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VitalDos® EVA Excipients in dralyting devices
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GVAis a low-melting thermoplasta
nonresorbable and water insoluble
material that can be processedwith
active ingredients and formed into
shape
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History of EVA in FDA approved devices & drug products "D Celanese
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( .; Ophthalmic insert/Ocular implan\t

;. E.g. Pilocarpine release for
glaucoma; Ganciclovir for CMV
L retinitis D

( Dental implant
 E.g. Tetracycline release for

L Periodontitis

fg Subcutaneous implant (rod) A

‘ =~ E.g. Buprenorphine release for
ol addiction therapyEtonogestrel
4 | release for contraception D

_ Transdermal film
I . E.g. Estradiol for contraception,

Nicotine for addiction therapy,
Nitroglycerin for heart disease

Intravaginal ring ( Intrauterine device
E.g.Etonogestre “ E.g. Progesterone release for
Ethinylestradiotelease for L contraception

contraception

EVAis usedin parenteraldrug productsapprovedby US FDA and EMA
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Benefits of loneactingimplantable dosage forms "D Celanese
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More reliable drug dosing: no dose dumping or food eff¢Ctoxatto2000 Shell1984

Reduced risk of side effects due to continuous dosing [Lat@f# Shell1984 Dash1998 Leghal987

Delivery of drugs with shorh vivohalf-life [Langerl998 Shell1984

Local, sitespecific drug delivery [Byrriz014

Increased patient compliance & comfo@roxatto2000 Adams2009 Shell1984

Advanced abuseeterrence for delivery of opioids & stimulantszpe2017 Simon 2015 US FDA 2015]

) o

May offer lower overall costs compared to oral applicatibip&tz2009; Espey2011]

Parenteral delivery may enable delivery of drugs with narrow therapeutic window, extensivefias metabolism, severe sidefetts, poor water solubility
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Tradeoffs between bioresorbable and bioinert materials ' Celanese
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_ Advantages Disadvantages a

Bioresorbable A Suitable for a wide range of dosage A Tuning release rate can be challenging

polymers forms, inc!uding microspheres, in situ as mgltiple mechanisms can
gels, and implants contribute
(ex. PI—GA) A Microspheres and in situ gels can be s A Extended release of more than one
administered year seems difficult to achieve with
A No need to remove device when some resorbable chemistry
treatment is complete A Can be difficult or impossible to
remove implanted device if needed
A Not wellsuited for IVRs
Bioinert A Suitable for implants and intravaginal A Microsphere or gel will ndbioresorb
devices and would be difficult to explant
polymers A Avar . . .
variety of strategies to tune release A Material typically removed after
(ex. EVA) rate and control the release of a wide treatment

range of active ingredients
A Multiple years of treatment possible
with a single implant
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Understanding ethylene / vinyl acetate comonomer ratio effect on crystallinity
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Ethylene Vinyl Acetate (VA)
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Ethylene segments
pack into crystals
during solidification
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Changing the ratio of ethylene

and vinyl acetate in the polymer

controls crystallinity
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The effect of vinyl acetate content on release rate

In the solid state, EVA is a mix of crystallites and amorphous regions. Release mechanism: Active ingredient
. .. . .- diffuses out of polymer.

When more vinyl acetate is incorporated in the polymer, it increases

the amorphous fraction of the material.

Diffusion of a dissolved API only takes place in amorphous regions o

the material.
Amorphous o ’ )
regions The consequence of this is that release rate is often a stron
function of the vinyl acetate content of the polymer.
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Different scenarios for EVA controlled rele@ssorking with actives of
varying solubility
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Soluble API in EVA matrix

Partially soluble APl in

EVA matrix |
- . . Release rate . R ﬁ case :ja:oe
L. . . influenced by - * :]lqﬁuepgte % it
. ° ° °  (diffusivity and e e d:ru‘asmbﬁglgg;' Y,
=t device geometr - - . ’
© . Lo J Y * ' and device
: geometry
Soluble API in EVA matrix with Cacontinuous dispersion
rate-limiting outer layer of APl in EVA

Release rate
Influenced by
diffusivity and outer
layer thickness

R. LangeiChem Eng. Commun. 6 (1980348
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Release scenarios with partially soluble API
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Experiments conform to Higuchi mechanism "D Celanese
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80000 1-D Higuchi model: Cartesian
coordinates

0( 0,¢@60

70000 r

H 40% VA | M1 =55 g/10 min
Trmele = 98 °C

=]
=
[=]
[=]

40% VA | Ml =55 g/10 min
Tmerr = 125 °C

28%VA | MI = 25 ¢/10 min A Results conform to Higuchi
model.

