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* Background to pH-dependent DDI

* Predicting the Effect of Acid Reducing Agents with PBBM
— Workflow for ARA prediction

e (Case Studies
 Future outlook

e (Questions
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 PK DDIs can cause toxicity or poor efficacy
* Adverse drug events contribute to patient harm and healthcare costs”
 PBPK used to predict and manage metabolic DDIs and inform labels

* Absorption-related DDIs may equal the magnitude of metabolic DDI effects
but PBPK is having less impact in this area

* up to $177.4 billion annually. Ernst and Grizzle. J Am Pharm Assoc (Wash), 2001. 41(2): p. 192-9



The Effect of Acid Reducing Agents anssen J ==

pH-dependent DDI may occur in the stomach when a poorly soluble weakly
basic drug with pH dependent solubility is co-administered with an acid

reducing agent (ARA) e.g. proton pump inhibitor (PPI1), histamine 2 receptor
antagonist (H2RA) or antacid

Solubility [mg/mL]

N 0% absorbed

N 20% absorbed
I 40% absorbed
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Impact on Label S Spo—

2 DOSAGE AND ADMINISTRATION

General Dosing Recommendations:

ok
' ®
EYA I A z e REYATAZ Capsules must be taken with food.

e Do not open the capsules.

1| 200 mg/300 mg
a a Za n aVI r capsu les e The recommended oral dosage of REYATAZ depends on the treatment history of the

patient and the use of other coadministered drugs. When coadministered with H,-receptor

antagonists or proton-pump inhibitors, dose separation may be required [see Dosage and

Administration (2.1)].

Table 13: Established and Other Potentially Significant Drug Interactions:
Alteration in Dose or Regimen May Be Recommended Based on Drug

Interaction Studies” or Predicted Interactions (Information in the table
applies to REYATAZ with or without ritonavir, unless otherwise

indicated)
Effect on
Concentration of
Concomitant Drug Class: Atazanavir or
Specific Drugs Concomitant Drug Clinical Comment
Proton-pump inhibitors: | atazanavir Plasma concentrations of atazanavir were substantially decreased when
omeprazole REYATAZ 400 mg or REYATAZ 300 mg/ritonavir 100 mg once daily was

administered with omeprazole 40 mg once daily, which may result in loss of
therapeutic effect and development of resistance.

In treatment-naive patients:

The proton-pump inhibitor dose should not exceed a dose comparable to
omeprazole 20 mg and must be taken approximately 12 hours prior to the
REYATAZ 300 mg with ritonavir 100 mg dose.

In treatmeni-experienced patients:

Proton-pump inhibitors should not be used in treatment-experienced patients
receiving REYATAZ.

https://www.accessdata.fda.gov/drugsatfda docs/label/2011/021567s026lbl.pdf
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Framework for Assessing pH-Dependent Drug-Drug Interactions;
Establishment of a Public Docket; Request for Comments

A Notice by the Food and Drug Administration on 05/22/2018 \‘ v



Applications of PBBM in Prediction of ARA Effect

Effect of Gastric pH on the Pharmacokinetics of a BCS Class 11
Compound in Dogs: Utilization of an Artificial Stomach and
Duodenum Dissolution Model and GastroPlus,™ Simulations
to Predict Absorption

sosra N. suaTachar, evirerT . pen - Preclinical assessments of ARA
'Pharmaceutical Sciences R&D, Lilly Research Laboratories, Ell Lilly ana Company, Indianapolis, Indiana 46285

2Eli Lilly and Company, Drug Disposition, Lilly Research Laboratories, Indianapolis, Indiana 46285
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Characteristics of the Human Upper Gastrointestinal Contents
in the Fasted State Under Hypo- and A-chlorhydric Gastric
Conditions Under Conditions of Typical Drug — Drug Interaction

Studies L
Characterization of Gl contents
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Using Absorption Simulation and Gastric pH Modulated Dog Model
for Formulation Devalnnmant Ta Nuarrnma Arhlarhudria Fffart

Amitava Mt Filipposk  D€Velopment of Improved Formulation

Drug Discovery—Development Interface

Prediction of ARA/PPI Drug-Drug Interactions at the Drug
Discovery and

y De- r|sk|ng compound selectlon
Stephanie Dodd » s s svas s
Qingshuo Meng #, Stefanla Bearo Tycho Heu‘nbach 3
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Impact of Acid-Reducing Agents on Gastrointestinal Physiology
and Design of Biorelevant Dissolution Tests to Reflect These

