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GLOSARY

ABL 5
API

atmosbag

Autoclave

Barrel
BD
BDM-PS

Hypak®
ICH
Isotonic
agent
NMT
pH adjuster
PPH

pre-stability

PP
R&D

Revenues

RH

Instrument used to measure the oggn partial pressure in mmHg thanks to an
amperometric electrode

Active Pharmaceuticalngredient

Plastic bag where we can add nitrogen pipe entries. The inside environment ¢
separate from the outside in order to create an atmosphere free from oxygen
A strong pressurized, steam heated vessel used to perform sterilization, cher
reactions

Seefigure 1below

Becton Dickinson

BD MedicalPharmaceuticaBystem

Model of glass syringe developed by BD and manufactured in Pont de Claix s

InternationalConferenceon Harmonisation

substances thalielp the solution to have an osmotic pressure the same as blog

Not More Than

acid or soda are often use to regulate pH in chemical process streams

Pont de Clai¥PharmaceuticaHome @nter

Study during development plsa to test stability of formulations. It can be simila
to regulatory accelerated stability studies but with a different purpose. The
purpose of prestability study is mainly to set an optimized formulation while the
stability study is mainly used to comfi this formulation and to determine the
appropriate shelf life.

Polypropylen (injections bags are done with this material)

Researchand Development

Incomes that a company receives from its normal business activities (sale of ¢
and rvices to customers)

Relative Humidity
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RLD

Rondo

RRT
RT
rubber

SCF

Solvent

SPU

stopper

Suntest

Tip cap
UPLC
USP

uv

WFI
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Referencelisted Drug

Plastic medium in which the syringes can be stored. .

rondo can handle 18 syringes positioned horizontally

Relative Retention Time: time with which components exit froméhUPLC column
Room Temperatue

Seefigure 1below

Serile Aean and Ready tall

liquid, solid, or gas that dissohamother solid, liquid, or gaseous solute, resulting
a solution

Sopper PlacementUnit. Laboratory apparas used to cork syringes with stoppe!
The stoppering can be performed with air, or with nitrogen

Seefigure 1below

Material that provides a light source (ex: artificial daylight fluorescent lamp
combined with visible ultraviolet), useto determine ifAPk degrade when
exposed to light.

Seefigure 1below

Ultra Performanceliquid Chromatography used to perform assays on solutions
United Sates Pharmacopeia

Ultra Violet: laboratory apparatus used to perform Ad3says by wavelength
detection

Water For Injection used here as solvent in injection solution

Figurel: BD Hypak® syringecabularydescription
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Introduction (Francgais)

INTRODUCTIQRRANCAIS)

SE A ]Jo %} E3SU vE@B]dV] uSom[} v Sfudies 8¢ dégradation
forcéeenpré A 0}% % U VS % }UE o[ u 0]}E 8]}v e E V]VvP « (}(
réalisédurant pv. S Zu]S ulle H e v o[ VS3& % E&E]s u E] ]v

(BD), a Pont de Claix, en France.

BD est une entnarise de technologie médicale qui développe, fabrique et vend des
dispositifs médicaux, des instruments de laboratoire, des anticorps, des réactifs et des

produits de diagnostique.

Le site de Pont de Claix est spécialisé dans le développement et |a poodie

seringues en verrpour les industries pharmaceutiques et les professionnels de santé.

Le marché des seringues prgmplies est en pleine expansion. Pour certains
}Joo }E § pE- o[ V3E % EJ]s U A ou E 0o 5 Jass S 0 }Ju%
avec les dispositifs médicaux de Becton Dickinson représente un réel avantage pour leur

développement.

La premiere étape importantdans la fabrication e}ous]}ve Jvi S o0 U 5 [ §}

les caractéristiques de stabdides solutions et des piipes actifs utilisg.

>[} i d&d e stage était [Ju% 0 u v S nEthpde sdre, rapide efacile a appliquer
pour réunir des données coretes sur la sensibilité des principes acéfda stabilité des
formulations face a différentes conditiomsastiqgues de pH, chaleur, lumiere axygéne

par exemple.

e A% E] Vv * <y edd}asts Weddégradation forcéen prédéveloppement

pourront faciliter etaccélérer le processde développement pharmaceutique
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Introduction (Francgais)

d}ps [ Je€Ecobtexte etune descrii}v %o 0 e % (E ]+ et demspsSqbjectifs

seront exposeés

Ensuite, la partiebibliographie eCvsSZ S]e E o[ A]*S vS suE&E a@alepi § §
informations de stabilitérouvées sur le principe actif, nommé X, choisi pour subir les

tests au courgle son développementCes recherches ont amené o[ § o0]e¢e u v8 [pv
protocole globalqui décrit la méthodologie de réalisatiomles tests de dégradation

forcée

En troisieme partie, quatre étudesenées dans le laboratoire de formulatiGeront
détaillées. Elles ont pernd de déterminer la sensibilité du principe ackf § [ § 0]&E o
stabilité de laformulation face a la variation dedifférents paramétresLeur objectif était
aussi de permettre la validation de la méthode employée pour les tests dediipn
forcée en prédéveloppement et de réalisame extapolation des résultats obtersuafin

[ A}]&E perplup précise sur leomportement de la formulation étudiée a 25°C.

Les perspectives et la conclusion de cette étude seront enfin exposées.
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Développement (Francais)

DEVELOPPEMENT

1. CONTEXTE ET MISSION

Les études présentées dans cette these ont été réalisées adsaiervice de
recherche et développement de $mciété BD a Pont de ClaBes études avaient pour
objectif o[Ju%o0 u VE[IBV}VS Zv]<«p (] o faci&a¥eleloppger pour
déterminerles facteurs principaux influencalat sengbilité de principes actifst la
stabilité de formulations injetables devant étre conditionnées en seringleetype

Hypack® SCF fabriquées sur le site

>[ S * ]v de]dggradation est une recherchenportante durant le
A 0}% % U VS [UV VIMA P % E} H]% %EZS3BEu[Jusd<NHS [pv
formulation peutamen E pv % ES [ 3§ PpAJE formatipnd® Jnouvelles
especes chimiques poteetlemert toxiques. Cette étapedoit doncétre prise en compte
par les entreprisede technologie médicales considérant que cela pelionger le temps
et augmenter le coutle développement, en plus daccourcir la date dpéremptiondes

produits.

Le butestdon [ § o] @E Yornwl&idiE, des testpermettant [ A op E o 3 ]0]8
des formulatons face a différentes conditis drastiquesde pH, lumiére, oxyation,

chaleur, conditionnement par exemple

>[ <] %o A 0}% % U VS % }uEE rmatipds surla}Jersibilite des []v (}
principes actifsLes résultatgollectésaideronta fixer lesparametresfinaux de la

formulation.

Finalement, ces tests permettrori [} %o S]Ju]e S]}v upghb@Ede developpersnt

desmédicaments.

La deuxiéme partiealcette thése concerne la recherchd 0]}PE % Z]<p u]e Vv "HAE

pour répondre a différentes problématiques licesalaP E S]}v [UV % E]V ] %o S]
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Développement (Francais)

X Quelles conditions peuvent influeecla sensibilité des molécules,
X Quels parameétrede la formulationpeuvent étre testés facilement eabboratoire,
x Existet-]0 [ e § eSe U] V %O % G [ USE * SEN SUE -

X Larecherchees parameétresle stabilitéparticuliers pouvant influencdesactifs

devart étre développés¥%e E o[ <u]% X

2. BIBLIOGRAPHIE

Le chagre bibliographiede cette thése développe trojgoints concernant la

problématique dstests de stabilité.

/o 8 [UV % ES %o}ee] O S Bu]v Epoe noyvelle molétde S]}v
}JvE o S V[ %o+ v }JE & ( ]XNGHS. eBAKIHM] po & op 3]}V
dela sensiliité des molécules e paro[ S pe leurstructure. Un classement des

% E} ]S % S vepl]d 'SE vVvA]* P 3 o[ u%o}] [pv E E

o[ § 0]ee uvsS < }v ]S]}ve <UL S e § «5X

Ensuie nous verrons que certaines structuretont BectonDinkinson ont établides tests
de dégradation forcées pour la validation de leurs méthodes analytiques. Les conditions
destressrappellent la méthode développée p&INGH S. eBAKSHI MCes testspré-
requisdans le dossier de développementsent a dégrader fortement la molécule afin
[! S @ mesure de sépardputes les impuretés et de les classer en impuretés de
PE S]}v }u *CvsSZ « X % }]vSU ] v <u[]Jvs E <+ xSU v &
recherches menées dans cetteelse.La derniere méthoderésenté dans la

bibliographie généralpermettra ce se rapprocher du but detudesa développer

La prédictiorde la sensibilité des principes actfsde la stabilité des formulations peut
en dfet étre établie pamplusieurs méthodes utilisant les lois de cinétique universelles.
Deuxde ces modeles seront développii: les méthodes isothermales et non

isothermales. La méthode isothermale sera choisie pour pratitpsetests au laboratoire.
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Développement (Francais)

Hnalement, un protocole serarédigé(]Jv [ ] & o[ %% 0] S]}v ¢ Su -
dégradation forcéen préformulation. Il décritprécisémentes conditionsdrastiques
%0 %0 0]< ¢ %o}UE § S E ]((udE farSelddon@®t déterdner lefs

conditions optimales de stabilité.

3. dh A~ >[ ,>> h> Kz dK/Z

Durant cette étude de huit mois, de nombreux essais ont été réalisés au laboratoire

de formulation cecidans plusieurs buts.

[UV % ES o eteBts@Bntperaie de mieucomprende les phéomenes de
dégradationqui peuvent se produire sum principe actien formulaion comparénent
aux données théorique<Les observations ont permi§ ( (] Ve<Iparametres de tests
décrits ve 0 % E}3} }o (]Jv [ A}YJE +« E §]}vwraisausfe€E 3]}v E
cHESIUS E % E « v3 S]A -« enconditioPaimbiartd.} v

Ensuite lestests de dégradation forcéent été appiqués a une molécule spécifique
choisie nommeée Xafin de déterminer leparametres optimaux de stabilité de

formulation.

Quatre expériences appliqueéla molécule Xont détaillees dans cette these.
> % E ul] € A% E] v % Eule [ SpH] & o[ (( S M %o, S C

Plusieurs formulatins ont été mees en stabilité a 4075 % RHet 80°Qregroupant
guatre pH différents 2.5, 4.0, 5.0 et 6)5et deux types de procédé pour chaque pH
~]v ES P o[ 1} &hacune prteété contrdlées, a différents temps de
conservation, sur leur pHeur § p /A& [} ZAl€uPdosage en principe actif en

impuretés.

Les résultats ont montréuv  (}E&S pPu vsS S]}v d Ssqt dbe ifjpotaptéE S
Zus %o, %o}UE 0 * (}EUHO S]}ve VIV ]Jv ES X }v EvV vS o ¢
formulations ajusté s puAE %, ASE!u 2.5et6[5dn1 mantréle plus haut tau
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[Ju%epE& S « § ortabiedanstalilitéen pHLes deux autrermulations ajustées

a pH 4.0 et 5.0montrant des résultats équivalentsnt été discriminées lors @tudesde

dégradation forcées p ¢ <L VS ¢ X [ % E ¢ 0 ¢ E *po0 & &périencelS %o E u]
*S }v Ju%}ES vsS % E}S P E o u}jo po o[} Z£CP v U o[}A&
}uu o u} PE S]}vuipE O u}lo po yX >[]v ES P -
*}ous]}vU o[ 1}8 U P 1 ]Jv ES U % E v acoldoo lorsdlao[}£ECP v Ve

formulation et du stockage et empéche une trop forte oxydation.

La deuxieme expérience décrite a permis de préciser le pH optimum de stabilité de la
(JEupo S]}tv § (]E pv % E u] E A op 3]}v uE of (( 8 0
formulationsde concentrations difféerente2 mg/mL et 10 mg/mlgnt été soumises a un

}u HAE C o [ U8} o AKX
Les formulationgtaient inertées et ajustées@H 4.0 et 5.0.

Les résultats armontré que chaque formulation peutp JE o[ us} o ke tfpeltle ve
conditionrement utilie % }u®E& $S Su X flacers €nverrgambre

hermétiques cascelléspar uine capsule en aluminiunies seringuesC % | ~ & v[ § v§
pas totalemenicomparables a ces flacgnsne étude complémentaire sera fé&€e pour
déterminer le comportement réel de la formulati lorsque conditionnée dans ce

contenant final.

Concernant la détermination du pH optimupette étude ne montre pas de
discrimination particuliere.d.pH5.0 aété choisi. En effet, dst notammaent plus proche

du pH physiologiquenais aussi dulp obtenu lors de la mise en solution de X

La troisiéme expérience présentpermit § Eu]v E o[Ju%e S o }u%o}e vSe
seringue sur la formulatios}ps v A op vs o] u€¥ o A nouvelles

conditions Trois composant®fluencantpotentiellement la stabilité de la solution sont

testés: le Stopper Ale Stopper B et le Tigap A (@uxjoints de pistoret un boucho. lls

sont mis en contact, en exces, avec la formulation et planéadition de stress a 80°C

pendant un maximum de 14 jours at40°Q75 % RHpendant 1 mois. Le tesiseeffectué

en flacon scké.
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Les résultats montrent une impontée augmentation des impuretés ene chute du

dosage en principe actifour les €hantilonsmis en contactivec le Tigap ALe pH lui

aussi montre une importante chutées impuretés créées ne sontpagde o[}AC S]}v
mais surement 4 }vs § VvSE o o ¢S tion@EtanSdannéguele thpap

était en exces, on paus [ §5 e adn résultat moins franc lorsque les formulations

seront conditionnées en seringuéses faible surface de contaatais @ phénoméne

seraa surveiller lors de la prstabilitéde X en seringue

Concernant le choix du stopper p pv ] (( & estfaid bur cefte étudelLes

deux stoppers montrent les mémeetites augmentations en impureté ene faible

chuteenpHX ~ Z vS [ A% E] v <«<d 0 "S}% % E ujoo pE-
o[ pu8} o A P U Jo 38 Z}]*] %o biig@onvs]vy E o0 « JVA

Enfinla derniere expérience réalisée en seringue Hypack@ 8CH#75 % RH6CC et

80°C avait un but double.

dips [ }E U miseenpicedo}uE ¢S S E *uE 0 %o E }jpoerlpe [ uS} ©
formulationde X dans son conditionnemenhfil. > ¢« (E *po0S Se }vS pee] % Eule |
une corrélationafin dedéterminer la reproductibilité de la méthode employdédne

extrapolation a 25°C a été réalisée utilisant les régles de cinétique gloBagsalculs

orientent vers le constat que lesudesa 40°C75 % RKH60°C et 80°C soméproductibles.

Les données réunies ont toutes le€mes tendances. ®plus, leslonnées

expérimentales sonproches des données théoriquesmontrent que les études a haute
températureont une dégradation du méme@ & 25iC.>[ A£SE % perrsi}lde

déterminer une énergie[ $]A §]}v VA]E} kInRdirigednt A €+ 0[ZC % }SZ
<u o[}AC S]}vuU E]S }uu o u} PE S]}vuipuycE yU
importante dans les réactions @diéesmais que ce ne serait pas le seul phénomeéne

compris dans la dégradation de Mne instabilité a la chaleet a la lumiére pourrait en

étre aussi responsable.
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Une étude de préstabilité est en courainsi que des études de stabilité sur des lots de
formulation fabriqués en zone pilote. Les données qui seront collectéemt ces études
devront étre comparéesuwx résultats obtenus lors detegradations forcées en pré

développement
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INTRODUCTION

The establishment and implementation of the stuiscribedn this thesis were
conducted during a eightmonth internshipperformed within the US Company Becton

Dickinson (BD), &ont de Claix site, in France.

