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Beatriz G. de la Torre and Fernanado Albericio, Molecules, 2018

Biologics: ~30% of new drug approvals in 2017; more than half of drugs currently under development; market
is forecast to reach $399.5 billions by 2025.



Immunogenicity (1G)

Study on 121 approved biologicals products

Biological products ADA Incidence Impact on Efficacy

Cytokine
(n=11)

59/121
(49%)

108/121
(89%)

Hormone
Growth Factor
(n=12)

Monoclonal
antibody
(n=43)

Enzyme
(n=26)

Peptide and
protein
(n=29)

Adapted from Wang et al., AAPS J., 2016

89% incidence of immunogenicity
49% immunogenicity impact on efficacy
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peptide

MHC I
receptor

IG is mostly tackled preclinically:

» Bioinformatics prediction of peptides that bind
strongly to major histocompatibility (MHC) Il
receptors;

* Protein engineering to avoid strong binding.

Bococizumab 68%

A Menberof the Roche Growp (K @pil Gadkar & Jennifer Rohrs
Antibody # Binding #MHC Il % ADA+
Drug peptides* alleles Patients
2

(Pfizer) 1 (Ridker, 2017)
Alirocumab 1 1 5.1%
(Regeneron) (Roth, 2017)
Evolocumab 0 0 0.1%

(Amgen) (Henry, 2016)

GNE anti-PCSK9 2 8 4%
(Genentech) (GENE data*)

*Based on Phase Il clinical study with ~200 subjects

Limited power of bioinformatics approach to predict
clinical outcome indicates that other factors than
MHC Il binding are important (e.g. co-therapy,
disease, age).

*

*



Pharmacokinetics (PK)

BiologicDrug Concentration
(ng/mL)

ADA Negative
(N=)

ADA Positive
(N=)

Shankar et al. Assessment and Reporting of the Clinical Immunogenicity of Therapeutic Proteins
and Peptides—Harmonized Terminology and Tactical Recommendations. The AAPS Journal, Vol.

16, No. 4, July 2014 (Figure 3a).

Time (months)
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“ADA bind the biologic drug in circulation
to form immune complexes which, {(...),
may be cleared faster from the body than
unbound drug. Alternatively, for some
products, the formation of immune
complexes leads to recirculation and
prolonged half-life. (...), these clearing or
drug sustaining ADA responses can affect
the PK profile such that drug clearance
rates are increased or decreased
respectively leading to altered drug
exposure. Thus, it is important to examine
the effects of ADA response on PK.”



2 approach

Right lung
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Full PBPK model
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Lung compartment in the Full PBPK model

Permeability-Limited Liver Model

I Liver compartment in the Full PBPK model I

Pancreas

=

Gut

4-Compartment Brain Model

I Brain compartment in the Full PBPK model I

The Advanced Di

Stomach
Emptying

GUT compartment in
the Full PBPK model

Segregated
Blood Flows

Permeability-limited Kidney Model (Mech KiM)
Renal blood

Urinal tubule Cell (renal mass) Q
kidney

Quein = Qidney Cotvein

o 5 PBPK—mechanistic modelling

Genof
(Distribution in Population)
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| kidney compartment in the Full PBPK model
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Size of Lungs

[ Study 1 (n=12)

[ Study 2 (n=16)
max  AUC gy | Coax  AUC .,
(ng/iml) (ng/mlh) | (ng/ml) (ng/ml.h)
Trial 1 17 102 18 112
Trial 2 18 108 20 19
Trial 3 19 109 19 96
Trial 4 20 107 20 102
Trial 5 18 E 18 105
Trial 6 17 78 21 17
Trial 7 19 121 20 116
Trial 8 15 69 138 18
Trial 9 19 114 19 108
Trial 10 18 121 17 w
Population (n=120) (n=160)
Mean 18 102 19 107
Minimum 9 21 9 21
34 407 36 407

Full Simcyp PBPK model contains about 450 variables. Since 2012 Simcyp team
scrutinised about 15,000 articles to inform the model.

