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PURPOSE

Systomic scierosis (SSc)is a rare connective tssue and
‘autoimmune disease associated wih nflammation of the
skin and intemal organs. intersttal lung disease (LD). &
frequent complication of SSc, is associated with
incroased risk of morbidty and martaity [1]. The course
of SSc-LD s highly variable; some patients remain stable
whis others progress rapidly. The two curent FDA-
‘approved ireatments for SSC-ILD patients, nintadanib and
toclizumabs (TCZ), demonstrate efficacy but do not
roversao disease [2]. Mochanisic, mathematical modeing

RESULTS

LDsym dynamicall captures changes 1o lung
architecture, susceplibity to nflammation and/or
frosis, and several key cinical oulcome measures
such a5 forced vital capacty (FVC) and difusing
capacity of the king for carbon monoxde (DLCO), Over
reprasent

predicted DLC
548% 19, 1%.Mpm?y)‘ and the simulated

approaches can support the development of new drug spproprite anges of sheost cptnelal
trestments.

wentiying of SSe- ediators.
LD, interpreting clinical ILD patients; a

afficacy for novel treatments as monatherapies or in
on wih existing treatments

OBJECTIVE

Develop mechanistic representation of SSc-LD

selection of these vaidation results are shown. Over a

exsting and novel ireatments.

METHODS

ILDsym, & QSP mode! of SSc-ILD, was developed based

on publcly avaiable data. Applcations combine prodicted
in the lung

L

nintedanib [3] and TCZ [19]. Simulations of compound
‘exposure and PD effects in SmCohorts resultod in
lesser lung function decine and stabitzed king
function, respectively, consistent with cinical data.

CONCLUSIONS

Losym & S swponSSclOdng

Sapetcs o olils evlsatag B efecs o e
indiidual patient variabilty on predici
response, & semitod populaton 1SlnPnps"')ul SSc-

populations, blomarkers, and standards of care.
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QSP model captures pathophysiology of
SSc-ILD and inter-patient variability

DIAGRAM OF NEWLY DEVELOPED QSP
MODEL FOR SSc-ILD

GROUND GLASS OPACITY

NORMAL
PAY MA

SIMULATED POPULATION CAPTURES CLINICALLY

REPORTED RELATIONSHIP BETWEEN DISEASE

CLINICAL
OUTPUTS

EXTENT AND CLINICAL OUTPUTS

Key clinical measured FVC and DLCO well-represented

+ Baseline relationship developed (red line) captures trend between disease extent and clinical outputs
+ SimPops patients (orange Gircles) designed to span range of cinical data (black circies) (17-18]

+ % predicted defined as relative to normal level for person of same gender, height, and age

» 4w o w
Oiseane Extent (%)

% &
Dissase Extent (%)

MEDIATOR LEVELS CONSISTENT WITH REPORTED SSc-ILD PATIENT VARIABILITY

and to

SSc-ILD patients

Simulated patients (n=780; red dots represent individual simuiated patients) generaly consistent with cinical data (range and mean indicated), simultaneously across all data comparisons
+ Mediators shown demonstrate key inflammatory and fibrotic regulators; produced by various cell types which are also calbrated to align with clinical data

Serum POGF (pg/mL.

Plasma TIMP (ng/ml)

H

Plasma

Cical data from [4] Ciinica data from [6-7]

Clnical data from [8]

Cirical data from [10]

1777

1] dnical

SIMULATED TREATMENT CONSISTENT WITH CLINICAL RESPONSE

Nintedanib treatment response

captured by ILDsym

Simuiated change in FVC with nintedarib

treatment was comparable to clinical data

+ Ciinical untreated and nintedanid groups each
composed of n=288 SSc-ILD patients [3]

+ ILDsym SimCohorts (n=444) malched to
inchsion/exclusion criteria of clinical SSc-ILD
patients which were treated with 150 mg BID
nintedanib for 52 weeks.

(TCZ)
captured by ILDsym
to intent-to-treat clinical data

composed of SSc-ILD patients [19]
+ ILDsym SimCohorts (n=114) maiched to

Email: zack.kenz@simulations-plus.com

Website: www.simulations-plus.com
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Simulated change in FVC on TCZ treatment was comparable ¢

+ Clinical untreated (n=106) and TCZ (n=104) groups

incsion/exclusion criteria of clinical SSc-
which were treated with 162 mg SC QW TCZ for 48 weeks

ILD patients

y SimulationsPlus




ILDsym Is Designed to Support €8 ...
Drug Development with Efficacy Predictions

sLs1

100%

. SSc-ILD often presents around age 55, proportionately higher in women,
and has higher mortality rates in patients with greater fibrotic lung
involvement

1-20 % fibrosis =20 % fibrasis
(n=157) (n=40)

