 16 28 40 52 78 104 130 156

Weeks [day]

Simulation of Adalimumab clinical trial of Bartelds et al (JAMA. 2011;305(14):1460-1468).
Simulated time profiles were analysed following patient classification criteria used by authors
allowing direct comparison with clinical data. The threshold for weak ADA+ (green) group has
been modified, but our simulation predicted existence of distinct group. We find different ADA
reporting methods to be major challenge in development of predictive models. Mechanistic
model simulating both compound and ADA dynamics allows integration of studies using different
reporting criteria and will facilitate harmonisation.

Weeks [day]

f)
CE RTARA © Copyright 2018 Certara, L.P. All rights reserved. 19
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