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Applications of PBBM modeling drug product life cycle Dr.Reddy’s ‘:‘

Innovator drugs
(e = = = = = = = = = = = = = = = = = = = -
: Generic medicine '
|
Preclinical Ph-1/11 Ph-l11/1V Ph-IV / Launch l
I

* Understanding * Understanding of oral absorption  « Settingup a BE safe space* * BE projections |
absorptionin preclinical in human * Widen invitro dissolutionspecificationto ~ * Assessment of alternative formulations I
species * Impact of changes indissolution |  supersedef2 testing (MR)

* Formulation (e.g. dissolutionrate in different 1 Set patient-centric dissolutionacceptance  * Projections of absorption in alternate I
assessments media or for MR formulation), criteria populations |
(conventional/enabled) particle size distribution, orother | Driving the company internal formulation ~ * Formulationdevelopment(Generic :

* Impact of physiological CPP/CMA | developmentbyPSA drugs)
variability (gastric pH, * Impact of physiological * Impact of changes in dissolution profiles, ~ * Define CPP (e.g., millingmethod, |
food) variabilities (gastric pH, food, etc) | BE assessmentfor intended commercial compression force) /CMA (e.g., particle [

* Definingearly BE safespaceand |  product size, polymorphicform)/CQA onin vivo
biopharmaceutics risks I * Justify discriminatory capability of performance (generic drugs) l
* pH-dependent DDl assessment dissolution method * Address global health agencies’ request |
l - Impact absorption-related changes for biopharmaceutics queries I
* PB-IVIVC for specifications, biowaivers
* Food effect study waivers** |

e |

« PBBM modeling in generic product development can be initiated as early as Ph-Ill/IV or Ph-IV/launch
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« PBBM/ PBPK modeling is a tool that can combine API,
formulation, pharmacokinetics with physiology to enable
prediction of in vivo exposures (i.e. plasma conc. time
profiles) in fasting & fed conditions

* In generic industry, PBBM modeling has various
applications from product development to
commercialization

* Such approaches are accepted by regulatory agencies
such as USFDA, EMA in clinico-regulatory justifications

* Avalidated model can avoid potential clinical study
thereby saving cost, time leading to faster development

of generic medicines

Pre-clinical to clinical
BE extrapolation

Clinical impact of CPP’s,
CMA'’s & interaction

AFl &Pst?sis?c:::‘;?\tmn //// o DDI prediction for
) \ / / FDC’s

/" PBPK/PBBM

Dissolution profile [ \ .
dissimilarity / F2 <] Applications -‘ ; Food effe;t prediction
BE
in Generic ,f‘

mismatch ",
\ Industry
Development of A/ \A BE assessment

clinically l.'eflev.ant disso hetwaeh RLD Afid Tast
specifications

Dissolution BE safe
space

Blowalver of lower
strength



PBBM Modeling — Regulatory guidance’s

)
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The Use of Physiologically Based o
Pharmacokinetic Analyses —
Biopharmaceutics Applications for Oral
Drug Product Development, oo

ManUfaCtUI’lpg Chaﬂges. and Controls E:r:ﬁmf::ariéﬁg;lﬁpmum For Human Use (CHMP) IPCS Harmonization Project
Guidance for Industry

EUROPEAN MEDICINES AGENCY
SCIENCE MEDICINES HEALTH

Guideline on the reporting of physiologically based
DRAFT GUIDANCE pharmacokinetic (PBPK) modelling and simulation

This guidance documest ks being distribeted for comment purposes

Characterization and Application

Comments and

_ - -
ATt apead ey Modalliog and Stomilation Workingl p— of Phvsioloagicallv Based
D>
Fishers Lane, Rm. 1061 Draft agreed by Pharmacokinetics Workir May 2016 - =
ke mambe edin " AN ’ Pharmacokinetic Models
Far questions regarding this dra® Adopted by CHMP for release fog P 21 July 2016 oz e
- 2]
pp— in Risk Assessment
End of cons: _amments) 31 January 2017
Agreed by M. _ Simulation Working Group Oetober 2018
Agreed by Pharmacokinetics Working Party October 2018
US. Department of Health and Human Services Adopted by CHMP 13 December 2018
Food and Dreg Administration
Ceater for Drug Evalaation and Research (CDER) Date oF coming inta emect > J Pharm Sci. 2021 Feb;110(2):594-609. doi: 10.1016/j.xphs.2020.10.059. Epub 2020 Nov 3.

