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What are PBPK models
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PBPK model applications in drug development
Inareased regulatory acceptance over the years

PBPK submissions to the FDA since 2004

As of June, 2014

As of Aug, 2016

n = 96 (60% DDI)

n = 217 (60% DDI)

Sinha, MHRA Workshop, 2014

Zhao, EMA Workshop, 2016

DDIs: Drug-drug Interactions

PBPK supporting dosing recommendations in US prescribing

information (38 cases 2009-2016)
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Greater confidence in predicting DDIs
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PBPK/PD in drug development

Theapplicationsspan from early discovery to late development

Lead Lead
Target Identification identification Optimization

PK/PD experiment design

e Compound ranking

e HH dose
proposal and
escalation

Clinical

Candidate
Selection

» DDI risk assessment and waivers
» Pediatric study design
» Formulation assessment

e Special populations (renal
impairment, liver impairments)

Post
marketing

* Post-marketing dose
recommendations

« ADME and PhysChem
properties integration

e |VIVE establishment

Efficacious dose and
exposure proposal

DRHF GLP-tox design

e Formulation
changes (VBE)

e Scenario assessments
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Roche has a long history of applying PBPK modelling
Early adaptation and valiaation in projects

I—l 2a
i.v. dose O g‘
. PBPK k]
Clint hepatocytes™ \ —_
model Non- g o 10000000
logP ——™™ compartmental 2 1000000 |
i~ analysis 4 '
unbound g %7 % £ 100000
oka , g| CD) 10000
g 1000 4
PKPIus™1 cpt© 2 100 |
@ 2 cpto d‘ bserved @ -g
3 observe
opte § p.o. profile o 104 i
3 5 o _ g o 1]
p.o. dose — \ 3 . )
Non- 3 ',ég‘agéé' - ¢ g 8 8 3 8 3
permeabil'rty—bA?a?T :ﬁg‘;paﬂmental 2 § g § = % =] s § g g §
/’ model y . ysis = 8 § T8 B
solubility g| prodeted % { g &
1%l pass o - 2
‘e GastroPlus™ /\ H Observed AUC (hr*ug/L) Observed AUC (hr*ug/L)
p g

fime Fig. 3. Predicted versus observed AUC for 19 Roche compounds using the elementary Dedrick approach (left with 42% predictions within
2-fold of observed) and the physiologically based approach (right with 76% predictions within 2-fold of observed). Symbols with the same

shade indicate different doses of the same compound.

Figure 1. Steps taken in this evaluation.

Parrott et al. J Pharm Sci (2005); Parrot et al. Basic & Clinical Pharmacology and Toxicology (2005)



Roche has a long history of applying PBPK modelling
Quccessiul prediction of EH doses and exposures

# no PBPK
B PBPK

Since 2010, systematic use of PBPK predictions at ETH

N=33
Ave. fold error 2.1
69% within 2-fold

Parrott N, Delporte M, Lave T, Peck R and Ricci B. CPT (2017) (Abstract PlI-109)



Roche’s pRED PBPK strategy
A continuous/earn and confirm approach

In vitro In vivo

Verify in E E

Animal

Compound PBPK
physicochemical and MODEL
in vitro data

relevant for animal

Predict in /—\
Human <>

Compound PBPK Predict
physicochemical and

in vitro data MODEL

relevant for human

Overarching goal is to predict therapeutic window in humans as a function of dose using
a PBPK/PD approach

Jones, H., N. Parrott, et al. Clinical Pharmacokinetics, 2006. 45(5): p. 511-542.; Jones, H. M., . B. Gardner, et al. (2011). Clinical Pharmacokinetics 50(5): 331-347

Verify & Learn

concentration

time

concentration
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Focus on in vitro systems: Metabolic clearance

Monitoring ! VIVE iskey for SV gptimization and human dose

predictions
What is IVIVE?
In vitro In vivo
Scaling factors Clearance /@
. model +
2 physiological 3
” i parameters '
Time )
. . (well stirred,
In vitro CL;, Liver CL;, parallel tube,
Suspension dispersion,
(microsomes, etc.)
hepatocytes)

Why monitoring the IVIVEis important for

project teams?

Help project teams optimize series with
regards to ADME properties

Increase confidence on in vitro predictions,
reduce SDPK measurements. 3Rs

Help to understand the factors that are
relevant for clearance predictions (logD, fup)

Understanding the hepatic contribution to
clearance

Human dose predictions, understand
limitations and methods that give better
results in vitro
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Roche)

Focus on in vitro systems: Metabolic clearance
Automaticdata integration and analyssof in vitro predictions
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Concentration (ug/mL)

Case study 1
Compound prioritization using PBPK

PBPK modd/ling allowsADME data integration
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Can we propose doses based on in vitro data only?

