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Daily Weekly Monthly Quarterly
Suspension
Liposome [
In Situ Gel-Forming System B
BYDUREON slowly releases medicine all week long
O (Q MICROSPHERE g O .
e W Microsphere 3
e z : Ot}omme Ooo v
Non-Aqueous Solution/ Suspension B
VARIOUS COMBINATION DEVICE CONFIGURATIONS
| Implant |
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LONG-ACTING DOSAGE FORM DESIGN CONSIDERATIONS ' BELIVERY

EXPERTS

AThe interplay of conflicting needs affects technology choices
A Patient convenience (injection or implant frequency)
A Loading of dosage form (how much drug can be contained)
A Patient acceptance (size of dosage fogihpact on administration procedure
A Physician and market place acceptane¢hat are competitors doing?

AKey parameters need to be considered prior to moving forward with LAIl
A Drug dose per day (output from dosage forgy)otency of drug
A PKPD modelling may be required
A Safety issues of concentration excursions (high initial release or too little exposure)
A Route of administration limits the size of dosage form
A Stability of drug in dosage form
A Integrity of drug through manufacturing process
A Scaleup for commercial manufacturing
A Time and effort of developmengtiming to market
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<. DRUG

A LIFE CYCLE EXAMPLE i NON-OPTIMAL  “#B&Sery

Exenatidg39a.a peptide) first GLR to marketfor Type 2DiabeteAmylin)
A Clearecognitionthat to competeminimallywould require 2X perdaywith pen
A Clearunderstandinghat continuousexposurewould improveoutcomes

Byetta

Approved UR2005
Twice daily SC injection
10 to 20 ug per dose

1.2 & 2.4mL cartridgefor injection
0.25mgmLstrength

Bydureon

BydureonPen

Approved EU 2011 (12912 Approved UR014
Once weekly SC injection Once weekly SC injection Once weekly SC injection

2 mg per week dose

Syringe Ugud
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b Needle
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L Needie  Neodle cover

Vial and syringe presentation
discontinued Jan 201%ith pen launch

2 mg per week dose
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BydureonBCise

Approved UZ017

2 mg per week dose

>

Autoinjectorwith cartridge
PLGAoil-basedsuspension
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SIGNIFICANT DEVELOPMENT AND MFG ' BELIVERY

EXPERTS

Formulation composition aignificantissue indevelopment
A Initial release a kegarameterfor GLPLs
A Particlesize distribution affects duration, release profile, patiasteptance

Exenatide MS Particle Size Distribution
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SIGNIFICANT CLINICAL DEVELOPMENT ' BELIVERY

EXPERTS

Clinicaldevelopmentfocusedon formulationselection
A Initial release a key challengfaroughout
A Compromise made tadministerlower doseweeklyasopposedto monthly

Dose and Regimen Selection Study 2.5 mg, 6 mg, 7 mg, 10 mg Dose Selection Study 0.8 mg and 2 mg exenatide
!i - Last Injection
& Eenztide Once Weekly 25 mg (M = 11} H \ g L g *
¥ S S Benlty Smpfi =N ! " q\;-—--- z | 2 55 Active Treatment Period Follow-Up Period ]
# xenalide Onss Weskly 10 mg (M = 10} ! Iaj ._:‘,_,_ o | - ACIIVE | realrmen 2rnoc : B
. . wl _52—-,?‘* o 5009 } black circle ='2.0 mg exenatide LAR, N =15
= W oo vme i ooy, TR w© 450 E black square = 0.8 my exenatide LAR, N= 18
Prase 1) | Phadez | | hawed E | .E-
- 1 Bg g 400
B & E Fame 1 | Pamed rae
g:m —y t % 's) 3504
£ e g WL 5-8 £ 300~
- J AT .3 =
o § R e—t L% =
- IR fx.“'i\ 8- @ 2001
A A Neea E 1507
'HEE 1 4 5 @ M < & 1004 -............
L e— 0 4 C =y
Tirme (s I E; 50
r. =
pes T T
Initial release subject of significant formulation process work g 0 4 8 12 16 20 24 28
= Time (weeks)