October 2020
Pharmaceutical Quality/CMC

_ = | s APpplications of Physiologically Based
= Biopharmaceutics Modeling (PBBM) to Support Dr

« Apart from USFDA, EMA, other agencies such as
ANVISA, MEDSAFE, CDE are also open to PBBM Agency (PMDA), Tokyo, Japan.

. . 14 General Office of Medicines and Biological Products, Brazilian
SmeISSIOnS (Anvisa), Brasilia, Brazil.



PBBM model development — general workflow

[ 1}
Dr.Reddy’s Q¢

Model Set up

Biopharmaceutics
properties
Formulation

Develop oral absorption model with
physchem, disposition parameters
generated from |V data (preferred) or
IR PK, if Fis high.

Physiology

Clinical oral fasting

Elaborate dissolution model (Johnson
model, Weibull function, Takano model
(z-factor) , p-psd)

PK data of test

formulation

Model validation

Compare obs/pred
AUC&Cmax
(%PE<15%) or

Conduct internal
model validation
& verification

4 Compareratio of

Conduct external AUC&Cmax between
model validation two conditions
& verification (CI:0.8-1.25)

With independent

clinical datasets

Determine rate limiting step for
absorption (PSA)

Model application

Validate with virtual BE simulations

Use model to predict in vivo
perfomance of batches

Target in vitro
data/intended

Conduct alternative population

simulation

model

application®

Establish BE or dissolution safe space
with  VBE  validation (e.g., f2
dissimilarity, biowaivers)

Literature data, experimental data, ADMET predicted
data

Adequate justification for all input parameters

Validation against literature data, in-house data,
population bioequivalence and virtual simulations

Population — representative of clinical study, race,
variability

Validation against multiple studies to ensure model
robustness

Apply model for intended application, conduct virtual
BE simulations

Derive conclusions from physiological perspective



PBBM base model

Dissolution data integration

-------------------------------- PSD input >
< s » (Johnson model)

Input API PSD

Validate the model with API PSD (e.g.
other batches)

+  Dissolution is critical input into PBBM Moeel net.sensitive fo 50

P-PSD

Validate P-PSD with other dissolution
cond., other batches

models as it governs in vivo exposure

*  Multiple models are available for IR, MR

Direct

Validate against other batches

and DR formulations

Single Z-factor

Ensure Z-factor account release rate,
validate with other batches

< i i > » dissolution input
factor

Multiple Z-

Check Z-factor against pH, validate
with other batches

 IR: API PSD, direct dissolution

. PBBM base model
input, z-factors

* MR direct dissolution input, Weibull

Validate against other batches

function, IVIVC/IVIVR

Fit dissolution data into Weibull &
validate against other batches

+ DR: z-factor, direct dissolution input

< Dissolution input Direct
P dissolution input
Weibull fitting
J
IVIVC/IVIVR

Perform IVIVC / time scaling / IVIVR
and validate against other batches

Ref: Best Practices for Integration of Dissolution Data into Physiologically
Based Biopharmaceutics Models (PBBM): A Biopharmaceutics Modeling
Scientist Perspective.