Computer simulation of virtual clinical trial.
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»2  approach

HIGHLIGHTS OF PRESCRIBING INFORMATION Pher " sohnon s sohnson W Tetee N A Qowemms Y A
These hlgh-llghts dO llOt in(‘ll!de a“ the i.llformﬂﬁon lleeded to use T.‘T:‘ ?tlTn,lrwrsm [ Ederani (Rigaina) beliri) (Ponit) Epsctisiisn (i vuatti} e R

MyTaiaasn Pumaonany Embsciem MY CTnna; Mhytoe Ladkosmay Lpdapy Rtwpormatoeg At

Hevarts ‘ Janssen ‘ Actalkon ‘ Phammacychcs ‘ ASTAZORED ‘ Genantech ‘

IMBRUVICA safely and effectively. See full prescribing information for

IMBRUVICA. |
' It (It
® s > : Opauml (s actan] art ol Lymohama
IMBRUVICA™ (ibrutinib) capsules, for oral use e e B -y 2 — T T | et Comwpen.| s oo
Initial U.S. Approval: 2013 Genzyme ‘ Sanafi ‘ Hovartis ‘ Pizer ‘ Alkormes ‘ AstraZeneca ‘
Drug Interactions Caouga Exans 41 Labels with in-silico substitutes for i
Coadministration of Ibrutinib with CYP34 Inhibitors Hovarts clinical data informed by Simcyp boneca 9
- In a sequential design trial of 18 healthy, fasted i’ﬁliﬁifééiﬁféiéiiiéléﬂééé of 120mgof oyt (Pamofirontel i L i e T [y i Lol s g
IMBRUVICA was administered alone on Day 1 and a single dose of 40 mg of IMBRUVICA g e [ RS et b
was administered on Day 7 in combination with 400 mg of ketoconazole (given daily on Days Ei Litty ‘ Intercept ‘ Actzbon ‘ Janssen ‘ Merck ‘ Marck ‘
4- tqgonazole increased ibrutinib dose-normalized C .y and AUC 29-fold and 24-fold. e s | ol k) b e i .
respectively. Simulations using fasted conditions indicate that moderate CYP3A inhibitors Mt Srnas Cancor | Pormany Blary Chunges | Mypomaion Toat D Ciumaguisanss g e
diltiazem and erythromycin may increase AUC 0ﬂib111dlﬁb by 5- to 8-fold. Hovarts ‘ PTC Therapeutics ‘ Shionogi ‘ Spectrum ‘ uen ‘ e ‘
Coadministration of Ibvutinib with CYP3A Inducers Emfiaca (Defiziso) o
| Lt e e |l T T O [
PK data from a dedicated drug interaction trial showed that rifampin (a stro 3A inducer)
decreases ibrutinib Cpax and AUC by more than 13- and 10-fold. SimulatiofiS using PBPK Hovasts. ‘ puieid ‘ avann ‘ Helainn ‘ AkaRx ‘
suggested that a moderate CYP3A inducer (efavirenz) may decrease the AUC of ibrutinib by up Aaurtery (Brguiet) Eraca phgmaarmaie] Akymzeo o
o0 3 Rydapt (Mgt ) Maotrsiai: Hon-snal Tall Mon-metestats Frosieiy (Tosnebupdant palonos.afon | et ombage] melsale)

to 3-fold. : Acutir Nysicnd] | indubrnad ey Career G Adity el Distirted Faivsiin Temtas ylegabfon



= DD

W Pediatrics

u Absorption (food, excipients.. )
u DDI+Others

= First in man PK Prediction

= Hepatic Impairment

= Drug distribution

= Pharmacogenetics

Target population

N
-V

m DDI

B Pediatrics

B DDI+others

B Oral Absorption

B Hepatic impairment
® Renal Imapirment
¥ Pharmacogenetics
u Others

FDA submissions using PBPK modelling

Cumulative as of June 18,
2014 (n=96)

Sinha, MHRA PBPK Workshop
2014, London, UK

Cumulative as of Aug 1,
2016 (n=217)

Majority related to drug-drug interactions (DDIs, ~ 60%); pediatrics ranks the second
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The Consortium aims to develop the industry-standard quantitative systems pharmacology (QSP)
model, coupled to a robust IT platform, to predict and manage IG and guide decision making in drug
development.