And much discussion on clinical development strategy — is monthly achievable?
300 pg/ml continuous exposure desired — initial release too high
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SIGNIFICANT COMMERCIAL CHALLENGES  “#peLiy
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Commerciatonsiderationglrivetechnicaldecisions

EXPERTS

A Needlesize a keparameterfor aweeklyinjectablechronicdrug
A PLGAechnologychallenges for reconstitution

A n i
% B 0.260 mm
i, \\ 2 0210 mm
S \ I 0.159 mm
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Byetta solution 30 day pen
30 day RT in-use period
29 to 31 gauge needle

Both vial and syringe and dual-chamber pen
Require significant mixing prior to injection
25 gauge needle




SIGNIFICANT DEVELOPMENT INVESTMENT  BELIVERY

EXPERTS

1996 2005

Exenatide and Pen R&D

—
2000

ExenMS Vial and Syringe R&D

R —
2003 2009

2008

MS Dual
Chamber Pe

Each of these programs
Required about 10 years
Development time and effort

MS Suspension
Auto injector R&D
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ADesign considerations
ALife Cycle Example
[ AOverview of Commercial Products ]
AFormulation considerations for injectables
AFormulation considerations famplantables
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POLYMER-BASED DRUG DELIVERY PRODUCTS “*"DELIVERY

EXPERTS

AOnly small molecules or peptides have reached commercialization

AThere are about 35 unique types of products
A 35 products include all molecular entities (small molecules, peptides) and all routes
A Some products are available in multiple strengths and durations

A Some compounds appear in different dosage forms
A Implants, microspheres, or gel

ATherapeutic areas are fairly limited
A Hormone replacement or suppression
A Cancer
A Diabetes
A CNS disorders
A Addiction
A Ocular disease
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- DRUG

BIORESORBABLE POLYMER PRODUCTS “ DELIVERY

APLGAs are the overwhelming choice among resorbable polymers commercialized

AThree other polymers have been used in approved products for an individual products
Apolyanhydridemplantable disk (GLIADEL)
Atriethyleneglycol polyérthoester) injectable gel (SUSTOL)

ApolyE-caprolactong appeared in an approved product for birth control
A Product withdrawn in favor of other products
A Currently used as a material for sutures

AMany other polymers have been used for research
AResearch materials available from polymer suppliers for use by pharma companies
AA few of the companies can provide GMP grade materials

ADosage forms include implantsjcroparticles and gels
AOnly small molecules or peptides have reached commercialization

CRS LAIl Workshop 20 July 2019 12



FDA APPROVED EXTENDED-RELEASE PRODUCTS WITH PLGA

EXPERTS

A Approved products predominately use PLGA polymers
A Small molecule and peptides (9 are peptide products - highlighted)
A Microparticles, implants, and gels made using organic solvent as vehicle

Atridox
Bydureon
Eligard

Lupron Depot
Lupron Depot PED

Ozurdex

PROPEL and SINUVA
Perseris
RisperdolConsta
Sandostatin.,AR Depot
Signifor LAR
Sublocade

Trelstar

Triptodur

Vivitrol

Zilretta

Zoladex

doxycycline hyclate
exenatide
leuprolide acetate

leuprolide acetate

dexamethasone

mometasone furoate
risperidone
risperidone
octreotide acetate
pasireotide pamoate
buprenorphene
triptorelin pamoate
triptorelin pamoate
naltrexone
triamcinoloneacetonide
goserelin acetate

DenMat
AstraZeneca
Tolmar

Abbvie

Allergan

Intersect ENT
Indivior
Janssen
Novartis
Novartis
Indivior
Allergan
Arbor
Alkermes
Flexion
AstraZeneca

Atrigel
Microsphere
Atrigel

Microsphere

Implant (rod)

Implant
Atrigel
Microsphere
Microsphere
Microsphere
Atrigel
Microgranules
Microgranules
Microsphere
Microsphere
Implant (rod)