Sivacharan Kollipara, Adithya Karthik Bhattiprolu, Rajkumar Boddu,
Tausif Ahmed, Siddharth Chachad; AAPS PharmSciTech (2023) 24:59

PBBM base model

< Dissolution input >

Z-factor 1 ‘ Ensure Z-factor account release rate,
(intestinal cond) validate with other batches
Direct Validate model against other batches,

dissolution input

focus on matching in vivo T,

{

/
\
\

[\
/ APIPSD

spec \

\ support |
\1 7/

/

e K
| Disso

spec

| support, |

[

\
\

\ impact |

safe ‘
space,
clinical |

\ ofcBA |/

\ waivers

\ waivers |

Disso |
spec |
support, ‘
safe
space, |

Disso

spec \

support, |
safe

space,



P-PSD model using DDDPlus

+ P-PSD determines effective API
PSD in the formulation

* It can be transferred to Gastroplus
without having need of additional
dissolution input

+ P-PSD to be further validated with
additional media’s and formulation

variants

Ref: Best Practices for Integration of Dissolution Data into
Physiologically Based Biopharmaceutics Models (PBBM):
A Biopharmaceutics Modeling Scientist Perspective.
Sivacharan Kollipara, Adithya Karthik Bhattiprolu,
Rajkumar Boddu,

Tausif Ahmed, Siddharth Chachad; AAPS
PharmSciTech (2023) 24:59

Develop basic
DDD+ model

Input physchem,
formulation, optimize Mean,
dissolution data SD of PSD

Disso model,

Validate P-PSD
with other
media’s

Validate P-PSD

with in vivo data
of other product

Formulation-A

FormulationA-pH 1.2
TIEYT

Optlmlzed

Validation of P-PSD with other media’s data
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8 8 &8 8 8 3
"

3

P-PSD
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Time (min)
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Formulation-B

Formulation8-pH 1.2
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QC Vs Bio-predictive dissolution media

« All regulatory queries or justifications are based on QC media, however it may not be bio-predictive

[ 1}
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» Along with QC media, separate bio-predictive media can help to imbed quality into product development — from

manufacturability and clinical perspectives

| Increasing power of bio-predictability of the dissolution method

Bio-relevant

Bio-indicative

Bio-predictive

>

Routine formulation testing
Ability of method to reject
non-BE batches questionable
Mostly not bio-predictive

Mimic in vivo condition (fasting
/ fed, e.g. FaSSIF, FeSSIF)
Include bile salts, electrolytes
Not bio-predictive unless
demonstrated

Method can provide direction
of in vivo outcome but not
directly translatable

Method that can predict
quantitative in vivo outcome
Used to develop IVIVR and
PBBM models

@ QC method is bio-predictive
EN

Best case and only one
method can serve both
purposes

QC method is not bio-
predictive
9
Two methods are required for
Quality and Bio-predictability

Medium
Risk

Medium
Risk

QC method is not bio-
predictive, different bio-
predictive methods for fasting
& fed
9
Two bio-predictive methods +
QC method

No bio-predictive method
9
Challenging to answer
regulatory questions, need to
rely on biopharmaceutics risk
assessment

10



Dissolution safe space

[ 1}
Dr.Reddy’s Q¢

» Dissolution / BE safe space is based on pivotal test BE lot and can further be verified using other clinical studies data

and helps to identify non-BE batches

Innovator Drugs

Pivotal Ph-lll lot / to be
marketed formulation

BE Knowledge
safe space
space
4
Non-BE lots 4

Generic Drugs

- Knowledge

space
space

Non-BE lots

¥

BE safe space is evaluated based on
pivotal clinical Ph-IIl lot/to be marketed
formulation. Verified using datasets from
other PK studies & virtual dissolution
profiles

e

Safe space establishment & identification
of non-BE lots

. _4 . 4

Impact of CBA (CPP, CMA, CQA, CFV)
through Dissolution

. 4

¥

BE safe space is determined based on
pivotal BE Test lot. Verified using pilot BE
data & virtual dissolution profiles

Identify CBA
Assess impact of CPP, CMA, CQA, CFC

h

a4

Safe space establishment & identification
of non-BE lots

Further refinement of safe space &
expansion

11
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Case studies



Weakly acidic BCS 1ll compound available in 5 strengths:
40, 80, 120, 160, 320mg

Solubility low in acidic and increases significantly in basic
condition

Crossover fasting BE study conducted on higher strength
and BE achieved at 320mg

In order to obtain bio-waiver for lower strengths,
dissolution in multimedia (pH 1.2, 4.5 and 6.8) is required
as per EMA guidance

