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• 	
  Structure	
  

Poly(lactic-co-glycolic acid) (PLGA) 
for controlled release 

• 	
  Advantages	
  

e.g.,	
  PLGA	
  50/50,	
  m/n	
  =	
  1	
  
	
  	
  	
  	
  	
  	
  	
  	
  PLGA	
  75/25,	
  m/n	
  =	
  3	
  

Mw	
  ~	
  10	
  kDa	
  -­‐	
  100	
  kDa	
  

• 	
  Major	
  configura6ons	
  of	
  injectable	
  devices	
  

–  wide range of properties  – No daily injections   
–  ease of processing  – Control release rate 
–  predictable in vivo degradation kinetics  – Lower systemic toxicity 
–  FDA approval for use in humans  – Reduce booster doses (vaccines) 

microspheres (1 - 100 µm) millicylinders (∅ = 0.8-1.5 mm)  
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Top	
  FDA	
  approved	
  PLGA	
  LAR	
  products	
  

Name	
   Drug	
   Company	
   Dosing	
   Indica=on	
   Sales	
  

Risperdal	
  Consta	
   Resperidone	
   Janssen	
  
Alkermes	
  

1	
  mo	
   Schizophrenia	
  
Bipolar	
  	
  

1.4	
  B	
  

Sandosta6n	
  LAR	
   Octreo6de	
   Novar6s	
   1	
  mo	
   Acromegaly	
   1.5	
  B	
  

Zoladex	
   Goserelin	
   AstaZeneca	
   1,	
  3	
  mo	
   Prostate	
  Cancer	
   1.1	
  B	
  

Lupron	
  Depot	
   Leuprolide	
   Takeda/
Abbo_	
  

1,	
  3,	
  4,	
  6	
  mo	
   Prostate	
  Cancer	
   600	
  M	
  

Decapeptyl/
Telstar/	
  
Pamorelin	
  

Triptorelin	
   Ipsen/
Watson/	
  
Reddy	
  
Debiopharm	
  	
  

1	
  mo	
  
3	
  mo	
  
6	
  mo	
  

Prostate	
  Cancer	
   500	
  M	
  

Profact	
  Depot	
   Buserelin	
   Aven6s	
   2-­‐3	
  mo	
   Prostate	
  Cancer	
   500	
  M	
  

Bydureon	
   Exena6de	
   Amylin/BMS	
  
Alkermes	
  

1	
  wk	
   Type	
  2	
  Diabetes	
   350	
  M	
  

Eligard	
   Leuprolide	
   QLT	
   1,	
  3,	
  4,	
  6	
  mo	
   Prostate	
  Cancer	
   300	
  M	
  



Generic	
  LAR	
  product	
  approval	
  has	
  been	
  slow	
  

•  Complex	
  processes,	
  specialized	
  equipment,	
  specialized	
  
plants	
  

•  Small	
  process	
  and	
  raw	
  material	
  changes	
  could	
  result	
  in	
  
significant	
  product	
  changes	
  	
  

•  No	
  standard	
  in	
  vitro	
  drug	
  release	
  assay	
  predic6ve	
  of	
  in	
  
vivo	
  changes	
  exists	
  –	
  different	
  assays	
  =	
  variable	
  results	
  

•  Few	
  models	
  correla6ng	
  in	
  vitro	
  drug	
  release	
  with	
  in	
  vivo	
  
pharmacokine6cs	
  (efficacy	
  and	
  safety)	
  available	
  

Research	
  is	
  needed	
  to:	
  1)	
  fill	
  the	
  scien=fic	
  gaps,	
  2)	
  aid	
  in	
  
FDA	
  regula=on	
  development	
  for	
  LAR	
  and	
  3)	
  publish	
  data	
  
to	
  guide	
  generic	
  product	
  development.	
  	
  



1.	
  Dissolve	
  pep6de	
  and	
  excipients	
   1.	
  Dissolve	
  pep6de	
  and	
  excipients	
  

4.	
  Homogenize	
  for	
  w/o	
  emulsion	
  	
  

6.	
  In	
  flow	
  homogenize	
  for	
  w/o/w	
  

5.	
  Cool	
  and	
  mix	
  with	
  PVA	
  water	
  

7.	
  S6r,	
  	
  8.	
  Filter	
  and	
  9.	
  Centrifuge	
  

10.	
  Disperse	
  in	
  water	
  and	
  11.	
  Sieve	
  

11.	
  Add	
  excipients	
  and	
  12.	
  Lyophilize	
  	
  