Periodontitis

Diabetes, type Il

Prostate cancer

Prostate cancer

Central precocious puberty

Retinal vein occlusion

Norrinfectious uveitis

Diabetic macular edema

maintain patency of the sinus cavity or sinus ostium
Schizophrenia

Schizophrenia, Bipolar disorder
Acromegaly

Acromegaly

Opioid use disorder

Advanced prostate cancer

Central precocious puberty

Alcohol oropioddependence
Osteoarthritis pain of the knee
Prostate cancer, breast cancer, others

Oral-periodontal pocket
SC
SC

M

Intravitreal

Sinus cavity
SC (abdominal)
IM

IM

M

SC

M

M

IM
Intra-articular
SC
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ALL POLYMERS USED IN DRUG DELIVERY RESEARCH < DELIVERY
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A Many polymers have been used for drug delivery research

A PLGA, aolyanhydride and a polygrthoester) are in approved products

A polyE-caprolactond has been in an approved product

A Mostresorbablepolymers degrade to acidic products exceptyketal

A Mostresorbablepolymers are insoluble in water; PEG has been used as a component to improve aqueous solubility

Resorbable Non-Resorbable AminoAcids
A PLGA, PGA, PLA A Alginate poly-L-glutamic acid
A PEGPLGA A Cellulose derivatives (HEC, CMC) poly-L-lysine
A PEGPLGAPEG A Hyaluronates poly-asparticacid
A PLGAPEGPLGA A Cross linked HA, CME\Platform Eyegat$
A polyE-caprolactong A Poloxamer§PEGPPGPEOQ triblock polymers)
A poly(DLlactide-co-¢-caprolactoné
A polycaprolactonePEGpolycaprolactondPLCIPEGPLCL) Note:the following appear in approved products
A polyanhydridegapprovedproductc Gliade® wafers) A Silicone
A polyesteramide¢PEA) A EVA
A poly(ethylene oxide terephthalate)/poly(butylene terephthalate) (PEOT/PBT)A polyurethane

A PolyActive A polyimide
A polyorthoester(POE) A Methacrylatebased polymer

A Orthomem

A Biochronome®
A polyketal
A SynBiosy®- proprietary multiblock polymersléctide, glycolide -

caprolactone polyethylene glycohutanediisocyanateandbutanediolin
various configurations)

A InGel®- proprietary triblock polymer (PCLREGPCLA with aliphatic end caps)

CRS LAIl Workshop 20" July 2019 14



<. DRUG

NON-RESORBABLE POLYMER PRODUCTS “DELIVERY

A Several polymers have been developed in implant form
A EVA, silicone, polyurethane, polyimide, and a methacrylate-based polymer
A The DUROS titanium implant is also available as a non-resorbable device
A Dosage forms have been limited to implants to facilitate removal
A Typical implants are rod-shaped
A Intravaginal and intrauterine products are also approved

A Only small molecules or peptides have reached commercialization

CRS LAIl Workshop 20 July 2019 15



FDA APPROVED EXTENDED-RELEASE POLYMER PRODUCTS

oo DRUG

(PLGA, ORAL, TRANSDERMAL EXCLUDED) T 3 PEPTIDE PRODUCTS HIGHLIGHTED DELIVERY
Product Drug Company Technology Indication Route

GLIADEL carmustine Arbor Pharmaceuticals polyanhydridemplant (disk) glioma Intracranial

SUSTOL granisetron Heron Therapeutics triethyleneglycol polyérthoester gel antiemetic forcancer therapies SC

TESTOPEL testosterone Endo (also Slate) API pellets androgen replacement therapy  SC
VIADUR leuprolide acetate Bayer DUROS titanium implant prostate cancer SC (upper arm)
RETISERT fluocinolone acetonide Bausch & Lomb implant, (silicon cup reservoir) chronic noninfectious uveitis Intravitreal

YUTIQ fluocinoloneacetonide EyepointPharmaceuticals US polyimideimplant chronic noninfectious uveitis Intravitreal

