
I m p lan t ab le 
Sy st em s an d  
Micr opar t i c le  Depot s

Me e t i n g  t h e  Fo r m u l a t i o n  a n d  
Ma n u f a c t u r i n g  Ch a l l e n g e s  o f  
Lo n g - Ac t i n g  D r u g  D e l i v e r y
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• What  are im plants and depots?

• Why im plants and depots?

• I m proved pat ient  com pliance & im proved efficacy =  I m proved outcom es
• Reduced adm inist rat ion frequency
• Bypasses gast r ic and hepat ic first  pass degradat ion of API
• Cont rolled drug delivery level
• Long- last ing drug delivery
• Local or system ic drug delivery

• Revenue potent ial of novel dosage form
• Drug lifecycle m anagem ent
• I P

I n t r o d u c t i o n
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Ex a m p l e s  Of  I m p l a n t s

I nt ravaginal I nt raocular  Sub-cutaneous I nt rathecal       I nt raocular

Cont racept ion
HRT

Cancer
Moistur izing

~  weeks
1 year (2020)

Uveit is
Diabet ic Macular 

Edem a

~  years

Cont racept ion
Diabetes

Opioid 
Addict ion

~  years

Occusert I luvien
I m planon (Nexplanon)

Norplant  (Jadelle)

Nuvaring
Est r ing

Recurrent  
Gliom a

~  weeks

Glaucom a
AMD

~  m onths

BioresorbableBiodurable

Gliadel wafer Ozurdex
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Ex a m p l e s  Of  D e p o t s

 Vivit rol®  by Alkerm es
− Act ive I ngredient :  Nalt rexone
− Route of Adm inist rat ion:  I nt ramuscular
− Approval Date:  1984
− I ndicated for the t reatment  of alcohol/ opioid dependence

 Sandostat in®  LAR Depot  by Novart is
− Act ive I ngredient :  Oct reot ide
− Route of Adm inist rat ion:  Subcutaneous
− Approval Date:  1998
− I ndicated for t reatment  of acromegaly, severe diarrhea/ flushing episodes 

associated with metastat ic carcinoid tumors and VI P-secret ing tumors

 Arest in®  by OraPharm a
− Act ive I ngredient :  Minocycline HCl
− Route of Adm inist rat ion:  Periodontal
− Approval Date:  2001
− I ndicated as an adjunct  to scaling and root  planning (SRP)  procedures 

for reduct ion of pocket  depth in pat ients with adult  periodont it is

 Risperdal Consta®  by Janssen
− Act ive I ngredient :  Risperidone
− Route of Adm inist rat ion:  I nt ramuscular
− Approval Date:  2003
− I ndicated for the t reatment  of schizophrenia and bipolar I  disorder

 Lupron Depot®  by AbbVie
− Act ive I ngredient :  Leuprolide acetate
− Route of Adm inist rat ion:  I nt ramuscular
− Approval Date:  1989
− Mult iple indicat ions including prostate cancer, cent ral precocious 

puberty, fibroids and endometr iosis

Dosing Frequency

Every 4  
w eeks

Every 4  
w eeks

Variable

Every 2  
w eeks

Every 1 , 3  or  
6  m onths

American Pharma Review



Par t  1

Biodu r ab le an d  
Bio r esor bab le 
I m p lan t s
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I nt ra-ocular I nt ra-ocular

I nt ra-vaginal

Sub-cutaneous

I nt ra-urethral

I nt ra- thecal

I nt ra-arter ial

BI ODURABLE I MPLANTS BI O-RESORBABLE I MPLANTS

Fickian Diffusion Polym er degradat ion
Weeks to years Weeks to m onths
Possibly ster ile Always ster ile
I ntact  on rem oval Com pletely degraded

Short  to long term  drug delivery
explantat ion st raight forward

Short  to m edium  term  drug delivery
explantat ion undesired or im possible)
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Design Manufacture

in vit ro Test ing

Th e  Ke y  Ch a l l e n g e s
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Design

Th e  Ke y  Ch a l l e n g e s
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Ma t r i x  o r  Re se r v o i r ?