All combinations met f2>50, except for 40mg in pH 4.5
(f2=43)

Agency asked to conduct BE study for 40mg strength

Case study#1: Bio-waiver of lower strength in case of f2 mismatch

% Release

100

80

60

40

20

Dissolution profile comparison in pH 4.5

g F2 =43
10 20 30 40 50 60
Time (min)
—o—320mg Test —+—40mg Test

PBBM modeling was used to support waiver of 40mg study: faster dissolution profile of 40mg used

for 320mg simulations using pH vs z-factor

[ 1}
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Case study#1: Biowaiver of lower strength in case of f2 mismatch

Model development

Model validation

Model application

Model outcome

AV VAV

No impact of failing f2 on BE, biowaiver for 40mg was granted

API Physicochemical, biopharmaceutical properties
Dissolution data (z-factor vs pH, pH 1.2,4.5 & 6.8)

Validation using pivotal BE study data in fasting condition, Use
of virtual BE simulations

Validated model used to evaluate in vivo impact of failing f2, by
incorporating 40mg dissolution data into 320mg model

Dissolution profile comparison in pH 4.5

4l f2=43

° 10 20 30 a0 50
Time (min)

+-320mgTest —+—40mg Test

60

-

No impact on in
vivo, PBBM
superseded f2
criteria

% Dissolved

851
80+
754
704
65
604
559
504
454
404
359
304
254
204
15
104

[ 1}
Dr.Reddy’s Q¢

on
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Case study#l: Biowaiver of lower strength in case of f2 mismatch

Cost, time
savings, early
launch

Population Simulation: Parent

Time (h)

E ¥ —— Mean Cp-Parent [Z ¥ —— Mean Cp-Parent 1
8 & TEST(T):
REF(R): T: Test, R: Reference
7

: e T/R (90% Cl)

3.4 90.BS--)II].66m9§30§gf?:‘1q:;{|;46“;.01.e:;§2->112‘04 320mg pivotal Test 99.36 99.44 99.40
s (89.65- (89.13- (89.14-
i 110.12) 110.95) 110.83)
4 320mg pivotal RLD 100.1 99.88 99.88
) (90.27- (89.53- (89.58-
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 110_91) 111_44) 111_37)

15
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+ BCS Class lll API, formulation available in two strengths 50mg and 100mg

+ Reference & test have two salts, but with same solubility

*  BE fasting study was conducted on 100mg in Market-A and while leveraging product to Market-B, reference product of
Market-B demonstrated f2<50 in pH 6.8 against pivotal test for both 100mg and 50mg

» Agency denied biowaiver of both strengths 50mg and 100mg due to which BE study was warranted

120 120 120 120
100 100 : ) . = 100 : . . 100 -
80 80 80 80
3 3 3 not 3 not
%e P : g 60 £ 0 Pivotal ref Has
- Pivotal ref e-0.1N HCI 2 Pivotal reference-pH 4.5 2 - Pivotal refes -0.1N HCI otal reference-pH 4.
: ivotal referenc z P I l K} 'ivotal reference- "quiud i ‘ 'equi'ed
* % Pivotal test-0.1N HCI * 0 ~ Pivotal test-pH 4.5 >85%, 15 * 2 Pivotal test-0.1N HCI >85%, 15 0 ~ Pivotal test-pH 4.5 >85%, 15
min, / min
20 Other market reference-0.1N HCI 20 / - Other market reference-pH 4.5 min 20 Other market reference-0.1N HCI 20 / ~Other market reference-pH 4.5
0 0/ 0 0/
0 s 100 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45 0 5 10 15 20 25 30 35 40 45
Time (min) Time (min) Time (min) Time (min)
120 120
100 R
e —t
" " et
100mg H y 50mg
< 60 / /= Pivotal reference-pH 6.8
&
* 20 /) ~Pivotaltest-pH68 —
20 «-Other market reference-pH 6.8
0
0 5 10 15 20 25 30 35 40 45 0 5 100 15 20 25 30 35 40 45
Time (min) Time (min)

