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Priadel 200 mg
Justification for a dissolution specification change

 Lithium carbonate 200 mg —Priadel ®

— Issues of dissolution testing at end of product shelf life

— Formulation with magnesium stearate

— Maturation process during storage

— Old data in the dossier

— Current large specifications for dissolution with no issue of safety
But :

— Approx. 3 batches per year were destroyed (since not meeting
dissolution specs) leading to annual losses of 70 k€ for the
manufacturing plant

e Question to BioPharm
— Post Approval Change dossier was prepared with proposed new
dissolution specs @ end of shelf life
— Can you help justify a proposed change in dissolution specifications to
avoid those losses ?



Priadel 200 mg
Biopharmaceutical properties of Li2+

Lithium carbonate Li,CO, - 2Li* + CO*

Solubility
In water at 37°C = 12 mg/mL

CO3 +2H" - H,CO,

_A
H,CO,+H" - H,0"+CO,

Dissolution not pH dependent . Existence of CO, bubbles which
can reduce dissolution rate (isolation of the tablet)

Need to increase HCL molarity to

0.025M to buffer carbonates



Priadel 200 mg
Biopharmaceutical properties of Li?*

Fluxes transformed in P

using radii from ICRP89 &

- M _sp.c lengths perfused in vivo
* Permeability dt

* Was measured in man 30 years ago !

Flux/Concentration (cm3/h)® radius cm length cm  Peff x 10* cm/s

J.M Diamond et al. J. Membrane Biol. 72, 153-159 (1983)

Jejunum 2287 138 20 3.66
K*ou lleum 1345 098 20 303
0 Colon 147 241 20 0.3
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E 7 Good solubility and good
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= permeability except in the colon
E
o] http://www.icrp.org/publication.asp?id=ICRP%20Publication%20110
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Priadel 200 mg
GastroPlus model building

Priadel 2 x 400 mg profile used to set up the PK model
GastroPlus™ V7, ASF model 6.1, Human fasted physiology
Lithium is excreted by the kidneys with no metabolism
Fit of Vy, Ky, ky; & CLg to observed PK profile
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Priadel 200 mg
GastroPlus model validation

Use of historical data and « new » slow release internal lithium
carbonate formulation

100

H——-

\ By chance we had

worked on a formulation
——YDIOZ-01A1 400 g of lithium that was

~#-Litarex 564 mg abandoned...in 2001 !
Camcolit 400 mg
Liskonum 450 mg

—=—Priadel 400 mg

% Lithium released
n
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Priadel 200 mg
GastroPlus model validation

<
DI02-01A1

1183-2
Camqolit ¢@

@ Liskonum
Litarex

Calculated AUC (mEq.h/L)
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Priadel 200 mg
GastroPlus model use

Evaluation of old and new proposed specifications

Specs @ end of shelf life
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Priadel 200 mg
GastroPlus model use

With new proposed specs, DP at end of

Evaluation of old and new proposed specifications at end of shelf life shelf life are bioequivalent to one another
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Priadel 200 mg
Conclusion

Significant
savings

Variation dossiers submitted to UK and Irish
authorities

Positive reply in spring 2012

No batch is
Easier
production,

discarded

storage, release
management




Zurampic®

Reply to FDA during review period
Support of dissolution specifications and drug

substance particle size using PBPK and
historical PK data on formulations with
different release rates




Biopharmaceutical properties - Lesinurad o
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API particle size

Drug product Tablet API Batch D (v,0.1) D (v, 0.5) D (v, 0.9)

batch strength

12A015 400mg HE00011 9.1 23.2 45.9 q DS PSD
ELAB 400mg HEO00014 15.1 50.5 125.6 Propose SpeCS S S

D(v, 0.5) NMT 70 pm

12E058 200mg HE00012 196 49.3 102.6 D(v, 0.9) NMT 159 um

MPAC 200mg HE00015 23.2 54.0 111.3




Dissolution of drug products

QC dissolution method
900 mL pH 4.5 acetate buffer plus 1% sodium lauryl sulfate (SLS) as

the dissolution medium, in USP Apparatus 2 at 75 rpm
The solubility of lesinurad in this media is 1.77 mg/mL