Zero order release

First  order release

Core-sheath Reservoir I m plant

Mat r ix I m plant
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What Dimensions?
R o d  D i a m e t e r  A f f e c t s D r u g  R e l e a s e  R a t e
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What Dimensions?
S h e a t h  T h i c k n e s s  A f f e c t s D r u g  R e l e a s e  R a t e
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W h i ch  D r u g  Lo a d i n g ?
D r u g  L o a d i n g  A f f e c t s  Re l e a s e  Ra t e
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Polymers must  be
• Made under cGMP
• Biocom pat ible

• I SO10993
• USP< 1031>
• USP class VI  (prolonged 

m ucosal contact )
• Supported by a m anufacturer 

DMF

W h i ch  Po l y m e r ?
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W h i ch  Po l y m e r ?

PCL

Polyanhydrides

PLGA

PGA

PLA

EVA

TPU

Polyim ide

PVA

PEPVC

PTFE

Silicone
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W h i ch  Po l y m e r ?
Po l y m e r  c h o i c e  a f f e c t s  d r u g  r e l e a s e  r a t e

Lubrizol Pathw ay™ Polyurethanes

Pathway PY-PT60DE

Pathway PY-PT95AE60

Pathway PY-PT87AE
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W h i ch  Po l y m e r s?
D r u g  S o l u b i l i t y i n  Co r e  a n d  S h e a t h  Po l y m e r s
Co n t r o l s  D r u g  Re l e a s e  Ra t e
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W h i ch  Po l y m e r ?
Po l y m e r  Ch e m i s t r y  A f f e c t s  D e g r a d a t i o n  Ra t e  
( D r u g Re l e a s e  Ra t e )

Relat ive degradat ion rates:  PGA <  PLA < <  PLGA
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W h i ch  Po l y m e r ?
Po l y m e r  Co m p o s i t i o n  A f f e c t s  D e g r a d a t i o n  Ra t e
( D r u g  Re l e a s e  Ra t e )  

PLGA
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Manufacture

Th e  Ke y  Ch a l l e n g e s
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Twin Screw Hot  Melt  Ext rusion

Feeder(s)

Barrel containing screws

Ho w  To  Mi x  API  i n  Po l y m e r ?

Photo courtesy of Lestritz.
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Ho w  To  Ma k e  Ma t r i x  I m p l a n t s?

EXTRUSI ON I NJECTI ON MOLDI NG

Process Cont inuous Batchwise

Output Rods or tubes (catheters) “Any" form  factor

Throughput Lim ited by barrel dim ensions and flow rates Lim ited by m old cavity num ber and cycle t im e

Cost
Relat ively I nexpensive 

Custom  dies
Requires cut t ing m achine

Relat ively inexpensive
Potent ially expensive m olds

Other Sprue residues?
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Cont inuous process

Requires two single screw ext ruders

Ho w  To  Ma k e  Re se r v o i r  I m p l a n t s?
1 .  Co r e  Sh e a t h

Revert 

di

e
dieCross-head

Core formulation

Sheath formulation
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Cont inuous process

Requires two single screw ext ruders

Ho w  To  Ma k e  Re se r v o i r  I m p l a n t s?
2 .  Co r e  Sh e a t h - sh e a t h

Cross-head

Core formulation

Sheath 1 formulation Sheath 2 formulation
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Ho w  To  Ma k e  S i l i co n e  I m p l a n t s?

HEATED MOLD

• API  in one or both liquid 
prepolym ers (A & B)

• Chem ically cure in mold 
cavit ies (heat )  
• API  stability?

• Requires Sn or Pt catalyst
• API  com pat ibility?

• Slow batch process (cure 
takes t im e)

• Potent ial for ethanol evolut ion
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Ho w  t o  Ma n u f a c t u r e  W i t h  L i m i t e d  Ma t e r i a l s?

Turbula m ixer
(API  +  polym er)

Mini inject ion m olderMini twin screw ext ruder
(10 m m  screw, 10g batch)

Vacuum  com pression m older

VCM tool

Opt ions:  
• Solut ion cast ing
• Powder m ixing and sm all scale therm al 

form ing
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in vit ro Test ing

Th e  Ke y  Ch a l l e n g e s
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i n  v i t r o  D r u g  Re l e a se  Te s t i n g  ( I VRT)

• Measure of drug release in a cont rolled laboratory environm ent

• Test  must  be representat ive, sensit ive, and reproducible 
• Medium that  reflects in vivo condit ions
• Select ion of appropriate st irr ing/ soaking procedure
• I m portance of ident ify ing and m aintaining sink condit ions
• Proper sam pling frequency
• Proper test  durat ion
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i n  v i t r o  D r u g  Re l e a se  Te s t i n g

I VRT is Good for:

 Assessing effects of materials and design choices
 Est imat ing t imeframe of drug release
 Predict ing long term  release from  “short ”  term  data
 Developing /  refining /  validat ing im plant  m odels
 Batch release test ing

i n  v i t r o  D r u g  Re l e a se  Te s t i n g  ( I VRT)
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i n  v i t r o  D r u g  Re l e a se  Te s t i n g

I VRT is NOT good for predict ing in vivo perform ance

• Use I VRT wisely
• Go in vivo ASAP!

i n  v i t r o  D r u g  Re l e a se  Te s t i n g  ( I VRT)
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I m p l a n t  Ch a l l e n g e s  Su m m a r y

Successful im plant  developm ent  depends on properly addressing the challenges of:  

Design
• Materials
• Form

Manufacture
• Process
• Scale

in vit ro Test ing
• Set  up
• I nterpretat ion



Par t  2

Bio r esor bab le 
( Micr opar t i c le)  
Depot s



© 2019 The Lubrizol Corporation.32

W h a t  S i ze  a r e  Mi c r o p a r t i c l e  
D e p o t s?

nm

I mage courtesy of Nanomi BV

Water Glucose Ant ibody Virus Bacteria Cancer cell A period Baseball

0.1 1 10 100 1,000 10,000 100,000 1,000,000 10,000,000 100,000,000
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D e p o t  Fe a t u r e s

Solid m icrospheres Dry powders
( reconst itut ion)  

Sterile Parenteral ROA Degrade com pletely 
(~  m onths)  
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W h y  Mi c r o p a r t i c l e  D e p o t s?

Reduced dose frequency
prolonged delivery

(pat ient  com pliance)

Accurate delivery 
of sm all quant it ies 

of potent  drugs

Protect ion 
of labile API s

Avoids first-pass 
degradat ion

Sustained and Controlled delivery of an API over long periods of time
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Ke y  Ch a l l e n g e s

• Som e challenges sam e as with resorbable im plants
• Which polym er?
• Ensuring API  stability with polym er degradants
• Which ster ilizat ion process?

• And som e new ones…
• What  part icle size (dist r ibut ion)?
• What  m anufacturing process?
• How to prevent ing agglom erat ion? 

• During product ion
• During lyophilizat ion

• How to handle residual solvents
• How to conduct  I VRT with m icropart icles
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W h a t  Pa r t i c l e  S i ze  &  D i s t r i b u t i o n ?

MonodispersePolydisperse

Phagocytosis Poor syr inge-ability
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W h a t  Ma n u f a c t u r i n g  Pr o ce ss?

Em ulsificat ion /  Evaporat ion Mem brane Em ulsificat ion
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Emulsifiers
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Ho w  To  Pr e v e n t  Pa r t i c l e  
Ag g l o m e r a t i o n ?

During Product ion
• Correct  choice of emulsifier (polymers)
• Correct  choice of solvent
• Opt im um  m ixing t im e
• Opt im um  solvent  rem oval protocol

During Lyophilizat ion
• Correct  Choice of lyoprotectant (sugars)
• Proper lyophilizat ion cycle developm ent
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I CH Guidelines explicit ly state which solvents fall into each category

Ho w  t o  Ha n d l e  Re s i d u a l  So l v e n t s?

• I CH guideline Q3C (R7)  on im purit ies:  guideline for residual solvents
• Places residual solvents in three classes:

• Class 1  solvents: Solvents to be avoided

• Known hum an carcinogens, st rongly suspected hum an carcinogens, and 
environm ental hazards.

• Class 2  solvents: Solvents to be lim ited

• Non-genotoxic anim al carcinogens or possible causat ive agents of other 
irreversible toxicity such as neurotoxicity or teratogenicity.

• Solvents suspected of other significant  but  reversible toxicit ies.
• Class 3  solvents: Solvents w ith low  toxic potent ia l

• Solvents with low toxic potent ial to m an;  no health-based exposure lim it  is 
needed.

• Class 3 Solvents have PDEs of 50 m g or m ore per day. 
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Ho w  t o  Ha n d l e  Mi c r o p a r t i c l e s  I n  
I VRT?

