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Perception Dilemma

Is A the same as B”?




Perception Dilemma

s A the same as B?
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Perspective Limitation

https://commons.wikimedia.org/wiki/File:Normalperspektive_zwei_Fluchtpunkte.svg



Purpose of an IVRT. The Why

* Product development (formulation screening, product
understanding)

* Quality control (batch-to-batch consistency)
« Bioequivalence (sameness)

* Inlieu of in vivo test (IVIVC, Post-approval supplements)



Challenges in IVRT for Complex Ophthalmics

 Variable release characteristics, depending on dosage form
* Generally, lack of understanding in drug release mechanism
* The need to separate the particles from “released” drug

* Physiological constrains such as short ocular residence time,
contrasting long IVRT duration

« Challenging to demonstrate the method is discriminative (against
formulation and process changes)



A Good IVRT Is:

Reproducible and

Precise
e.qg., low CV%

Robust

e.g., against minor
disturbance to
method

Discriminatory

Sensitive

e.g., known changes in
quantity like sample with
25%, 50%, 100% drug
loading

Selective

e.qg., able to detect
differences in sample
if CQAs changed,
such as particle size



Three Examples

Ointment Suspension Emulsion
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N cm* surface) J N J
* Long release duration (hours) « Rapid release (under sink-condition) or ~ « Most complex (multiphasic: rapid and
» Compendial setups available « Slow release when membrane separation  slow components)
(common) technique is used (e.g., dialysis) » Membrane separation is almost always
* A new kinetics theories (Transient- « Developed Non-sink condition methodto  used but has severe limitations
Boundary vs. Higuchi) capture rapid release (within seconds) » Developed New method to capture the
and achieve discriminatory power multiphasic behavior (however, may be

years away from usage) 8



Example 1: Ointments FOA

Vertical diffusion cell (VDC) A,B,C USP 4 with semisolid cell

__~ Return Port

e Fitting
i (optional)

Easi-Lock

Adapter Ring Pump

Flat-Bottom
Vessel

Mini Spin-
Paddle

Ointment Cell
Assembly
inavessel

» Acyclovir ophthalmic ointment, prepared in-house

» Oleaginous base (i.e., only petrolatum)
» Acyclovir remains as solid particles (not soluble in petrolatum)
» Three setups recommended by USP (for semisolids)

« Recommend to fit Higuchi release, and using T/R ratio to compare reference and test product (8t and 29t
percentile)




IVRT for Ointments Using Immersion Cells

o | | 1

200 rpm USP [l Apparatus equipped with enhancer cells
|| TN PN

O ———
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(or sampling probe)

/
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A+ @37° Q)
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surface) . =

X. Xu, et al. 2015. Formulation and process factors influencing product quality and in vitro performance of ophthalmic ointments. International Journal of Pharmaceutics. 493 (1-2), pp. 412-425. 10



Acyclovir Release From Three Types of Ointment Bases
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X. Xu, et al. 2015. Kinetics of Drug Release from Ointments: Role of Transient-Boundary Layer. International Journal of Pharmaceutics. 494 (1), pp. 31-39. 11



ew Transient-Boundary Layer (TBL) Theory
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Higuchi theory

Ah after At

Ao

Perfect
Sink

—_—
Direction of depletion 4———

X. Xu, et al.

d0 D(C-C")
dt h
a _ 4 G
dh 2

Q,, <At

Direction of
diffusion

VS.

Petrolatum

Transient-
Boundary
Layer

Aqueous
Media

TBL theory

°__ Dispersed API (solid-state)

with concentration, m

Initial boundary layer
with thickness, A

& Fy “ ey
°
¢ 'S¢ & )
o o v
o
]
] - % oo
o
Y < } o ¢

Yy v
i
<

Transient layer with
increasing thickness, /f)=

v-t

Exposed surface area, A

a1
Qaq =K -In(¢) + O
cm-h-A
where Kz%

oc In(7)

aq

2015. Kinetics of Drug Release from Ointments: Role of Transient-Boundary Layer. International Journal of Pharmaceutics. 494 (1), pp. 31-39.



