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Release Criteria - Current State of Affairs

Lot release for drug delivery systems utilize a set

of criteria that defined formulation performance
* Pulmonary delivery — plume geometry, particle
size, dose delivered
* Oral delivery — capsule/tablet dissolution time and
conditions, dose delivered
* Transdermal patches — dose release rate, etc.

 Liquid formulations for Subcutaneous (SC),
intramuscular (IM), intraocular (10O) injection — visual
iInspection (solution clarity), sterility, level of endotoxin/
pyrogens; no criteria for dose performance upon
administration



Potential Issues for Injection of Liquids

Current formulations are designed to

« Keep protein therapeutic stable in a vial for >2 years
* Minimize injection volume (high concentration)

* Minimize pain upon injection

Proteins can be stressed after injection by

« Transition from formulation to homeostatic conditions
* Physical stress due to change in pH
* Transition through pl?
« Change in concentration of stabilizing agents
 Alteration in stabilizing agent concentration
 Altered interactions with stabilizing agents



Possible Events After Injection
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What We Know

Site to site and patient to patient variability is
seen for bioavailability (%BA) outcomes.

Some differences may be caused by
pathological events and outcomes.

No animal model correlates to (%BA)
observed in man; %BA of human epoetin-f3 is
80% in dogs, 76% in rats, and 70% in mice
but only 20-36% in man; interferon-a has
42% BA in dogs but 80% in man; recent work
for mAbs with minipigs was not better.

Conditions/characteristics of physical and
chemical environments of the SC space are
species specific.

Insolubility/precipitation/binding upon injection
can lead to cellular responses and clearance.




What We Need

« Atractable in vitro model to examine the
potential impact of specific, individual post-
Injection events.

« A dynamic system that emulates approximate
time & conditions for post-injection transitions.
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What We Did — Simple but Effective

A dialysis-based system emulates transition events.
Injection site environment can be monitored in real time.
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Spectrophotometer
Heat pad

Magnetic stirrer
Beaker

Dialysis cassette
pH probe

Raman optics
Thermocouple
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Injection Chamber Validation

Dermarolller-induced defect in 14 kDa
MWCO dialysis membrane Permeability rates from injection chamber



The Extracellular Matrix (ECM)

Composed of an interlocking hydrogel
* Glycosaminoglycans
Hyaluronic acid
Collagens
Fibronectin
Elastin
 Laminins
Presents a net negative charge
« Can trap and store growth factors
Establishes a hydration reservoir



ECM Components Validation

Hyaluronic acid concentration in all the gels: Smg/ml

/

img/ml Collagen | 0.3mg/ml Collagen | 0.1mg/ml Collagen

@500 nm=37% T@500 nm=64% T@500 nm=89%

Pressure changes upon injection

Loss of HA from injection chamber




Insulin Formulation Outcomes

Rate, but not the extent, of insulin
release from the injection chamber
into the infinite sink is dependent
upon ECM elements

Composite graph of real-time
changes in pH, percent light
transmission (%T) and extent of
excipient observed in the infinite
sink for a slow-release insulin
formulation




Four mAbs Obtained from Genentech

Name *Isoelectric “Charge | Concentration Formulation Viscosity in
point (pl) atpH 7.4 in mg/mL and pH centipoise
mAb T 9.1 +13 150 200 mM 5
Arginine-based
buffer, pH 5.5
mADb F 8.7 +9.0 150 200 mM 12
Arginine-based
buffer, pH 5.5
mAD 2 7.6 +1.0 125 30 mM 80
Histidine-based
buffer, pH 6.0
mMAD L 6.1 5.3 125 30 mM 7

Histidine-based
buffer, pH 5.7




HA interactions for mAb T




HA interactions for mAb F




HA interactions for mAb 2




HA interactions for Ab L




Comparison of mAb-HA Interactions
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Events in the Injection Chamber

Composite graph of real-time
changes in pH and percent light
transmission (%T) for the mAb T
formulation with 5 mg/mL HA in the
injection cassette

Addition of hyaluronidase at 2 h
into the cassette containing 5 mg/
mL HA increased the released
fraction of mMAb T




An Interesting Correlation




A Gelled System for Sustained Release

* A\collagen and HA concentration W dextran diffusion
* Solute diffusion was slower in gelled formats

* Dextran release from 0.1% collagen/ 5 mg/mL HA gel = 0.1%
collagen 15 mg/mL HA solution

250000

3 Collagen/HA
$ 200000 .
Q '.... Z eieeeeess
£ 150000 e 0.01/5 Gel
E T - = 0.05/5 Gel
< 100000 e - = -0.1/5 Gel
b= P ---0.1/5
E 50000 /.:.:'_’._ .............. , ,,—/—y —0.1/15

0 = = ——— e =

0 50 100 150 200

Time (minutes)



Sustained release formulation injected into
gelled matrix

0.1% Collagen, S mg/mL HA gel format



Summary of Our Approach

No animal model has been identified that will correlate
with human in vivo outcomes — we have set up an in
vitro model that simulates dynamic events occurring at
the SC site after the injection of a biopharmaceutical.

The model monitors ECM interactions, pH changes,
protein turbidity, excipient concentrations and
spectroscopic properties.

The system is run over several hours at body
temperature and under conditions that examine specific
parameters for examination related to excipient-based
actions on protein stability.

Future s_tudjes will focus on correlation of this data with
human /n vivo outcomes.

Our model does not examine cell-mediated or immune
responses in the short (several hours) timeframe



What is Happening Now




Inside the breadbox
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