IG Consortium

abbvie

78 Ll‘tcHas

ading Lighe for Life

VAN Bri .
ristol-Myers Squibb
A% QSP Platform Genentech

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



|G Model

Immune response (Pfizer).
(Chen et al., CPT PSP (2014) 3, e134)
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Simcyp biologics PBPK.

(Li et al., AAPS Journal (2014), 16, 1097)
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gy

MHC-Il allele Allele frequency Epitope 1 binding Epitope 2 binding
in North America affinity (nmol/l) affinity (nmol/l)

DRB1*04:01 0.089 123 85

DRB1*04:03 0.053 78.52 147.85

iS008 0.036 180 = &  Antigenic protein

DRB1*04:07 0.085 124.73 104.16 ‘r Antidrug antibody

DRB1*04:11 0.15 57.44 101.5

4 5ol receptor

DRB1*07:01 0.0083 75 77

DRB1*08:02 0.069 306 202 > Diferentition

DRB1*08:11 0.0015 112.43 4,000 —> Weak activation

DRB1*11:01 0.0436 317 293 =9 Strong activation

DRB1*14:04 0.00075 537 4,000 v\ Prolferation

DRB1*15:01 0.0083 148 4,000 Link between models
Rest of DRB1 alleles 0.46 4,000 4,000

Tissue
————— IlgG FR XK, Vascular [ 2
A-o,)L Kup) ? e space [€— §
Vv  x T =
D Endothelial o
FcRn + IgG <= FcRn-IgG it <
i3 |
8Kp| ¥ Interstitial
| 196 (1= FR) X Ky space
Fokg /
Clear i

(sove] [wow]

Bioinformatics (IEDB)

Biological scope expansion

! Integration & IT development

IG Model V1 (Q1 2018)

A 4

IG Model V2 (Q1 2019)

Validation

A 4

IG Model V3 (Q1 2020)
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|G Simulator

Biological Process Map interface

Simcyp simulator
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& 16 Model ¥7.0.1 | [Not Loaded] - 1G Simulator Version 2.0.19.0 — ol i Simcyp (GSF 1G) Version 17 Release 1 Adalimumab_Bartelds 0003 — ol
@ = =
e R : E.
J, Read opan e Oonar o Scanet view
il - W=
] T 7 & WOTKSPACE | wume sosoms s - simik
. e, —@, file. | |
N i S N ot et e, Weak Binding Constant (el "
0% substrate  vispwisp S8 Asaii. +
Y Y PO Types
@ rones e b o
(») ok okor o ———— wr
A i 25
v g orsiotos ™ 25
o B DRE1O407 DRBY 8315 6944
Sle- i i = i
e o 5 =
"’ f- .‘\J- DRET1101 DREA ma3 19533
; +oy T Rsti1a0s oRe1 38 o0
= 8, atr || ass e o W P
==y o ol ) & = i =
- % ; » o =
|3 properses
Export IG Model code. Write IG Model Re:d I8 [kiesiz! Simulate virtual trial and
I R output results.
ODEs
chart 1 fi -
o e = R o —=
—— -
Matlab code R code R code with g @ ot 3o |l 1 ETROTTTARFROCRERORTAARRS
equation in C =
Excel file with
x E documentation of
variables, equations and
= parameters s
R I

IG Model code and
documentation

IG Model code and PBPK
variable connections in Lua

Virtual trial results in Simcyp
formatted Excel file
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- ¥ :
) o %=».p interface
D 0.7/ 9
O 3 0 *:Ie - S Symu‘au:)G",N:l:EELv7-0-1‘llNO'Loadedl'lGSimulﬂlorVersiOHZ-O-W-O - nEl &3 -~ S‘mmau:)Gn_h:Tel_leJ”l[NotLoaded]-IGSimu]aerersion 2.0.19.0 - EI
® D S ““"”‘ " |lymph
‘ : ';‘; < ——————————————————————————————————————— =
o | [
=f
e | [pawr
— T —
+ Modules encapsulate %i/ﬁ;sr MHCII_pathway
complex mechanisms |~ ool
which are connected || e [ ==
to the model through < e
well defined . T
interfaces. e I e MHCII_pathwayl _______
. = - bets AoA 1 et ADAL—
- This facilitates both r — ) '“ = -
visualisation and SO ‘." A / '( @*’ e ‘.“ / / / 'L
consortium team Ot [ STERO) | . O Wwasrmene " EXD =i

development of
multiscale mechanistic
models.
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»®,  Connection to Simcyp PBPK model.