BD is a leading global medical technology company that develops, manufactures and sells

medical devicedaboratoryinstruments, antibodies, reagents and diagnostic products.

The site of Pont de Claix is specialized in the development and production of glass

syringes, designed for the pharmaceutical industries and for health care professionals.

The market ofpre-filled syringes is growindt represents a real opportunityo help BD

customers assessing the stability or compatibility of their formulations with BD devices.

The first step in arinjectable developmentis to conside the active pharmaceutical
ingredient stability characterists. The time required for thstudies can b very lengthy
because chemicareactions proceed relativel slow at ambient temperature The
experiments described hemealt with the implementation othe better, faster andnore
convenientway to assess the sensitivitgf APland the stability of formulations when
exposeal to several stress conditionpH variation, heat, lightexposire, oxidation, ety in

order to facilitate and accelerate the formulation process, among other things

First,the extent of this thesiwill be introduced with a morespecificdescription of the

study and its objectives in the context of BD Company.

The bibliography wilthen be exposed. This research leadedthe establishment of a

global work insruction meant to guidehe experiments performed.

The specific bibliographgerformed on the first APthosen to be testednamed Xwill

also be developed
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In the third part four studies carried out in the formulation lakadory will be detaild.
Thegoal wa to understandhe behavior of theactive ingredieniXwhen put in stress
conditions It permitted todeterminethe formulation optimum stability. Theobjective
was also to validate the prdevelopment forced degradations methdy results

correlation. Sability data at 25°C were obtained by extrapolation

Perspectives and conclusion of this study will finally be exposed
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Context and mission

1 CONTEXAND MISSION

1.1 THECONTEXT

Becton Dickinsors a leading global American medical technology comdanysed
on improvingAPIdelivery, enhancing the quality and speed of diagnosing diseases and

cancers, advancing research, discovery and production ofdusage forns and vaccines.

The companylevelops, manufactures and sells medical deviedmratoryinstruments,
antibodies, reagets and diagnostic products in order to setwealthcare institutions, life
science researchers, clinical laboratories, the pharmaceutical industry and the general

public with diversify customers such as:
- Hospitals and clios,
- Physicians' office practices
- Cmsumers and retail pharmacies,
- Governmental and nonprofit public health agencies,
- Pharmaceutical companies

- Healthcare workers

BD headquartered in Franklin Lakes in the United Stagesploys approximately 2000

associates irb0 countries throughouthe world and is divided into threevorldwide

segments aneight Units, seeriFigureZ
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Figure2: BD segment organization

Nowadays BD is turning its activitiesvards innovative fields like the develo@nt of
devices which will respond to nemoleculesand patient needs (Accuspray nasal spray

for flu vaccineor innovative devices safer to user example)

In that purpose, dring the first years of Zicentury, BD branched out by the purchase of
various companies that brought new technologi@&eneOhmHandyLab, Ing. It helped
BD staying one of the most gainful companies in the pharmaceuti=liceworld and

permitted the start of new projectbased on Research and Development.

Figure3: R & D export from 2005 to 2009

As itcanbe see in|Figure3| these last years, BD increasiis R & D expenseBespite

the economic worldwidecriss Becton Dickinsostays a competitive companpy its

investment n innovativeresearch
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Globally and ashowgFigure4|which details results for year 2009, the company exports

more than50 % of its sales out dhe United Statesmainlyin Europe.

Moreover,BDMedical[ revenues are higher thanther sectionslt represents more than

50 % of BD tothrevenues comparatively to BD Bioscience and Bigriosis altogether

(seeFigure5).

Figure4: BD evenues by geography for yea2009 Figure5: BD revenues by segment for year 2009

D}eS }( [« TUGAT <<} ] Srelpvat&ddnh Ronte-Claix sitanear Grenoble
This sites theworldwide head office of BD MedicaPharmaceutical Systems (BDIAS)
andthe only business unit havinyi$S headquarter outside the U.8.offers General
Management, Customefacing Teantales,Research & Development, Marketing,

Medical Affairs, Quality, Regulatory Affairs, Technical Supportrehirial Operations

Figure6: BD Pont de Claix site
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The study exposed in this thesims performed in a small entity of BD Pont de Claix site
called PPH forPort de Claix Pharmaceutical Homerer . PPH is dedicated tprovide
quality controland otherservices to internal or external customers. It contadliiferent

laboratories (formulation microbiology, chemistry)
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1.2 THEMISSION

The research exposed in this thesiainly hinged on implementingpe most
predictive and rapidvay to determine by anticipation timeformulation factors
influencing sensitivity oAPk. The method will helproducestable injectable solutions in
prefilled syringesBD Hypak® SCF.

The study of drug degradation kinetics and the pursuit of the miadils formulation are
important research actities duringthe developmentof new pharmaceutical product
Instability can lead, especially for sensitAek, to chemical degradation, Issf drug
potency and the possible formation of new chemical@pswith potential toxicsides
effects. This issue has be takeninto accountasit can reduce sigficantly the product

shelf life and camlsoaffectdevelopmenttime and cost.
Consequentlyrisksthat canbe incurduring the development of ew drug prodets are

x The &ck of time due to fast developmentp collect concrete data about active
ingredientssensitivity and formulation stabiijitregardingseveral parameters:

variations ofpH, oxygenevel lightexposition syringeg componentfor example.

X Numerous prestability conditions Prestability studies could bewaay to collect
formulation stability data. The studies aperformed when the famulation is
almostset, and workable resultwill keep people waitindor the final formulation

selectionas he studieswvould lastabout two to threemonths,

X If one prestability condition set shows problems of stability after storagean
lead to kackward steps ithe determinedformulationincludes one of tle

parametesthat influencenegatively thestability,
X Lossof time and raw material if prstability and other studies have to be reset.

Theefore thegoalof this studywasto settests, in preformulation, which will allow
determiningformulation stabilityregardingdifferent stressconditions of pH, liigt,

oxidation, heat packagig and so on
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Then the development teanwill have better informatiorabout the active pharmaceutical
ingredientsensitivity. Results collected will hedptthe final formulationparameers and
pre-stability studyconditions.It will lead toa global optimization afhe development

process of thedosage form

The studies have to be done ashort time, to providequickly workable resultandavoid
development slow down. igher temperaturethan prestability studieswill be chose to
acceleratethe degradation kineticReactionsgeneratedhave also to beepresentative of

adegradationat room temperature (25°C)

The mission included a large part of bibliographic researtigstfamiliar with global

degradation data

X

Which condions can influenc¢he active ingredient sensitivi®y/

X

What parameterscan easilype tested?

X What are the existing test® determine the formulation stability

X

Specific stability dataesearchabout a drugchosen tabe developed by the team.

Thebibliography lealed to the redaction of avork instructionthat describesonditions
to test different formulatiors parametersThisdraft protocol is to be apied at the early
developmentstageof the dosage formlt will help in the application gbre-formulation

stress degradatios

By the application of thiprotocol, various tests were performed at laboratory scaférst
tests were helpful to affinstress conditionso as to geformulation degradation still
represenative of a 25°C degradation. The finastsconditionswere thenapplied to a
specific active ingredientt was the first to undergstress degradation studies for the

determination of its formulation parameters.

Part of this active pharmaceutical ingredient forced degradation stitye ddailed

later on.
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2 BIBLIOGRAPHY

2.1 GENERAL BIBLIOGRAPHY

The purpose othis study naturally lead® find examples of stability tests

occurring during the first steps of development.

The International Conference on E u}v]l §]}v ~/ , Pu] o]vilityteSfigo "3
of New Drug Substances andB’} y S+ _ requires that stress testing should be

carried out to elucidate the inherent stability chataristics of the product.t8dies
performedshould include the effect of temperature, oxidation, and pHggis

susceptibility across a de range of pH valuesSuch studies should also/olve "¢ SE o«

conditions more severe than accelerated testing (>40°C and&Relative Humidity).

A specific guidelindor photolysis(Q1B), describes whidight parameteris tobe set to
test moleculesThe user has to employ a light source designed to produce an output
similar tothe D65/ID65 emission standardhi§ lighthas to provide an overall
illumination of not less than 1.2 million lux hours and an integrated néeaviolet
energy of not less than 200 watt hours/square meter in order to validate an energy

similar to day light exposition.

Sress testing is considered as an early evaluation of new drugs. It can be done on either
drug product or drug substan@nd @n be usd to collect several important datauch as

the three elements exposed below
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1. Finding new molecule degradation pathways

S.SINGHindM. BAKSHpresenta classification system aratlecision tree to guide on
how to start and wheg to endthe seart of the right type of stress conditions to degrade

a new drug.

The classification system goes by a ptete bibliography Alist of everytest conditions
usedin the pharmaceutical worlé donefirst. Secondly, drugs are classifiedm
practically stal# to extremely labile based on thealecule functional groups ants
overall structure. Flow charts @then drawn to deciden stressconditionsto apply

(hydrolysis: under neutral, acid and alkaline comgtsi, oxidation and photolysis).

Depending on th drug sensitivitythe authos givea decision tree that helps deciding

which stress conditiosican ke applied first to start a test

2. Development and validationf@nalytical methods to separatmpurities

and identify degradation products

In the literature, multiple publications deal with analytical forced degradatgindies
illustrating what is done in other industrie€onditions usedatch up withS.SINGHand

M. BAKSHpublication.

Data collected frm this research are summarizedTiablel] An internal research about

BD practicesegardingthe use of forced degradations in an analytical purpose is included.
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Tablel: Stress degradation conditions for validation of anaigal stability indicating assay

- HO; at 3% during 3 minutes at reflux

- H,O, at 30% during 5 hours at 70°C

Oxidation studies | 1,0, at 3% during 24 hours at RT angdat 30% during 4ours at RT
- H0O; at 3% during 24ours at RT

- BD methodH202 at 36during 10 hours at RT

-60°C during 3 days

- 105°C during 30 days

Heat studies -50°C during 60 days and 60°C during 15 days

-50°C during 45 days and 60°c during 7 days

- BD method: 80°C during 24 hours

- 210 Watt hours/ni (between 320t 400nm) during 40 hours

- Sunlight during 8 hours

Light studies - Photostability chamber during 60 days

- Sunlight (between 60,00070,000 Lux)

- BD method: 200 Wh/m2 between 32@00 nm, 1.2 million lux hours,
between 400- 800 nm

-2 M HCI during 30 minutes at reflux

- 37 % HCI during 5 hours at 70°C

Addic -0.1 N and 1 N HCI during 8 days at 80°C

-0.1 M and 1 M HCI during 8 hours at 80°C

- BD method: 106 of HCL N during 24 hours

-2 M NaOH during 30 mines at reflux

-50% NaOH during 20 hours at 70°C

-0.1 N and 1 N NaOH during 8 days at 80°C

-0.1 M NaOH during 8 hours at 80°C and 1 M NaOH during
hours at 40°C

- BD method: 106 of NaOH during 2 hours

- In water during 3 hows

- In water during 5 hours at 70°C

Neutral |- In water during different periods of time at 80°C
- In water during 8 hours at 80°C

- BD method: in water during 24 hours.

Hydrolysis Basic

RT: Room Temperature (cf: glossary)

Between each molecule, parameters employdebw variationsDurationof experiments
depends on the active pharmaceutical ingredieabhdon theformulation involved. Of

course,drugs behavior facing stregsterrelates with their chemical structure.
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Forexamples SE N SPE « AlSZ }BQRIEERPZWIESYES] EC u]v Ye (pv
may beparticularlysensitive to oxidationvhile others may not be degrad after

considerable exposure.

The first and secongoints previously described giwegood idea of what can be done to
degrade a moleculéAnaptical stress methods will helgevelop a chromatographic
method to separate the API from its related substances (degradation products and
impurities) The study described hereafterants to determine if specific parameter
could affect active ingredientsensitivity an extreme degmation is not necessary.

Differences between analytical stress degradation studies andgraulation

degradation studies are highlightedTablell

Tablell: Comparison between analytical and pf#fermulation stress degradation studies

Analytical stress degradations Preformulation stress degradations

Prerequisite. Is part of development fild€H guideline) | Not prerequisite

Hard conditions are employed fougntitative Less aggressive conditions are employe

degradation for more qualitative degradation

Specific analytical purpose:
x Identify every impurity that can be assayed,
x Classify them into degradation impurity or _ _
o ) The purpose is to improve the knowledg
synthesis impurity, o ) N
of APIsensitivity and formulations stabilit
x Validate the nethod gecificity (separation of
related substances from API),

X Validate the impurities assay method

Performed at the end of analytical method developme| Has to be performed in préormulation,

in the middle of deviopment upstream from the development process

, 0% VvV 0C*3 A op 8 3z

performance before validation

Of course, both tests have thewn goal but they can alsbe complementary Aspre-

development fored degradation studies will be performed upstream from every other
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tests, it will help in the identification ofmpurities and in thelegradationpathways of the
APl As seen before, analyticsiress degrdation method is alreadypplied during
analyticaimethod development o&ctive ingredient; it will beiseful to use this

knowledge in the implementation of prrmulation degradation stress.

Thefollowingthird point shows that foced degradation studies, related to this study
goal, have already beersed tofacilitate and accelerate pharmaceutical development of

drug products.

3. Predict the sensitivity of drug substance and determine, between several

formulations, the most stable

The amount of stress is important in this camed notthe extent of degrdation. Sress
testingconditionshaveto give arealisticvision representative of what gahappen

during the drugproduct *o].( _

Indeed,thoughtsdeveloped among others by Arrhenius and based on global kinetic laws,
over stressing molecules can leddegradation profilesot representative of real

storage conditions and not relevant for the development.

Accelerated aging involves increasing temperature to accelerate reactitmsever,
conditionsover80°Care rarely usedOver raisingthe storage tenperature may change
the rate determining reactiothat is observed when formulations are stored in ambient
conditions If the reaction rate changes, stress degradation resuilisno more help

extrapolatingstability at 25°C.

Regarding genalt data giverby K. C. WTERMAMNNd R. C. BAM|, after storage and
degradation, he process of estimatingmbient stability involves calculatiriige reaction

rate at different temperatures, and then extrapoiag) to the desired temperature.

Thetwo most popular approauesto allow thisare:
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Isothermal method

The frst thing is determininghe reaction rate of theactive ingredientdegradation.

Degradationreactionsare only studied at their beginning pharmaceutical mode)she
worst case being when the solution hast5 % of its ARlontent Rate reactions arghen
approximated taoe order 1yreactants exponentially decag products. Ithe degradation
follows another reaction rate, the section of interest for pharmaceutics kinetics can

always be approximat to belinear. f the reaction rate changes will be later in tine.

This part of the degradation is not included in pharmaceuticals studieg$Aseendix1).

With thisorder 1 approximation, it ithen possible to us@rrheniusflaw.

The rate equation is shown below for first order reacsdoased on formation of product,
here impurities( /D0 _isthe initial dosage fornconcentration, ” Jthe impurity content at
time 4 _and P0_ (E %o Ehe initiat product concentation whichis assumed to be

zerohere):

Equationl: First order equation

Following kinetic lawgescribedn|Appendix1)|Equationlican be linearized to give

Equation2| The rate depends linearly on productncentration.This relatiorwill be used

later on.

Equation2: Firstorder equation linearized

Traditionally, accelerated pharmaceutical stability studies are carried out at a set of fixed

temperatures. The data provided by this isothermal method can thensed in the

Arrhenius equation§eeEquation3) to predict ambient stability.

Reaction rate will follow Arrhenius kinetfor the majority of productsiArrhenius kinetic
is a linear dependence of the natural logarithm of the reaction rate versus the
reciprocal of the absolute temperatur@ _as slown below ‘Ea_is the activation energy,

A _the pre-exponential factor andR _the gas constant.
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Equation3: Arrhenius equation

Following general kinetics laand the notion of @, D.W.REYNOLD&nd al use the
study realized by K. AGDNNERSNd al

Quo is the coefficient with which the reaction rate (k) will be multiplied if the temperature

of the reaction isncreased by @°C(seeAppendix1).

