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ﬁ;‘ﬂ" Federal Food, Drug, and Cosmetic Act

i Public Health Service Act
L O O O O - Standards for Medicines, Dietary Supplements, and Food Ingredients

» FD&C Act
—(b)(1)
—(b)(2)
—()
—-(1)(2)(C)
—OTC
— safety/efficacy and identity, strength, quality, purity, potency
— NDA/ANDA approved

» PHS Act
— PHS: prevention, treatment, or cure of disease
—safety, purity, potency
—BLA licensed
» USP
— (Identity), strength, quality, purity
» ICH
— Quality




USP Role Under Federal Law
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» 1820 USP—Iindependent, national pharmacopeia

» 1906 Food & Drugs “Wiley” Act
— Feds can act if adulterated or misbranded
— USP strength, quality & purity

» 1938 Federal Food, Drug, and Cosmetic Act (FD&C Act)
— FDA application—safety—but no preapproval

— USP identity (drug named in official compendium)
USP packaging & labeling

» 1962 FD&C Drug Amendments
— FDA pre-market approval authority; safety & efficacy

— FDA authority to require manufacturing controls:
GMPs—assure safety + identity, strength, quality & purity

» 1997 FDA Modernization Act Amendments
— USP Positron Emission Tomography (PET) standards



isld Pharmaceutical Equivalence and Bioequivalence
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» Reference Listed Drug (WHO Comparator Pharmaceutical Product)
Critical to approach—must be stable via careful post-approval
change control

» Pharmaceutical Equivalence
— Defined at 21 CFR 320
—BPCI Act: ‘similar’ statements

» BA/BE—harmonization close and could advance further

» Continuing equivalence: Is there an end to the story?
RL Williams and Vinod Shah, Journal of Generic Medicines,
July 2008
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Dissolution Profile of Two Commercial Formations of
a Class Il Drug in Simulated Intestinal Fluid pH 7.4
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» What Is the question?

— How to assure continuing equivalence

— Continuing equivalence for chemical drugs: PE, BE and then TE

— For biosimilars, it's interchangeability (one-way), not comparability
» The US has a robust system to assure continuing equivalence
» Manufacturers, FDA, USP all play a role

» Process drift is a signal that continuing equivalence may be
In jeopardy
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Biopharmaceutics Classification System: Update
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sy WHO Essential Drugs
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» 325 Medicines
»260 Drugs
»123 Oral IR



Isd Take Aways
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» 67% of WHO IR drugs at High Solubility
» 68% of US Top 200 drugs are HS

» BCS Approaches applicable to the majority of drugs—
WHO Essential Medicines and US Top 200

» Allows opportunity to assess impact of process drift on
BE at low cost
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In Vitro Similarity (IVS)
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Sanval SGF

=+=Sanval Chile
Sanval Peru
=&=Sandoz USA 500 mg

In Vitro Similarity (IVS)
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Dissolution Profile Comparison:
The US-Product Dissolves >85% in 15 min.
The F2 of the Sanval products is: 64.3
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Country Manufacturer SGF pH 4.5 SIF

Peru Genfar + - _

Hersil - + +

Alkem + - -

Sanofi - - -

Mexico Liomont _ - _

Sanofi - - _

Argentina Baliarda - + +

Lazar + - -

Sanofi - - _

Austral - - -
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The “Pharmacopeia”: 1) USP and 2) NF
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Parnentine Mysdeochd

S5 PR ___ USP 33
: NF 28

REISSUE

Productivity:

» 370 New Official Monographs

» 1,201 Revised Official Monographs

» 43 New Official General Chapters

» 89 Revised Official General Chapters
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USP 24

Ritonavir

CapHagMs0.5; 720.94

2,4, 7, 12-Tetraazatridecan-1 2-olc ack, 10-hydroog-2-methyl-5-
il -methylethyl-1-[2-(1 -meth_-rieth)'i J--thlazolyl]-2, 6-dloxo-8,
11-bisphenylmethid y-5-thlazclyimethy| estar [55-(58* 80",

108%118%]-

S-Thiazalylmethyl [(oeS)-o-[(1 5, 355-1-hydray-3-[(2 5)-2-[3-[(2-l50-
propykd-thiazolylimethyl]-3-methylureldal-2-
methylbutyramido]-4-phenylbutyl]ph nl]carbamate
[155213-67-5].

DEANITION
Ritonavir contains MLT 97.0% and NMT 102.0% of
CarHaaMe015, calculated on the anhydmous bads.

IDENTIFICATION

® A INFRARED ABSORPTION (197K}

« B. The mtention Hme of the malor peak of the Somple soli-
thor |s within 2% of the retentlon time of the malor peak of
the Stondard solition, as obtalned In the Assay.