PBBM modeling was used to support waiver of BE study for both 50mg and 100mg

Way forward for BCS biowaiver was proposed = to enable more candidates for waiver

16
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Pivotal 100mg study validation
Z-factor vs pH input

PK parameter Predicted values
oo § Geometric mean ratio 90% confidence intervals
g Probavity 25 % z Probabity 10 % g puc1 on 100mg
2 Probabity 10 %
Pivotal Ref vs Pivotal Test
- oo RS TIBNE e S cme s Crax (NG/ML) 100.4 [104.36] * 91.64-109.90 [97.63-111.56] *
0s{ | [Resne  cumx .
il /N e o1 AUC,, (ng.h/mL) 100.1 [100.66] * 89.711-111.79[98.39-102.98] *
00,4 :"' '?::n"'w“ 02 Pivotal Ref vs Market-B Ref
— C... (ng/mL) 99.0 90.30-108.54
AUC,s (ng.h/mL) 99.0 88.78-110.40
Market-B Ref vs Pivotal Test
. - = C,o (Ng/mL) 101.4 92.46-111.14
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48
Time (h) AUC,s (ng.h/mL) 101.2 90.71-112.4

* observed T/R ratio’s and Cl’s

Cost, time

Biowaiver for both 100mg and 50mg - regulatory Sa"ilngs' ‘:\a"v
aunc

agency provided favorable feedback




Case study#2: Biowaiver for study leverage, f2 failure

% Released

In vitro theoretical dissolutions

~+-85% in 15 min
+-85% in 45 mn

—=—85% in 90 min

~=—85% in 150 min

~+—85% in 30 min

85% in 60 min
~+—85% in 120 min
—+—85% in 180 min

165

180

0 15 30 45 60 75 90 105 120 135 150
Time (min)
120 \9"
G
N\
100 L e N
| oo
»
80 o
'§ "
2 60 .
2 "
& "
R "
40 |0
' ~—+—85% in 60 min =+ 100mg Piv Ref-0.1N HCI
]
20 : ~« 100mg Piv Ref-pH4.5 =« 100mg Piv Ref-pH 6.8
[
'
0
0 15 30 45 60 75 90 105 120 135 150 165 180
Time (min)

120
1
100 !
80
@
E
£ 60
3
=]
(]
<
40
-, 3 ——85% in 15 min ——85% in 30 min
%
LGS e L —85%in4Smin  —85% in 60 min
DOC
20 ',/’,,", 2% : ——85%in90 min  ——85% in 120 min
2%
’/‘,’4 > : 85% in 150 min 85% in 180 min
0 - 1
0 1 2 3 4 5 6
Time (h)
120 T TTTTTTTTTmTTEEETEEET
BE limit
100 80-125%
80 - - - -
2
®
« & m Cmax
e
= = AUCinf
P = AUCt
20
0
90 120 150 180

15 30 a5 60

Time taken for 85% release (min)

L)
Dr.Reddy’s ‘_‘-‘

BE safe space of 85% in
60 min was determined
without impacting

bioequivalence

18
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BCS I BCSI
Very rapid dissolution | | Very rapid dissolution Very rapid dissolution Rapid dissolution
not met? met? met? met?
PBBM Modeling BCS Biowaiver* F2 similarity
Yes No
Permeability Dissolution controlled
controlled absorption absorption # BCS Biowaiver* PBBM Modeling
Modeling biowaiver /\
Modeling biowaiver e notgbe oisible
L P Permeability Dissolution controlled
controlled absorption absorption

Modeling biowaiver

Modeling biowaiver ey iot be possibile

Accepted

' . . Extension of ! .