Assuming thaanactivation energyaffords nearly a doubling of the reaction rate for
evey 10 °C increasand that this is a conservative estimate, one can calculate the
amount of time a sample should be stored at a specified temperature to achieve the
energy equivalenbdf exposure at accelerate stability atitions. It will then be possible to
extrapolate results obtained with stss degradations studies and fitige formulation

stability at ambient temperature

Thus for examplea compound that degrades with E&6 kJmol™: storage at 80°C for 12
days is kinetically equivaletd storage at 40°C for 6 months and also equivalent to

storage at 25°C for 2 yea(H condition).

Norrisothermal method

There can be considerable ermassociated with the temperature extrafation because
the number of temperatures generally used in pharmaceutical investigaisosmall.To
counter this, long aging time are often employed, especially at temperatures close to

ambient.Unfortunately, the time involved in such predictions denconsiderable.

Nonisothermal method is suggested harrow the confidence intervals in the samerap

time.

It was developed to reduce experimental effofthis technique allowsstimation of
kinetic parameters froma single set oflosage fornformulation versus time data

obtained while the temperature is changed according to some algost&amples are
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placed in temperature ramping ovensapulled at various time point§he study

realized byA. OLIVANnd al.shows an example of nofisothermal applicaon and

comparesit with the isothermal method. Samples are put in an oven with linear
increasing temperature program: heating rate of 0.25°C/h and a temperature interval of
40°Cto 80°C.

Norrisothermal studies requira linear or non linear regression pyeviousdata
transformationto estimate the parameters. Two popular approaches are derivative and

integral.

This methodwill need suitable experimental designs and preciesage forntontent

assag to provide reliable parametesstimates.

Analysis ofgothermal kinetic experiments is traditionally more rélabecause the
temperatureis held constant during each experimetitereby reducing the number of
kinetic parameters to be determined simultaneously by fitting. HoweR& does nio
own anoven ca@able to program temperature rise Theneed of aspecific statistical
program is alseequiredfor this kind of analysid'he nonisothermal method was

therefore notimplemented during this internship

A protocol, based on isothermal studies, was then Kdiststests that can be done to
determine whether the active ingredield sensitive or not facing several formulation
parameters different oxygen levels during formulation, different pH values, but hésad

variations (temperatures above 40°Gyht expositionand packagingmpact(see

Appendix2).

X Acid or basic strongylirolysis test are not necessary as pfermulation stress
tests will be perfamed on formulations wittbuffer or pHadjuster. N major pH
variaions are susceptible to occur. Buté robustness of a determined pH against
external envionment will beevaluated.

x Test with pH variation is set to determinia,the pH USP range of the Alfte
moststableformulation. Stability datawill be compaed between several

formulationswith different pHsadjustment
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x Duringoxidation tess, stability data are copared between a formulation
performedunder air and a formulation done under nitrogéf¥hen put in the
immediate atmosphere of the solution, nitgen asan inertgas can protect
formulations from oxidation reactions,

X The rubber compatibilityest helps determinéf the formulation wil be stable in
syringesThe brmulationand syringes componentsteractionwill be studied

X The suntest is aimealt determiningthe formulationstability facinglight exposure.
This test will followCH guidance specificatians

X The leat test areset to determine if thedrmulation can withstandteam
sterlization Formulation samples will be exposed to 1 aamd autoclave cycle of
121°C during 26hinutes.

Heatsensitivity will alsde takeninto accountwhen the formulationis put at high
temperaturesto acceleratehe degradation reaction kinetjan previously

described tests

Duringthis eight months study, soentestswere performedin the formulation laboratory

following theestablishment of thevork instruction.
These tests had two main purposes:

X To better urderstand physico %Z v}u v}v o]vl &} §]8endityE ] vS[e
and degradatiortomparatively taheoretical data

X To prepare the establishment of petability tests that will be launched in routine
for alldosage formns developed by théeam. Corlitions of tests could evolvafter
first results of stresdegradation experiments. The chemical structof the

active ingredients to be taken into account
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2.2 STABILITY STUDY ®XINJECTIOSOLUTION

Before any laboratory work applicatiphbibliographic reseatton the active
ingredientchosen to undergo stress degradations tastdone This research sssential
to get familiar with its potential sensitivity. It will also permit to underline what is not

guoted in literature and wiltherefore be probablythe subject of stability tests.

Studies describd here areperformed ona drugX, the first active ngredientchosen to

undergo preformulation forced degradation

The literatureexplainsthat the major degradation patlwvay of X is oxidation. Indeedhe
oxygen exposition of Xill lead to its major degradation. But a pH adjustmant

appropriatedandlight or heat exposurean also be responsible of impurities formation

According to the European Pharmacopéie active ingredient X can generagght
different impurities named from A to H. Some are synthesis impurities and others are
degradation impirities. The two first scores obtained bythe degradationof Xarethe
impurity B, the dmerisationproduct of Xandthe impurity F, XN-oxide Thedegradation

pathwaysof Xto create these two impurities aras follow
Impurity B
X+0 1 HQ. + X semiquione <«— Xquinone T X quinone + X impurity B + H°

Impurity F
HO% + H°T H,O,
X +HO, T X-N-oxide + HO

The two impuritiesare created by oxidation first hE oxidation reaction occurs adtine
phenolic group preserd in the structure of Xand givesthe impurity Bfirstly; the second

oxidation occurs othe tertiary amine group and gig¢he impurity F.

It will be important to watch their apparitiorduring the following stress degradations

studies.
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It is tobe noted that another dimerisation ray occurduring thedegradationof X
producing goolymer ether (@0-C) not referenced in known impuritie§his compound
may be responsible for gellowish to brown discolation that could be observed during

storage.

Moreover, researcles about parametersthat may influence thesensitivity of X gives

important data useful testart stress degradation tests:

x First of all, USP pH rang® this APisfrom 2.5t0 6.5, Xis more stable in that
range of pH. Regardirdpsage forrs already on market, the mostre formulated
at pH 5.0 but some publitians explain that this active ingredieist more stable

at acidic pH notably pH@
X The active ingredienX splits in two parts when exposed to day light.

X Some bibliographic databout the oxygen impact othe compour X showed
that nitrogen was used during the formulatioand help protect X against

}VAE] S]}v us }SZ &+ ] v[S u spgef}v }us §Z]-
x Data about the sterilization process were found:

One publication mentioned the fact thataX a concentration ol mgmL
packagedn polypropylene bag@PP) sterilized at 121°C during 20 minutes and
monitored at 25°C for 3, 6, 12, 18, 24 and 36 months, 30°C and 40°C for 3 and 6

months was found stable for 3 yearsRi® |V bags

Another publication studied heat and oxygafluence oraninjectionsolution of
Xpreservative free ad concentration o0 mg/mLwith and without autoclaving.
The formulation was foundtable during steam sterilization at 121°C for up to 15

minutesandevenup to 180 minutes for the solutiondgusted ata pHof 3.2.
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3 STUDIES AT LABORATGECALE

3.1 INTRODUCTION

Given information obtaied aboutthe sensitivityof X three first tests were
planned. The first one wilhelp determine the optimum pH fahe stabilityof Xin

solution at a concentratiorof 10 mg/mLand the impact of oxygen on that stability.

The second test will assess the impact of autoclaving on the formulatiawil help
determinea procesdetween aseptic formiation and steam sterilization fan injection

solutionof X

The thid test will helpevaluate the stability othe injection solutionof Xwhen putin
contact with three differentreferences ofubber used astopper and tipcap in BD
Hypack® SGlyringes

After having pooled together thesthree tests resultthere was stl a doubt on the
sterilization process temploy. A final testvasthen sd to clear this aspect. Was useful
to determine if thenon-isothermalmethod employed for stress degradatitestswas

representative and could be extrapolated at 25°C.

Resultdor thosetests will be detailed ithe section3.2] Sandard deviationsvere

calculated As some analyses were done only one tirhejas not possile to calculate it

for all experiences

Theactive ingredieniX, developed at fivdifferent concentrations, will be testedt 10
mg/mL, the strongest dosagieveloped because thenore concentrate the formulation
is, the more degradation and stability differerszman be evaluatedA solution of X a2
mg/mL, the smallest dosage, wilbe chosen ira second time since the lowest
concentration ionsidered as the worst cadenpurities are more visiblgvith this lowest

concentrationpermitting more precise stability estimation.
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Tablellllsummarizes theoreticaolution formulas used for those studies

Tablelll: Unit andbatch formulas for Xat 10 mg/mL andat 2 mg/mL

0 mg 9
Material Function ForlmL ForllL ForllL
X API 10 mg 109 2g
Sodium chloride | Isotonic ageni 8.4 mg 84g 9.0¢g

Hydrochloric acid

0.1N

pH adjuster | Sqf pH Sqf pH Sqf pH

Sodium hydroxide
01N

pH adjuster | Sqf pH Sqf pH Sqf pH

Purified Water solvent SgfimL| SqgflL SgflL

sqf: sufficient quantity for

e« §Z (}Eupo S]}v } ev[S Jordulations[pHY wedJadjusted using
various quantities of Hydrochloric acid and Sodium hydroxidé@nlorder to reactthe

required (H between the range.3 to 6.5.

Tocheckformulations[stability, severaparameters wereneasured They are listed in the

table below with theirtentative acceptance criteria

TablelV: Tests performed and acceptance criteria

Tests Acceptance criteria

Appearance Clear and colorless

Visual inspection O visible particles
pH 25t06.5
O; partial pressure For information
Osmolality For information

Assay by UV* 90.0 %1110.0 %

API Assay by UPLC 90.0 %1110.0 %
Known impurities: NMT 0.2 %
Impurities by UPLC
Unknown impurities: NMT 0.2 %
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Sum of inpurities: NMT 1.0 %

*To perform assay®oth UV and UPLC were used in the first stadyder to correlate
data between theawo methods.ButasUVdata doesnot give informatioron impurity
content, only UPLC analysis ssay and impurities was pursuéddeedUPLC is a
method that gives more completand preciselata about impurities as it is a separative

technique, thus, UV analyze wagt considered anymor@r the other tests

After stress stability storagehe Q partial pressue was controlleda detect if itremains
some oxygern the padkaging during the time of tesThis measurement was domath
an ABL%from Radiometer) It measures the partial pressure in mmHg thanks to an

amperometric electrode
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3.2 PH AND OXYGEN IMPAON X 10 MG/ML INJECON
STABILITY.

3.2.1 MATERIAL AND METHOD

The aim of thidirst study was to determine the optimum pH ftire stability of an
injection solution withXat aconcentrationof 10 mg/mLandto assesshe impact of

oxygen on that stability.

pHs between2.5 and 6.5 wer chosen to bestudiedaspreviously explained isection

2.2| Formulations were adjusted at pH 2.5, 4.0, 5.0 and®determinethe most

favorade pHfor the stability of X

Twodifferent formulationswere alsoperformed one unde air, the otherunder nitrogen.

This willhelp determinethe sensitivityof Xto oxygen and the effect oherting.
Samples were prepared as follow:

X Solutions were stored in 1L amber vialsto prevent froma potential
dimerisationof Xdue to light asreported in literature with chlorobutytisoprene
Teflonfaced top anchermeticaluminum seal to be impermeabl®texternal
environment

x Two different atmosphereconditions: one under nitrogen, the other under air,

X pH of each solutio was adjsted at 2.5, 4.0, 5.0 and 6.5,

x Vials of inerted and non inerted formulations were then divided imio studies

for each pH:
- Storage at 80°C during 2 and 6 weeks in an pven
- Storage at 40°Z5 % RHluring2 and 4 weeks in a climatic chamber

The80°Ccondition was chosen tacceleratehe degradation rate antb give quick
results Hgher temperatures wouldot be recommendedbecause80°C igthe maximum

temperaturethat can be applied without riskingreon representative degradation.
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Thetest at 40°CG75 % RHKconditionusually used for pratability studies, was added in
order to giveadditional data about formulatios degradation behaor. Results wiltlso
be comparel to 80°Cstability profile in order to estimataf the high temperature is

representative of a normal degradation profile.

Thus there were fiveamples for each condition as summarized ableV|

TableV: 80°C and 40°C/75 % RH samples and conditions of storage

oH Study duratiorfor Study duratiorfor

40°C/75% RH 80°C
2.5
: : 4.0
Air formulation 5.0 T0 T2N T4V  TO T2D @ T6D
6.5
2.5

Nitrogen 4.0
formulation 5.0

6.5

T0  T2W T4W TO  T2D | T6D

W: Week; D: Day

The solution that required inertingas entirely formulated in antAosbag®(plastic
airtight pocket) This techniquguarantee an atmosphere mostlfree of oxygenafter

degassinghree timesthe atmosbagwith nitrogen

The oxygen residual concentration was measured, during the formulatiith an oxgen
meter (polarographic oxygeprobeimmersedin the solutior). It measures the
concentration inppm. In order to qualify a solution as correctly inertetetresdual

concentration of oxygen needs be around 0.02pm.

After formulation, vals dedicated to 4095 % RHvere put in a climatic chamber
(40°C/75%RH). Ashe molecule is alreadgissolved in waterthe 75 % oRelative

Humidity has nampacton the possible degradationgactions

Vials dedicated to 80°€udywere put in an ove at that temperature.
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3.2.2 RESULTS AND DISCUBSI

Typical chromatograms to illustrathis studyAPlassay and impurities analysis are
presented irlAppendixB andAppendk 4

First of all, he 80°C resultsvill be presentedwhile theresults at40°G75 % RHwill be

developed afterwards.

Discussion andonclusion about tis test will be treated right after

3.2.2.1 FORCED DEGRADATIBHLTS AT 80°C

Results forthe forced degradationdsts at 80°C on solution of X aa

concentration ofLOmg/mL are detailed ifTabk ViandTableVI| Only UVand pHtrends

are presented wittstandard deviationsOtheranalyses wer@one only once.

Air formulationappearance

x All the solutions after 2 days at 80°C were slightly yellow whatever the pH.
x All the solutions after 6 days at 80°C were yellow with deeper coldhéor
formulation atpH 6.5.

Nitrogen formulationappearane:

x All the solutions after 2 days at 80°C were slightly pale yellow whatever the pH.
x All the solutions after 6 days at 80°C were also slightly pale yellow whatever the
pH.