Processes	
  for	
  leuprolide	
  solu=on	
  and	
  Lupron	
  Depot®	
  

2.	
  Filter	
  and	
  3.	
  Fill	
  vials	
   2.	
  Dissolve	
  and	
  3.	
  Filter	
  polymer	
  

13.	
  Prepare	
  diluent	
  

14.	
  Fill	
  dual-­‐chamber	
  syringes	
  

S.	
  Kamei,	
  US	
  Patent	
  No.	
  5,716,640.	
  1998.	
  

Lupron	
  Depot®	
  process	
  ~	
  14	
  steps	
  
Leuprolide	
  Solu=on	
  ~	
  3	
  steps	
  
	
  
Many	
  more	
  process	
  variables	
  	
  
could	
  affect	
  Lupron	
  Depot®	
  
performance	
  in	
  vivo	
  	
  

Lupron	
  Depot®	
  process	
  	
  Leuprolide	
  solu=on	
  process	
  



Equivalent	
  formula=ons	
  made	
  by	
  different	
  processes	
  
can	
  result	
  in	
  drug	
  release	
  differences	
  

Two	
  equivalent	
  Q1/Q2	
  formula=ons	
  	
  
of	
  triamcinolone	
  acetonide	
  in	
  PLGA	
  
	
  
Process	
  1:	
  oil-­‐in-­‐water	
  emulsion	
  (O/W)	
  
Process	
  2:	
  solid-­‐in-­‐oil-­‐water	
  	
  

	
  	
  	
  	
  	
  	
  	
  	
  suspension-­‐emulsion	
  (S/O/W)	
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Process	
  differences	
  result	
  in	
  drug	
  release	
  	
  
differences	
  
	
  
Release	
  differences	
  will	
  likely	
  result	
  in	
  	
  
in	
  vivo	
  PK,	
  efficacy	
  and	
  toxicity	
  differences	
  

O/W	
   S/O/W	
  

O/W	
  	
  	
  	
  	
  	
  	
  	
  	
  
S/O/W	
  



Mul=ple	
  mechanisms	
  of	
  release	
  from	
  PLGA	
  
need	
  to	
  be	
  considered	
  

	
  
	
  
Physical	
  principles	
  that	
  govern	
  
release	
  of	
  pep6des	
  and	
  proteins	
  
from	
  polymers.	
  
	
  
A:	
  Diffusion	
  through	
  percola6ng	
  clusters.	
  
B:	
  Diffusion	
  out	
  of	
  a	
  “trap”	
  created	
  by	
  
	
  	
  	
  	
  	
  constric6ons	
  between	
  pores.	
  
C:	
  Osmo6cally	
  induced	
  mass	
  transfer	
  
	
  	
  	
  	
  	
  or	
  new	
  pore	
  forma6on.	
  
D:	
  Erosion	
  of	
  the	
  biodegradable	
  polymer.	
  
	
  
From:	
  Schwendeman	
  et	
  al.,	
  in	
  Controlled	
  
Drug	
  Delivery	
  Challenges	
  and	
  Strategies,	
  	
  
Park	
  (ed),	
  ACS:	
  Washington	
  DC,	
  1997.	
  



Different	
  release	
  condi=ons	
  =	
  Different	
  results	
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-­‐  Selec=on	
  of	
  drug	
  release	
  condi=ons	
  that	
  are	
  predic=ve	
  	
  
of	
  in	
  vivo	
  release	
  is	
  needed	
  
	
  

-­‐  Drug	
  proper=es	
  (solubility,	
  size)	
  and	
  mechanism	
  of	
  release	
  	
  
(diffusion,	
  erosion)	
  need	
  to	
  be	
  considered	
  for	
  assay	
  development	
  

PBST	
  pH	
  5.5	
  
PBST	
  pH	
  6.5	
  
0.05M	
  HEPES	
  pH	
  7.4	
  
PBST	
  pH	
  7.4	
  
PBST	
  pH	
  7.4	
  +	
  0.01%TC	
  
PBST	
  pH	
  7.4	
  +	
  0.1%	
  TC	
  
10%	
  serum	
  in	
  PBS+0.05%	
  NaAzide	
  



Human	
  PK	
  used	
  to	
  predict	
  exena=de	
  in	
  vivo	
  release	
  and	
  
	
  compare	
  it	
  with	
  in	
  vitro	
  release	
  	
  

In	
  vitro	
  release	
  from	
  Bydureon®	
  microspheres	
  compared	
  with	
  calculated	
  	
  
cumula=ve	
  absorp=on	
  by	
  the	
  Wagner-­‐Nelson	
  method	
  and	
  human	
  PK	
  data.	
  	
