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HOW DO I CHOOSE A TECHNOLOGY?
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LONG-ACTING DOSAGE FORM DESIGN CONSIDERATIONS

ÅThe interplay of conflicting needs affects technology choices
ÅPatient convenience (injection or implant frequency)
ÅLoading of dosage form (how much drug can be contained) -
ÅPatient acceptance (size of dosage form) ςimpact on administration procedure
ÅPhysician and market place acceptance - what are competitors doing?

ÅKey parameters need to be considered prior to moving forward with LAII
ÅDrug dose per day (output from dosage form) ςpotency of drug
ÅPKPD modelling may be required
ÅSafety issues of concentration excursions (high initial release or too little exposure)

ÅRoute of administration limits the size of dosage form
ÅStability of drug in dosage form
ÅIntegrity of drug through manufacturing process
ÅScale-up for commercial manufacturing
ÅTime and effort of development ςtiming to market
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A LIFE CYCLE EXAMPLE ïNON-OPTIMAL
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Bydureon
Approved EU 2011 US 2012
Once weekly SC injection
2 mg per week dose

BydureonPen
Approved US 2014
Once weekly SC injection
2 mg per week dose

BydureonBCise
Approved US 2017
Once weekly SC injection
2 mg per week dose

Vial and syringe presentation 
discontinued Jan 2016 with pen launch

Exenatide(39 a.a. peptide) first GLP-1 to marketfor Type 2 Diabetes(Amylin)
ÅClearrecognition that to competeminimallywould require2X per daywith pen
ÅClearunderstandingthat continuousexposurewould improveoutcomes

1.2 & 2.4 mLcartridgefor injection 
0.25mg/mLstrength

Byetta
Approved US 2005
Twice daily SC injection
10 to 20 ug per dose

Dual chambercartridge
In pendevice

Autoinjectorwith cartridge
PLGA oil-basedsuspension



SIGNIFICANT DEVELOPMENT AND MFG
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Formulation composition a significantissue in development
Å Initial release a key parameterfor GLP-1s
ÅParticlesize distribution affects duration, release profile, patient acceptance



SIGNIFICANT CLINICAL DEVELOPMENT
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Clinicaldevelopmentfocusedon formulation selection
Å Initial release a key challenge throughout
ÅCompromise made to administerlower dose weeklyas opposedto monthly



SIGNIFICANT COMMERCIAL CHALLENGES
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Commercial considerationsdrive technicaldecisions
ÅNeedlesize a key parameterfor a weeklyinjectable chronicdrug
ÅPLGA technologychallenges for reconstitution



SIGNIFICANT DEVELOPMENT INVESTMENT
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John Eng
VA-Amylin 
NCE License

1996 2005

Exenatide and Pen R&D

2000 2012

ExenMS Vial and Syringe R&D

Byetta
FDA 

Approval

Alkermes
Amylin

MS LIcense

Bydureon
FDA 

Approval

2009 2014
MS Dual 

Chamber Pen
Amylin
Device 
Group

Bydureon
FDA 

Approval

2008 2017
MS Suspension 

Auto injector R&D
Amylin
Product

Development

Bydureon
BciseFDA 
Approval

Amylin
Eli Lilly
Alliance

2003
Amylin
Eli Lilly

MS Plant

Each of these programs
Required about 10 years

Development time and effort
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POLYMER-BASED DRUG DELIVERY PRODUCTS

ÅOnly small molecules or peptides have reached commercialization

ÅThere are about 35 unique types of products
Å35 products include all molecular entities (small molecules, peptides) and all routes

ÅSome products are available in multiple strengths and durations

ÅSome compounds appear in different dosage forms

ÅImplants, microspheres, or gel

ÅTherapeutic areas are fairly limited
ÅHormone replacement or suppression

ÅCancer

ÅDiabetes

ÅCNS disorders

ÅAddiction

ÅOcular disease
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BIORESORBABLE POLYMER PRODUCTS

ÅPLGAs are the overwhelming choice among resorbable polymers commercialized 

ÅThree other polymers have been used in approved products for an individual products

Åpolyanhydrideimplantable disk (GLIADEL)

Åtriethyleneglycol poly(orthoester) injectable gel (SUSTOL)

Åpoly(ʁ -caprolactone) appeared in an approved product for birth control
ÅProduct withdrawn in favor of other products

ÅCurrently used as a material for sutures

ÅMany other polymers have been used for research

ÅResearch materials available from polymer suppliers for use by pharma companies

ÅA few of the companies can provide GMP grade materials

ÅDosage forms include implants, microparticles, and gels

ÅOnly small molecules or peptides have reached commercialization
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FDA APPROVED EXTENDED-RELEASE PRODUCTS WITH PLGA