Proposed spec dissolution

Q = 80% at 30 minutes

% Dissolution

,fl’ Batch

20 /] ! o 12A015 (400mg)
{f ! _ m— 12E058 (200mg)
j 5 - 4-- ELAB (400mg)
/ : —&A— MPAC (200mg)

0% ;
0 20 40 60 80 100 120

Time (minutes)



Issue and strategy adopted
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* FDA challenged the dissolution specification
* FDA proposed to perform BE study between batch ELAB and
clinical reference 12A015 or run in silico GastroPlus modelling to

compare batches
* FDA also challenged the DS PSD specifications which would

have led to remanufacture of 3 DS validation batches

Use it to define
Set up gastroPlus Validate it on in S?jg;ﬁﬁgg;‘gnzp
model vivo failed BE "
justify proposed
DS PSD specs

One week (10MD + right data)




IV microtracer data from :
M O d el I I n Study 131, physchem Develop model to fit
g parameters, blood IV data

St r at eg y disposition parameters

PK parameters (CL,
Vc, t1/2 etc)

Oral dosing data from D | |
Study 131, physchem — evelop ora
parameters absorption model
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Oral PK models fitted
to individual subjects

Validated dissolution model which can
replicate the observed
bioinequivalence for ELAB (Option A)

c
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UG- |/ (idate dissolution =
profiles for batches input g
12A015 and ELAB ~Frethads”™ model =
_ ]

Ee)
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=

In vitro dissolution data
for batch MPAC (input Use model to predict

using Option A), e in Vivo performance

simulated dissolution

profiles for virtual of batches Simulated BE trials for

batches batch MPAC, Virtual
Batch A and PSD batch.

In silico dissolution ‘safe

space’.

Model use




GastroPlus model setting — Disposition and elimination
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Use IV for each 10 subjects of RDEA594-131

131-8123-iv 131-5123-iv
7 0 G 131812t O @ L Ca-13nalaii s § [F—femainin @ O Ceidiaminie @ L teihaizists |
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40 ) a0 20 40 ) 8
Simulation Time (h) Simulation Time (h)

Fit 10 x 3 compartment
individual PK models

and extract total
clearance CL;

Concentration (ng/mL)
Concentration (ng/mL)

Extract renal from hepatic clearance on the basis of
excretion balance studies

CL, =CL, x0.687 CL, =CL, x0.313

: N CL,
Calculate fixed hepatic first pass effect i :(1‘ QHXBZPJ

Q

Gut extraction estimated from Qgut model is negligible  F =1



GastroPlus model setting - Absorption

» Use oral PK data for the 10 subjects of of RDEA594-131 and
dissolution performance of reference clinical batch to fit lag
phases and gastric emptying patterns and adjust Peff individually

* Once model is set, use to test different inputs of dissolution or API
particle sizes

18



PK profiles — Gastric emptying phases

» Low solubility in stomach acid conditions - lag times and multiple peaks in
fasted state. After stomach emptying solubility > 20mg/mL and larger permeability
(BCS class | like)
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Observed lag times and multiple peaks

20

Lag times from 0.06 to 3.17 hours

Table 1 Gastric emptying patterns observed in Study RDEA594-131

Subject Gastric residence  Dose (first peak)  Gastric residence Dose (double
time (first peak) time (double peak)

peak)

05003-101 3.17 400

05003-102 0.81 400

05003-103 1.73 400

05003-106 1.32 200 4.25 200

05003-112 0.72

05003-115 0.09

05003-116 0.62

05003-118 0.01 150 2.01 250

05003-122 1.37 200 5.37 200

05003-123 0.54

30% multiple peaks consistent

with other historical studies with
larger number of subjects




PK profiles

* Mixed Multiple Dose profile used to “fraction” the dose released
from the stomach at different times