X For both, the color was really ledsepthan foomulations under air
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Tabk VI: Forced degradations results for formulation under air at 80°C

Formulationunder air
pH 2.5 pH 4.0 pH 5.0 pH 6.5

Analyticaltests Specifications | RRT| TO T2D T6D TO T2D T6D TO T2D T6D TO T2D T6D
Appearance | Clear and coldess| - C NC NC C NC NC C NC NC C NC NC

Visual inspection| O visibleparticles - C C C C C C C C C C C C
pH USP range _ | 261 | 260 | 260 | 403 | 388 | 373 | 514 | 417 | 381 | 647 | 587 | 466

(2.5 G@H &.5)
Osmolality (mOsm For information - 303 299 299 300
X assapy UV | 9.0-11.0 mg/mL 10.4 10.0 10.3 10.0 10.1 10.2 10.0 10.4 10.1 10.0 10.0 10.4
(mg/mL and %) 90 % 110% i 104 100 103 100 101 102 100 104 101 100 100 104
X assapy UPLC| 9.0-11.0 mg/mL 10.04 | 9.80 9.60 10.04 9.97 9.84 | 10.05 | 9.52 9.82 9.92 9.61 9.51
(mg/mL and %) 90 % 110 % i 100.4 | 98.0 96.0 100.4 99.7 98.4 | 1005 | 95.2 98.2 99.2 96.1 95.1
TOtS;‘EIF',Tg"(';SS NMT 1.0 % - ND | 3.49 6.04 ND 194 | 272 | ~No | 156 | 227 | ~D 1.64 | 2.44
Impurity A NMT 0.2 % 1.37| ND 0.04 ND ND 0.03 ND ND 0.05 ND ND 0.06 ND
Impurity B NMT 0.2 % 1.24 | ND 2.61 4.55 ND 1.34 1.72 ND 1.04 1.40 ND 0.85 1.11
Impurity C NMT 0.2 % - ND ND ND ND ND ND ND ND ND ND ND ND
Impurity D NMT 0.2 % 037 | ND 0.10 0.13 ND 0.05 0.06 ND 0.06 0.05 ND 0.09 0.06
Impurity E NMT 0.2 % 1.11| ND 0.34 0.33 ND 0.14 0.12 ND 0.09 0.09 ND ND ND
Impurity F NMT 0.2 % 1.06 | ND 0.04 0.05 ND 0.08 0.08 ND 0.04 0.06 ND 0.32 0.60
Impurity G NMT 0.2 % 536 | ND ND ND ND ND ND ND ND ND ND 0.09 0.14
Impurity H NMT 0.2 % - ND ND ND ND ND ND ND ND ND ND ND ND
Unknown NMT 0.2 % 0.16 | ND 0.02 0.04 ND 0.06 0.28 ND 0.08 0.27 ND 0.10 0.30
Unknown NMT 0.2 % 1.09| ND 0.08 0.50 ND 0.08 0.28 ND 0.07 0.15 ND ND 0.09
Unknown NMT 0.2 % 1.45| ND 0.26 0.44 ND 0.16 0.18 ND 0.13 0.15 ND 0.13 0.14
IE W Z %} ES e A" J(V}) ZVP }E usd3 EJ]e} s EA ]v e}oud]}v %% EAr U ¢E o [E]SCX /

reported. ND: not detected
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TableVIl: Forced degradations results for formulation under nitrogen at 80°C

Formulationunder nitrogen

pH 2.5 pH 4.0 pH 5.0 pH 6.5

Analyticaltests Specifications RRT TO T2D T6D TO T2D T6D TO T2D T6D TO T2D T6D
Appearance Clear and colorles - C NC NC C NC NC C NC NC C NC NC

Visual inspection | 0 visibleparticles - C C C C C C C C C C C C
pH USP range - 257 | 261 | 261 | 398 | 404 | 408 | 511 | 510 | 514 | 654 | 643 | 6.42

(2.5 GhH GB.5)
PG (mmHg) Forinformation - 18 17 15 18 16 15 18 15 15 18 15 15
Osmolality (mOsm] For information - 305 299 298 299
X assapy UV | 9.0-11.0 mg/mL 104 | 100 | 100 | 1200 | 97 96 | 100 | 100 | 100 | 100 9.8 10.3
(mg/mL and %) 90 %- 110 % ) 104 | 100 | 100 | 100 97 96 100 | 100 | 100 100 98 103
X assapy UPLC | 9.0-11.0 mg/mL 10.06 | 10.20 | 10.15 | 999 | 1024 | 850 | 994 | 998 | 932 | 1006 | 10.13 | 9.37
(mg/mL and %) 90 %- 110 % ) 100.6 | 102.0 | 1015 | 99.9 | 1024 | 850 | 99.4 | 99.8 | 932 | 1006 | 101.3 | 93.7
Total of impurities | i1 1.0 9 . ND | 027 | 030 | ND | 028 | 018 | ND | 023 | 019 | ND | 022 | 021
bv UPI @%)

Impurity A NMT 0.2 % 1.37 ND | 005 | 005 | ND | 006 | 004 | ND | 006 | 005 ND 0.06 | 0.05
Impurity B NMT 0.2 % 1.24 ND | 011 | 009 | ND | 008 | 006 | ND | 009 | 0.06 ND 0.04 | 0.03
Impurity C NMT 0.2 % - ND ND ND ND ND ND | ND ND ND ND ND ND
Impurity D NMT 0.2 % 0.37 ND | 004 | 005 | ND | 005 | 006 | ND | 004 | 0.06 ND 0.06 | 0.10
Impurity E NMT 0.2 % 1.11 ND | 004 | 004 | ND ND ND | ND ND ND ND ND ND
Impurity F NMT 0.2 % 1.06 ND | 003 | 004 | ND | 005 | 002 | ND | 004 | 002 ND 0.06 | 0.03
Impurity G NMT 0.2 % - ND ND ND ND ND ND | ND ND ND ND ND ND
Impurity H NMT 0.2 % - ND ND ND ND ND ND | ND ND ND ND ND ND
Unknown NMT 0.2 % 1.45 ND ND | 003 | ND | 004 | ND | ND ND ND ND ND ND

IE W Z %}ES3

reported. ND: not detected

er" J(Vv}) ZVP }E u 88 ] B v EA

lov GleSA( %G Z vP
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3 80°CsAMPLE®SH TRENB

Figure7: X 10 mg/mL, pH trend, 80°C

Among solutions formulated under athe results obtainedit pH 6.5 and ® showed the

biggest decreasgoH 4.0 decreaskbut in a minor way and pH 2.5 remained stable.
All the formulations remained stablghen formulated under nitrogen.

2 80°CSAMPLES ASSAY TRENAINALYZED BYV

Figure8: X 10 mg/mL RI assay trend by UV, 80°C
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No significant changeanbe noticedin the UV API assay where all data were
specificatiois and semed relatively stable ovetime.

Y 80°CSAMPLES ASSAY TRENANALYZED BYPLC

Figure9: X 10 mg/mL APassay trend by UPLC, 80°C

Formulations apH 6.5 angH 5.0performedunder nitrogen showedafter 6 days at
80°C a significant decreaswith differenceshigher than 5 %etween T2D and T6D values

but all data stayedh specifications.

The point pH 4 undernitrogenstored 6 daysvasaberrant as no other tests performed

on this sample shoed this kind of degradation. In addition, &¢say for the same

condition waswithin specificatios (segFigure8jand TabIeVI1.
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3 80°CSAMPLESVIPURITIES ASSAY WNRE, ANALYZED BYPLC

Figure10: X 10 mg/mL impurities assay trend by UPLC, 80°C

The amount of impurities wasignificantly higher in formulationsepformed under air
The formdation under air at pH 2.5 showeabviously the highedevel of impuriteswith
an accelerated increase after 6 dapsher air formulations hafewer differences in their

valueandpresented aconstant increase. Nitrogen foumations values stayed constant.

3.2.2.2 FORCED DEGRADATISBLTS AT 4076 % RH

Results forthe forced degadation study at 40°C/75 % RHasolution ofXat 10

mg/mLare detailed ifiTableVillandTablelX Only pH trends are presented with standard

deviations.

Air formulation appearance

x All the ®lutionsat pH 2.5 stayed clear and colorless.

X The ®lutionsat pH 4.0 stayed colorless when stored 2 weeks at/Z6°% RHut

turned to a pale yellow after 4 weeks at 40P&€% RH
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x Samplesat pH 5.0 turned to a pale yellow when stored 2 weeks at A& @ RH
then the color became deepeifter 4 weeks. Theolor was deeper than pH 4.0
but remainedlight.

X The ®lutionsat pH 6.5 chaged to yellowas the sample gbH 5.0 but with a

deeper color.

Nitrogen formulation appearance

x All the ®lutionsat pH 2.5 stayed clear.

X Solutiorsat pH 4.0 turned to a pale yellow after 4 weeks at 4036 RH

x The sampleat pH 5.0 turned tapale yelow after 2 weeks stored at 40/ %
RH The color became deeper after 4 weeks at 40826 REdeeper than pH 4.0
but still light.

X Solutions adjusted giH 6.5turned to yellow aghe solution at pH 5.®ut with a
deeper color.

Generallyspeakingthe cdoration was lighter for formulations under nitrogen tharr fo

formulations under air buboth preseneda color variation with time.
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TableVIll: Forced degradation results for formulation under air at 4076 % RH

Formulationunder air
pH 2.5 pH 4.0 pH 5.0 pH 6.5
Analyticaltests Specifications RRT TO T2W T4W TO T2W | T4W TO T2W T4W TO T2W T4W
Appearance Clear and colorles - C C C C C NC C NC NC C NC NC
Visual inspection | O visibleparticles - C C C C C C C C C C C C
pH USP range - 261 | 256 | 255 | 403 | 403 | 395 | 514 | 482 | 464 | 647 | 631 | 615
(2.5 GH Gb.5)
Osmolality (mOsm] For information - 304 299 299 300
Xassapy UV | 9.0-11.0mg/mL | 104 | 103 [ - [ 00103 [ 100 [ 102 | o [200] 03]
(mg/mLand%) | 90 % 110% 104 | 103 100 | 103 100 | 102 100 | 103
X assapy UPLC | 9.0-11.0 mg/mL 1004 | 995 | 9.98 | 1004 | 9.88 | 9.93 | 10.05 | 1001 | 993 | 9.92 | 9.82 | 9.92
(mg/mLand %) | 90 % 110 % ; 1004 | 995 | 99.8 | 1004 | 988 | 99.3 | 1005 | 1001 | 99.3 | 992 | 982 | 99.2
TOtS;BfP"E‘g“&')eS NMT 1.0 % ; ND | 116 | 200 | ND | 119 | 187 | ND | 124 | 168 | ND | 185 | 217
Impurity A NMT 0.2 % 137 | ND | 004 | 005 | ND | 003 | 005| ND | 005 | 005 | ND | 005 | 005
Impurity B NMT 0.2 % 124 | ND | 087 | 155 | ND | 086 | 141 | ND | 096 | 138 | ND | 145 | 157
Impurity C NMT 0.2 % - ND | ND ND ND | ND | ND | ND ND ND ND | ND ND
Impurity D NMT 0.2 % 03 | ND | 006 | 008 | NnD | 006 | 006 | ND | 005 | 006 | ND | 008 | 0.09
Impurity E NMT 0.2 % 111 | No | 010 | 019 | ND | 010|017 | ND | 007 | 008 | ND | ND ND
Impurity F NMT 0.2 % 106 | ND | 005 | 005 | ND | 004 | 007| ND | 007 | 005 | ND | 015 | 022
Impurity G NMT 0.2 % 53 | ND | ND ND ND | ND | ND | ND ND ND ND | ND | 0.09
Impurity H NMT 0.2 % - ND | ND ND ND | ND | ND | ND ND ND ND | ND ND
Unknown NMT 0.2 % 016 | ND | ND ND ND | 005 | 004 | ND ND ND ND | ND ND
Unknown NMT 0.2 % 108 | ND | ND ND ND | ND | ND | ND ND ND ND | 0.07 | 0.10
Unknown NMT 0.2 % 145 | ND | 004 | 006 | ND | 005 | 007| ND | 004 | 006 | ND | 005 | 005
CINC:r % } ES e A" J(V}) ZVP }E usd3 E Je} s EA ]v e}opuS]lv %% E v Vv 0]J&]SCX /(

reported. ND: Not Detected, NT:Not Tested
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TablelX Forced degradation results for formulation under nitrogen at 4078 % RH

Formulation under nitrogen
pH 2.5 pH 4.0 pH 5.0 pH 6.5
Analyticaltests Specifications RRT TO T2W T4W TO T2W T4W TO T2W T4W T0 T2W TAW
Appearance Clear and colorles - C C C C C NC C NC NC C NC NC
Visual inspection | O visibleparticles - C C C C C C C C C C C C
pH USP range - 257 | 258 | 258 | 398 | 400 | 402 | 511 | 502 | 505 | 654 | 643 | 641
(25 GhH G 5)
PQ, (mmHg) For informaton - 18 22 27 18 22 25 18 21 23 18 19 21
Osmolality (mOsm)| For information - 305 299 298 299
X assapy UV 9.0-11.0 mg/mL ] 10.4 10.2 NT 10.0 10.3 NT 10.0 10.2 NT 10.0 10.5 NT
(mg/mL and %) 90 %- 110 % 104 102 100 103 100 102 100 105
X assapy UPLC 9.0-11.0 mg/mL 10.06 | 10.07 | 10.04 9.99 9.82 10.00 9.94 9.98 9.98 10.06 9.89 10.03
(mg/mL and %) 90 % 110 % i 100.6 | 100.7 | 100.4 99.9 98.2 100.0 99.4 99.8 99.8 100.6 98.9 100.3
Total of impurities by /4 (o, - ND | 038 | 042 | ND | 034 | 043 ND | 040 | 0.30 ND | 045 | 0.46
UPLC (%)
Impurity A NMT 0.2 % 1.37 ND 0.04 0.03 ND 0.05 0.05 ND 0.06 0.03 ND 0.06 0.05
Impurity B NMT 0.2 % 1.24 ND 0.18 0.21 ND 0.17 0.18 ND 0.25 0.16 ND 0.26 0.20
Impurity C NMT 0.2 % - ND ND ND ND ND ND ND ND ND ND ND ND
Impurity D NMT 0.2 % 0.6 ND 0.07 0.04 ND 0.04 0.05 ND 0.04 0.03 ND 0.08 0.08
Impurity E NMT 0.2 % 1.12 ND 0.05 0.07 ND 0.03 0.10 ND ND ND ND ND ND
Impurity F NMT 0.2 % 1.06 ND 0.04 0.05 ND 0.05 0.03 ND 0.05 0.05 ND 0.05 0.05
Impurity G NMT 0.2%6 - ND ND ND ND ND ND ND ND ND ND ND ND
Impurity H NMT 0.2 % - ND ND ND ND ND ND ND ND ND ND ND ND
Unknown NMT 0.2 % 1.09 ND ND ND ND ND ND ND ND ND ND ND 0.05
Unknown NMT 0.2 % 1.47 ND ND 0.02 ND ND 0.02 ND ND 0.03 ND ND 0.03
CINC:r % } ES v} ZJWP }E u 83 E ]+ } » EA ]V *}opS]}V %% E v v o E]SCX /( vC Z vl

reported.ND: Not Detected, NT: NoeSted
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Y 40°Q75 % RHSAMPLESHTREND

Figurell1: X 10 mg/mL pH trend, 40°C

pHs ditashowedthe sametendency than the one obtained 80°C. pH 6.5 and 5.0
showeda decreasenvhen formulated under air but remainestablewhen formulated
under nitrogen, while apH 4.0 and 2.5he solutionsstayed stable for both formulation

conditions.
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3 40°Q75 % RHSAMPLES ASSAY TRENANALYZED BYPLC

Figure12: X 10 mg/mL API assay trend by UPLC, 40°C

No significant change in the UPLC API asaaybe seen andl data werein specifications

and very stable ovdime.

Y 40°Q 75%RHSAMPLES IMPURITIESSAY TRENDANALYZED BYPLC

Figure1l3: X 10 mg/mL impurities assay trend by UPLC, 40°C
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This graph alsoonfirmsthe data obtainedat 80°CThe amount of impurities was
significantly higher in formutsons performed under air than in formulations performed

under nitrogen.

Butthe results obtainedit 40°C75 % RHare differentfrom the ones observed &80°C
15[+ $Z (} @& under it &t pH 6.5 that showele highest level of impuritiesOne
can dso seea net value differences between air formulations at pH 4.0 and 5.0. pH 5.0

presents the lowest amount of total impurities.