ÅApproved products predominately use PLGA polymers

ÅSmall molecule and peptides (9 are peptide products - highlighted)

ÅMicroparticles, implants, and gels made using organic solvent as vehicle

Product Drug Company Technology Indication Route

Atridox doxycycline hyclate Den-Mat Atrigel Periodontitis Oral -periodontal pocket

Bydureon exenatide AstraZeneca Microsphere Diabetes, type II SC

Eligard leuprolide acetate Tolmar Atrigel Prostate cancer SC

Lupron Depot
Lupron Depot - PED

leuprolide acetate Abbvie Microsphere
Prostate cancer
Central precocious puberty

IM

Ozurdex dexamethasone Allergan Implant (rod)
Retinal vein occlusion
Non-infectious uveitis
Diabetic macular edema

Intravitreal

PROPEL and SINUVA mometasone furoate Intersect ENT Implant maintain patency of the sinus cavity or sinus ostium Sinus cavity

Perseris risperidone Indivior Atrigel Schizophrenia SC (abdominal)

RisperdolConsta risperidone Janssen Microsphere Schizophrenia, Bipolar disorder IM

SandostatinLAR Depot octreotide acetate Novartis Microsphere Acromegaly IM

Signifor LAR pasireotide pamoate Novartis Microsphere Acromegaly IM

Sublocade buprenorphene Indivior Atrigel Opioid use disorder SC

Trelstar triptorelin pamoate Allergan Microgranules Advanced prostate cancer IM

Triptodur triptorelin pamoate Arbor Microgranules Central precocious puberty IM

Vivitrol naltrexone Alkermes Microsphere Alcohol or opioddependence IM

Zilretta triamcinolone acetonide Flexion Microsphere Osteoarthritis pain of the knee Intra-articular

Zoladex goserelin acetate AstraZeneca Implant (rod) Prostate cancer, breast cancer, others SC
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ALL POLYMERS USED IN DRUG DELIVERY RESEARCH

Resorbable Non-Resorbable AminoAcids

Å PLGA, PGA, PLA
Å PEG-PLGA
Å PEG-PLGA-PEG
Å PLGA-PEG-PLGA
Å poly(ʁ -caprolactone)
Å poly(DL-lactide-co- -ʁcaprolactone)
Å polycaprolactone-PEG-polycaprolactone(PLCL-PEG-PLCL)
Å polyanhydrides(approvedproduct ςGliadel® wafers)
Å polyesteramides(PEA)
Å poly(ethylene oxide terephthalate)/poly(butylene terephthalate) (PEOT/PBT)

Å PolyActive
Å polyorthoester(POE)

Å Orthomerϰ
Å Biochronomer® 

Å polyketal
Å SynBiosys® - proprietary multi-block polymers (lactide, glycolide, ʁ -

caprolactone, polyethylene glycol, butanediisocyanate, and butanediolin 
various configurations)

Å InGell® - proprietary tri-block polymer (PCLA-PEG-PCLA with aliphatic end caps)

Å Alginate
Å Cellulose derivatives (HEC, CMC)
Å Hyaluronates
Å Cross linked HA, CMHA-S Platform (Eyegate)
Å Poloxamers(PEO-PPO-PEO tri-block polymers)

Note:the following appear in approved products
Å Silicone
Å EVA
Å polyurethane
Å polyimide
Å Methacrylate-based polymer

poly-L-glutamic acid
poly-L-lysine
poly-asparticacid

Å Many polymers have been used for drug delivery research
Å PLGA, a polyanhydride, and a poly(orthoester) are in approved products
Å poly(ʁ -caprolactone) has been in an approved product
Å Most resorbablepolymers degrade to acidic products except polyketal
Å Most resorbablepolymers are insoluble in water; PEG has been used as a component to improve aqueous solubility

CRS LAII Workshop 20 July 2019 14



NON-RESORBABLE POLYMER PRODUCTS

ÅSeveral polymers have been developed in implant form
ÅEVA, silicone, polyurethane, polyimide, and a methacrylate-based polymer

ÅThe DUROS titanium implant is also available as a non-resorbable device

ÅDosage forms have been limited to implants to facilitate removal
ÅTypical implants are rod-shaped

Å Intravaginal and intrauterine products are also approved

ÅOnly small molecules or peptides have reached commercialization
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FDA APPROVED EXTENDED-RELEASE POLYMER PRODUCTS
(PLGA, ORAL, TRANSDERMAL EXCLUDED) ï3 PEPTIDE PRODUCTS HIGHLIGHTED

1. Bioresorbable

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

Product Drug Company Technology Indication Route
GLIADEL1 carmustine Arbor Pharmaceuticals polyanhydrideimplant (disk) glioma Intracranial

SUSTOL1 granisetron Heron Therapeutics triethyleneglycol poly(orthoester) gel antiemetic forcancer therapies SC
TESTOPEL1,2 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 USpolyimideimplant 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