ASSAY
+ PROCEDURE
Solution A: 4.1 ma/mL of moncbaslc potassium phosphate
In water
Solution B:  Acatonttrle, tetmhydrofuran (nhibitor-fres), n-
butanol, and Solution A (18:8:5:69)
Solution C: Acatonitr ke, tetrabydrofuran (Inhibitar-free), n-
butanol, and Solution A (47:8:5:410)
Mobidle phase: Sze the gradient table below.
[MoTE—Because of the high dependence of retention time
and salectivity on the Moble phase composition, the
volumes should be accurately measured. Excesshee or con-
tinuad hellum sparging miust be avolded. Store the Mobik
phase In a tightly sealed contalner when not In use.]

Time Sohution B Solution €
i %)

(] 108 1]

&0 100 a

120 o 100
1201 jle1] 1]

15: 1080 i}

Diluent: Acetonitrile and Soiution A (1:1)

Standard stock solution: 2.0 mg/mL of USP Ritonavir RS In
Difent. [NOTE—This solutlon rmay be kept for 5 days If
refrigarated.]

Standard solution 1: 0.10 ma/mL of USP Ritonavir RS from
the Standard stock sokution diluted with Diuent

Standard solution 2:  0.025 mg/mL of USP Ritonavir RS
from Standard solution T diluted with Difuent

Sample solution: 0.025 ma/mL of Ritonavir In Dikwent

Chromatographic system
(See Chromatography (621, System Suftabilite.)

Official Monographs / Ritonavir 1

Mode: LT
Detactor: LW 240 nm
Column: 4.6-mm = 15cm; 2-pum packing L26
Column temperature: &07
Flow rate: 1 mL/min
Injection size: 50 pL
Run time: In
System sultability
ample: Standard sollon 2
[MoTE—The retention time for dtonavir 1s 30-35 min.]
Suitabllity requirements
Capacdty facter, k' MNLT 12
Column efficlency: MWLT 5000 thecrstical plates
Talling factor: 0.8-1.2
Relative standard deviation: 2.0%
Analysis
Samples: Standard soluthon 2 and Somple solition
Calculate the percentage of CiHaMe0:5: In the partion of
Ritonavir taken:

Result = (ru/rs) = (Cs/Cu) = 100

T = peak response from the Somple solition
I = peak responss from the Standard solution

Cs concentration of USP Ritonavir RS in Seandard so-
itlon 2 (roa/ml)
Cu = concentration of Ritonavir in the Sample solition

(mg/ml)
Acceptance criterla:  97.086-102.0% on the anhydrous basls

IMPURITIES
Inorganic Impurities
= RESIDUE ON IGNITION (2813 MNMT 0.2%, determined on 1.0 g
» HEAVY METALS, Method I (2313 NMT Zsﬂofpm, using I.OE
af Ritonavir and 2 mL of Standard Lasd Sokition (10 ppm PE)
In the Standard Praparation
Organic Impurities
[MoTE—Riton avir 1s alkall sensitive. All glassware should be
prefnsed with distiled water before use to remove residual
detergent contamination.]
+ PROCEDURE
Solution A, Solution B, Solutien C, Mobile phase, Diluent,
Standard stock solution, and Standard solutlon 1: Pre-
are as directed In the Assay.
Identity solutien: 1 ma/mL of USP Ritonavir Related Com-
pounds Mixture RS In Dikierst
Standard solution 2: 5 pg/mL of USP Ritonavir RS, from
Standard soluion T In Dikient. [NOTE—Stable for 48 h.]
Sample solution: 1 ma/mL of Ritonavir in Dikeent
Chromategraphic systam
(See C.".\.rorm'th ography (6217, System Suitabiiity )
ode:
Detactor: UV 240 nm
Column: 4.6-mm = 15<m; 2-um packing L26
Column temperature: 807
Flow rate: 1 mL/min
Injection size: 50 pL
Run tima
Standard solution 2: 40 min
System suitability
Samples: Identity solition and Standard solution 2
[MOTE—The retention time of dtonavir s 30-35 min. Ses Impu-
ity Tabke T for relative retentlon times.]
Suitability requirements
Resalution: MLT 1.0 betwaen Impurity E and Impurity F,
Identity solitlon
Peak-to-valley ratio:  MLT 1 for ritonavir and Impurity M
(reglolsomer), Mentity solution
Capacdty facter, ks MLT 12, Stondard sokition 2
Column efficlency: MWLT 5000 thecratical plates, Star-
dard solution 2
Talling factor: 0.8-1.2, Standard solition 2
Relative standard deviation MNMT 2.0%%, Standord sof-
tion 2

2 Ritenavir / Official Monographs

Analysls
Samples: Diuent, [dentity sokithon, Standard soliton 2, and

Sample soluthon

Calculate the percentage of each Impurity In the portion of
Ritonavir taken:

Rasult = {ru/Ts) = (o) = (1/F) = 100

o = peak response from the Sample sofution

Iy peak response from Standard soltion 2

Cy oncentration of Standard sofiglon 2 (ma/mb)

Cy = nominal concentration of Ritonavr in the Sample
solition (mg/mly

F = redatlve responsa factor

Acceptance criteria
Individual impurities: See Impurity Table 1.
Total impurities: MNMT 1.0%

Impurity Table 1

Relative Relative | Acceptance
Retention | Response Criteria,
Name Time Factor NMT (%)
Mixturz of 2,44%ing 0.07
acid and monoacd 1o ol
waline (& + B}
Manzacylacstamicl a1 Lo al
(]
SWina diacyl (D) 024 1.37 a1
I}:-E\idat'mn impurity 0.36 1o 0.3
(E}
Aeid hyckolysis prod- 039 [EF] al
uct (Fy
Ritomavir hydroperos. 045 Lo [N
e (5
Acidbaze byprochct 0.47 0re o1
Hi
Ethydl aralog (I .64 Lo 0l
Mixture of Boc.
manoacyl and
mo"“gl Fbutd 081 074 a1
cadcamate (| + K)

LSP 24
Imparrity Table 1 [Continuad)
Relative Relative | Acceptance
Retention | Response Criteria,
Mamye Tinye Exctor

Basze cyclization prod- 0.E7 0.52 o
uct (L)

2,4 Wing isobutyl = 0,94 La ol
ter (M)

Regicisomer (M) 1.05 La o1
lscerer 82 (CH 111 L 03
Di-monoacyl urea (F) 1.14 La o3
|sorrer &4 () 1.23 L.a [N |
lsomer #1 (R} 1.22 1.0 o1
Ci-monoacyl waline 1.62 La o1
urea (%)

2.4Wing discyl (T} 287 .73 0.2
Trimewl irmpurity (LI 120 Lo 01
Any other individual — La ol
irrgrity

SPECIFIC TESTS
« WATER DETERMINATION, Msthod | (0213 NMT 0.5%, deter-
mined on 0.500 g
= X-Ray INFFRACTION (2413 The X-ray diffraction pattern con-
ffgrms to that of USP Ritonavir RS, If wsed Ina sodid dosage
rm.

ADDITIONAL REQUIR EMENT

» PACKAGING AND STORAGE: Preserve In tight, light-resistant
contalners. Store between 5° and 307,

» USP REFLRENCE STANDARDS {113
USP Ritonawir RS
USP Ritonavir Related Compounds Mixture RS
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USP Reference Standards
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» USP Offers More than 2,500 Reference Standards for
Use in the Full Range of USP—NF Tests and Procedures

» USP Reference Standards Have Been Rigorously Tested
by USP, Industry, and Government Scientists

Productivity:

» 728 New Reference Standards

» 931 Replacement/Continuing
Reference Standards
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» FDA does BA/BE
» USP does Performance test (with PVT and reference materials)

» Other countries—Performance test may not signal BA/BE
(continuing equivalence)

» BA/BE needs GMPs and careful clinical/in vitro studies to
establish/document

» In countries without GMPs and BA/BE requirements, USP
Performance test signals performance but may not signal
BA/BE
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— Overview
— BCS

— The USP Monograph: Pharmaceutical Equivalence
and Bioequivalence

— A National/Global RLD
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Most important selection criteria in order of preference:

» USP RLD
— Defined in Orange Book

— Typically Innovator

» WHO
— Approval in ICH and associated countries
— Pre-qualified by WHO
— Extensive, documented use in clinical trials
— Reported in peer-reviewed scientific journals

— Long and unproblematic post-market surveillance.
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» Obtain from US market
» Five years in advance of patent expiry

» Study in USP laboratories—characterization and dissolution
In three media

» Prepare and release as Certified Drug Product Reference Material—
packages for national/international BE studies

» Could lead to only one BE study for many markets

» Pros/Cons: to be considered (e.g., what about non-US national
comparator pharmaceutical product)
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Every pharmaceutical ingredient or formulated product, together
with its packaging materials, has unique characteristics or
‘fingerprints’ that can be probed using various regions of the

electromagnetic spectrum.
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Uitraviolet K-ray Gamma Ray
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» Manufacturers
— QDbD undergirds continuing equivalence

» FDA and USP

— Create standards that assure continuing equivalence (law, regulations,
guidances, compendial monographs)

» Monitoring is key to success
— Process drift
— Periodic studies for PE and BE
—BCS and USP monographs are low cost ways to monitor
— Change brings in requirement for further study/FDA involvement
» Reference Listing Drug
— The link to clinical trial material and documentation of safety and efficacy
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