Evidence of Logarithmic-time Dependent Drug Release
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X. Xu, et al. 2015. Kinetics of Drug Release from Ointments: Role of Transient-Boundary Layer. International Journal of Pharmaceutics. 494 (1), pp. 31-39.
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Example 2: Suspensions

Brinzolamide ophthalmic suspensions

Prepared in-house with varying PSDs (relative to
the RLD)

Expected to have different dissolution rates

It is desired that IVRT to be discriminatory in terms
of PSD, possibly supporting in vitro BE approach
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1.0 10.0 100.0 1,000.0
Particle size (D[4,3]) (um)

0.0 0.1

SEM HV: 5.0 kv WD: 14.94 mm
SEM MAG: 10.0 kx Det: SE 5 um
Date(m/dly): 06/11/19

-
WD: 14.89 mm

SEM HV: 5.0 kV
SEM MAG: 10.0 kx Det: SE 5pum

.Date(rnldfy): 06/14/19 FDA Advanced Characterization Facllity (ACF)

FDA Advanced Characterization Facllity (ACF)

SEM HV: 5.0 kV WD: 15.07 mm MIRA3 TESCAN
SEM MAG: 10.0 kx Det: SE

Date(m/dly): 06/14/19

| | MIRA3 TESCAN SEM HV: 5.0 kV WD: 15.99 mm |
5um SEM MAG: 10.0 kx Det: SE 5um
Date(m/dly): 06/13/19

FDA Advanced Characterization Facllity (ACF) FDA Advanced Characterization Facllity (ACF)




How to improve discrimination?

Option 1: USP 2 (900 mL)

Sink-condition!

\ Il 4
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ks
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0
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Release too fast, all formulation dissolves nearly identically

Option 2: VDC (0.45 um membrane)

Receptor Chamber

—8—BRZ_001_S
—e—BRZ_002_M
—e—BRZ_003_L

0 30 60 90 120 150 180 210 240
Time (min)

Release slowed down (by membrane), but no discrimination

FOUA

Membrane
Inlet Donor Chamber Outlet
2 e e e #
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How to improve discrimination? (cont.)

\

FO-UV

15 mL pH
7.4 STF
34 °C, 125 rpm g7
g A
c non-sink condition S . -
(just like in the eye) e Continuous monitoring

A. Vo, et al. In vitro physicochemical characterization and dissolution of brinzolamide ophthalmic suspensions with similar composition. International Journal of Pharmaceutics (2020), 588, 119761.
https://doi.org/10.1016/j.jjpharm.2020.119761 16
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Discriminatory [VRT for Suspensions
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A. Vo, et al. In vitro physicochemical characterization and dissolution of brinzolamide ophthalmic suspensions with similar composition. International Journal of Pharmaceutics (2020), 588, 119761. 1 7
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https://doi.org/10.1016/j.ijpharm.2020.119761

Example 3: Emulsions

d,>30 nm Aqueous -

0 2

d, <15nm " | SDUREZOL

"~ (difluprednate ophthalmic
(slow) E‘W

(yctspome CpntaimiEmusio 0064

e _ I
Restasis -~ ==
e S _
m
Micellar phase

(\35 Micelles solubilized drug . ) . )
2 Biphasic Diffusion
UV probe
C Agueous phase solubilized drug
@ (equilibrium Solubility)
— [] Organic phase (2 mL)
Connected to a water bath o Drug
Possible trigger conditions: (temperature control) 0a hase 20m)
. . ) . . queous phase ml
*  Dilution and/or mechanical agitation Work station
< Stir bar
Solvent Release Aqueous (tear or release medium)
Su rfa ctant Blank Diffusion direction: Diffusion direction:

aqueous to organic organic to aqueous

Electrolyte and other additives
Temperature

VAN

t,» IS approximately 12 min

Q: How to separate the released drug (at the relevant time scale)?