Data availability
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Case study 1
Dose optimization for PK/PD experiments
PBPK hapsto illustrate possblenon-linearitiesand select maximal doses

Model developed with GastroPlus

PK in mouse is well predicted by the model (Mechanistic)

The compound is solubility limited

Maximum doses established for PK/PD experiments
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240
220
200

180

5160

w120

2 4 8 8 10 12 14
Time (h)

18

20

22

24

120

100

Percentage (%)
(o) (0]
o o

aN
o

20

00

CMPD A in mice

=o0—Absorbed

-=l-Bioavailability

i :i
120
Dose (mg/ kg)
CMPD A in mice

=o—Cmax_D

N
+

120 19

Dose (mg/ kg)



Case study 2

Systematic PK/PD to increase confidence in target and assays

Guide compound selection usng early PK/PD approaches

* Neuroscience project
Question:

 What is the in vitro assay (binding) that can be linked to the in vivo observed effects?

« Can we stablish an IVIVC for potency to minimize the animal experimentation (3Rs)?
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Case study 2

Systematic PK/PD to increase confidence in target and assays

An I VIVC for potency was eablished

IVIVC of Hficacy
10000
y = 2.0026x + 4.3558
Re = 09271
1000 > o assayl Outcome:
z _ - W Assay2 » Potency measured in Assay 2 was
3 g Assay 3 i I 1
2 100 . P o correlated with in vivo potency
S . e 2 fold  Stopped in vivo activities and only profile
L ~ e Linear (Assay 2) and select compounds based on Assay 2
i g
R  Reduced number of in vivo studies
- (3Rs)
1 T T )
1 10 100 1000
In vitro EC50/Ki (nM)

Despite limited number of compounds, Assay 2 is a better predictor of the in vivo efficacy
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Case study 3

Designing informative PK/PD experiments
Receptor occupancy Suay in largeprimate spea es

* In project B there was a disconnection between in vitro and in
Vvivo target engagement measurements ( receptor occupancy) in

rodents Target Receptor occupancy in Baboon
T e e

— Model
® Expected occupancy

» Baboon PET occupancy studies have shown to be predictive of
human receptor occupancy

80 1

» Project timelines were very stretch
60

Receptor occupancy [%]

 How can we design an informative, quick and lean receptor 2O ROuxC’
occupancy study in Baboons 40 EC,) +C7
v' Requirements: .
v IVinfusion
0 ' ' ' : ' :
v" Concentration had to be maintained at steady state for 0.001 001 01 1 10 100 1000 10000 100000
15h (P|:_r Scan) Concentration CSF [nM]

v" Infusion volume is restricted, and the compound has
solubility limitations 18




Case study 3
Designing informative PK/PD experiments
Sep 1 Useexiging data to generatea PK mode/

In-house SDPK data in Cyno after IV data can be
described by a two-compartment model.
Compound A in cynomolgus monkeys
10000 ¢ T T T T T

E

95% PI
© (Obs. data ]
— Pred. median | _

1000

100 ¢

Viole— W

10 ¢

Plasma concentration [ng/mL]

0 4 8 12 16 20 24
Time [h]

*For a standard 5 kg Cynomolgus monkey.



Case study 3

Designing informative PK/PD experiments
Sep 2: Adapt the modd to a Baboon usng allometric scaling

-
o

In-house SDPK data in Cyno after IV data can be Simulated PK of compound A in Baboons
described by a two-compartment model. 10000 ¢ . . .
o [ —~Central |
E \—Peripheral | |
~
| 2 1000
1 el
: Q S
¥ g
£ 100
Vi j— V2 5
=
=]
Q
©
£
n
17}
a

0 4 8 12 16 20 24
Time [h]

For a standard 27 kg Baboon.



Case study 3

Designing informative PK/PD experiments
Sep 3: Modd based experimental desgn

Required study design:

Two infusions, loading and maintenance:

1. Loading infusion lasting around 45 min

2. Maintenance infusion of 90 min (PET scan)

Total experiment time ca. 2.5 hours

Design for a one compartment model:
Loading dose (mg) = Target concentration*Vss

Rate of infusion (mg/h)= Target concentration*CL

This applies for a two compartment model as long
as the equilibration between compartments is
relatively fast (i.e., Q >> CL)

Plasma concentration [ng/mL]

10000 ¢

1000 |

100 ]

10

Simulated PK of compound A in Baboons

|— Central
\— Peripheral

Time [h]

24

21



Case study 3

Designing informative PK/PD experiments
Sep 3: Modd based experimental desgn

Required study design:

Two infusions, loading and maintenance:

1. Loading infusion lasting around 45 min

2. Maintenance infusion of 90 min (PET scan)

Total experiment time ca. 2.5 hours

Design for a one compartment model:
Loading dose (mg) = Target concentration*Vss

Rate of infusion (mg/h)= Target concentration*CL

This applies for a two compartment model as long
as the equilibration between compartments is
relatively fast (i.e., Q>> CL)

However this is not our case as the equilibration
time is similar to the time required for the
experiment (ca. 2.5 h).