50000 r

40000

A In many practical cases,
release from a monolithic
system conforms to this
model

28% VA | Ml = 3 g/10 min

30000 r

20000 r 9% VA | MI=8g/10 min

amount of released niacin [pug]

10000 |

t1/2 [h1/2]
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Moving from monolithic to multlayer systems "D Celanese
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Longterm drugdelivery implant for contraception \ on

Commercial implant releases therapeutic amounts of )

etonogestrel(ENG) for 3 years
3 One of the most reliable hormonal contraceptive methods
3 Multilayer subcutaneous zero order release implant E;zzogfnsge'
3 EVA core / EVA rate control membrane
3 68 mg ENG per implant (75 w8 ENG In core) szhdn1ljicm;"hdzl o
3 25¢40ug ENG released per day - / conenuion
3 Manufacturing in a HME process:-egtrusion Multilayer Structure : ----------------
3 Product launched 1999, still on market j [ \

' COP

— Zero-order Controlled Release Formulation

C. Schneider, R. Langer, D. Hait,dvedayJournal of Controlled Relea®é2 (2017) 284295
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Moving to higher molecular weight APIs ") Celanese
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R ) Bioactive model biologics
roteinstructure atasource www.rcsn.org

C. Schneider, R. Langer, D. Hait,dedayJournal of Controlled Relea282 (2017) 284295 . released from EVA matrices

EVA used to elute wide range of molecular and biological entities in solid parenteral dosage forms
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Release (¢Q)

Cyclosporin A releaseom EVA
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Celanese Studies to lllustrate CR of Cyclosporin A

3 Cyclosporine A compounded with 18 and 28% VA copolymers at two loading levels (0.28 and 1.4%, by weight)

3 Injection molded rings were made

3 In-vitro elution into aqueous buffers with some surfactant
3 Monitored daily for 28 days with daily replacement of buffer

@ Loading: 25mg Cyclosporine in 28% VA

7000 j @ Loading: 25mg Cyclosporine in 18% VA .‘.
6000 j < Loading: 5mg Cyclosporine in 28% VA e ._._. .’y _ 1195*(time in days)°-5
5000 -~ & Loading: 5mg Cyclosporine in 18% ‘\ﬁ..,. - R2 = 0.9992
4000 ¢ N od e y = 535*(time in days)°5
3000 R d ___ee@R?=0.9991
2000 - ."’ ___.ee0® " o090 y = 266*(time in days)°®°

. 4 o0®®® __+,,R2 0.9956
1000 $g00 Siees - 32et ISITIILL

A p4 $--eeee 2 Sk &0 0 Al y= 162*(time in days)°5

O T Y Y Y T I B TN I T N I | \\\\R220.9954
0 5 10 15 20 25 30
Time/Days

Data generated in collaboration with Particle Sciences, Inc. (2010)
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MW = 1203 g/mol

Parameters estimated using Higuchi cylinder model
Solubility

Diffusion
(Wt%) Coefficient
ché/sec

In 18% VA EVA: 0.14 2.5 x 109
In 28% VA EVA: 0.2 1.0x 16
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Tunable, steady release of a model protein
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Cumulative release (% of total loading)
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Bromelain used as a high
molecular weight model protein

\

Monolithic
release

100 200 300 400 500 600 700 800
Release time [h]

Polymer reservoir with
dispersed model protein
particles

Tunable membrane

Value Elements

A zeroorder release without burst effect
demonstrated in disc geometry

A simple mechanism to adjust rate
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EVA as potential new, differentiated oral excipient 2 Celanese
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3 Different property profile when compared with common oral excipients
Insoluble in water and alcohol
Semicrystalline, thermoplastic copolymer
Low glass transitionl{ <-30°C) and melting temperatures (as low asc450°C)
High impact resistance
Tunable drug permeability & elutidn

3 Reported technical value propositions for EVA copolymers in oral dosage forms
Tablets with tamperesistant properties (resistance against milling, crushing,weter
extraction & dose dumping):

Patent application US2015/0017250 describes tamper resistant oral formulations of Trar@idalsed on EVA
and different swelling agents, manufactured by HME

Prolonged/extended release tablet without pH effect:

Al-Nimryet al., J. Appl. Pol. S@013 41384149;Follonieret al,, J. Controlled Relead895 36(3), 243
250; Almeideet al. Eur. J. PharmBiopharm 2012 82(3), 526533

3 EVA not listed for oral use on FDA [IDB, but evaluations are ongoing

1: Follonier Drug Dev. Ind. Pharri994 20(8), 1323.339
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