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Long-Acting Drugs

* Systemic acting
— Oil-based injectable solutions
— Injectable-drug suspensions —
— Polymer based implants and in-situ forming implants
— Polymer based microparticles
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* Local acting —— Complex
— Polymer based microparticles ‘ s drug
— Lipid based microparticles (multivesicular liposomes) \ 7 i products

— Intrauterine devices/systems .

— Intravaginal rings R
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Challenges in Generic Development |5
of Long Acting Drugs

Complex formulation and excipients

Small process and raw material changes could result in significant product changes
Complicated characterizations

No standard in vitro drug release assay

Release mechanisms (especially in vivo) are not fully understood

Few models correlating in vitro drug release with in vivo pharmacokinetics

Complicated bioequivalence study design (i.e. prolong study duration, study
population)

www.fda.gov



General Regulatory and Scientific
Considerations on Bioequivalence Approach

» Route of administration: Qualitative (Q1) and quantitative(Q2) sameness of excipients

Regulatory considerations:

» Pharmaceutical equivalence: complex active ingredient sameness

Scientific considerations:
» Healthy volunteers vs patients

» Single dose vs steady state
» Pharmacokinetic endpoints vs clinical endpoints

» In vivo studies vs in vivo studies in combination with in vitro studies vs in vitro only
approaches
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Polymer Based Microparticles

Regulatory considerations:
Q1/Q2 sameness of excipients (®)

» Poly(lactic-co-glycolic acid) (PLGA) copolymer
m = number of units of lactic acid

0
‘P‘W/OW\ /]rH n = number of units of glycolic acid
HO O
m n
CH, O

eRatio of lactic acid to glycolic acid
eMolecular weight ~5kDa -100kDa

» Glucose star polymer, D,L-lactic and glycolic acids copolymer

RO
RO CHj o Sandostatin LAR depot
0 (octreotide acetate microsphere)
RO OR o' i

OR



Polymer Based Microparticles (Cont.)

Regulatory actions: GDUFA Research Programs

Research Rescue
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A protocol for assay of poly{lactide-co-glycolide) in clinical products @ .
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Table 1
MM, and PDI as determined by GiIC

Sample M, My, PN
Trelstar® 25192 Da 85207 Da 138
Risperdal Consta® 4487500 1nL420a 248
ANZ4 43.519Da 74.870Da 1.72
AP122 7570404 116479 0a 1.54

Neat polymer prior to formulation into mecroparticles

https://www.google.com/search?biw=1536&bih=775&tbm=isch&sa=1&ei=NDIyXZ2DLdDI
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Complex sameness: Separation of mixed poly(lactide-co-glycolide s based an
the lactide:glycolide ratio
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Separation of
PLGA
mixtures
when used in
the same
product is
possible!
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Polymer Based Microparticles (Cont.)

Regulatory actions: GDUFA Research Programs
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The first research report on
characterization of glucose-PLGA star
polymer. The developed method is not
reference standard dependent.

Evaluated glucose-PLGA polymers from all
suppliers in the U.S. and compared them to
the polymer extracted from the brand
product.
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Long Acting Injectable Suspensions

Regulatory considerations: R ——

(FDA, or the Agemcy ) on S logec. [t does ot extablish sny oights for any pornos
ng oo FDA o pubiee. You can wse am alternative appeoach of it satisfles the
roguirerments of the applicable statates mad regulations. To descuss an sdemative approach, contas
the Office uf Creneric Drugs

Q1/Q2 sameness of excipients (©) . Ay . o i i

Active Ingredient! Palipendane palmitate

Scientific considerations: R
Healthy volunteers vs patients: Antipsychotic drugs - semmessuie: o

| Type of study:  Bioogaivalence (HE ) study with phamsacclanets (PK) endpowns
. Desapn: Puraliel or crossover sacady-state

Safety - Pat I e ntS Strength! 39 mp0 2S5 mL, TR mgD.5 ml, 117 mg0.75 mL. 156 mg'mL, 234 mg/l 5 ml
Sebpevts: Male and noopregnant fensale patents with schiropheenis of schiroatfective
disoedey who are already recerving a stable regimen of pabypendone palmitate extended
refense suspenvion v the infmmescular route, Patients who see already recerving any
dosage regumen of palipendone palmituie mjection every mooth would be digibie 10

. . . partcgpade m the study by comtinuing their establohed maitiensnce dose
S I n g I e d Ose VS Ste a d y State N Pat I e n ts — Et h I C S — Additcsal comments: (1) FDA does not recommend tha studies be conduced ussog
* healthy s@vects o patients on & differont antapsyehotis treatmwent. (2) Both stes of

tgection ((ghueal and debroud) should be sacluded n the study design for sdequate sie

Steady state (no switch between different drugs) et o et o e fhe s ) Mo s dv b

required 10 reach steady state, PK data should be sabenitted 1o demonstrate that steady

stute has boen reached for each indinadual (4) All strengths of the test product meed %o e
from the same bulk in order for all strengths of the Test i be adisenisicred in the PK HE
stindy

»Long study duration s o e syproeos Blaghs . Pipone o
»Potential high drop-out rate Ok oS
»Large number of subjects
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Long Acting Injectable Suspensions (Cont.)