Plasma concentration [ng/mL]

Simulated PK of com

pound A in Baboons

1000

100

10

—Central

— Peripheral | |

Time [h]
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Case study 3
Designing informative PK/PD experiments
Sep 4: Experimental des gn proposal based on optimization

Proposed study design

-40 min

-10 min 0 min

90min

Loading infusion

Rest

Maintenance infusion

Infusion I

RO

[%]

10
30
50

Rate 1 :

Conc. A
Conc .B
Conc.C
Conc.D

Infusion
Rate 2

Target plasma conc.
[ng/mL]

Plasma concentration [ng/mL]

18000

16000

14000

12000

10000

8000

6000

4000

2000

Optimization of the design was done in
Matlab using a minimization algorithm to the
required target concentration levels

Simulated infusion protocol in Baboon

——Plasma concentration
= = Peripheral compartment
~|nfusion Rate

Time [h]

yul

1800

1700

[=2]
Q
o

1500

1400

w
[e=)
o

1200

1100

Infusion rate [mg/h]
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Case study 3

Designing informative PK/PD experiments
Mode evaluation and outcomes

» Model predictions were in line with
observations (concentration and
occupancy)

* Optimized design was highly
informative: no need for additional
dose levels or repeating dose levels
(3Rs)

 Emaxand EC50 precisely estimated
with only 5 doses levels.

* Time savings of 3-4 weeks

» Higher confidence in project team due
to refined potency for the compound
in Baboons (higher than in rodents)

* Increase confidence in project team
towards the use of M&S approaches

Plasma concentration

[ng/mL]

Simulated infusion profile for Experiment 3

95% Prediction interval | {

——Simulated median
® QObs. Conc

1 1.5 2 25 3 35
Time [h]

Predicted receptor occupancy [%]

70 [

60

50

40

30

20

10 1

0

Observed vs predicted receptor occupancy

| |—— Identity line
@ QObs. data

0 10 20 30 40 50 60 70 80 90 100

Observed receptor occupancy [%]
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Case study 4
Designing informative GLP-tox experiments with PBPK
Optimizing doses to achi eve expected expoure multiples

« In project C minipigs were used as relevant tox species

» DRF studies tested doses up to 450 mg/kg obtaining good exposure
multiples

» For the GLP-tox study the API supply was limited and in critical path,
potentially delaying E-GLP tox if high dose in the DRF was maintained

 FHom DR (chronic) and MTD (single dose) studies it was observed that
the PK in minipigs likely non-linear due to absorption limitations at
higher doses levels

« Use PBPK modelling to evaluate the impact of dose in the
expected exposure multiples

25



Case study 4
Designing informative GLP-tox experiments
PBPK modé/ling approach in minipigs

Two step model development: Minipig IV PK
Stepl 2
|V data was used to define drug disposition u 3
(compartmental) U
Step 2 )
« Absorption model predicted with GastroPlus ot T YT
(ACAT) mechanistically ) Minipig PO

750

» Certain parameters were optimized to match
observations ( precipitation time)

Step 3 o
2

£ 300

O 250

200

» Model prediction were contrasted with
observations of DRFand MTD studies

tration (ng/mL)

12 14
Time (h)




Case study 4

Designing informative GLP-tox experiments

Moaé validation with DRF data

The model captures the
non-linearities in
exposure very well and
can be use to
prospectively predict
exposures and different
dose levels

AUC Predicted [ng*h/mL]

a—
F -
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a—
%]

—_
T

o
=)

o
=2}
T

o
=

o
[

o]

><105

predicted AUC in minipigs (DRF)

AUC underestimated at /

top dose, however /
measured value likely to
be overestimated by 20%
due to sampling

05 1 1.5
AUC Observed [ng*h/mL]

x105

Cmax Predicted [ng/mL]
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2000

predicted Cmax in minipigs (DRF)

20 mg/kg/day QD 4
60 mg/kg/day QD
180 mg/kg/day QD /
450 mg/kg/day BID s

0

4000 6000 8000 10000 12000 14000
Cmax Observed [ng/mL]

2000
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Case study 4
Designing informative GLP-tox experiments
GLP-tox dose proposal based on PBPK mode senstivity analyss

Exposure multiple

25

20 -

(8]
T

o
T

Simulated exposure multipes in minipig (AUC)

0 50 100 150 200 250 300 350 400 450 500 550 600
Dose [mg/kg]

Outcome

* Model-based sensitivity analysis suggested a
lower dose ( 300 mg/kg) could be used for the
GLP-tox achieving similar exposure multiples as
the 450 mg/kg dose

* AP requirements were reduced by ca. 25% and
API supply was sufficient for start of the GLP-tox
study in time.

« Timely B-GLP tox with proposed doses and no
delays in project timelines (in fact, the project
progressed 2 months ahead of time)

» The exposure multiples obtained during the GLP-
tox were in line with expectations
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Conclusions

» The use PK/PD approaches in discovery and early development adds value to the project teams and
help to answer key questions

« Systematic PK/PD strategies help to gain target and assay confidence and guide compound selection
by stablishing early IVIVCs

« PBPK modelling is a powerful tool in drug development and discovery, it allows data integration and
scenario exploration.

 Modeling needs to be applied to answer the right questions, there is a significant risk of modelling

“just because”. This can be time consuming and might not be as informative as simple solutions
(“Horses for courses”)
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Doing now what patientsneed next
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