100

Overall Survival (%)

- Often experience other systemic manifestation of pathophysiology before
respiratory function is implicated

|

0

. ILD in SSc patients has variable course —
QILD score change < 2% 48
QILD score change > 2% 34

- Respiratory function (e.g., FVC) in some patients stable, others decline
rapidly over time
. ILDsym is a QSP model of SSc-ILD

- Includes capabilities of predicting effects of treatments on fibrosis,
inflaimmation, endothelial cells, and epithelial cells of alveoli

'\

NORMAL

CLINICAL

— Includes pathophysiologically diverse simulated patients in SimPops

fne Fotow-up

‘pid 2015

— ILDsym v1A available now

. ILDsym can be used to support SSc-ILD drug development

— Combines PK, PD, pathophysiology to predict efficacy of novel treatments

— Flexible framework facilitates addition of new targets as needed

- Can be used to optimize clinical trial protocols and identify key hypotheses
related to mechanistic underpinnings of predicted response to treatment

— Provides ability to evaluate combinations of treatments with different
mechanisms of action

SimulationsPlus
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Distinct Functional Zones are 68 ...
Present in Lungs of ILD Patients

. Normal parenchyma

- Unaffected alveoli o |
orma
—  Pri il ible f idual iratory functi
rimarily responsible for residual respiratory function e

. Ground Glass Opacity (GGO)
—  Potentially sites of edema, inflammation, and fibrosis
— Interstitial thickening due to inflammation and fibrosis
—  Immune response predominant

N 3 Honeycombing

. Reticular Opacity (RO)/Fibroblastic Foci (FF)
—  Site of active remodeling of lung
—  Change in cellular composition of alveolar epithelium
—  Activated myofibroblasts synthesizing ECM proteins

= I t tive i ting fibrotic d iti
mmune system active in supporting fibrotic deposition M Gloss Opacity

. Honeycombing (HC)
—  Collapsed, non-functional alveoli laden with fibrotic

extracellular matrix (ECM) proteins N Park 2011
. . . . Ground-glass opacity, GGO (yellow)
—  No contribution to respiratory function Reticular opacity, RO (cyan)
> . 2 ~ . Honeycombing, HC (blue)
Relatively rare in SSc-ILD patients Emphysema, EMPH (red)

Consolidation, CONS (pink)
= _—

M I D D @ SimulationsPlus
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ILDsym:

ILDsym Summary Diagram

NORMAL GROUND GLASS OPACITY

PARENCHYMA

Activated Resident Cell transition or product —_—
AECII Fibroblasts

Regulatory pathway ===

Activated
Fibroblasts

CLINICAL

OUTPUTS

Elastin C°"Tge" Cnlllilllgen Coll\jlgen Plroteo-
glycans Fve
Alveolar
ECM DLCO

\E ) Activated Resident Cell transition or product — f
FEE( Fibroblasts Regulatory pathway ===

-
1
1
- I
1
1 .
1 Activated
: Fibroblasts HON EYCOM B
b=
1
: Elastin Collagen Collagen Collagen Proteo- Alveolar
1 I mn Vi glycans ECM
1
*Non-dynamic autoantibodies, damage associated 1
molecular patterns (DAMPs), and T cell signals 1 Alveolar
i i - Macrophages
incorporated where appropriate phag! ECM

SimulationsPlus

FVC: forced vital capacity E .
. DLCO: diffusing capacity for carbon monoxide SimulationsPlus
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Simulated Immune and Fibrosis Levels for €8 ...

SimPops Compared to Clinical ILD Data
g

*  SimPops patients (n=780) include varying degrees of 120 10
ILD severity 5 100 . . .
. . S 80 £ 7 o« °
*  Simulated macrophage and neutrophil cell numbers 8 R 6 e
enerally near range observed g © g ° :
© c 4
: . 5 40 . 3
— Macrophages and neutrophils quantified from ° © 2 ;
UIP/IPF and NSIP (pattern most similar to GGO) data z® ! 1 -
.. . 0 0
— Mean (¢), minimum (-), maximum (-) plotted
Nuono 2019, Parra 2008, DeCarvalho 2008, Parra 2009,
. . . Yamashita 2018, Jonigk 2019 Rozin 2005, Parra 2007
*  Simulated lung collagen:elastin ratio generally near . .
range of clinical data o 400 =
I i. O —~25 -
£ 350 3 % ﬁ
*  Simulated endothelial mature cell fold changes within £ 300 - S5 2
b 2
range guided by clinical data £ £21s
g 150 %@; 1 “
:3: 100 o E -"CCu
g 50 | g O 0.5 |
0 ° 0
Nuono 2019, Parra 2008, Beon 2004
SimulationsPlus Yamashita 2018, Jonigk 2019