) ) , > B G 1G_Model_v7.0.1* | [Adalimumab_Bartelds_0.003] - IG Simulator Version 2.0.19.0 - B “
- ® File Edit Licensing Notifications Simulation Help
» ' | ' ' ' [
® ® = | op| |
2 !_ ______ '___I
TRiES : AffMat
g et Kd_ADAini =
‘ : : s | /
. “ ” : . . " }aéta_,
» Specie “Ag” in biological process I
map is merged with variable () simeyp Species Properties
“Substrate exogenous plasma Visual
concentration” in Simcyp PBPK. H Model B
Name Ag
» The ODE for Simcyp variable is Comment T !

augmented by rate laws of ADA
binding and Immune Complex
dissociation.

S Confirmed .
Association D-| beta_IC J

Associated External  Substrate exogenous plasma concentration

Unit micro * M

Concentration Yes
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» Virtual trial design.

File Options  Tocle View Licensing  Notficstions  Help  Resoures
. % .40.€ . .| <« B - F i
Open Swe Chear B —— [ : Batch e Time R i Scentview -
ee——— O simikcyP
& Population Wsp-Wsp-Wsp-Si T . ) Population Representative ® Virtual Population
[\_‘l Substrate  Wsp-Wsp-S8-Adali.. T
Trials Fixed Indiidual Trigl Desion €
FIPD Types
0 Profiles No. of trials. 1 Minimum age (yea
Mo, of subljects in each trial 100 Maximum age (yea
Trial Design @ =
Size & 0 Propadion of fema
Trste | Pedefing subjects ovir fime
Dosing Regimen
Sampling Plan Day Clock Time Duration of study (h) Start at Gestational Week
Anshytical Ermor St 1 G00AM W 26520 [+a Y Flui
Data Analysis L 1
End 106 F00AM =
%
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File Options Took \View Licensing  Notifications  Help  Resources
%.6 .. 7 N E N
Open Swve Chear Gmuition  Predidticn o0 HE Batch fpadTme  Femuits CiE ScentnView o
oe—— smihcyP
5 Population Wsp-WspWspSi. T . Substrate @Fsted O e
0 substrate  wep-wip-58-Adati SC-First Order. * Dose (mg) =i
FKPD Types
@ proties ) Single Dose Startat | GO0AM B on day :‘_
Tral Design (>
® MultipleDose  Number of Doses "h 7 (m 336
Trisls .
|Dosing Segimen J =
Sampling Plan
Anaytical Error
Data Analysis
inhisi
ng) - || 150
Singse Dose Stamat | SO0AM W onday |1
# Mutiple Dose  Number of Doses () [1105 ] rmza
% il ] ¥

+  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.