JADELLE3 levonorgestrel Bayer silicone implant contraception Intradermal

TODAY4 nonoxynol-9 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 methacrylate-based implant central precocious puberty SC

VANTAS histrelinacetate Endo Pharmaceuticals methacrylate-based implant prostate cancer SC

NEXPLANON etonogestrel Organon USA EVA implant (with BariumSulfate) 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 productsfor ear implantation in steers and heifers only
COMPUDOSE estradiol Elanco silicone implant weight gain SC

ENCORE estradiol Elanco silicone implant weight gain SC
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FDA APPROVED EXTENDED-RELEASE PRODUCTSïNON-POLYMER
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# Product Drug Company Technology Indication Route

1 Zyprexa Relprevv Olanzapine Eli Lilly Suspension of salt particles Schizophrenia IM

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

Å5 FDA approved extended-release non-PLGA polymer products ïinjectable suspensions

ÅThese modern approvals are all in the schizophrenia indication

Note:  For completeness, there are two other schizophrenia commercial products based on PLGA:
Å Risperdal Constais a PLGA microsphere of respiridone(Jannsenςdeveloped by Alkermes)
Å Perserisis an in situ forming PLGA gel of respiridone(Indivior)



FDA APPROVED EXTENDED-RELEASE PRODUCTSïNON-POLYMER
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Å31 FDA approved extended-release non-PLGA polymer products ïinjectable suspensions

ÅIncluded here for completeness (and see prior slide for the other 5 products)
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LAI FOR COMPLIANCE IN SCHIZOPHRENIA 

ÅRisperdal Constais a microsphere formulation
ÅFirst product entrant 

ÅOther LAI products
ÅLong-acting injectable drug suspensions

ÅInsoluble drug alone as particulate suspension form (no other delivery system used)

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

ÅHigh dose drugs are the norm
ÅInvega Trinza, Abilify Maintenna, Aristada

ÅDrug dose 273 to 1,064 mg per dose (depending on duration)

ÅConcentration range 200 to 321 mg/ml

ÅDelivery system is an injectable suspension of milled drug for all cases
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CHARACTERISTICS OF APPROVED LAI PRODUCTS
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Drug Launch Dosing 
Frequency

Active 
Dose 
(mg)

Dose 
Volume (ml)

Drug 
Concentration 

(mg/ml)

Delivery Technology

Risperdal Consta 2003 2 weeks 25
37.5
50

2
2
2

12.5 mg/ml active
(32.8 mg/ml solids)

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

PLGA Microsphere suspension
381 mg/g miscrospheres
38% by weight

Invega Sustenna 2006 1 month 156
234

1
1.5

156 Palmitate ester prodrug of paliperidone
Injectable drug suspension

Invega Trinza 2015 3 month 273
410
546
819

0.9
1.3
1.7
2.6

303
315
321
315

Palmitate ester prodrug of paliperidone
Injectable drug suspension

Abilify Maintena 2013 1 month 300
400

1.5
2

200
200

Aripiprazole injectable suspension

Aristada 2015 
2017 

1 month
1 month
6 weeks

2 months

441
662
882

1,064

1.6
2.4
3.2
3.9

275
275
275
275

Aripiprazole lauroxilprodrug of 
aripiprazole 
Injectable drug suspension

Perseris 2019 1 month 90/120 0.6-0.8 150 Respiridonein PLGAin situ forming gel
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Aristada
US 2015 ς6 wks
US 2017 ς2 months

AristadaInitio US 2018
with oral mediations as start

Å Ready to use pre-flled syringe
Å Storage at RT
Å Shake vigorously for 15 seconds
Å Add needle and inject
Å 4 dosage strengths available
Å Injected every 4,6,8 weeks

Invega Trinza
US 2015 ς3 months

Å Ready to use pre-filled syringe
Å Storage at RT
Å Shake vigorously for 15 seconds
Å Add needle and inject
Å 4 dosage strengths available
Å Injected every 3 months

Images From Invega Trinza:

COMPETITIVE PRODUCT IMAGES
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IMPLANTABLE DEVICE-BASED APPROACHES
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ÅRing works well for intravaginal

application with many commercialized

ÅMatrix and reservoir systems in rod 

form are suitable for administration

in the arm and abdomen

ÅLocal administration in the back of

the eye has been achieved for small 

molecules



IMPLANTABLE FORMULATION APPROACHES
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Ref: Recent Innovations in Pharmaceutical Hot Melt Extrusion, AmerPharm Rev, 
September/October 2015, Kaoru Tominaga, Beverly Langevin, Edward Orton

ÅHot melt extrusion has 
been used with success to 
develop small molecule 
commercial products as 
well as small peptides 