M I D D @ SimulationsPlus
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SimPops Mediator and Biomarker Levels €8 ...,
Consistent with Clinical ILD Data Ranges (l)

TNF-o. TGF-B PDGF MMP-1 TIMP IL-6
Clinical . Clinical . Clinical . Clinical . Clinical ) Clinical .
18 - °
25 — 16 25000 - . " ~ 12 500 - 30 -
- - ] —_—
€ c o o € [ ° £ ° -
=20 B 4 et S 20000 ® ! e 400 °3, go ” oo
= —12 = =08 ok, o S0 o%e
8 o = . < S 300 © °
g 15 - i 10 - Q 15000 = 2 3
z O] . o (2“ 0.6 - = o = 15
€ © £ £ 200 °
£ o £ ¢ S 10000 £ o4 a i 210
& 2 4 b a . o o |
5 o 5000 02 100 5
- 2 - -
0 0 0 - 0 0 0
Mathai 2010 Dantas 2016, Dzaidzio 2005, Hoffman-Vold 2019 Young-Min 2001 Kuznik-Trocha 2020, Gourh 2009, Wu 2017,
Kuznik-Trocha 2020 Montagana 2007, De Lauretis 2013, Sato 2001,
Young-Min 2001 Clark 2019, Khan 2012,
Matsushita 2006
* Simulated mediators and biomarkers from SimPops (n=780) generally consistent with clinical data
—  Mean (®), minimum (-), maximum (-) plotted
—  Clinical data come from variety of sources
—  Other mediators (IL-10, IL-18, MMP-7, TSP-1, neutrophil elastase, LOX) and biomarkers (ProC3, C3M) also evaluated (not shown)
SimulationsPlus
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SimPops Mediator and Biomarker Levels €8 ..,

Consistent with Clinical ILD Data Ranges (ll)

VEGF

Clinical :

CRP

Clinical :

ProCé6

Clinical :
[ 4

cemM

Clinical :

CCL18

Clinical :

KL-6

Clinical :

180 35 0.000045 0.000045 450 700
- o
160 R 30 _ 000004 R 0.00004 n 400 600
= 140 - E 0.000035 3 4 = 0.000035 = 350 — ° %
€ ~ £ 1S = ]
£ =25 > £ < € 500 o,
b 120 20 0.00003 o 0.00003 b 300 £
£ £ £ = £ » £ =)
w100 - a 20 © 0.000025 = 0.000025 . 0 250 = 400
G} o o > — ©
i} o o © o I~ <
S 80 . =15 S 0.00002 $ 0.00002 9 200 . = 300
©
£ 60 §, 2 0.000015 . g 0.000015 - € 150 2
2 810 € b 3 3 200 .
a 40 o . £ 000001 - & 0.00001 8 100 @ deo°
o -
20 5 J 0.000005 0.000005 - 50 100

0 0 0 0 0 0

Hoffman-Vold 2019 Khanna 2020, Kubo 2020,
Apras 2003, Henes 2013,
Schiopu 2014, Mitev 2009,

Calguneri 2003, Scheja 2000

Juhl 2016 Juhl 2016 Mathai 2010, Prasse 2007 Benyamine 2018, Kumdnovics
2014, Volkmann 2018,
Yanaba 2004, Stock 2020,
Hara 2009, Cao 2018,

Hant 2009, Salazar 2018
* Simulated mediators and biomarkers from SimPops (n=780) generally consistent with clinical data

—  Mean (®), minimum (-), maximum (-) plotted
—  Clinical data come from variety of sources
—  Other mediators (IL-10, IL-18, MMP-7, TSP-1, neutrophil elastase, LOX) and biomarkers (ProC3, C3M) also evaluated (not shown)

SimulationsPlus
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Simulated FVC across SimPops
Consistent with Clinical Data

. SimPops patients (n=780) include varying
degrees of ILD severity

— Includes simulated patients early in progression

. Simulated FVC (% predicted) and DLCO (%
predicted) consistent with range of reported
clinical data

—  FVCand DLCO measurements compared with
reference values for untreated patients of similar
age, gender, size

—  FVCand DLCO are influenced by extent of GGO,
RO, and honeycombing within lungs of SimPops
patients (disease extent = GGO+RO+HC)

. ILDsym calibrated base model (red line) and
SimPops individuals (orange circles) plotted

SimulationsPlus

MIDD®

Model Informed Drug Development + 2023

FVC: forced vital capacity
DLCO: diffusing capacity for carbon monoxide
SLS: scleroderma lung study

FVC (% predicted)

FVC (% predicted)

FVC
150 Goh 2008
T2 vl
100—:,;“.. Bnnee,
R LA 5 —————
50 . 305
0 T T T T 1
0 20 40 60 80 100
Disease Extent (%)
Hoffmann-Vold 2015
150
O Grpl
O Grp2a
1000 O Grp2b
¢ E O Grp3
50
0 I 1 I 1 1
0 20 40 60 80 100

Disease Extent (%)
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DLCO (% predicted)

DLCO (% predicted)

150+

100+

50+

e8...