FR /M
MOLECULE o
PATIENT

Simcyp simulator with
Immunogenicity screens

File Options Tools View Licensing Notifications Help Resources File Options Tools View Licensing Notifications Help Resources
Y -\H.¢ .| 7 | ER & {P- 6. 2~ 1 | N
Open Save Clear Simulation  Prediction  Annotation Sensitivity PE Batch Real Time Resuits Post P. Scientist View : Open Save Clear Simulation  Prediction  Annotat Batch Real Time Results Post P. ‘Scientist View s
l_ i ‘Workspace = - >
Workspace Adalimumab_Bartel.. ¥ .. WSP-SB»Ada[l[ﬂU mab S|m **l L4 Workspace Adalimumab_Bartel.. ¥ .. WSP_WSp'S““' Healthy inteers.MHCII s“n '* Ny
Number Of Epitopes I HLA-DRB1 HLA-DQ HLA-DP
@ Population Wsp-Wsp-Ws.. ¥ .. ) & Population Wsp-Wsp-Ws... ¥ ..
Weak Binding Constant (nmol/L) 1000 |- - |-
ﬂB SlEion DELESES ﬂB Silsion DEEES MHC Il Allele  Allele Frequency MHCI Allele  Allele Frequency MHC Il Allele | Allele
PKPD Types PKPD Types > |DRB1%0401 0014302281 > |oa 1 > |op 1
@ rroties - e Epitope 1 Binding Constant  Epitope 2 Binding Constant @ proties —— 000386528
— . Unit: nmol/L  Unit: nmol/L — RE140404 0042520094
Trial Design 0 > |DRB140401 DRB1 82 567 Trial Design @ —— 0014302281
Pl s oo o - o 3| [ st
Absorption ’ ) DRB1%07:01 0022419791
Distribution DRE1A0S07 DRET 81 6044 UL DRB1%08:02 0001159644
— DRB1404:11 DRE1 3829 67.67 ;‘55“5 How|Rates 7 [ o
TMDD DRB1I070) DEBY EY EED L‘::I; DRB1*11:01 0029377658
- wroroe oo = e e
PD Basic 1 DRB1*11:01 oRe1 a3 10533 EcR" 196 d DRB1#15:01 0
’ ymph & Subcutaneous Rest of DRB 0875531503
DRB1*14:04 DRB1 358 4000 Target
DRB1*15:01 DRB1 98.67 4000 Blood
Rest of DRB DRB1 4000 4000 [HLA Genotype
ba ba 4000 4000 Immune Cell Baselines ~|
o op 4000 4000
% %

+ 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 to allow input of allele frequencies used to generate MHC Il binding

constants.



[+
) O;
QO
> ]
la" :
2 h o
»
,.")o
) 9.% s
9 ¥ °

Simulation of
Adalimumab
clinical trial of
Bartelds et al.,
JAMA 2011
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Virtual trial simulation: Adalimumab M®LECULE
example

Median drug concentration [mg/L]

15

=
=}
T

o
T

=}

Adalimumab (n=500, Simulation error bars=MAD)

=

|

—

=

—AD'A_
s AD At (Mlid])

A0 At | Strong)

04 16 28 40 b2

78

Weeks

Simulation

Number of ADA+ Mid = 70%
Number of ADA+ Strong = 30%

104

130

156

PATIENT

% of ADA+ Patients at each time point,, » 4,

30

[
w

—

20T

—&— Clinical data

of patients per week

ADA+ Patients [%]

4 S .
04 16 28 40 52 T8 104
Weeks
Clinical Data

Number of ADA+ Mid = 60%
Number of ADA+ Strong = 40%
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Max 65%

60

Phase Il clinical trial | g« o

= [2]
for Compound X. § =
Production of ADAs 5 b
. . = O 4
is observed in 65% 2 <
of subjects. g -

=

0 50 100 150 200 250 300 350 400 450 500

There is no impact

Days
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concentration. T %ﬁ 1 ]
T —3
R | l | L | |
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) % of Maximum ADA+ Patients % of Maximum ADA+ Patients
= 70
40

) — 60
X35 S _
e 25 = 40
a &
520 + 30
< < ==European Pop.
2 13 ==European Pop. g 20 ==North-African Pop.
10 ==North-American Pop. ==North-American Pop.
5 ==North-African Pop. 10 Sout-East-Asia Pop.
South East Asia
0 0
0 20 40 60 80 0 100 200 300 400
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Median drug concentration [mg/L]

PK in different populations
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Generic compound (n=100, Comparison between populations)

40

100

120

140

===ADA- North-American Pop.

= =ADA+ (Mid) North-American Pop.
«++ ADA+ (Strong) North-American Pop.
«++ ADA+ (Strong) South-East-Asia Pop.
= =ADA+ (Mid) South-East-Asia Pop.
== ADA- South-East-Asia Pop.

160
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Application of IG Simulator PATIENT

Prediction of PK and ADA from sequence and in-
vitro assays.

Extrapolation to population with different HLA allele
frequencies.

Personalised & Precision medicine: Prediction of PK
and |G for genotyped individual.

Extrapolation to larger populations. (Phase lll, IV);

IG Management: Extrapolation to different dosing
regimes.

Extrapolation to paediatric population or individual
children.

Extrapolation to disease population.
Extrapolation to age group.

Prediction of the effect of co-therapy.
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