  
A	
  first	
  step	
  for	
  in	
  vivo/in	
  vitro	
  correla=on	
  (IVIVC)	
  development.	
  

 

 

the assumptions of: a one compartment model (as suggested by pharmacokinetics of the immediate release 
dosage form, Byetta), a literature reported elimination rate constant of 0.289 h-1 [22], and by using the 
Wagner-Nelson method with PK of the Bydureon [22]. 
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Figure 3.  Initial in vitro release analysis of the Bydureon microspheres, which slowly release exenatide for 
treatment of type 2 diabetes.  A—Micrographs of Bydureon microspheres.  B—In vitro release of exenatide 

from Bydureon PLGA 50/50 microspheres at 37 oC monitored at 215 nm by UPLC compared with calculated 
absorption rate based on the Wagner-Nelson method with human PK data [22], literature values of 

elimination rate constant [22], and assumption of 1-compartment kinetics, consistent with immediate release 
PK [22]. 

 
C. 3.  Evaluation of release of leuprolide from PLGA 50/50 microspheres (relevant to Tasks 2&3). 
     We have evaluated extensively controlled release of leuprolide from PLGAs [21,23] in vitro release 
assays.  The peptide is quite stable in common release media, such as PBST, pH 7.4. Porous, drug-free 
PLGA 50/50 microspheres (ester end-capped, i.v. = 0.6 dl/g) were prepared using W/O/W double emulsion 
solvent evaporation methods. These blank particles contained 3% MgCO3 as a pore-forming agent and 
trehalose to create an interconnected pore network for peptide loading.  The particles were then incubated in 
an aqueous solution of a model peptide, leuprolide, at elevated temperature to load peptide into the particles 
and heal the pores. Images of microspheres before and after peptide loading are shown in Figs. 4A-B [23]. 
Using the aqueous self-encapsulation method (selfCAP), leuprolide was loaded into PLGA microspheres at 
3% (w/w), which was confirmed by both peptide extraction/HPLC and amino acid analysis[23]. In vitro 
release of leuprolide from these microspheres exhibited slow and continuous release after a low initial burst 
(Fig. 4C). Controlled release was observed over two months in vitro. In vivo efficacy was determined by 
measuring serum testosterone levels following a one injection of leuprolide-loaded PLGA microspheres, one 
injection of leuprolide solution (one month dose-negative control), one injection of blank microspheres 
(negative control), and 2 injections of 1-month Lupron DepotTM. One injection of the self-encapsulating 
microspheres described here lowered testosterone levels beneath castration levels for > 6 weeks 
comparable to two doses of 1-month Lupron DepotTM (> 8 weeks castration suppression) (Fig. 4D). 
 

!

!

!

!
!

! 



Levels	
  B	
  &	
  C	
  

was plotted versus the time for in vitro release of the
same amounts of drug (Levy plot).

Visual inspection of the plots suggests a good
correlation of the release profiles. However, the best
correlation coefficient was obtained when using the
Levy plot. The relationship obtained from the Levy
plot indicates that the curves are not superimposable
due to the different slope and an intercept different

from zero. From the intercept, the lag time in vivo was
estimate to be 4.05 days.

4. Conclusion

The release of buserelin from three different bio-
degradable implants was determined in vitro and

Fig. 4. Plot of percentage of dose absorbed in vivo versus percent released in vitro (a) and Levy plot obtained from times for 0–90% buserelin

released in vitro and absorbed in vivo (b).

G. Schliecker et al. / Journal of Controlled Release 94 (2004) 25–37 35

percentage of drug released in vitro after 48 h (D48 h)
and between T50% and AUC0–1 day. A good correla-
tion was observed between these parameters and cor-
relation coefficients varied from 0.977 to 0.999 (Table
5). No correlation was found between T50% and Cmax

in vivo.
Since level C correlation represents a single point

comparison and does not reflect the complete shape of
the plasma level profile, this type of correlation is not
predictable of actual in vivo performance and is
generally only useful as reference in formulation
development or as a product quality control reference
procedure. Level B IVIVC was investigated for MDT
in vitro versus MRT in vivo and a good correlation
was obtained (R2 = 0.98).