DLCO

SLS I (optimization)

1501

1004

50

Disease Extent (%)

SLS Il (validation)

Disease Extent (%)
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Multiple Available Treatments Have Been £8 ...,
Represented in IPFsym and ILDsym

° IPFsy!ﬂ | * GastroPlus used to
— Pirfenidone simulate compound
— Nintedanib exposure at site of
— Multiple proprietary treatments/targets target

« ILDsym IPFsym/ILDsym model
_ Nintedanib used to simulate

response to treatment in
appropriate patient
types (SimPops)

— Mycophenolate mofetil
— Tocilizumab
— Multiple proprietary treatments/targets

SimulationsPlus
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Reasonable Simulation of Clinical 68 ...
Response to Nintedanib Treatment

*  ILDsym SimCohorts patients (n=444) and clinical
ILD patients were treated with 150 mg oral BID

nintedanib for 52 weeks - FVC (ml)
— Distler 2019 untreated and nintedanib groups
each composed of n=288 patients g 1007
— SimPops selected to match inclusion/exclusion Z 2 o
criteria of study g 2 T——===tyoIiiic
. . . . O <2 400 ]
e  Simulated change in FVC on nintedanib treatment 55
.. > = I
was comparable to clinical data g £ 200
. . . . = —F—Data (Untreated)
. Differences in simulations versus data potentially S 2300 - I - Data (Nintedanib)
due to clinical trial structure oo Y B (Nntoconty| |
—  48% of patients co-administered MMF; group 0 12 24 36 52

examined separately and nintedanib shown to Time (weeks)

increase efficacy beyond MMF alone (not
separately simulated)

Distler 2019

SimulationsPlus
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Reasonable Simulation of Clinical 68 ...
Response to MMF Treatment

. ILDsym SimCohorts patients (n=71) and clinical ILD
patients were treated with 1500 mg oral BID MMF for
104 weeks

—  Assessed through 52 weeks as placebo group (n=79)
demonstrated increase in percent predicted FVC
increased in the 2nd year, as did the MMF group (n=69)

—  SimCohorts selected to match inclusion/exclusion criteria
of study
. Simulated change in percent predicted FVC on MMF
treatment generally matches clinical data

— Data and simulations compared as changes in percent
predicted FVC based on assessments of SLS I/Il by
Volkmann 2017

—  Difference in MMF simulated versus data due to modest
offset in starting percent predicted FVC

* Potential to add patients with more severe lung
impairment in order to improve comparison

SimulationsPlus
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% Predicted Forced Vital Capacity

o
[$)]
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a
o

Percent Predicted FVC

k‘-—{ ---------
\\\ ]
\\
—F— Sims (Untreated)
F= I = Sims (MMF)
—F— Data (Untreated)
= I =Data (MMF)
0 12 o4 G g
Time (weeks)
Volkmann 2017
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Reasonable Simulation of Clinical 68 ...
Response to TCZ Treatment

*  SimCohorts patients (n=114) and clinical ILD
patients were treated with 162 mg SC QW for 48
weeks

— Compared with clinical ITT data, placebo group
(n=106) and TCZ group (n=104)

— SimCohorts selected to match
inclusion/exclusion criteria of study

*  Simulated change in percent predicted FVC on
TCZ treatment is consistent with clinical data
— Data and simulations compared as differences
from baseline percent predicted FVC based on
assessments in the focuSSced phase 3 trial
reported by Khanna 2020

— Potential to improve comparison through
inclusion of additional patient variability

SimulationsPlus

MIDD®
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% Predicted Forced Vital Capacity

(diff from baseline)

-156 -

Percent Predicted FVC

-
o

H=—F— sims (Untreated)
= ¥ =sims (TC2)
—F— Data (Untreated)
= ¥ =Data (TC2)

N
o

0 8 16 24 36 48
Time (weeks)

Khanna 2020
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Acknowledgements and Future Directions

ILDsym development team Future Directions
 Kyunghee Yang * |LDsym poised to evaluate novel
e Christina Battista targets for SSc-ILD

— Potential to extend model to

* Diane Longo _
dynamically represent other

* Zack Kenz organ (i.e., skin) pathophysiology
* Scott Siler e Utilize model, with appropriate
* Lisl Shoda updates and recalibration, in

other interstitial lung diseases

SimulationsPlus
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