Changes Proposed biorelevant media
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Matthnas Hoch 7, David Carlile ~, Sakina Sayah-Jeanne °,

Domagoj Seglegm
Eva M. Karlsson ™
Jennifer Dressman '

Virtual bioequivalence for achlorhydric subjects: The use of PBPK modelling

to assess the formule lorhydria

. .
N Investigation of BE S
Kosuke Doki*"*, Adam S. 1 Rostami-Hodjegan™°
= Centre for Applied Pharmacokinetic Research, Division of Pharmacy & Optometry, University of Manchester, Manchester, UK

" Department of Pharmaceutical Sciences Faculty of Medicine, University of Tsukuba, Ibaraki, Japan
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Assessment of Bioequivalence of Weak Base Formulations Under
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Key Input Parameters of Compounds

Molecular weight 356.4 g/mol

BCS Class 2

pH — solubility profile [Efr2N(1 kW3]
1.25 (pH 2.1)
0.48 (pH 3.0)
0.012 (pH 4.0)
0.005 (pH 6.0)
0.005 (pH 8.0)

Effective human
permeability
cm/sec

G EELTTTAG TG Rat Intestinal
Perfusion

Precipitation time 900
sec

CETG IS PN (ELITTI I d10 = 10 um

d50 = 20 um

d90 =40 um

Ve =0.299 L/kg
CL =0.034 L/hr/kg

Disposition model
parameters

Janssen7' | i -m

Parameter | Voleculel [Etorcowb  INSX__ [Damrwm _ loski_____ ledotmb ____ |Ribociclb
358.9 g/mol 434 g/mol 441.9 g/mol 463.5 g/mol 393.45 g/mol 434.55 g/mol
2.28 (log D, pH 7.0) 3.03 3.45 6.52 2.7 1.954
4.5 (base) 3.8 (base) 4.8 (acid), 8.1 (base) 9.96 (base) 2.95 (base) 5.65 (base) 8.6 (base)
5.5 (base)
2 4 4 2/4 2 4
25.1 (pH 2.0) 6.2 (pH 1.3) Freebase HBr salt 32 (SGF) 0.6 (pH 2.5) 2.4 (<pH 4.5)
2.01 (pH 3.1) 0.23 (pH 4.9) 0.601 (pH 2.0) 0.605 4.3 (pH 2.0) 0.32 (pH 3.4) 0.8 (pH 6.8)
0.70 (pH 3.5) 0.31 (pH 6.5, FaSSIF) 0.021 (pH 4.0) 0.685 0.7 (pH 4.0) 0.015 (pH 5.0) 0.3 (pH 7.5)
0.3 (pH 4.0) 0.64 (pH 5.0, FeSSIF) 0.004 (pH 6.0) 0.194 0.05 (pH6.0) 0.0058 (pH 6.5) 2.4 (FaSSIF, pH 6.5)
0.14 (pH 4.5) 0.005 (pH 8.0) 0.052 0.02 (pH 7.0) 0.0085 (FaSSIF, pH 6.4) 2.2 (FeSSIF, pH 5.0)
0.09 (pH 5.0) 0.715 (SGF, pH 1.2) 0.757 0.02 (pH 8.0) 0.0533 (FeSSIF, pH 5)
0.08 (pH 5.5) 0.009 (FaSSIF, pH 6.5)  0.459
0.05 (pH 6.9) 0.019 (FeSSIF, pH 5.0) 0.724
120 mg 1000 mg 100 mg 50 mg 100 mg 150 mg 600 mg
4.75 x 10 0.4 x 10 0.91x 104 0.8 x 104 4.32 x 10 0.9x 10
Caco-2 MDR1-MDCKII ADMET Predictor Fit to Cp-time profile Caco-2
10000 14872 90000 (freebase) 900 900 900
900 (HBr salt)
20 um (mean) d50 =5 pum 0.9 um (mean, freebase) 25 um (mean) d50 =27 um 60 um (mean)
5.7 um (mean, HBr salt)
Vc =0.507 L/kg N/A Vc =0.082 L/kg Perfusion limited PBPK Vc=0.826 L/kg Vc=5.0L/kg
CL=0.046 L/h/kg (fraction absorbed was Vinax = 0.013 mg/s model for distribution CL=0.15L/h/kg CL=0.596 L/h/kg
V2=1.132L/kg simulated) m=0.214 mg/L V2 =1.138 L/kg ki,=0.07 1/h