3.2.2.3 DISCUSSION ON IMPUHRS

As previously discussed in bibliograpting two main degradationmpuritiesto
watch were thempurity B, the fir$ scorerof the degradation of Xobtaineddueto
oxidizing conditiongo heat orexposition to lightiandthe impurity F(obtained after

submission taxidizing conditions)The twowere identified in this study.
Impurity E showed also anteresting behavior.
Impurity B: Dimerisationproduct of X

It was the main contributor to the gh total impuritiesin all conditiondor this study

Figurel4: Impurity B UPLC assay in function of pH (80°C)
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Figurel5: Impurity B UPLC assay in function of pH (4052 RH

This impurity increased with time and temperature for the Aaerted batch

At 80°Cthe solution of X apH 2.5 presented the largest amount of ImpurityAB.
40°Q75 % RHhe soldion of X atpH 2.5 and 6.5 sn to be theconditions that
promoted more the formation of this impurity BAt pH4.0and 5.0a fewer content of

Impurity Bis observed

Regardinghe inerted batch, the amount of Impurity B was atulowerandremained
quite stable overtime, regardlesshe temperature.lImpurity B content was lower fa80°C
conditionsthan for 40°C/75 % RH. It may have been degraded into other impurities at
80°C (no visible using the current UPLC method with UV detechoadher possibilityis
that a hidh humidity rate may increasthe degradationof X

Trends show thathe formation ofimpurity Bmay be due to a combination of heat and

oxidaton.
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Impurity E X-N-oxide

Figurel6: Impurity F UPLC assay in functiohpH (80°C)

Figurel7: Impurity F UPLC assay function of pH (4052 RH

The amount ofmpurity Fwas very low for the inerted formulations and remained stable
overtime.

Regardinghe nortinerted formulations, the impurity comint stayed quite stable except

for pH 6.5 where the content was higher and increased tivee.
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Impurity E:Xshapewith a cetone insteadf anhydroxy} function

dZ]s Ju%puE]SC[s Z A]}E A « Jvd E -3jasBirénginBuéhced ]S+ }vs v
by the conditionsof the study

Figurel8: Impurity E UPLC assay in function of pH (80°C)

Figurel9: Impurity E UPLC assay in function of pH (4056 RH
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Contrary to Impurity Blmpurity Econtent presens the same trend whatever thstorage
temperature.lmpurity Econtent washigher forpH2.5 and semnsmore produced when

the formulation wasadjusted atacidic pH

For other impurities identified during this studyeir contents were low and stayeglite

stable over time, regardless of the temperature, pH orditans of formulations

Unknown impurities Three unknownimpuritieswere producedduring the studywith

RRTat 0.16, 1.09 and 1.49.hey were mainly present imon-inerted formulations athe
more stressful condition80°CT6D) for all pHs Theirconcentration werehigher for pH
2.5 (except foamounts of the impurity at RRT 0.16 which was higtidrigher pHs) and
increased ovetime. They weralmostnot detected at 40°@5 % RHand ininerted

formulations.A watch of these impurities would be to implement in otherdias.

If we summarizeresults from inerted solutions comparatively to non inerted solutions:

- pHsfrom inerted solutions werenost stable pHs fromnon inerted solutions
showedsigrificant decrease especiallypH closer to neutrality.

- The amount ofmpuritieswasalso significantlyigherin formulations performed
under air.

- All data werein specificationsegarding theAPI UPLC assdyormulations under
nitrogen atpH 6.5 and 5.0 siweda decreasat 80°C. Athe results at 40°75 %

RHdo not confirm this tendencyit may not be significant.
If we compare data obtained fahe pH determination at 80°C:

- The solution at pH 6.5 and 5.0 showtbe highest decreasevhen formulated
underair, whereaghey remained stablevhen formulated under nitrogen.

- The solution apH 2.5 showedhe highest level of impurities when formulated
under air,while other pHs preserdd approximately the same impurities

concentration.

Page63/145



Studies at laboratory scale

Data obtained fothe pH determination at 40°(75 % RH

- pHSs curves shoedthe same trend asesults obtained aB0°Cupholding the fact

that pH closer to neutrality werkess stable when the formulation was done under

air.
- Looking at impuritis assaythe highest amount is obtainefdr pH 6.5thenpH 2.5

and after pH 4.0 and 5firesent corresponding decreasing amounts

Moreover, it can be noticethat impuritieslevelsat 40°C75 % RHfter 4 weeks

gaveapproximately the same amount than dadatainedat 80°C after 6 days.

3.2.3 CONCLU®N

With this fist study it has been demonstratétht dataat 40°C75 % RHyave the
same results thadataobtainedat 80°C Thisleads to the conclusiothat conditionsat
80°Cwere not too strongor the tested productandcan berepresentative of nomal

degradation.

Moreover, t is obvious, aaarding to graphicénterpretation that the formulation of Xis
more stable whersubmitted toinerted atmosphere Nitrogenminimizesthe oxidation

effect and preverd from a too fast degradation.

The color evoltion of each solutiomeflecteda decrease in pH and an increase in
impurity content. Indeed this discoloration may be related withtlier oxidation of an

ether dimer different from Impurity BHowever, no change in the results has been

observed. This mapndicate that despite the color change, the other parameters may still

be within specification and the injection solution usable.

TheXsolutions will be stored in Hypal&Z syringes. All pHs could be suitable tioe
formulation as they all are stable wh formulated under nitrogen. &theoxygen content

may increase isyringes over timeaesults obtained when the formulation is done under

air have to be consideredComparing results, pH 6.5 is removed because of its high level

Pageb4/145



Studies at laboratory scale

of impurities when storedt 40°C75 % RHluring 4 weeks antlecause of its instability

regarding pH curves (at both conditions).

Regarding its high level of impurities when stored at 80°C and 2% R+and
considering that 2.5 is very acid to formulate an injectable soluttas,greferable not to

use it.

pH 4.0 and 5.vere choserio continue studies in order to collect more information
about the formulation. TBtwo pHs show the more stable assay of impuritieswever
pH 4.0 showmore impurities for the same conditions thgH 5.0 Further studies will

permit to discriminate a pH.
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3.3 X INJECTIONUTOCLAVABILITY STYANDPH
DISCRIMINAION

3.3.1 MATERIAL AND METHOD

The aim othis study wado assess the impact of autoclaving on an injection

solution of X and taletermine an optimumpH for the solution stability

As previously discussed in chap8et] the followingconentrations, 10 mg/mL and

mg/mL have beexhosenfor the further tests

Preliminary results from thérst stress degraation studyshowedimproved stability for
the two intermediate pH conditiongAdditional studies at pH 4.0 and 5.0 wgverformed
here to determine which pkould bethe most favorable fothe stability } ( SZ  y[-

formulation.
Autoclaving was also tested decidewhich sterilization process cdie appliedto X.

Four different formulations were performed: 10 mg/mL at pH 4.0 and pH 5.0; 2 mg/mL at
pH 4.0 and pH 5.0. The four solutions were formulated under nitroggmeagousstudies

showed improve stabilty for inerted formulations

Afiltration stepwas performedafter formulationto get close to normgbrocess
conditions. e final process involves formulation filtration through @.amPVDHnedia

filter to guarantee a better sterility essential for andctable.
Samples were prepared as follow:

- 10 mg/mL and 2 mg/mL formulated under nitrogen,

- The pH of each formulatn was adjusted at 4.0 and 5.0,

- Both formulations concentrationsvere then sampled in10 mL amber vial§glass

type 1) with chlorobuty-isoprene Teflofaced top and aluminum seand put in the

autoclaveas described 1ﬂ' ableX
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TableX: Autoclavability and pH determination study samples and conditions of stress

Formulation Forced condins
BF before filtration
_ _ TO Initial condition &fter filtration)
air formulation
1C undergo 1 autoclave cycle
2C undergo 2 autoclave cycles
BF before filtration
nitrogen T0 Initial condition &fter filtration)
formulation 1C undergo 1 autochae cycle
2C undergo 2 autoclave cycles

Someanalyses wer@erformed befoe and after filtrationto check ithe filtration process

hadno impact on the product (pH, API assay).

3.3.2 RESULTAND DISCUTION

The filtration study: omparison between sample be#®@filtration (B and sample

after filtration (see|Appendixs) showedno impactof the filtration on both formulations.

All trends are presentedith standard deviation as each analyze was done twice

or three times.

3.3.2.1 X-2 MG/ML FORCED DEGBRATION RESULTS

Resultsof the autoclave study on a solutiai X at a concentratioof 2 mg/mL,

are detailed ifTrableXI|

Xsolution, concentratior?2 mg/mL,appearance

X Samples after filtration were ehr and colorless

X Appearance datafter autoclave stressvere omitted so noresults werereported.
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TableXl: Faced degradations results for X2 mg/mL

X-2 mg/mL
pH 4.0 pH 5.0
Analytical tests Specifications RRT| TO 1C 2C TO 1C 2C
Appearance Clear and colorlesy - C NR NR C NR NR
Visual inspection | 0 visibleparticles - C C C C C C
USP range
pH rang - | 409 | 413 | 415 | 530 | 546 | 551
(2.5 @H @.5)
PQ (mmHg) For information - 18 16 17 18 16 16
Osmolality (mOsm] Forinformation - 334* 288
X assay by UPLQ 1 g80-220 mg/mL | - 201 | 202 2.02 1.99 1.98 1.98
(mg/mL)
X assay by UPLC ( 90 %- 110 % - 100.3 100.9 100.9 99.3 99.1 99.2
Total of impurities NMT 1.0 % - 022 | 0.23 0.23 0.22 0.21 0.22
by UPLC (%)
Imurity A NMT 0.2 % 141 0.04 0.05 0.05 0.05 0.05 0.06
Impurity B NMT 0.2 % 1.28 0.01 0.02 0.02 0.01 ND 0.01
Impurity C NMT 0.2 % - ND ND ND ND ND ND
Impurity D NMT 0.2 % 0.36 0.04 0.05 0.05 0.04 0.04 0.04
Impurity E NMT 0.2 % - ND ND ND ND ND ND
Impurity F NMT 0.2 % 1.08 0.12 0.11 0.09 0.11 0.10 0.10
Impurity G NMT 0.2 % - ND ND ND ND ND ND
Impurity H NMT 0.2 % - ND ND ND ND ND ND
Unknown NMT 0.2 % 1.50 0.02 0.02 0.02 0.02 0.02 0.02

CINCR %o} E &

clarity. / (
Reported

ifPnd change or matteis observed irsolution appearance and

vGC Z VvP }E u §%8 €& ]+ } + E AIDINdtPetecied BRWNPE 3

*This osmolality data seems aberrant as it was not found back in filtratieties done

afterwards. This waan isolatedphenomenon to wath.

3.3.2.2 X-10 MG/ML FORCED DESBRATION RESULTS

Resultsof the autoclave study on a solutiai Xat a concentration o0 mg/mL,

are detailed ifTableXI|
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Xsolution, concentratiorl0 mg/mL appearance

x Asfor the solution a2 mg/mL, data afterautoclavestresswere not collected but

TO were clear and colorless.

TableXIl: Forced degradations results for X 10 mg/mL

X-10 mg/mL
pH 4.0 pH 5.0
Analytical tests Specifications RRT TO 1C 2C TO 1C 2C
Appearance Clear and colorles§ - C NR NR C NR NR
Visual inspection | 0 visibleparticles - C C C C C C
USP range
pH - 4.04 4.07 4.08 5.13 5.19 521
(2.5 GH @.5)
PG, (mmHQ) For information - 18 16 16 23 17 16
Osmolality (mOsm For information - 310 294
Xassay by UPLQ 9 00-11.00 mg/mL| - 10.07 | 10.07 | 1008 | 10.07 | 10.10 | 10.02
(mg/mL)
X assay by UPLC ( 90 %- 110 % - 100.7 100.7 96.2 100.7 101.0 100.2
Total of impurities NMT 1.0 % - 0.20 0.22 0.24 0.29 0.26 0.23
by UPLC (%)
Impurity A NMT 0.2 % 1.42 0.05 0.05 0.06 0.05 0.05 0.05
Impurity B NMT 0.2 % 1.28 0.02 0.02 0.02 0.02 0.02 0.02
impurity C NMT 0.2 % - ND ND ND ND ND ND
Impurity D NMT 0.2 % 0.36 0.04 0.04 0.05 0.04 0.05 0.04
Impurity E NMT 0.2 % - ND ND ND ND ND ND
Impurity F NMT 0.2 % 1.078 0.08 0.10 0.10 0.16 0.12 0.10
Impurity G NMT 0.2 % - ND ND ND ND ND ND
Impurity H NMT 0.2 % - ND ND ND ND ND ND
Unknown NMT 0.2 % 1.50 0.02 0.02 0.02 0.02 0.03 0.02

CINCR %o} E &

clarity. / (

reported

ifPnd change or matteis observed irsolution apgarance and

vC Z vP }E u §3 E ]+ } « E ANDLhot Betectpd, BR: %0t E 3

*For this datapne result(9.156)out of two wasa clear outlier and was therefore not

taken into account.
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Y X-10MG/ MLAND2 MG/ MLSAMPLE®H TRENB

Figure20: X2 and 10 mg/mL, pH trend

Solutionsadjustedat pH 4.0 and 5.@emaired stable andwithin specifications in both
formulation conditions after 1 and 2 autoclave cyclése solution apH 5.0 presenta

slightpH increase which isot significant.

E7) X-10MG/ MLSAMPLEAPIASSAY TRESPANALYZED BYPLC

Figure21: X 10 mg/mL API assay trend by UPLC
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Nosignificant change ithe UPLC API assegn be observedAll data werawithin

specifiations and very stable even after 2 autoclave cycles.

It can be wted that the first of the two UPLC preparatiofa the solution ofXat 10

mg/mL pH4.0 gave a clear outlier value and decreased the overall assay content for the

second autoclave cyzresult. This otlier value was not consideredhfFigure21

3 X -2 MG/ MLSAMPLE&APIASSAY TREISPDANALYZED BYPLC

Figure22: X 2 mg/mL API assay trend by UPLC

In the same waysresults fothe solution ofXat a concentrationof 10 mg/mLno

significant changean be noticedn the UPLC API assay. Data remdstable.
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Y X-10MG/ MLSAMPLESOTAL IMPURITIES AYSERENS, ANALYZED BYPLC

Figure23: Totalimpurities trends for X10 mg/mLby UPLC

E7) X-2MG/ MLTOTAL IMPURITIES AYSERENPANALYZED BYPLC

Figure24: Totalimpurities trends for X2 mg/mLby UPLC

The amount ofmpurities, forthe solution ofXat 2 mg/mL as at0 mg/mL, vasvery

stabk after 1 or 2 autoclave cycleékhe impurity contentvariationobserved at TO fothe
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solution ofXat 10 mg/mL wasot significant as it ranges between 0.Zd(minimum) and

0.29% (maximum).

3.3.2.3 DISCUSSION ON APIIAMPURITIES ASSAYS

The API assay wanot affected by the nubver of autoclave cycles, it stagtable

and wihin specification

The behavior of the twanajor degradation impurities has beeonsidered This is a way
to analyzef oxidation, the firstdegradation pathwayf X or degradationby heatmay

occur when the formulation undergoes autoclave.

Impurity B: dimerisation product of X (first degradation scorer)

Figure25: Impurity B UPLC assay function of autoclave cycles

The impurity B content remairstable andalmost not detected at the different analyzed

points.
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Impurity E X-N-oxide

Figure26: Impurity F UPLC assay function of autoclave cycles

The individial impurity F content decreass$ightly with thenumber of autoclave cycles
for sample2 mg/mLat pH 4.0 and 10 mg/mat pH 5.0.It may have been degraded into
other impuritiesafter autoclave (novisible using the current UPLC method with UV

detection).

In addition it seems that the impurity F peakmot well dissociated fronthe peak of Xin
the UPLC graph/alues listed below may then be ogstimated The analytical method

hasbeenoptimizedat that time.