• Standardized com pendial apparatus
• Flexible configurat ion

• open loop m ode (eluent  to waste)  for poorly soluble 
drugs

• closed loop (eluent  recycled through cell)  for bet ter 
sensit iv ity

• Auto-sam pling and in- line detect ion possible

Apparatus 4
(USP< 711> )

Glass beads

Carefully int roduced 
depot  sam ple

Glass beads

• I nexpensive
• Potent ially higher 

throughput

Depot  
sam ple

cent r ifuge

Micropart icle
sedim ent

Rem ove
Supernatant
Aliquot
For analysis
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Ca se  St u d y :  Mi c r o p a r t i c l e  
Fo r m u l a t i o n  a n d  Ch a r a c t e r i za t i o n

• Goal:  Preparat ion and character izat ion of API  
loaded m icropart icle depot  form ulat ions 

• Study Design:
• Polym ers:  Different  grades of PLGA 

( lact ide: glycolide rat io and MW)
• API :  Dexamethasone (widely used 

cort icosteroid with ant i- inflam m atory and 
im m unosuppressant  propert ies)

• Part icle propert ies:  Measure part icle size 
dist r ibut ion and in vit ro release DEXYCU®  Depot

(Dexam ethasone int raocular suspension)

DEXYCU® is a registered trademark of EyePoint Pharmaceuticals, Inc.​
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Ca se  St u d y :  Ma t e r i a l s  a n d  Me t h o d s

• Polym ers
• PLGA 50: 50 (Lact ide: Glycolide) ;  I nherent  viscosity 0.2 dL/ g
• PLGA 75: 25 (Lact ide: Glycolide) ;  I nherent  viscosity 0.2 dL/ g

• API
• Dexamethasone;  target  loading ~ 20%  w/ w part icle

• Manufacturing Methods
• Em ulsion/ solvent  evaporat ion approach using:

• Dip-style (batch)  hom ogenizer
• I n- line (cont inuous process)  homogenizer
• Micropore/ m icrofluidic process
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Ca se  St u d y :  Ch a r a c t e r i za t i o n

Property Test  Method

Appearance Opt ical Microscopy

Part icle Size Dist r ibut ion Laser Diffract ion

Assay HPLC

I n Vit ro Release Test ing –
accelerated

USP Apparatus I V

Opt ical m icroscopy of PLGA m icropart icles
USP apparatus IV
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Ca se  St u d y :  Pa r t i c l e  Pr o p e r t i e s

BATCH 1 BATCH 2 BATCH 3

Polym er 75: 25 PLGA 50: 50 PLGA 50: 50 PLGA

Polym er I V 0.2 dL/ g 0.2 dL/ g 0.2 dL/ g

Process
Batch 

hom ogenizat ion
Batch 

hom ogenizat ion
Micropore

Mean 
Part icle Size

20.3 µm 43.4 µm 22.9 µm

Drug 
Loading

22.5%  w/ w 21.5% 17.3%
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The greatest  difference in m ean part icle size led to the greatest  difference in release profiles.
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• Batch 1, 20 µm mean, 75:25 PLGA 

• Batch 2, 43 µm mean, 50:50 PLGA 

• Batch 3, 23 µm mean,  50:50 PLGA

• Batch 2, 43 µm mean, 50:50 PLGA 

Ca se  St u d y :  I n  V i t r o  Re l e a se  Te s t i n g

%  Released vs. Tim e %  Released vs. Tim e
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Different  m anufactur ing m ethods led to sim ilar m ean part icle sizes and release profiles.
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• Batch 1, 20 µm mean, dip homogenizer

• Batch 3, 23 µm mean, micropore

Ca se  St u d y :  I n  V i t r o  Re l e a se  Te s t i n g

%  Released vs. Tim e
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Mi c r o p a r t i c l e  D e p o t  Su m m a r y

Design
• Materials
• Part icle Size

Manufacture
• Process
• Scale

Characterizat ion
• Set  up
• I nterpretat ion

• Desired dosing features:
Sustained and cont rolled delivery of API s

• Challenges:  
Part icle size, materials select ion, residual 
solvents, release rate, agglomerat ion

• Success achieved by:  
Formulat ion design, manufacturing execut ion 
and analyt ical expert ise
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• Many advantages and new product  opportunit ies

• Complex developm ent , requir ing:
• Specialized equipm ent
• Materials and design choices
• Careful use of I VRT
• Experienced, expert  team

The Health business of Lubrizol Life Science is your
partner for im plant  and depot  developm ent / m anufacturing.

Ov e r a l l  Su m m a r y :  
I m p l a n t s  a n d  D e p o t s  



Visit  us at  
www.Lubrizol.com / Health
to learn m ore!

Quest ions?

http://www.lubrizol.com/Health
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