I Manufacturing : Dissolution safe | . : . IMore number of candidates for BCS|

! _ [ dissolution criteria I & |

| flexibility | space ' 1 & Il biowaiver |
! |

for BCS I & Il

* Provided other criteria for biowaiver is met as per ICH M9
Svery rapid dissolution (>85% in 15 min), rapid dissolution (>85% in 30 min)
# May not be applicable for BCS Il 19



Case study#3: Dissolution specifications justification for ER formulation

* Product is formulated as extended release, with
three time point specification

* Proposal was made to revise dissolution
specifications at 7 h in order to relax +20% to +25%
considering commercial and stability studies

*  USFDA IVIVC guidance only allows +20% deviation
at each time point and thus justification was required
for higher range

«  PBBM modeling was used to justify the dissolution

specifications through virtual BE and IVIVC/R

Dr.Reddy's ‘:’

Specification time Existing Revised
point specifications specifications
2h <10% <10%
3h 25%, <20% 25%, <20%
5h 225%, <50% 225%, <50%
7h 250%, <70% 245%, <70%
12 h 280% 280%

20



Case study#3: Dissolution specifications justification for ER formulation

Test (B)
Ref-PO-200mg-IVIVR-Pop
2800 b —_— 100
g
13
3
o
S
o
00
Simulation Time (h)
(B) Pivotal-PO-20 0mg-Baselime mo dell
2800 100
2600 ~—loo
— 2400
£ 2200 [80
S 2000 k70 _
£ 1800 2
§ 1600 HE0 E
E i il
S 1000 = 0 ©
= 800 (=] F30
Q s
© 600158 k20
m :. =
200 ..‘ - = 10
otz v = —_r
[} 50 100 150

Pivotal study validation of Reference (A) and

Simulation Time (h)

Cp-Verous Return-Rel.P0-

Record:  Ref-PO-200mg- IVIVR-POD
Total simulation time (h): 168

YUUTUQT

us et otesPO.200mg- Baseire model
Retirn P ot PO-200mg- Daseire moZel Obs
95 PO- 200 D anetrs mode Err

G Eareie mote
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Virtual Disso profiles generated at low profile

(LP) and single point lower profile (SPLP)

e (hrs)

Ti Reference Pivotal LP SPLP
2 4,00 2.00 1.00 2.00
3 10.00 13.00 7.00 13.00
4 22,00 27.00 22.00 27.00
5 35.00 40.00 29.00 40.00
7 61.00 63.00 48.00 45.00
9 80.00 80.00 77.00 80.00
12 98.00 97.00 91.00 97.00
15 101.00 101.00 100.00 101.00

Parameter

Geometric

-

Means

% Geometric (90 % CI)

Fecord:  Pivotai-
Wotal simulation T

me (M)t

Coserv simul
o .1z

1. 4265
1. 56 S
3282

T)».‘.”fﬂq-ll::;\ne =odel

Test B Mean Ratio
Hypothetical Test Batch (Low Profile)
Crax 1957.6 1978 98.97 91.86 - 106.64
AUC, ¢ 123000 122000 100.30 90.90 - 110.74
Hypothetical Test batch (Single Point Low)
Crax 2031.2 1978 102.70 95.42 - 110.52
AUC ¢ 124000 122000 101.20 91.73 - 111.63

21
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Justification / optimization performed for model Experimental or literature support for model parameters

inputs (e.g. Peff) PSA to demonstrate optimized value, details about optimization algorithm used

Z-factor for dissolution data input Inherent issues of z-factor, demonstrate calculation method — solubility, time
points, fit. Demonstrate z-factor in relation to absorption dissolution curves

Dissolution method: bio-relevance (QC), ability Develop parallel bio-predictive media, may be difficult for IR formulations

to reject non-BE batches Pilot BE data (e.g. failed) helps to show method relevancy

Mechanistic framework of model (e.g. ADME PBPK can be adapted, mass-balance diagram in justification can help

process) Demonstrating first pass effect, model’s ability to capture bioavailability

Consideration of CBA’s (e.g. CPP, CMA, CQA, Include product quality attributes in the model and provide justification (e.g. DT,

CFV) in the model hardness impact through dissolution)

Validation against failed BE data Validation against pilot BE data, especially failed BE

Totality of evidence Include biopharmaceutics risk assessment along with PBBM as appropriate