None of the condition promoted the appearancetbé impurity E whicthas been
detectedand had an interesting behaviar previous forced degradations at 80°C and
40°Q75 % RH

During this studythe impurity A igdetectedat very low values. Its conteng unaffected
by the numberof autoclave cycles. Impurity#as not been observear inrealy low

concentratiorsin forced degradations at 80°C and 40r&% RH
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To summarize results obtained for this study:

x All the pH values remaed stable andwithin specifications for the two
concentrations formulate@nd in every autoclaveondition

X TheAPI assaystaysstable and wthin specifications fothe solution ofXat
both concentratiors 2 mg/mL and 10 mg/mL under atress conditions.

X Impurities amounts staygery low and far under specificatiorsen

thoughthe solutions underwentl or 2 autoclave cycles.

3.3.3 CONCLUSION

Regar [VP (JEupo 38]}ve[ %, § e@&nud® addpvdi hdsot been
possibleto discriminate one or the otheafter this study Indeed, both pH stay stable
after autoclave stress and both assays, APl and impurities, stay within specifications and

mostly stable.

The choice a&sbeenthen to continue studies with pH 5.0rféour reasons: first of all,
during40°Q75 % RHand 80°C faced degradations, pH 4.0 showstbre impurities than
pH 5.0, secondlthe pH 5.0 is closer tthe pH of Xn solution (the ajustment will be
easier during formulation), it is also clogerphysiological pH anchost of the

RLD/generics formulations were found to be adjusted at that pH.

The esults weresimilar between 2ng/mL and 10mg/mL concentrations It can be
underlinedthat appearance data anmmissing. Solutions coloration evolution will be to

watch forother stress degradation studies as Wwas in prestability.

The esults at 2 mg/mL shosd that for the formulation chosen nother degradation
products have been obsesd X dzZ A}E<3 + ] v[$ P]A 1531}v 0 38

studies will however always include this concentration to validate this result.
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Concerning autoclavingo assay concentration decreased, no impucibntent increased
and no significant pH viationswere seenAt that stage of deviopment, the product
wasn[ # its final primary packagirgndthe solution could underg autoclave, when

formulated under nitrogen

It maybe essential to perform a study with the solution in its final packagidedd the
behavior of Hypak®CFsyringes facing autoclave stress, pressure as well as high
temperatures, may be decisive for the choicetbk final sterilization proces3hus, a
study involvingormulationsof Xin syringes undergoing autoclave will performed to
take into acount combination between the thredifferent parameters: heat, product

and packaging components integrity

Two experimentswill be set in order to compte this autoclave studyrhecompatibility
of the lution of Xwith different references ofubberswill be tested in order t@hoose

the appropriate stopper.

Secondlythe solution of Xwill be put in syringes and tested at threkfferent
temperatures, 40°@5 % RK60°C and 80°C. This study will hielgonfirmor invalidate
syringes fability duringautoclave. The behaoar of syringes will be monitoreds much as
the solution[« X /3 A]oo caledting enofigh data to validathe global isothermal
method employed fopre-formulation stress degradations artd extrapolateresults at
25°C.
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3.4 X AUTOCLAVABILITYWIDIFFERENT STOPPERD TIPCAP:
RUBBER DISCRIMINANIO

3.4.1 MATERIAL AND METHOD

The aim othis study wado evaluate the stability of solution ofXat a
concentration of2 mg/mLautoclavedn contact with the followig references ofubber.

Stopper A, ®pper B andlip-capA. The appropriate elastomer will be chosen

The formulation was set, thanks tbe previous preformulation forced degradation tests,
as bllow: 2 mg/mL, pH 5, formulatiomnder nitrogen. Autoclavirg waspreformed to
compile additional data about that step of the process. The impact of autoclave on

rubbers is interesting to watch separatéfpm the solution stability study.
After formulation, the solution was filterethrougha 0.22um media filter.

The solutiompreparedwas split in 15on sterileborosilicate glass vials with chlorobutyl

isoprene Teflorfaced top and aluminum stof 20 mLeachwhich were prepared as

follow:
TableXIIl: Rubber compatibility studies samples
Famulation references X-Stopper A X-Stopper B X-Tip-cap A
Rubber reference Stopper A Stopper B Tipcap A
Number of vials prepared 5 5
Number of elastomer added per via 9 9
Volume of X injection solution per vi 10 mL 10 mL 10 mL

*Number of stoppers and thgaps added per vials were calculatechave a surface
contact equal to 356.08 mffml of solution for stoppers and equal to 92.0 Aml of
solution for tipcaps.Regarding the Hypak® syringes filled with 1.2 onl,2he surface
contact of the solution with the stopper is around 49.0 ffmL and with the tip cap
around 12.3 mfimL. The test is indeed performetworse cas®y increasing the

surface contact of the el&mmer with a factor of roughly seven
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The filling was done in antraosbag to preservehe solution from a regain in oxygen

during the process.

Vials weresteam sterilizedn an autoclaveat 121°C for 20 minutes. Theyere then split
in two studies storage at 40°C/75 % RH in a climatic chamber and 80°C in an oven as
exphin inTableXIV

TableXIV: Rubber compatibility study conditions of storage

Time spent at

40°C/75% RH Time spend at 80°C

X with Tipcap A
X with Stopper A BA |AA TIM BA AA | T6D T14D

X with Stoper B
*BA: Before Autoclave, AA: After Autoclave

Samples BA and AA wereetlsame for the two temperaturesand were useful to

determine the autoclave impact on the formulation in contact with rubbers.

Sample AA was considered as di0the stress degdation study with storagat 80°C
and 40°C75 % RH

3.4.2 RESULTS AND DISCUBSI

Results of the rubber compatibility test orsalution ofXat a concentration of

mg/mLare detailed ifiTablexX\}

X solution appearance

x Every sample BA and AA were clear and colorless.

X Appearance at T6D (80°C) was not reported due to an omission.

X Solutions after 14 days at 80°C were slightly yellow with a deeper coltreor
sample withTip-cap A

X Solutons after 1 month at 409Z5 % RHvith Soppers A andBwere clear and
colorless buthe sample withTip-cap Awas slightlypaleyellow.
All the solutims were free fronvisibleparticles
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TableXV: Rubber compatibility forced degradation results for X 2 mg/mL injection

X sdution 2 ma/ml

Stopper A Stopper B Tip cap A
80°C 40°C 80°C | 40°C 80°C 40°C
Analytical tests Specifications | RRT| BA | AA | T6D| T14D| TaiM| BA | AA | T6D | T14D| TAIM| BA | AA | T6D | T14D| TIM
Appearance Clear and colorlesy - C C NR [ NC C C C NR | NC C C C NR | NC | NC
Visual inspection | 0 visibleparticles - C C NR C C C C NR C C C C NR C C
pH _ lffz raG”gf,Zo | - | 69| 572|601| 6145096527557 568|571 571|534 6.28( 6.46 | 6.27 | 6.13
PQ, (mmHg) For information - 24 | 17 [ 16 | 15 | 17 [ 24 [ 18| 16 | 15 [ 18 [ 20 | 19 | 17 | 14 | 17
Osmolality (mOsm] For information - 296 296 296
X assay by UPLd 1,80- 2,20 mg/mL 2.16 | 1.98 [ 207 | 2.07 | 2.05 | 2.03| 2.00| 2.07| 2.05 | 2.03] 2.05| 2.10 | 2.04 | 2.03 | 2.03
(mg/mL and %) 90 %- 110 % - | 108 | 99 | 104 | 104 | 103 | 102 | 100| 104 | 103 | 102 | 102 | 105 | 102 | 101 | 102
Total of impurities NMT 1.0 % - | 024|023|030|031|032|023|023|028|032|035]/022|045|096]| 1.01] 0.68
by UPLC (%)
Impurity A NMT 0.2 % 1.28 [ 0.05 [ 0.05 | 0.05| 0.06 | 0.06 | 0.05] 0.05| 0.04 | 0.06 | 0.08| 0.04| 0.04 | 0.14 | 0.25 | 0.08
Impurity B NMT 0.2 % 112 ND | ND | 0.02] 0.03] 0.04| ND | ND | 0.02| 002 0.07] ND| ND | ND | ND | ND
Imouritv C NMT 0.2 % 1.31 [ 002 [ 002 003 003|002 002[0.03]003]003]002]003]003]002] ND | 003
Impurity D NMT0.2% | 0.62 | 0.04 | 0.04 | 0.05] 0.07 | 0.05 | 0.04 [ 0.04] 0.05| 0.06 | 0.05] 0.04 | 0.04 | 0.05 [ 0.06 | 0.04
Imnuritv E NMT 0.2 % - ND ND ND ND ND ND ND ND ND ND ND ND ND ND ND
Impurity F NMT 02 % 1.03[ 013 [ 0.12] 014 011 [ 0.08 | 0.12]0.11] 0.13| 0.14 [ 0.13] 012 0.11 | 0.13 | 0.13 [ 0.12
Imourity G NMT 0.2 % - _ND | ND | ND | ND | ND | ND | ND| ND | ND | ND | ND | ND | ND | ND | ND
Impurity H NMT 0.2 % 152 ND | ND | ND | ND | ND | ND [ND| ND | ND | ND| ND | ND | ND | ND | ND
Unknown NMT02% | 027 ND | ND | 0.01] 0.01 | ND | ND | ND [ 0.01[ 0.01 | ND | ND | ND | ND | ND | ND
Unknown NMT02% | 029 ND | ND | ND | ND | ND | ND | ND [ ND [ ND | ND | ND | 0.01] 0.05] 0.07 | ND
Unknown NMT 0.2 % 143 ND | ND | ND | ND | ND | ND [ ND | ND | ND | ND | ND | ND | 0.11 | 0.15 | ND
Unknown NMT02% | 035] ND | ND | ND | ND | ND | ND | ND| ND | ND | ND | ND | ND | ND | ND | 0.03
Unknown NMT 0.2 % 146 ND | ND | ND | ND | ND [ ND [ ND| ND | ND | ND | ND [ 0.22] 046 | 0.35 | 0.38
C/INCR %0} ES ifPnd' change or matteis observed irsolution appearance and clarity( vC Z vP }&E u 8§85 E J* } -

reported.ND: not detected, NfRhot reported
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Trends obtained for autoclave impact tre formulation in contact with stoppers will be
presented first (BA and AA data). The formulation stability safthr storageat 80°C and
40°Q75 % RHwill be presented afterwardsSandard deviatons were calculated only for

pH data a®ther analysisvere not done several times.

3.4.2.1 X2 MG/ML AUTOCLAVE RACT TRENDS

E7) PH TREND

Figure27: X2 mg/mL, pH trendwhen autoclaved

All samples remagd within specifications.

The amplewith Tip-capAwas well impacted by autoclang. ks pH increased of almost

one unit between BA and AA.

The ample with $opper Bshowedthe same trend athe sample withTip-cap Ahowever

the increasenof pHwasless important.

Paged0/145



Studies at laboratory scale

The ample with $opper Ahada pH value already high for BAe three samplesvith
Stopper A, Stopper B and Tapp A were don&vith the same formulation. This
observation has just been done with tBample with Stopper Ahis pH sample stays

stable after autoclave.

E7) APIASSAY TR ANALYZED BYPLC

Figure28: X 2 mg/mL API assay trend by UPLC when autoclaved
APl amounts ofolutions ofXat a concentrationof 2 mg/mLwith Tip-cap A and ®pper B

seemed quite stable in time and stayetthin specificatios.

A strong variatiorof API contents seen ér the sample witf&opper A Before Autoclave
(BA)API amourg seemedrery high, while AA value ¢ose to 100%. This variation may

be due to analytical method variability.
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Y TOTAL IMPURITIES ASSEREND ANAZED BYPLC

Figure29: X 2 mg/mL totaimpurities assaytrend by UPLGvhen autoclaved

The totalimpurity of samples ’X- 2 mg/mL_with the Tip-capshowedobviously astrong

increase right after autoclaving.

The amount of totaimpuritieswas lowerfor samples with ®ppersA and Band seemed

not impacted by the autoclave step.

3.4.2.2 X2 MG/ML 80°C AND 4@’ STABILITY TRENDS

Data regarding samples stability at 40°P&%RHand 80°C after aoclave are
presented below in the same grapt check ithat trends areequivalentbetween the

two temperatures Sample AA is considered as TO for this study.
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Y PH TREND

Figure30: X2 mg/mL, pH trends for 80 and 40°C storage

Allthe pHs after autoclaving wenreigh,above5.5, but during stability storage they seem

to stay stable in time and within specifications.

The ampleswith Sopper Apresentedthe biggest increase when stored at 80°C and

40°Q 75 % RHbut staysin specificatios for both conditions.

Data at 40°75 % RHhadthe same trend as 80°C.
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Y APIASSAY TREND ANALYRYJPLC

Figure31: X 2 mg/mL API assay trend by UPLC for 80 and 40°C storage

TheAPI amountgor 80°C trendsvere in specificatios but an increases seerbetween
TO ard T6D for samples witBopper B and AThe opposite trend wasbserved for

sampleswith Tip-cap A Data seemedo stabilize afterT6Dfor all samples at 803C

Trendsat 40°C 75 %RH conditioradd up éta at 80°Cthe pointT1 month at 40°C was
practically equivalent tahe point T6D at 80°C.
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Y TOTAL IMPURITIES ASSEREND ANALYZEDBFRLC

Figure32: X 2 mg/mL total impurities assay trend by UPLC at 40°C

Results at 40%Z5 % RH add up data at 80°@eTBame important increasaf impurity is
seenfor samples with Tip-cap A passing over specification limit when stored six days at

80°C.

Other samples shogd also an increaseof the total impurity content but the amount

stayedlower than thesample withTip-cap Aamount and far underecifications.

Sampleswith Sopper Ashowedan increase slightly smaller than other samples when
stored at 40°¢75 % RHluring 1 month.The dscrimination withSopper Bwhen samples

are stored at 80°C wadsss visible.

3.4.2.3 DISCUSSION AND INPERETATION

Thisstudy was set t@valuate the stabilityf X- 2 mg/mL_solution in contact

with different references of rubbecompatible with the Hypak® SCF syringe
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Autoclaving impact

Regardindhe pH behaviorthe Tip-cap Asampks undergaa significanincrease
of pH, the pH of theSopper Bsamples seemsalsounstable with an increase of
0.3 unit of pHThe pH ofStopper Asamples stays stable butthe pH before
autoclave waslready high.

Regardingdtal impurities amountyalues for theTip-cap A sampleshowedan
increase when autdaved whereas other samples rematable. Evergample
stayed under specificatioa

Regardinghe APlassaythe Tip-cap Aandthe Sopper Bsamples semed stable
but the Sopper Asample presented highBAvalue. Itmaybe an outlie point.

Point AA waslose to 100 % which may be more relevant.

Stability study at 80°C and 4076 % RH

Data collected for the condition aB0°Cadd up data for the conditiod0°Q75 % RH

Results presented the same tendency and could be extrapoldtetbed T6D at 80°C
seems equivalent td 1M at 40°75 % RH

Regardinghe pH behaviorthe Sopper Asamples presentedmore variations
with a slight increase of less than 0.5 pH uniise pH of ther samples stagd
more stable in time whatever the condas.