k,,=0.617 1/h
ky;=0.276 1/h
Elimination t1/2 =
26.7 hr

k;,=0.2211/h
ky;=0.173 1/h

Mean CLsys = 2.2 L/h

Vmax = 4.47E-4 mg/s
Km =0.232 pg/mL
ky,=0.182 1/h
kyy=0.132 1/h

ky;=0.0411/h



Workflow for Prediction of ARA jnssen | i
effect for BCS 2/4 Compounds

Criteria Supporting the Reliability of PBBM Simulation for Acid Reducing Agents (ARAs)

. Mechanism of interaction related primarily to changes in gastric pH (i.e. no chelation effects and/or metabolic interaction between AP| and ARA)
. Clinical data under normal dosing conditions available for model verification
. Free form of the APl is used in a conventional dosage form (may be more difficult to model formulations containing salts or acidulants)
Predict likelihood of ARA effect pre-FIH ;
1. Physicochemical properties (full pH solubility, / Pred“.:t ARA effect \
biorelevant solubility) and In Vitro/Preclinical data as 1 Ap.ply Yalldated human model
Input adjusting for pH effect of ARA
(e.g. pH 4-5 for PPIs in fasted
conditions) / Apply Developed Model \
2. Due to variability in ARA effect, 1. I significant effect predicted,
cond.uct LR et the conduct dedicated ARA study and
4 Develop and validate PBBM ) 3 ::;hycj::ilgﬁelc?/gr)i:l rr?nrl)gdeel eainst veri-fy -model. If needed further
1. Physicochemical properties and/or dissolution data ‘ cIiFr)licaI ex’erien\ée (e ifg optimize _mOde| (repeat step 2)
2. Clinical PK, when available from FIH (& IV data if ) . . 2. Ifno significant effect predicted,
available) ijd'CatEd ARA StUd.V available or consider whether model can be used
3. Simulate with default physiology & verify vs. observed if popPK mo.del aya'llable to inform label
Ere demo.nstratlng clinically relevant Use model to inform impact of future
\_4 Optimize model ) \ Eova)rlate effect on AUC &/or \ formulation changes as needed /
X
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CASE STUDIES



Alectinib

Table S1. Summary of published case studies on the application of PBBM in prediction of ARA effect

Property Value

logD 1.96 at pH 3.575
pKa 7.05 base
Permeability 2.5 *10-4 cm/s

Kinetic solubility of granules in
clinical capsules measured at

37° Cin50 mL of biorelevant
media after 4 hours stirring with a
paddle speed of 50 rpm . Five
milligram of RO5424802 was
applied.

FaSSIF (23 pg/mL)

FeSSIF (77 pg/mL)

Clinical Dose

600 mg

Physiologically Based Absorption Modeling to Explore the Impact of Food
and Gastric pH Changes on the Pharmacokinetics of Alectinib

Neil J Parrott,"* Li J Yu,” Ryusuke Takano,® Mikiko Nakamura,* and Peter N. Morcos®

The AAPS Journal (2016)
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Model Changes for PPIs janssen JF | i

e Fasting gastric pH increased to 4.5
e Postprandial gastric pH increased to 6.5

Fasted Fed

pH Compartment pH ]
454130 m 6.5€40 |

6.00 Duodenum 5.40
620 | |Jeiunum 1 540 |
640 | Jejunum 2 600 |
660 | lleum 1 660 |

630 | |lleum 2 6.90
7.40 - lleum 3 7.40 i
6.40 - Caecum 6.40 i
6.80 Asc Colon 680 |
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Negligible effect of elevated gastric pH predicted
— Very limited dissolution in the stomach irrespective of pH

— Solubility of alectinib at normal healthy gastric pH << 2.4 mg/mL (the
value needed for complete dissolution of the dose in a glass of water (600
mg dose / 250 mL))

* Solubility decreases with increased gastric pH have little effect

* This prediction was useful to design pivotal study w.r.t. patient
exclusion criteria