Y. Dong et al. Journal of Controlled Release (2019), 313, 96-105 Y. Dong et al. Journal of Controlled Release (2020), 327, 360-370 18



FOA

IVRT by (Reverse) Dialysis: A Typical Example

100 &
USP 2 with Reverse DiﬂlYSiS \ —8— Small GSD - Inside dialysis device
90 1 \‘ —@— Large GSD - Inside dialysis device
Alternate sampling followed by 80 - \\\ —@— Small GSD - Remaining in bulk media
/ UPLCanalysis (200 uL) o —@= Large GSD - Remaining in bulk media
e g 7 s
s ) SIS
‘ & 60 - - 4:: - _
| | 8 —_—_—a --- -
T | T R @® Degradation ¥ IR g
S 40 -
: | 30 A l
. @ No-discrimination
2 mL of nanoemulsion i
was added directly — 10
into th | 200 mL of release media (10 mM pH : : : :
into the vesse e e st ; @INO information on multiphasic | | |
Al 4 0 24 48 72 96 120 144 168 192
Time (hours) @ Too slow

D. Patel et al. Adaptive Perfusion: An In Vitro Release Test (IVRT) for Complex Drug Products. Journal of Controlled Release (2021), 333, pp.65-75. 19



Filtration, Instead of Diffusion

Filtration Tangential Flow Filtration
@ N

"ﬁf % % > Pressure #- Pressure
Feedflow
'&f % = - o I P w

D @

e

A D

K
\ / . Filtrate \ 4

Permeate

Membrane - Pressure driven  Tangential flow, thus avoiding build up
- Controllable flow by filtration at the mermbrane surtace (swept away
by flow)

- Separation based on membrane size
20



Schematic Diagram of Adaptive Perfusion
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D. Patel et al. Adaptive Perfusion: An In Vitro Release Test (IVRT) for Complex Drug Products. Journal of Controlled Release (2021), 333, pp.65-75.
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Difluprednate (%)

Results
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. Patel et al. Adaptive Perfusion: An In Vitro Release Test (IVRT) for Complex Drug Products. Journal of Controlled Release (2021), 333, pp.65-75. 23



Difluprednate (%)
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D. Patel et al. Adaptive Perfusion: An In Vitro Release Test (IVRT) for Complex Drug Products. Journal of Controlled Release (2021), 333, pp.65-75.
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Future:

LabVIEW
(D\SPLA‘”

loping.
onfordeve
8 o arug 3ot

a

jscence " ot
"'f"‘:f::an piting.  ponstasd
feseare

<.
v 2 _
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A BOTTLE
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AUTO SAMPLER

A Turnkey Solution

Custom Designed Control Interface

System Startup

Experimental

Pre-Condition

Re-conditioning

Pressure Reading Flow Meter Reading Backpressure Setting
Inlet Retentate Permeate T™P
T e v viere
—— s S s 0 s T Dty i 65 )
L FLE %5° 6 PR 25" = . -
[]
M IS _rc;\@ 0. is @ i .—Ds\s 30 2= 8
-10 35 -10 EH 0 35 -10 3 Flow Rate B mbimin 1;/' e
10
0 psi 0 psi 0 psi 0 psi
Valve Control
Valve 1 I ‘ | 4-ways switch Valve 2 | ‘ | 3-ways switch
Valve 3 I | | 3-ways switch Valve 4 | | | 2-ways switch
Valve5 | ] | 3-ways switch Valve6 | ] ‘ 3-ways switch
Balance Control Pump Control and Calibration
Pump 1 Pump 2

Zero

Balance 1

0.000 g
0.000 g

Initialization: OK
Direction:
L 100 | mL/min

Tubing size: 6 WV

Calibration: StartCal.

Flow rate:

Initialization: OK
Direction:
L 5.0 | mL/min

Tubing size: 1% W

Calibration: StartCal.

Flow rate:

25
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