Regardinghe APlassay: Th&ip-cap Asamplesdecreasanay be due to a high
degradationof Xin accordance with the total impurities assay grapfiice API

amount of dher samples stay quite stable and in specificagion

Regardinghe total impuritiesamount:the sample withTip-cap Ashoweda
dramatic increase of total impurities for both mditions. Impurities created may
not be due to oxidation impurity Bwasalmost not detected animpurity Fwas
stable whatever conditions and rubber). An uokmn impurity with RRT at 1.46
wasthe more important contributor to the high total impusitduring the study at

80°C as well as 4075 % RHIt wasdetected right after autoclave and during all
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the storage, from 0.22 % for sample AA to 0.46 % at T6D (80d@) 36 % at

T14D (80°C). tAM0°CQ75 % RHts amount wasqual to 0.38 %fter 1 month of
storage. Impurity Avasalso created during storage (40°C: 0.08 %, 80°C: 0.14 %
for T6D and 0.25 % for T14D). Two otharknownimpuritieswere detectedat

80°C, wih amounts less importarthan RRT = 1.46h& main one haén RRT =
1.43, its contenincrease from 0.11 % at T6D to I6 % at T14D. The second one
hadan RRT = 0.29 and incred$eom 0.01 % for AA to 0.05 % for T6D and 0.07 %

for T1D. At 40°C75 % RHhose two unknownmpuritieswere not identified

3.4.3 CONCLUSION
The compatibility study has been performed under stress conditions:

- The ratio of rubber contact surface/volume of solution hdeen increased by a
factor of severcompared toXinjection solutian filled in 1.25mLHypalk®SCF
- Solutions have been steasterilized at 121°C for 20 mitesin order to mimic the

normal process undeane by solutions filled isyringes.

Regading the study resultgshe sampleswith Tip-cap Ashowedthe most important

impurity amount, API dgradaton and pH variation but valuesayed in specifications.

Indeed, mpurities amounts stagd in specifications foboth studies.The only point
crossing is T14D at 80°This condition is very strortg stress an ARthe trend doserved
during the study aB0°C seemetb stabilize after that valueTheTip-cap Acan then be
used butthose stability data have to be taken into account andatch will be

implemented in furthempre-stability studies.

Nosignificant differences are glerved betweersamples with Sopper Bandsamples
with Stopper AThe API assay shedthe same tendencythe tota amount of impurities

increasedslightly but in the same proportioandless tharnin the sample withlip-cap A.
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Samples with the Stopper Apresentd the highestpH increase when stored at 8Dand
40°Q75 % RHand shoved a non explicated high value for the polBA Gobally therepH
values aren specifications and natiscriminative However, given the fact that pH values
seems less shde for sampleswith Stopper Aand tha, from experiencethe stopper B
stands béter for autoclaving, we suggested usethe stopperBto continue the studies

on the solution of X

In order to better evaluate the compatibility o& solution ofX with rubber references
whenthe formulationis filled in itsfinal packagin@nd as no process is already defined
pre-stability study is to béaunched usindCH accelerated conditions for shonths and

longterm stability conditions for twelvenonths.

A predevelgpment stress degradation study withrgyges undergoing autoclave wakso
performed to take into acount combination between the thregifferent pamameters:
heat, solution, rubberThisstudy will permitto determine ifthe non-isothermalmethod
used forpre-development forced degradation studies can gigpresentative and

workableresults to extrapolatéhe solution stability at 25°CThis study, as previously

discussed isection3.3.3is described right afte
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3.5 X PRESTABILITANDAUTOCLAVABILITSTUDY AT 40715 %
RH 60°C AND 80°C

3.5.1 MATERIAL AND METHOD

The goal of this stly isto evaluate the effect of steam sterilizatiam a solution of
Xat 2 mg/mLadjusted at pH 5.0The solution was filled in Hypack®3@ringes sing
SopperBand Tipcap Awith a ®mmpounding and filling undea high level ohitrogen It
was then put in stability in two different conditions: 40°C/75 % RH and 8bi€study

will allowdeterminingif syringescan undergo autoclave

Another objective forthe study sto evaluate the correlation between stability data
generated for a same formulation at different temperatures. One formulain@nted and
autoclavedwasplaced at60°C on top of the ones 40°C/75%RH,and 80°C andata

generatedat the three different temperaturesompared.

The study at 40°C/75 % RH involved fiwonulations Xat concentration2 mg/mlL,
inerted and autoclaved and &t concentration2 mg/mL, inerted andnon autoclaved. The
only conditionincludingXat a concentrationof 2 mg/mL, at pH 5.0,inerted and
autoclavedwas 60°CFormulations weremamed X 2N2-A _and X 2N2-NonA_to make

it easier.

Seam sterilizatiorwas carried out orsyringes at 121°C for twentginutes, with the PdC

manufacturing plant auiclave.

Syringes werelaced horizontdy on rondo traysafter steam sterilizatiomnd rondos

were placed in cardboard boxeEBach cardboard bog filled withnine syringes to

perform analgis. For each condition, the oxygen partial pressigeneasured o three
syringesthe three syringes are thepooled to perform pH measurement and osmolality

whenrequired. Six other syringes aneeded for the UPLC analgsi

To accommodate the large number of samplesrdboard boxewerefilled with nine

syringes edtand placed undethe following storageconditions
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TableXVt Prestability and autoclavability samples at 40°C/75 % RH, 8a@A@60°C conditions

i ° 0I o o
e Spen;‘_tl el Time spend at 80°C  Timespendat 60°C
X 2tN2-A
TO: TAM* [ T2M: T3M| TO [ T2D TeD; T14D | TO; TeD; T14D T28D
X 2N2-Non A

*M: Month; D: Day

As pH is fixedt 5.0 thecriterion of acceptance waben 6 Xii G 5%., G

3.5.2 RESULTS AND DISCUIBSI

Firstly, esuts obtained forthe study at80°C arepresentedthen the results for the
study at40°Q75 % RHData obtained at 60°C will bdevelopedafterwards All trends are

presented with standard deviati@n

Discussion and conclusion about thetoclaveprocesswill be treated right aftei80°C and
40°Q75 % RH results. THg®°Cdatawill permit to correlatepre-development forced

degradation resultendto extrapolateat 25°C

3.5.2.1 80°C STABILITY RESHL

Autoclavabity and stabilitytest resultsat 80°Con a solution oXat a

concentration of2 mg/mLare detailed ifiTableXVI

X solution appearance

x EveryTOand T2Dsyringes werelear and colorless

x TheT6Dsamples were slightly yellgwon autoclavedamplegresented a deegr

color thanautoclavedsamples

Paged(/145



Studies at laboratory scale
X Both samples at T14D were identically pgddow.
Generally speakingyl samples were free from particlel§.isto note that for the T14D

time point, syringesstoppers had movedack up to thesyringelabel (syringes#oclaved

less than syringes nautoclaved.

TableXVIt X 2 mg/ml.inerted, autoclaved and non autoclaveidjection stability results at 80°C

X 2N2-A X 2 N2non A
Analyticaltests Spediications | RRT| TO T2D | T6D | T14D| TO T2D | T6D | T14D
Appearance Clear and - C C NC | NC| C C NC | NC
colorless
Visual inspection | O visibleparticles| - C C C C C C c c
USP range
pH axfi G| | 56 | 53| 48 | 45| 55 | 52 | 48 | 46
Osmolality (mOsm) | Forinformation | - | 289 289
PG Forinformation| - | 49 | 427 | 407 | 43 | 52 44 | 453 | 44
X assay by UPLC (4 90 % 110 % | - |101.47|101.48[101.40{99.81| 101.18[101.18]101.79| 101.78
Total of impurities by]  nwmT1.0% | - | 0.17 | 0.34 | 0.510| 0.89| 0.16 | 0.37 | 0.65 | 0.83
UPLC (%)

Impurity A NMT02% | 14| 0,04 | 0,04 | 0,04 | 0,04]| 0,04 | 0,04 | 0,04 | 0,04
Impurity B NMT02% |1,27] 0,03 | 01 | 0,2 | 0,24| 0,04 | 0,15 | 0,28 | 0,3
Impurity C NMT 0.2% |1,49] 0,02 | 0,04 | 0,06 | 0,08| 0,02 | 0,05 | 0,00 | 0,08
Impurity D NMT 0.2% |0,35| 0,03 | 0,04 | 0,04 | 0,04] 0,03 | 0,04 | 0,04 | 0,04
Impurity E NMT02% |1,21] N\ND | ND | ND | ND| ND | ND | ND | ND
Impurity F NMT 0.2% |1,07] 0,04 | 0,04 | 0,05 | 0,05| 0,04 | 0,04 | 0,04 | 0,05
Impurity G NMT0.2% |0,73] ND | 0,04 | 0,05 | 0,15 ND | 0,03 | 0,07 | 0,12
Impurity H NMT02% |19 N\ND | N\ND | ND | ND| ND | ND | ND | ND
Impurity of impurity G NMT 0.2 % - ND ND ND | ND ND ND ND ND
Unknown NMT0.2% |o,16] ND | 0,01 | 0,02 | 0,14] ND | 0.01 | 0.02 | 0,06
Unknown NMT0.2% |0,31] ND | ND | 0,01 | 0,03] ND | ND | 001 | 0,02
Unknown NMT0.2% |1,21] ND | 0,01 | 0,02 | 0,06] ND | ND | 0,01 | 0,02
Unknown NMT0.2% |113] ND | 0,01 | 0,01 | 0,03] ND | 0,01 | 0,04 | 0,07
Unknown NMT02% |127] ND | ND | ND | 0,01] ND | 0,01 | 0,02 | 0,02
Unknown NMT02% | 16| ND | ND | ND |0,02] ND | ND | ND | 0,01

C/INCR %0} ES if'nd change or matteis observed irsolution appearance and
clarity.If any changeou 3 @ ]+ } » EA U ~END:hot@té&tdédENR: Kot

reported.
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Y PH TREND

Figure33: X 2 mg/mL, inerted, autoclaved and non autoclaved pH trend at 80°C

Both formuo 3]}ve[ %o, aZlpAdecreasebut stayedin speciftations over time
except X 2N2-A atTO which pH is equal t8.6. Bth formulations values stad very close

to each other.
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Ya OXYGEN PARTIAL PREBBTIREND

Figure34: X 2 mg/mL, inerted, autoclaved and non autoclaved R@nd at 80°C

The oxygen partial pregse remainedvery stable over timeSyringes were hermetic

Valuesstayed under 80 mmHgndicatingthat nitrogen was still protective.

E7) APIASSAY TREND ANALYRYJPLC

Figure35: X 2 mg/mL, inerted, atoclaved and non autoclaved API assay trend at 80°C
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The API amunts for both formulations remainestable over time and in specifications.

Y TOTAL IMPURITIES ASSEREND ANALYZEDBFRLC

Figure36: X 2 mg/mL, inerted, autoclavedra non autoclaved total impurities assay trend at 80°C

The btal impurities amount showedn increase when syringes westored up to 14 days

at 80°C.Thémpurities contentfor the formulation autoclavedseanedless im@acted

As usual,mpurities behavios were studied separately. Threapurities wereinteresting
to be analyzel during this stug: impurity B, impurity F and thenknown impurity with
RRT equal to 0.16
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Y IMPURITYBASSAY TREND ANALYBYDJPLC

Figure37: X 2 mg/mLjnerted, autoclaved and non autoclaved impurity B assay trend at 80°C

Impurity B was the main contributor to the high total impuritidsisthe first scorer of
the degradation of XThis impurity seemeahhibited when the formulation was
autoclaved.Theimpurity Bamount(}E $Z (} E KR2NZA Jwagaboutten
percentssmallerthans Z (} € u p X 2N2-Xoh A for all samples except TAfter a

sharp increase between TO and T@Re impurity B creation seemed &iabilize afl14D.

Pagedy/ 145



Studies at laboratory scale

Y IMPURITYASSA TREND ANALYZEDWBRLC

Figure38: X 2 mg/mL, inerted, autoclaved and non autoclaved impurity F assagd at 80°C

Impurity F amount waalso interestingo watch as it is the secormukidation degradation
productof X Forboth formulations, amountsvere close (the formulationX 2N2-NonA at

time pointT2D hadhe greatest standard deviation); no clear increase was observed and

the results were low for both formulations.
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Y IMPURITY WITIRRT=.16 ASSAY TREND ANALYRYJPLC

Figure39: X 2 mg/mL, inerted, autoclaved and non autoclaved impurity with RRT = 0.16 assag at 80°C

This impurity wasnore promoted than impurity Fandwell contributed to the total

impurities increase. Aélr 14 days at 80°Csiamount wagqual t00.14 % fothe

(JEUpO XPBN2-A and 0.06 % forsZ (}EuUUX BNPMONA AZ E < ]85 A «v[3
detected at TOThis impurity being higher in the autoclaved formulataomd obviously

increasing over timgit seems to be promotety heat.

Its appearancas to be watched duringthers studies athe two temperature conditions
40°Q75 % RHand 60°C.

3.5.2.240°Q75 % RHSTABILITY RESULTS

Autoclavability and stability testesultsat 40°C75 %RHon asolution ofXat 2

mg/mL are exposed jfableXVII
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x Every TO, T1IM and T28§ringes were cleacolorless and free frorparticles.

X Appearancevas not reported for T3M due tomission.

TableXVIIt X 2 mg/ml.inerted, autaclaved and non autoclavethjection stability results at 40°¢75 % RH

X 2N2-A X 2N2non A
Analytical tests Specifications | RRT| TO TIM | T2M | T3M TO [ TIM| T2M | T3M
Appearance Clear and - C C C | NR| C C C NR
colorless
Visual inspection | O visibleparticles| - C C C NR C C C NR
USP range
pH ~8XA G B - 5,7 5,4 5,5 53 53 54 5,2 5,2
Osmolality (mOsm) | For information| - 289 289
PQ For information - 27,3 | 52,7 | 69,7 | 92,3 | 29,7 59 78 96,7
X assay by UPLC (%4 90 %- 110 % - 102,25| 101,3|101.08| 101.1] 100,56| 101 |101.07{100.99
Total of impurities by|  NMT 1.0 % - 1 019| 023]| 041|068| 018 | 03| 051 | 0,74
UPLC (%)
Impurity A NMT 0.2 % 141 005 ) 0,04 | 0,03 | 005] 0,05 | 0,04 0,03 | 0,03
Impurity B NMT 0.2 % 1,27| 0,02 | 0,11 | 0,24 | 0.25| 0,01 | 0,21 | 0,27 | 0,38
Impurity C NMT 0.2 % 1,49| 0,03 | 0,02 | 0,02 | 0.03| 0,02 | 0,03| 0,03 | 0,04
Impurity D NMT 0.2 % 0,35] 0,04 | 0,02 | 0,03 | 0.03] 0,03 ND | 0,04 | 0,04
Impurity E NMT 0.2 % 1,21]| 0,02 ND ND | 0.05] 0,03 ND ND 0,07
Impurity F NMT 0.2 % 1,07 0,03 | 0,03 | 0,03 | 0,08] 0,04 | 0,04 0,4 0,08
Impurity G NMT 0.2 % 0,73] ND ND 0,07 | 0.08 ND ND | 0,05 | 0,05
Impurity H NMT 0.2 % 19 ND ND ND ND ND ND ND ND
Impurity of impurity G NMT 0.2 % - ND ND ND ND ND ND ND ND
Unknown NMTO0.2% | 0,16| 0.01 | 0,01 | 0.06 | 0.08| ND | ND | 0.03 | 0.02
Unknown NMT 0.2 % 0421 0.01 ND ND ND ND ND ND ND
Unknown NMT 0.2 % 1,11| 0,01 ND 0.02 | 0.03 ND ND | 0.03 | 0.02
Unknown NMT 0.2 % 1,12 0,01 ND ND ND ND ND ND ND
Unknown NMT 0.2 % 1.14]1 ND ND ND ND ND ND | 0.01 ND
Unknown NMT 0.2 % 1,2 ND ND ND | 0.02 ND ND ND ND
Unknown NMT 0.2 % 1,26 | 0,01 ND 0.02 | 0.03 ND ND ND 0.01

C/INCR %0} E S
clarity./( vC Z vP }@E u $§3 E ]+ } « E ANDLhot Betectpd, BR: %0t E 3

reported.
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Ya PH TREND

Figure40: X 2 mg/mL, inerted, autoclaved and non autoclaved pH trend at 4056 RH

During this study, it can be observed decreasing pH vétwdmth formulations
HoweverpH } ( §Z (} @& u X02N2-NonA_stayedin speciications and practically
stable overtimepHat TO(} E S$Z (} & uqRoNZA Jis 0’2 pH units higher than the
upper specificationValues stagd practically stable afterward&.4 /5.5 / 5.3).
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Ya OXYGEN PARTIAL PRESE TREND

Figure41: X 2 mg/mL,nerted, autoclaved and non autoclaved B®end at 40°C75 % RH

The xygen partial pressure showed an increase at conddiotC/75 % REByringes were
not totally hermetic to external atmosphere andpartialregain of oxygen occurred.
Values stayedcloseto 80 mmHg, nitrogen wastill, in a minor wayprotecting the

formulation froma too strongoxidation.
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Ya API ASSAY TREND ANZED BY UPLC

Figure42: X 2 mg/mL, inerted, autoclaved and non autoclaved API assay trend at/46°%RH

APl amounts stagd stable over time and in specifications all along the study as data at
80°C.