IEie Ut Tooks s$106 oral 400 mg
Mixed Multiple Dose Information ¥ —— Cp-s105 oral 400 mg ¥ O Cp-s106 oral 400 mg Obs I
Mo, of Doses ‘ C:A\Users\kzIn377\Desktoplesinurads106 oral 400 mg.mdd v _1_ Cp-s108 oral 400 mg Err
Wirite comments here: 18
- ]}
164
—
— Record: s106 oral 400 mg
il E Total simulation time (h): 7z
"""c"n Result observ  simul
Fa (%) 0 39. 65
= FDp (3): o 33. 65
o - Fo(%): 0 93,37
Dosage Form 952 | Start [n] | End [h] Physiclogy or .cat file [ Cmax (pg/mL): 17.2 15.52
[ma] o Tmax (h): & 5,24
CR: Tablet Ent Coat 176 [i] 1] =106 —— AUC 0-inf (pg-h/mL): 123.4 BZ.17
» ~|176 4 1] mymantasted ‘a AUC O-t (pg-h/mL): 122.7 B1.76
¥ i CMax Liver (ug/mL}: 17.57
-
g 6
|5
g 4 i
o
End Time is applicable only for I¥:Infusion. For all other dosage forms it will be set to 0 by the program. 2 I
Delete Dose Clear Cancel OK 04 - = = f
L L) L T L] T L]
0 10 20 30 40 50 60 70
Simulation Time (h)
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Integration of dissolution data

» Option A — Fit of particle size distribution and upload in G+ as an

input for each batch of DP

Fartichs Sue Distribubion Data
s [T e T ——y

Tott Dt i

22
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Percent dissolved (%)

0 010203040506070809 1 11 1213 14 15
Time (h)

O ELAB, pH4.5+41%SDS  OELAB,pH3 AELAB,pH4 OELAB pHS

Figure 5. Simulation of ELAB dissolution in pH 3, pH 4, and pH 5
using particle size distribution derived from QC dissolution method
profile (pH 4.5 + 1% SLS) vs observed data +1 SD.

In vivo dissolution is calculated on the
basis of local pH and volumes using “DP
particle size”



Integration of dissolution data

* Option B — Use the Weibull function to upload dissolution data for
each batch — Set dosage form to CR Dissolved (in vitro)

1- Fit in vitro (Weibull) 2- Apply human lag time

- o . =
Eile L File
Comments: ‘ Comments [ -
9eDoseReleased = Max| 1— flxe: BN e [ ‘ SiDoockolenced = Mars| 1= fixeng ==L |_ pvcerg 21 o |
A A2 1 [ | [ | o
- 4 90 . 4 L a0 o 5
Weibull Parameters a0 Waibull Paramoters = 80 o /,/
Fit [} o 7
1 time lag) (hrs):|0 r g" Lltimo log) (hesh{0R2 e o ey L "
Maz (total released) (%):[100 [ E 60 Mag (total released) m-.[mo r %‘09 ~
25 e ~
£
T 40 . % . N
Single Weibull Phase1 [, Phase2 [ 4 Single Weibull Phase 1 3 Phate 2 % \
P S
f (fraction): [1 r[o e 1 (action): [1 r o |
% - 9
A (time scale] (hes"b): [024838 [ [1 r @ A (lime scale) (hes™b): 020858 @ | r v
b sz @ |1 r 0 —
b (shape) [052226 [ |1 = 10 Ishape]: = ]
0 -
0
Find Initial Fit Wwéeibull ! Time [hrs] ! Find Intiad Fit Wedul Cancel ‘ oK ‘ ’ Time [hra] ;
Estimates Furction Earce] e Estmates Function
| Tabulated data loaded from I Tabudated data kaaded lrom
r
F°2 = 0.9981
\ikaike Information Criterion [A1C) = [#Pts] * Log(Objl + 2[(#Parameters) = -5.4905 . . . . . . . . .
sl | vitro dissolution will determine in vivo dissolution
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Integration of dissolution data

* Option C — Use the Weibull function to upload dissolution data for
each batch — Dosage form set to CR undissolved and integrate
particle size distribution of the DS to allow in vivo dissolution
calculation by the software

In vitro release will determine in vivo disintegration

DS patrticle size will determine in vivo dissolution

24
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Integration of dissolution data

e Option D — Fit Z factor to multiple pH data for each formulation
and use Z factor vs pH profile as an input to the model

%Dissolved
ssnusuzyseld

% Dissolved
oSHEEREZSBER

dXd.w'rm(r) . 3D
dt  phry

X&' vitro (f) 23 Xd vitro (f)
X -X:"J vifro — Ca' - -
. ( X"J_w'.rm ) Vvirm

e ){ru_virm y Vvirm

In vivo dissolution is calculated on the

basis of local pH and volumes z vs pH
profiles

1: R. Takano et al., Oral Absorption of Poorly Water-Soluble Drugs:
Computer Simulation of Fraction Absorbed in Humans from a Miniscale
Dissolution Test, Pharm Res 23(6), 2006, 1144-1156