* Prediction was later confirmed by clinical study



Potential to use PBBM to waive clinical study

PBBM simulations supplemented

with PopPK analyses may lead to

waiving of dedicated PPI clinical
pharmacology trials

Ribociclib Bioavailability Is Not Affected by
Gastric pH Changes or Food Intake:
In Silico and Clinical Evaluations

Tanay S. Samant', Shyeilla Dhuria’, Yasong Lu', Marc Laisney”, Shu Yang', Arnaud Grandeury”,
Martin Mueller-Zsigmondy”, Kenichi Umehara®, Felix Huth?, Michelle Miller',
Caroline Germa' and Mohamed Elmeliegy’

Case Study 2: etoricoxib
Case Study 5: GSK-1
Case Study 7: Ribociclib

lack of pH sensitivity across the
pH range 2-8.

120

1004 AOO-OO0—0—0—0—

80+

S,
Pabinostat FDA Review Y
” Model simulations suggested the lack of effect of elevating gastric 20
pH on panobinostat oral absorption and PK. No dedicated clinical 0 : , ] x
study pursued” Y om0



Case Study 3: JNJ-X

A BCS class 4 weakly basic compound
with intermediate lipophilicity and

pKa of 3.8 given at a high dose

Parameter _ UNJX__
Molecular weight 434 g/mol

Log P 3.03

3.8 (base)

BCS Class 4

YT JINAG -7 NI 6.2 (pH 1.3)

0.23 (pH 4.9)

0.31 (pH 6.5, FaSSIF)
0.64 (pH 5.0, FeSSIF)

G 1000 mg

Peff (cm/sec) 0.4 x10*
Precipitation time 14872
(sec)
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Case Study 3: Early risk evaluation jonssen J | e

3D PSA varying Dose, Peff & pH

pH 1.3 pH 5.0

a JNJ-X - fraction absorbed at low stomach pH 100 JINJ-X - fraction absorbed at increased stomach pH

DDl liability confirmed by
clinical PPI study
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Demonstrates value of
PBBM for PPI liability in early
development
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Case Study 6: Erlotinib

* Lipophilic with high permeability
and low solubility

e (CYP3A4 & CYP1A2 substrate

* The effect of omeprazole and
ranitidine on erlotinib has been
studied clinically. Modelling was
done retrospectively

Parameter
08P (o /w1 2.7
pk, 5.65
fu 0.046
B/P 0.55

Permeability (cm/s)

caco-2 33.6x10° -> human Peff 4.3x10*

pH mg/mL
N 2.5 0.6
Buffer solubility at
it I 3.4 0.32
ifferent pH (mg/m
PH (mg/mi) 5 0.0145
6.5 0.0058
Media start pH end pH mg/mL
Biorelevant solubility
at 37°C (mg/ml) FaSSIF 6.5 6.4 0.0085
FeSSIF 5 5 0.0533




Step 1: Disposition Model

 Mean Cp(t) for IV and PO crossover study
150-mg tablet vs 25-mg 30 minute
intravenous infusion in 20 healthy mainly
female subjects

e 2 compartmental model with nonlinear
clearance fit gives best fit

* Bioavailability estimated with saturable
clearance is 59% vs 106% based on a
simple non-compartmental analysis

10E3

-
=]}
m
N

10E1

Concentration (ng/mL)

10ED

nonlinear model fit in PKPlus

20

40 60
Time (hrs)

Vc/kg= 0.826 L/kg CV=26%
CL2/kg= 0.150 L/h/kg CV=54%
V2/kg= 1.138 L/kg CV=33%
Vmax = 4.47E-4 mg/s CV=53%
Km = 0.232 pug/mL CV=77%
K12 = 0.182 1/h CV=60%
K21 = 0.132 1/h CV=63%
Tlag = 0.228 h CV=19%
Ka = 0.731 1/h CV=53%