However, a level A IVIVC is considered to be the
most informative and is thus recommended for reg-
ulatory purposes. Therefore, the amount of drug
absorbed after s.c. administration of formulation F,
which was of interest for further development, was
calculated by the Wagner Nelson method using the
linear trapezoidal rule. For testing a level A IVIVC,
two methods were used: (1) the percentage of drug
absorbed up to time t was plotted versus the amount
of drug released in vitro (Fig. 4) and (2) the time in
vivo for 0-10-20-30-40-50-60-70-80-90% absorbed

Table 3

Mean (F S.D.) pharmacokinetic parameters following s.c. administration of buserelin in dogs (n= 4)

Formulation Cmax
a (ng/ml) Tmax

b (h) AUC0– 1
c

(ng/ml!day)
AUC0– 4

d

(ng/ml!day)
AUC0–l

e

(ng/ml!day)
MRTf

(days)

F g (%)

E 43.1F 5.6h 4F 0h 17.6F 4.7h 51.5F 11.4h 101.9F 12.0h 3.8F 1.4h 84.2F 17.3h

1018F 250i 24F 0i n.d.i n.d.i 4262F 752i 6.6F 0.6i n.d.i

F 13.1F 3.7h 146.4F 37h 1.3F 0.6h 17.7F 12.2h 106.2F 14.5h 9.9F 1.5h 92.8F 17.9h

508F 55i 136.8F 27i n.d.i n.d.i 4370F 574i 11.0F 1.0i n.d.i

G 14.1F 8.3h 4F 0h 8.2F 3.0h 20.6F 5.3h 79.9F 8.5h 15.6F 3.7h 73.1F14.3h

405F 103i 24F 0i n.d.i n.d.i 3303F 197i 18.4F 3.7i n.d.i

n.d. = not determined.
a Maximum plasma/urine concentration.
b Time to achieve maximum concentration.
c Area under the plasma/urine concentration– time e from zero time to 24 h.
d Area under the plasma/urine concentration– time curve from zero time to 4 days.
e Area under the plasma/urine concentration– time curve from zero time to infinity.
f Mean residence time.
g Bioavailability.
h Obtained from plasma data.
i Obtained from urine data.

Table 4

ANOVA test for pharmacokinetic parameters determined from

plasma data of different buserelin implants

Parameter E versus F F versus G

Cmax P< 0.05 n.s.

Tmax P< 0.05 P< 0.05

MRT P< 0.05 P< 0.05

AUC0–1 P< 0.01 P< 0.05

AUC0–4 P< 0.05 n.s.

AUC0–l n.s. P< 0.05

n.s.: no statistically significant differences.

P-value indicated the comparison of values of each groups obtained

by Student’s t-test.

Table 5

Correlation coefficients between in vitro dissolution and in vivo

pharmacokinetic parameters

In vitro

parameter

In vivo

parameter

R2 Slope Intercept

MDTa MRTb 0.983 1.0224 " 1.7477

T63.2%
c MRT 0.9863 0.9318 " 1.888

T50%
d AUC0–24 h

e 0.9993 " 2.0299 19.914

D48 h
f Cmax

g 0.9774 0.8354 " 8.3737

a Mean dissolution time.
b Mean residence time.
c Time required to dissolve 63.2% of drug.
d Time required to dissolve 50% of drug.
e Area under the serum concentration– time curve from zero

time to 48 h.
f Percentage of drug dissolved after 48 h.
g Maximum serum concentration.

G. Schliecker et al. / Journal of Controlled Release 94 (2004) 25–3734

Level	
  A	
  

Schliecker et al., J. Control. Rel., 94, 25-37 (2004) 

In vitro/in vivo correlation model 	
  



Summary	
  
•  Despite	
  the	
  large	
  health	
  economic	
  need	
  there	
  are	
  no	
  generic	
  

long-­‐ac6ng-­‐release	
  (LAR)	
  products	
  approved	
  in	
  the	
  USA	
  
currently	
  

•  LAR	
  product	
  complexi6es	
  make	
  it	
  difficult	
  for	
  generic	
  
companies	
  to	
  produce,	
  and	
  for	
  FDA	
  to	
  regulate,	
  LAR	
  products	
  

•  Process	
  changes	
  can	
  result	
  in	
  markedly	
  different	
  performance	
  
or	
  Q1/Q2	
  equivalent	
  LAR	
  products	
  

•  Research	
  in	
  regulatory	
  sciences	
  on	
  how	
  process	
  changes	
  affect	
  
LAR	
  products,	
  development	
  of	
  predic6ve	
  in	
  vitro	
  release	
  
assays,	
  and	
  IVIVC	
  models	
  will	
  greatly	
  help	
  approval	
  of	
  generic	
  
products	
  and	
  further	
  LAR	
  development	
  

•  FDA	
  sponsored	
  research	
  will	
  increase	
  the	
  body	
  of	
  scien6fic	
  
knowledge	
  about	
  LAR	
  formula6ons	
  and	
  will	
  guide	
  development	
  
and	
  approval	
  of	
  safe	
  and	
  efficacious	
  LAR	
  drug	
  products	
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