ILUVIEN fluocinolone acetonide AlimeraSciences polyimide implant chronic noninfectious uveitis Intravitreal
Various estradiol Multiple companies silicone ring menopause symptoms Intravaginal
Various levonorgestrel Multiple companies silicone device contraception Intrauterine

JADELEE levonorgestrel Bayer silicone implant contraception Intradermal

TODAY nonoxynot9 Mayer Laboratories polyurethane sponge contraceptive Intravaginal

CERVIDIL dinoprostone Ferring Pharmaceuticals polyethylene oxide/urethane polymer cervical ripening/induction of labor Intravaginal
SUPRELIN LA  histrelinacetate Endo Pharmaceuticals methacrylatebased implant central precocious puberty SC

VANTAS histrelinacetate Endo Pharmaceuticals methacrylatebased implant prostate cancer SC

NEXPLANON etonogestrel Organon USA EVA implant (with BariurSulfate) contraceptive Subdermal (upper arm
IMPLANON etonogestrel Organon USA EVA implant contraceptive Subdermal (upper arm
PROBUPHINE  buprenorphine Titan Pharmaceuticals EVA implant opioid use disorder Subdermal (upper arm
VITRASERT ganciclovir DISCONTINUED tablet coated with EVA CMV retinitis in AIDS patients Intravitreal

Veterinary productdor ear implantation in steers and heifers only

COMPUDOSE
ENCORE

1. Bioresorbable

estradiol
estradiol

Elanco
Elanco

2. Pellet is 75 mg testosterone, 0.97 mg stearic acid, and 2 mg PVP

3. Not available in US; previously NORPLANT

4, 24 hour use period

silicone implant
silicone implant

weight gain
weight gain

SC
SC

CRS LAIl Workshop 20 July 2019
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FDA APPROVED EXTENDED-RELEASE PRODUCTS I NON-POLYMER e BEH,?,ERY

EXPERTS

A 5 FDA approved extended-release non-PLGA polymer products i injectable suspensions
A These modern approvals are all in the schizophrenia indication

Zyprexa Relprevv Olanzapine Eli Lilly Suspension of salt particles Schizophrenia
2 Invega Sustenna Paliperidone prodrug Janssen Palmitate ester prodrug particles Schizophrenia IM
3 Invega Trinza Paliperidone prodrug Janssen Palmitate ester prodrug particles Schizophrenia IM
4 Abilify Maintena Aripiprazole Otsuka / Lundbeck Particle suspension injection Schizophrenia IM
5 Aristada Aripiprazole prodrug  Alkermes Lauroxil ester prodrug particles Schizophrenia IM

Note: For completeness, there are two other schizophrenia commercial products based on PLGA:
A RisperdalConstais a PLGA microsphererespiridone(Jannserg developed by Alkermes)
A Perserigs an in situ forming PLGA gelre$piridone(Indivior)

CRS LAIl Workshop 20 July 2019 17



FDA APPROVED EXTENDED-RELEASE PRODUCTS I NON-POLYMER

D
ooD

EXPERTS

A 31 FDA approved extended-release non-PLGA polymer products i injectable suspensions
A Included here for completeness (and see prior slide for the other 5 products)

A Puriln] Lis of Injeciable Suspension and Oily-Vehicle Susininsd Relzgss Producis Approved In fhe Uniisd Staiss®

Truds Mams

Aectin

LS. A ppraval

Arimocoe

Hicilin C-R

Bicilln L-A

[ —

Triamcizeime henmetomzhe
5, Mmgfml.

Pesicillin {1 bessmhine, 300,000 Liml.,
Penirillin (i procaine, 300,00 Llfel.

Pesicillen (] besxuibine, SHL000,
300,000 Ul

crinie, Smghnl
Crrtiwne seeisie, mulsple drngibe

Deaametbascne wetas $rmghnd.

Masdrolons docanosie, 15, Hmyg

Hydroayprogesenne coproate, 129,
)l

Tairndzrne cranthuic, il mgiel

Eatradic| saleraie, 10, M1, 40 mg'ed.