= 59.27 % CV=19%




Step 2: Oral Tablet Simulation (Fasted State) janssen J | i

] Frohna_150mg_Tablet - Compartmental Absorption
o 1200 S Tl e TR ne - e
Vmax and Km transferred to e ity L B
2 1000 iy o izl = 10% fluid in colon
° T 900 Cma” Cng/mL): 1190 1212 ] . . .
the enzyme table accou ntlng £ a0 Bt e dse i Wl 25% absorption from the large intestine.
g 700df O CMax_Liver Cngfni): 2202.8 E w
H = E w0
for changed units and free 3o C
f=
. . 8 400 :: 256 %
fraction in plasma § it .
?gg " 00% i o —— B o
O b = pa = = =
o-lgi 20 40 60 30 g 5: s g : % %, E : g
Simulation Time (h) 2% 3 2 g
. .
* Default model simulation over
estimates Observed Cp(t) :fgz R ';SE;“;,mui;@,“gﬁ?;!gfﬁ?‘E‘M 1 . Frohna_150mg_Tablet - Compartmental Absorption .
— R 1t ob 1 -
2 7 2| % 19% fluid in colon
G 900 cmax” (g i) : 130 1133 20 o . . .
£ aof| o Wi e e || 8% absorption from the large intestine.
g 700 o Quax_Liver (ngsmi): 2202.8 £ 70
* Reduction in %fluid col
Reduction in %fluid colon £ L
[
8 400 "
. c 16.9 %
improves match g = .
200 10 55% 43% - os 59%
100 00% e
o : : : "TeTf s s f F F 3 1 @
0 20 40 60 80 E § z z 2 3 H g g z
Simulation Time (h) i H E & H




Step 3: Simulation with/without ARA janssen J | fisecines CRoche

. ) * Stomach pH changed from 1.3 to 4.0
Without omeprazole =~ With omeprazole «  Gastric transit increased from 0.25h to 0.5h

800 800 . ege 3o
AUCinf omeprazole | ranitidine
=70 R i BT oe =700 e o e e TR 50
: 0, 0,
E Result observ  simul E Resulr observ  Simul Observed 54/0 67/0
0P 8.0, 7 B 0% g g
S0 AP W £ U W Simulated 51% 51%
g i Jiighiphs (ng-h/m): 14340 Tiiso c Hraf k) (no-h/mL): 3s15.6 3360.1
o AUC 0t (ng-h/mL): 14110 14120 Q
< 400 S = 400 ety Il 0y P
Bl A - - Cmax omeprazole | ranitidine
£ 300 € 300
g g Observed 39% 46%
c g !
5 2004}, S200{p © R
S ., S o Simulated 60% 60%
=]
o
o v v r - 0
0 20 4 60 80 0 20 40 60 80
Simulation Time (h) Simulation Time (h) Sensitivity to gastric pH

Without ranitidine With ranitidine \
—-— 1 T
. 3 \ —— AUCInf ratio
8001 ccord:  KTetzl_Lsomg_Tabiet & 8004 <
o0 oo omul arion e T 03 | Cmax ratio
% ‘éi“{%?) R AT ~ 7004 -
Fop (% o 71los — — £
-E,Goth L on?x”{ngmn 0.3 gg;: %snu- Totan smiacion time s e o H
i ~
5500. B A 0-t noehmiss i??iﬁ pries £ Y BT < 0.6
c [u} cmax Liver (ng/mi): 2023.9 5004 0 47.00 =
(=] c 0 41.46 =
= 4004 =] 394.1  475.4 <
® b = 4004 13360 k-]
: © 1350 g 04 E
£ 3004 = 2
[ € 3004 (-]
2 g g
H 200 £ 2004 =
Q o 0.2 A
1004 Q
1004
0
v v T 04
0 20 40 60 80 v . v v 0 T T .
- . - 20 40 60 80
Simulation Time (h . . " 2
(h) Simulation Time (h) 3 4 5

Gastric pH



Erlotinib Conclusions janssen J | foenios

PBBM indicates high risk of pH-dependent DDI
Precise prediction of extent of effect is challenging

— Complex non-linear PK
— HCl salt dosed
— Uncertainty in colonic absorption

— High sensitivity to gastric pH inrange 3 -5

Model verification with clinical data recommended

Subsequent application of a verified PBBM for waiver can be envisaged
— Formulation changes
— Different patient populations
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PBBM for ARA DDI Risk & Formulation Development

* PBBM should play a role in integrating physicochemical, in vitro, in vivo
and physiological data into a mechanistic framework to yield fuller
understanding of pH dependent DDIs

* A bottom-up approach and PSA is useful for early internal decisions
* Multiple PBBM examples support the value during clinical development

* Wider application to streamline drug development and waive unnecessary
studies is warranted
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