Only Option A allowed to reproduce

C h O | C eS Of O pt | O n S the non bioequivalence observed with

ELAB vs 12A015

A : Use of in vitro dissolution data to fit a particle size distribution. set ..
formulation to DR to delayed release enteric coated tablet

=

B : Use of in vitro dissolution data to fit one Weibull function per batch,
where the dosage form is switched to CR dissolved

C : Use of in vitro dissolution data to fit a Weibull function per batch,
where the dosage form is switched to CR Undissolved with drug
substance particle size distribution

D: Use of in vitro dissolution data to fit a Z-factor which accounts for the
dose volume and solubility and set formulation to DR to delayed release
enteric coated tablet. —_

For all options, stomach residence and gastric emptying

patterns are fitted to the observed PK profiles.
26



Model use — Design space for dissolution of Lesinurad
tablets

Virtual cross over trial n=25 with

within subject variability of stomach

* Add a virtual batch A with dissolution outside of spec sl & o
100 i . . > Predicted Cmax Predicted AUC (0-96)
- 1 . . Geomean Ratio  90% ClI Geomean Ratio  90% ClI
& * o b Virtual Batch A vs.
| S . + 12A015 0.992 (0.990,0.993)  0.989 (0.988, 0.990)
S w > 4
] L
g ¥ o 100
S w h i - . >
i - l >
2 Jr' o D3kats tanomg) 80 - . ¥ | g o e s ST *
] - 12E058 (200mg)
! # - ELAB (400mg) 4 ] - -
3 Viusisotn s D N
0d g S x> 7
0 20 40 60 80 100 120 5 L ! |
Time {minutes) e V
a ¥ Safe space
® 90 i
. . . . e y ! Batch
Our dissolution spec is well justified w0 [f ; —s— 124003 ooma)
i 1 - .-
(MPAC was also anticipated i/ | & LB (ooma)
1 i i I
bioequivalent using virtual trial) od ; p— Virtual Batch A
o 20 40 60 20 100 120

27 Time (minutes)



Model use — Justification for DS Particle size specs

* Reference and virtual DS lot at specs limits as inputs

+* Particle Size Distribution .lglﬂlg |\ ™ Particle Size Distribution .@é@

Mean Particle Badius [um]: [11.5 Mean Particle Badius [um]: |35

Standard Deviation: |3 Standard Deviation: |10
Mumber of Bins: |16 Number of Bins: |16

Distribution Type:|[ETEE]

Cmax and AUC ratios of 1 on n=10

Rz |5 56 FAmax 7515 FAmie [1455 Amax [0 47 subjects of Study RDEA594-131
Shape Factor: |1 Shape Factor: |1
[~ Modify Min and Max Radius [ Modify Min and Max Radius DS particle size specs are justified
[~ Keep Constant Radius in Each Bin [~ Keep Constant Radius in Each Bin
0K Cancel oK Cancel
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Lesinurad 2015 in silico based biowaiver lessons learnt

« Work carried out in a week supportive oral + micro-dose IV data

¢ Open communication with FDA
— Submission of comprehensive report
— Submission of GastroPlus database and all support files
— Follow-up TC with 3 modellers from FDA to explain where the data was

and how the model was set up

 Independent validation of GastroPlus with batch showing “different”

behaviour
* Need to have microdose data to inform model building

» Elaboration of strategy

29



Development of IVIVe and biowaiver strategy

30

— >

—

Prototype dissolution Run IVIVe human study
using Preclinical Eamrg in vivo human evaluation with IV microdosing,
method 1 markers of gastric emptying, pH probe in stomach.

|

Clinical relevant
. el diSSOlUtiON Method E—

development

Mol. Pharmaceutics
2016, 13 (9)
pp 3256-3269
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Confidentiality Notice

This file is private and may contain confidential and proprietary information. If you have received this file in error, please notify us and remove
it from your system and note that you must not copy, distribute or take any action in reliance on it. Any unauthorized use or disclosure of the

contents of this file is not permitted and may be unlawful. AstraZeneca PLC, 1 Francis Crick Avenue, Cambridge Biomedical Campus,
Cambridge, CB2 0AA, UK, T: +44(0)203 749 5000, www.astrazeneca.com
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