Cpasrevbalarsis ¥n-tossic
Extradic] cppicmie, $mgiml.

Matbylpredrischons scotaie, 31, 4,
g,

1061, Fujimmn

1969, Ffmwn

1953, Wynth-Ayerm

1958, Wycih-Ayerst

1m

1961, Organcn

1953, Sepuisk

1054, Sk

1973, Upchs
1959, Upchs

Soudiure phrophais dihmic, 7. | mgil.
Sodire phraphaic mosckmic, 3 dmirel.
EITA, 0.l il

Berzalboniur chloride. 0.2 mgiml.
pHEETE

Soudiare CMC 8 il
Torarm 80, dmyiel.

Soudiure chleride. Frmphnl.

eyl akobol. Tmpiel =
Soudiare CMC 3 il

Toraen 80, 1.3 mpheel.

Sodiurs bimbite, |mgiel.
pHAL-T5

Murachiz il

Beeayl alowbed 100
Cawre ol

A Partisl List of Injecinble Suspension and Cily-Vehide Sustained Relesse Products Approved in he Uniied Sialest

Trade Nama Actim LL5. dppreval

pe—-—

[F—r— Medrayprokimbne progememss 1950, Upjekn
ncetaie, V00, Himpieal.

Depo Sub O Prowers 104 Modrayprpoacne sa, [0 mg L, Pharreacis nd
Upjpkn

Depo- Textadicl Fatrackin] cypineate, Zmgénl, 19801, Upjebn
iedmeerone cypieais, Mmgiml.

o Tesmease Tesisizmee cypiomts, 20 mg 1974, Upjehn

Dt 1§ Tesimicrone enasibuic, HD mygled 1982, Sarvmpe
estracdin] valerme, Smpfral.

Haldel Hadoperidnl deranoste, W, 100xy 1986

HP Acthar ACTH-Tn- tusresic 1952, Armwar

Hlydalirs THA Predeimione idvwisie, Mmgfrl. 1956

Hyd=-Lloriome Hypdmnrimns acdaiz, Szl 1251

Eemleg-10, 40 Trmmcinnlens sestonide, 1, 30 mgl=l. 1960

Lantiz lemaliz glargine, 100 L. 00, Sanchi-vventiz

Limelle Modrayprpeeomes s, Mg 00, Prrarreacia s
Etrackn| cypinzaiz, Sy Ugiskn

PBersren Discageorimee pivalae, Hmginl. [

Plerain Abureky, 100my 05, Pracci

Brelizin Decasmmic, 2 mplhml. Floptomasine docarmmie 1972, Squith

Brelinin Ermntuate, 25 ol Floptoazin crarthae 1957, Squith

Sasphrine Epincpirize 10, % mpimd. 1251

P 3350, 20 Mmghnl.
Toveen B, 14 mygll.

S il

Berryl sleohal, 1. 257
Dclatin 165

Phoncl, 55T

Soarbsinl

FSE0

Sndium citrate

Beryl aleoha

Sooc s CWC, 5 gl
Twoen B 4 gl
Sodiiem chisride, D mglnl.
Bermyl alcohal, 1 mghnd
Endizm (M

F5E0

Sndizm chioride

Beryl aleohal

¥ Koste that s of thess products hres bom discontinecd. Approval daies were refoenced from Deag@FDL
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- DRUG

LAl FOR COMPLIANCE IN SCHIZOPHRENIA % BELIVERY

ARisperdalConstais a microsphere formulation
AFirst product entrant

AOther LAI products

ALongacting injectable drug suspensions
Alnsoluble drug alone as particulate suspension form (no other delivery system use

ADrug concentration range from 156 mg/ml to 321 mg/ml

AHigh dose drugs are the norm
AlnvegaTrinza AbilifyMaintenna Aristada
ADrug dose 273 to 1,064 mg per dose (depending on duration)
A Concentration range 200 to 321 mg/ml
ADelivery system is an injectable suspension of milled drug for all cases