Different release rates and corresponding IVIVC Ideal to have BE against different polymers and release rates
Discriminatory power of the QC media Use DDDPIlus to identify excipient ranges that can result in f2 mismatch (works
in cases where dissolution method is not sensitive to formulation changes)

Gender impact in BE studies Performing modeling with male, female physiologies and correlation with
literature 99



Conclusions Dr.Reddy’s Qf‘

e PBBM modeling has demonstrated applications in both generic and innovator domain
e Apart from USFDA, other agencies such as ANVISA, MEDSAFE, CDE open to modeling based justifications

e For generics, PBBM modeling has clearly demonstrated its value to avoid BE studies in cases of dissolution

specifications justification, f2 mismatch, lower strength biowaivers etc
e Focus areas of PBBM modeling:
e Bio-predictive ability of QC media

e Regulatory justifications: mechanistic frame work, ability to predict failed BE data, dissolution method

discriminatory power
e Upcoming areas: waiver of fed studies and multiple dose steady state studies

e QOverall, more and more regulatory agencies are open to such submissions, knowledge sharing mainly in

terms of regulatory justifications is required across academia, industry and agency

23
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PBBM Modeling

(a) Simple time scaling with Weibull

5
Develop model
for MR
formulation

I

Input physchem,
elimination
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I

Direct disso input
& Weibull (single,
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i

Evaluate
Predictions

f

Alternatively
evaluate time-
scaling / IVIVR

1

Validate with
multiple

Time scaling approach - In vitro data
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(b) IVIVR based time scaling

IVIVR

In vivo dissolution = function(In vitro dissolution)
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PBBM Modeling
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Fit original dissolution data to

(a) Virtual profiles using Weibull equation
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MR formulation development using PBBM modeling

Model Development

Model inputs

!

}

!

}

API Formulation Physiology Pharmacokinetics
Mw, Log P, pKa * Formulation type: CR * Human / Preclinical * Metabolism, Blood to
Solubility vs pH, dispersed, Integral, species plasma ratio, Protein
Permeability Gastric release, DR * Fasting/ Fed condition binding
API PSD * Dissolution input * Body weight * Disposition parameters (Cl,
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)
DrReddy’s €
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specific data as input
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release rates)

Prediction errors
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!
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-
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Model Application
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Pop simulations / Virtual BE iﬁ*ﬂ*

»

Including variability in population

T/R for Cmax, AUC along with 90% CI
from virtual BE
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Safe space using PBBM Dr.Reddy’s ‘:

Dissolution Safe Space API PSD Safe Space CPP/CMA Safe Space

Dissolution profiles with Dissolution profiles with
different API PSD different CPP’s / CMA’s

Disso spec

In vitro / In vivo

Virtual profiles Non BE batch
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§ Lower spec
)
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K] —h
< Dissolution

! !
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Use non-BE and BE
safe space

batches to define
safe space

Use Virtual profiles
to define safe
space
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Case study: Biowaiver of lower strength of Dasatinib tablets with PBBM modelingDr.Reddy'’s ‘;‘

*  Weakly basic molecule with pH dependent solubility
(high in acidic and extremely poor in basic)

*  Full replicate study was conducted on higher strength
100mg, waiver requested for 20mg based on
comparative dissolution in QC media

»  Despite matching f2 (59), it was found that release was
rapid for 20mg (87% in 30 min), whereas it was not
rapid for 200mg (78% in 30 min)

* Agency denied biowaiver, asked to conduct BE study

on 20mg

% Released

120
100
80
60
40
20

/ —
e >85% for 20mg but
l./_/,_.};,,/ not for 100mg
5 -
‘/;;5/ —+—100mg —+—20mg
0 10 20 30 40 50 60

Time (min)

PBBM modeling was used to support waiver of complicated 20mg study: faster dissolution profile

of 20mg used for 100mg simulations using z-factor
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Case study: Biowaiver of lower strength of Dasatinib tablets with PBBM modelingDr.Reddy'’s ".'
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