{f ‘ In vivo studies vs in vitro based totality of evidence approach

Long acting suspensions vs other injectable suspensions

-r;

The prolonged in vivo application duration and the antipsychotic indication of
the long acting suspensions present a higher risk compared to injectable
suspensions for short term use (i.e., Kenalog 40)

o What are critical quality attributes of long acting suspensions?

o How physiochemical characteristics correlate with in vitro/in vivo drug
release?

o How in vitro drug release testing correlates with in vivo bioavailability?
10



Multivesicular Liposomes

Nemormal oo Conmrrndion) Hek, = 01

Draft Guidance on Bupivacaine Caonerms tts wvstlable a8 SOl
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Thes draft gurdance, when finalized, will represent the current thinking of the Food and Drug Journal of Controlled Release Fanr ot
Adnunistration (FDA, or the Agency) on this topic. It does not establish any nights for any person -t -
and is not binding on FDA or the public. You can use an alicenative appeoach if it satisfies the journal hamepage wwaw ooy e cie Latare e
requirements of the applicable starutes and regulations. To discuss an alternative approach, contact
the Office of Generic Drugs.

Probing the mechanism of bupivacaine drug release from multivesicular m

liposomes =

Active Ingredient: Bupivacaine ' . s L . .
Soumyarwit Manna™ | Yong Wu', Yan Wang", Bonhye Koo™ ', Lynn Chen™, Peter Petrochenko”,
: Yixuan Dong', Stephanic Chol”, Darby Kozak”, Berk Oktem”, Xisoming Xu™", Hwen Zheng
Dosage Form: Route: Injectable, liposomal: injection
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When the test and reference multivesscular liposome products:
® o the g % 2

e Have equivalent liposome charactenistics including liposome composition, amount of free
und encapsulated drug, intemal environment of liposome, liposomal particle structure and
morphology. liposome size distribution, ¢lectrical surface potential or charge. and mn vitro
relcase rates.

» The potential release
Pharmacokinetic (PK) bioequivalence study: | g S == meChanlsmS Of MVI— was
investigated for the first time
/& ___  using advance imaging

ey

& / : _
= @ techniques and a novel in

The following clinical study 1s recommended to demonstrate bioequivalence:

Type of study: Fasting*

Design: Single-dose, two-way crossover in-vivo

Cumidatvi WWV iwlnase (%)
L]

+

e e vitro release testing method.,
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Our current thinking:

1. A Test IUS should be qualitatively (Q1)
and quantitatively (Q2) similar to the RLD
and has equivalent physical dimension.

2. Comparative physicochemical and
mechanical characteristics between the

Intrauterine Systems

[ P ———
3 Internationz] Journal of Pharmaceutics
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Manufacturing and characterization of long-acting levooargeserel
mtrastenne systems
Quamyeng B, Fing G’ Clabe F. Price’. Yaan 2o, Yam Wasg”. Dacby Kiuzk
Steparnic Chor ', Diaar J. Burgess
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y = 2402.79x + 84.58
R* = 0.9707
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Accelerated drug release using organic solvents
2018 AAPS meeting abstract

S
=
8 Solvents  Rel t swelling rati
Test and the RLD. %40‘( f olvents (;:ga/s;)ra e welling ratio
o y 143.08x + 1372.3
3. Comparative in vitro drug release profile 3% ; W0 <776 2010 EtOH 47.50 1
. . . ¥ A
throughout the intended period of § 20k §orsaam o IPA 77.59 1.63
. 3 R" =0.995 i-“..v‘ e ]
product use (i.e., 5Y). 3 ’0“& ;:, ::;—;:' TBA 143.06 3.01
ppaap st e .
4. Com i h ; i dv: % 20 40 60 80 100 120 140 160 THF 2492.79 52.48
: parative short term in vivo study: Time (day)
» Exvivo evaluation (following device = "= % - i 2 Release profiles of IUSs
) ] . 70 e’ 2 s prepared using outer
insertion and removal): residual LNG ; == 38 membranes from different
i 10 o - g es| sources under accelerated
= Serum drug concentrations 0 o conditions
(supporting evident) Cwmw w w e w e o ws e 2019 AAPS meeting abstrach

Thre (day)



Summary

Development of product-specific guidances involves significant
amount of regulatory and scientific considerations.

GDUFA research projects have been very helpful for addressing
remaining scientific gaps. Pay attention to meeting abstracts, posters,
and publications on outcomes of GDUFA research projects.

OGD is open to novel alternative approaches for assessing
bioequivalence of complex long-acting drugs. Engage with us early and
provide sufficient information/data to support your proposal in either
controlled correspondences or pre-ANDA meeting requests.
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