CRS LAII Workshop 20 July 2019 20



CHARACTERISTICS OF APPROVED LAI PRODUCTS

Drug

RisperdalConsta 2003

InvegaSustenna 2006

InvegaTrinza 2015

Abilify Maintena 2013

Aristada 2015
2017
Perseris 2019

CRS LAII Workshop 20 July 2019

Dosing

Frequency

2 weeks

1 month

3 month

1 month

1 month
1 month
6 weeks
2 months

1 month

Active
Dose

W)
25

37.5
50

156
234

273
410
546
819

300
400

441

662

882
1,064

90/120

Dose

Volume (ml)

2
2
2

1
1.5

0.9
1.3
1.7
2.6

1.5
2

1.6
2.4
3.2
3.9

0.6-0.8

Drug
Concentration
(mg/mil)

12.5 mg/ml active

RUG
ELIVERY

EXPERTS

Delivery Technology

PLGA Microsphere suspension

(32.8 mg/ml solids) 381 mg/gmiscrospheres

50 mg/ml active
(132 mg/ml solids)

156

303
315
321
315

200
200

275
275
275
275

150

38% by weight

Palmitate ester prodrug of paliperidons
Injectable drug suspension

Palmitate ester prodrug of paliperidons
Injectable drug suspension

Aripiprazoleinjectable suspension

Aripiprazolelauroxilprodrug of
aripiprazole
Injectable drug suspension

Respiridonan PLGAN situ forming gel

21



COMPETITIVE PRODUCT IMAGES
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Aristada
US 2015 6 wks
US 201€ 2 months

Images From Invegérinza

Prefilled
Syringe

Thin Wall
Safety Needles

Aristadalnitio US 2018
with oral mediations as start

- Syringe Tip
Rubber
Cap

— Luer

A Ready to use prélled syringe
A Storage at RT
A Shake vigorously for 15 seconds

Connection

A Add needle and inject
A 4 dosage strengths available

A Injected every 4,6,8 weeks

Needle —
Sheath

Needle
Pouch

22Gx 12"

1

2

SHAKE VIGOROUSLY
for at least 15 seconds

With the syringe tip pointing up,
SHAKE VIGOROUSLY with a
loose wrist for at least 15 seconds
to ensure a homogeneous
suspension.

NOTE: This medication requires
longer and more vigorous shaking
than the 1-month paliperidone
palmitate extended-release
injectable suspension.

Proceed to the next step
immediately after shaking. If
more than 5 minutes pass
before injection, shake
vigorously, with the syringe tip
pointing up, again for at least 15
seconds to re-suspend the
medication.

InvegaTrinza
US 201% 3 months

A Ready to use pkélled syringe

A Storage at RT

A Shake vigorously for 15 seconds
A Add needle and inject

A 4 dosage strengths available

A Injected every 3 months

NOC B A0801
ot Seage Use Ordy - Use Enies Cantant of Syringe

INVEGA TRINZA® 273 1
paliperidone palmtate

extended-release injectable suspension

CRS LAII Workshop 20 July 2019
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ADesign considerations
ALife Cycle Example
AOverview of Commercial Products
AFormulation considerations for injectables
[ AFormulation considerations famplantables ]
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IMPLANTABLE DEVICE-BASED APPROACHES % BECIVERY
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ARing works well for intravaginal
e _ _ .| VARIOUS COMBINATION DEVICE CONFIGURATIONS
application with many commercialize

Continuous

Matrix Reservolr
AMatrix and reservoir systems in roc
form are suitable for administration
In the arm and abdomen S

ALocal administration in the back of
the eye has been achieved for small Particle Sciences
molecules

CRS LAIl Workshop 20 July 2019 24



IMPLANTABLE FORMULATION APPROACHES % BELIVERY

EXPERTS

A Hot melt extrusion has
been used with success
develop small molecule
commercial products as
well as small peptides

fo

~

Ref: Recent Innovations in Pharmaceutical Hot Melt ExtrusmerPharm Rev,
September/October 201KaoruTominagaBeverljLangevinEdward Orton

CRS LAII Workshop 20 July 2019
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