Ya TOTAL IMPURITIES ASSTREND ANALYZEDWLC

Figure43: X 2 mg/mL, inerted, autoclaved and non autoclaved total impuriti@ssaytrend at 40°C75 % RH
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Impurities showedx dramatic incregefor the condition 40°C/75 % RIdaell as results
for the study at80°C Thetotal impurities contentfor the autoclaved formulatiorseemed
less impactedAmountsof total impuritieswere similar ketween ths studyandthe one at
80°C

Ya IMPURITY B ASSAY NREANALYZED BY UPLC

Figure44: X 2 mg/mL, inerted, autoclaved and non autoclaved impurity B assapd at 40°C75 % RH

Regardngthe impurity B amourd separatelyit was gill the man contributor to the high
total impurities assayUpholding data generated during the study at 8at@ impurity B
wasu}@E& P v E § ]Jv §$Z XJZAH2aNomAS]}v ~
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Ya IMPURITY F ASSAY NREANALYZED BY UPLC

Figure45: X 2 mg/mL, inerted, autoclaved and non autoclaved impurity F assay trend at/Z6°% RH

The mpurity F amount increaseaver time butin a minor waycompared toimpurity B.
This impurity amounts stagd far underspecificationsData have the sameshdency than
results at 80°C but theistriminationbetween the two formulatiosisless visiblet

40°C/75 % RH
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Ya IMPURITY WITH RRTOA6 ASSAY TREND ANXED BY UPLC

Figure46: X 2 mg/mL, inerted, autoclaved and non autoclavedpurity with RRT = 0.16 assay trend at 40°C

The same unknown impurity with an RRT equal to 0.16 was detected during this study, its
amountswasequalto the 80°C one, T6D at 80°C veagiivalent to T2 months at 40F1%

% RHThis inpurity seened more pronoted inthe formulation X2-N2-A . However, it
amounts stayed under specifications. Itisehavior wasinteresting to watch as it was not

generatedat that level in previoupre-development forced degradation studies.

3.5.2.3 DISCUSSION ON IMPURHSAND INTERPRETION

This study wasetto evaluate the effect of steam sterilization on X injection under
40°C/75 % RH and 80&@en the formulation is put in its final packaging, Hyp&Kki#

syringes

Both studies were performed in parallel to cross and compare reshtained in both
conditions and complete data obtained in the first autoclave study performed in vials (see

section3.4.2.]).
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This stability study showetthat the APl assay wasot impacted by autoclaving or stage
at40°C/75 % RH ar@D°C. It stayed stable and within specifications over time.

pHs of d formulationsat 40°C/75 % RH as well as 88RGweda little decrease (0.4 unit
of pH for the highest decreas# 40°C/75 % IR and 0.9 pH unit for the highesedrease
at 80°C)Most values were in specifications and diot change of more than one pH unit.

This droop may not be significant.

A dramatic increase wasbservedn both conditions for the total impurities assayrom
0.20 % to 0.706for the 40°C/75 9RH study and from about 0.20 % to 0.80 % for the
80°C studyThe first X degradation scorer wgseatly promoted in formulations. As
described beforgimpurity B semsimpacted by autoclavinglhis oxidation degradation

product is less promoted in formulans that underwent autoclave

Impurity F semsless impacted by aotlaving. Iltamount increasd over time in both
conditionsandstayed approximatelyequivalentin both formulations At 80°C both

formulations amounts werequal andranged between 0.04and 0.05 %At40°C75 %

RH data at T3M werequal to 0.08 %, for other samples, valuasgedfrom 0.03 to 0.04

%X dZpeU JuBopE]SC & }vsS v8 } ev[S % Eu]S S} ] EJu]v § }v

process.

Another interesting point wathe appearancef an unknown impurity with RRT edgl to

0.16. It was already generated duritie first predevelopment forced degradation

study. ‘pH and inerting impact on formulation itJthe air formulation aB0°C It was

mainly detected at T6D for pH 4.0, 5.0 an8l §zalues respectively equal to 0.28, 0.27 and
0.30 %). At T2D, its amount ranged between 0.06 % and 0.10 % for the three pHs and was
not detected at 0. This impuritywas practically not detected at pH 2For the same

formulation performed undeair and practically not detected atondition40°G75 % RH

Its behavior wadnteresting to watch as it seeedto be promoted when the formulation

was packed in syringes and underweanitoclave.

Impurities generated during theubber compatibilitystudy,when the formulation was in

contact withthe Tip-cap A were practically notobserved. Impurity A was present in all
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samples at aery lowlevel (approximately 0.04 %) and stayed stable over tinevery

condition

A correlationis interesting to be performetletween each formulation process
(autoclavednon autoclaved) oxygen level and the two major impuritiasnounts(B and

RRT = 0.16). It coulietlpassess the impact of steam sterilization on X formulation.

Impurity B behavioat 80°C

Figure47: X 2 mg/mL, inerted, impurity B assay inrfation of autoclave at 80°C

The mpurity B is highly promoted iryenges;more in ron autoclaved samples than in
others. As peviously describ&, autoclave semsto protect X from a too strong
degradation inthe impurity B.A heat effectdue to the time of storage at 80%8ay also

be responsible of the increase over time.
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Figure48: X 2 mg/mL, inged impurity B in function of syringesxygen partial pressurat 80°C

Duringthe studyat 80°C, no regain of oxygen was seen in syringjledata werein the
same rangeThe impurity Bvasonly promoted in syringes thatayed a long time at 80°C
(values between 0.20 and 0.30.%his showthat impurity B may be promotébyheat

degradation.

Impurity B behavioat 40°C75 % RIH

Figure49: X 2 mg/mL, inerted impurity B assay in function of agtaveat 40°C75 % RH
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This histogram showthat impurity B is lespromoted in the formulationautoclavedas
showed data at 80°CTwo monthsat 40°C/75 % RH practically equivalent to three
monthsat 40°C/75 % RH, around 0.25 #&.amount increasgovertime passed at
40°Q75 % RHThe highest value is observed at 40°C/75 %33\ 0.37 % for the non

autoclavediormulation. This confirng an activating effect of heat.

Figure50: X 2 mg/mL, inerted impurity B assay inrfation of syringesoxygen partial pressure at 40775 % RH

Thegraphic showshetter than at 80°C, that impurity B amotgis closely linked to the
oxygen level in syringes. As syringes lost nitrogen and regain in oxygen, impurity B is
promoted. There is an interval of about 0.10 % between the inerted and the non inerted
formulation. This result goes in the line with bildi@phic data which explained that

impurity B is the main degradation scorer of the first degradation pathway: oxidation.
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Impurity with RRT = 016 behavar80°C

Figure51: X 2 mg/mL, inerted impurity with RRT = 0.16 assayundtion of autoclave at 80°C

This graphic showthat impurity with RRT = 0.16 lisss promoted than impurity B.

At T14Dthis impurity amount is more important ithe formulation autoclaved(0.14%
for the formulationautoclaved and 0.06 % ftime formulaton non autoclaved). However,

other samples do not show impurity content differences and values stay low.
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Figure52: X 2 mg/mL, inerted impurity with RRT = 0.16 assay in function of syringes oxygen partial pressure at 80°C

As forthe impurity BU $Z]« PE % Z agpronictiondfithe impurity with RRT =
0.16linked to the reuptake of oxygen in syring&heimpurity amounts are higér for the
formulationsthat stayed 14D at 80°C. Heat may be responsiiié¢ife generationof the
impurity with RRT = 0.16
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Impurity with RRT = 0.16 behavior 83°@475 % R

Figure53: X 2 mg/mL, inerted impurity with RRT = 0.16 assay in function of autoclave at/48°% RH

At 40°C75 % RKa more precise discriminatias £en between the two formulation
procese®s, autoclave seeetto generatemorethe impurity with RRT 6.16. However,
values stay lowalways under 0.1 Y%A heat effect is not to put aside as the increase also

followstime passed in storage.

Figure54: X 2 mg/mL, inerted impurity with RRT = 0.16 assay in function of syringes oxygen partial pressure &308&RH
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Thanks to the data at 40°C/75 %,RHpurity with RRT = 0.16 is seen to be promoted
whenthe oxygen content increses in Hypak®&CFsyringes. Thisesultcouldindicatethat
this impuritycreationis due tothe oxidationof Xor to heat as the highestontents are
seen in formulationshat stayed longer in stabilityn the first predevelopment forced
degradation stdy vials were hermetic and this impurity walsodetected.The impurity

maythen be created by heat but no conclusion can yet be daheutits origin

3.5.2.4 CONCLUSIO@QN 40°C75 % RHAND 80°C RESULTS

A more precise and completéusly aboutimpurities permited to see that
impurity B was lesgeneratedin autoclaved formulationand that a heat effect was
probably also responsible of its increasepurity with RRT = 0.16 which sesto be
promoted by heat/autoclavingr oxidationis detected in much less amats and always

staysin specifications.

Theimpurity B is the first X degradation scorer aimdevery studiesthe main contributor
to the high total impurities conten Thusautoclaving is chosen fohe formulation ofX
Indeed, studies show thdhe best levels of impurity B and of total impurities are

obtainedwith this process.

Finally the solution was found more stable at pH 5.0, under inerted conditions, in syringes

with Stoppe B and Tigcap A and afteautoclave.

However, in prestability study,mpurity with RRT = 0.1tasto be watch ast seems to

be promoted by autoclaving

3.5.2.560°C STABILITY RESHL

Autoclavability andstability test resultsaat 60°Con a solution oX at a

concentration of 2 mg/mhare presented ifTableXIX

Pagel12/145



Studies at laboratory scale

X solution appearance

x Every TO syringes were clear amodbrless,

X Samples at T6D were clear and class,

X Samples after 14 days at D were slightly pale yellow,

X After 28 days at 60°C, samples were slightly yelloth avideeper color than T14D.

Generally speaking,lasamples werdree from particles.

TableXIX X 2 mg/mL stability results at 60°C after autoclave

X 2N2-A
Analytical tests Specifications RRT TO T6D T14D T28D
Appearance Clear and colorles - C NC NC
Visual inspection 0 visibleparticles - C C C
USP range
pH ~IXA G %, - 5,67 54 5,39 4.99
Osmolality (mOsm) For information - 289
PQ For information - 28 45 57 72
X assay by UPLC (%4 90 %- 110 % - 102.25 | 101.19 | 101.45 | 102.16
Total of impurities by NMT 1.0 % - 0.29 0.32 0.43 0.55
UPLC (%)
Impurity A NMT 0.2 % 1,4 0,05 0,03 0,04 0,06
Impurity B NMT 0.2 % 1,27 0,02 0,1 0,16 0,25
Impurity C NMT 0.2 % 1,49 0,03 0,03 0,05 0,05
Impurity D NMT 0.2 % 0,35 0,04 0,04 0,04 0,03
Impurity E NMT 0.2 % 1,21 0,02 0,02 ND 0,03
Impurity F NMT 0.2 % 1,07 0,14 0,1 0,04 0,03
Impurity G NMT 0.2 % 0,73 ND ND 0,06 N/D
Impurity H NMT 0.2 % 1,9 ND ND ND N/D
Impurity of impurity G NMT 0.2 % - ND ND ND N/D
Unknown NMT 0.2 % 0,27 0,01 0,01 0,04 0,08
Unknown NMT 0.2 % 0,42 0,01 ND ND N/D
Unknown NMT 0.2 % 1.15 ND ND 0,01 0,03

C/INCR %0} ES if'nd change or matteis observed irsolution appearance and
clarity./( vC Z vP }@E u $3 E ]+ } « E ANDLhot Betectpd, BR: %0t E 3

reported.
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Y PH TREND

Figure55: X 2 mg/mL, inerted, autoclaad ph trend at 60°C

The pH values showedslightdecrease. This resudidds up data at 80°C ad@°C75 %
RHas they have the same tendendyowever data were igpecificationgexcept TO which

pH washigher of 0.1 pH unit

E7) OXYGEN PARTIAL PREBSUREND

Figure56: X 2 mg/mL, inerted, autoclaved B@end at 60°C

Pagel14/145



Studies at laboratory scale

Regardindhe partial pressure valugsghe same increse of oxygen waseen at 60°C tha
at 40°C75 % RHThistrend adds up the previous hypothesis exposed that Hyp&@®

syringes may not be totally hermetical to external environment when stored. However,

values stagd under 80 mmHg

E7) APIASSAY TREND ANALYBRYJPLC

Figure57: X 2 mg/mL, inerted, autoclaved API assay trend at 60°C

API assay reniged stablean in specifications over time as data collected during the

studies at80°Cand 40°C75 % RH
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Y TOTAL IMPURITIES ASSEREND ANALYZEDBFRLC

Figure58: X 2 mg/mL, inerted, autoclaved total impurities assay at 60°C

Reg@rding the total impurities assaydatageneratedalso add up results obtained at 80°C
and 40°C75 % RHA great increase occurred duritite storage at 60°C. This inase

seanedto stabilize after T14D andhaluesstayed in specifications.
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Y IMPURITYBAS2Y TREND ANALYZEDWRLC

Figure59: X 2 mg/mL, inerted, autoclaved impurity B assay trend at 60°C

The mpurity B wasstill the main contributor to the high total impuritie¥his impurity
was promoted butess in the inerted andutoclaved formulation. &lues crossed
specificationonly after T14DImpurity B creatiorwill be to watch in future prestability

points.
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Y IMPURITYASSAY TREND ANALYBYJPLC

Figure60: X 2 mg/mL, ineted, autoclaved impuyi F assay trend at 60°C

The mpurity Famounts decreasd over timeunlike other storage conditions/alues were

always in specificatian
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Y4 IMPURITY WITHRR EQUAL TO.16ASSAY ANALYZEDEBPLC

Figure61: X 2 mg/mL, inerted, awdclaved impurity with RRT = 016 assay at 60°C

The same trend waseen for this impurityamounts duringthe three temperature studies
The mpurity with RRT = 0.1Behavior igo watch infurther pre-stability sampleslt must

not be overthe specificationst all timesof storage.

3.5.2.6 DISCUSSION AND INPEETATION

First of all, it is obvious that trends at 60°C for every measurement add up data at
40°Q75 % RHas well as results at 80°C. Those data help getting more céntatithe

behavior seen is represente of thedegradationoccurringat 25°C.

Thanks to all resultsotlectedduring the last forced degradation studyends can be plo

to help determinek (reaction rate) and Ea (activation energy) formi] }v [ PE S]}vX

It permits evaluatingthe method repeatability andextrapolatingreaction kinetic and
degradation behavior at 25°Oniversal kinetic equations based on the Arrhenius law are

used.
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Thehypothesisthat the APldegradation reactions order lis doneas previously

discussedn the ‘bibliography_paragraph

The first thing to determine is thanks to the first order equation below:

with ” Jequalto the total impurity content atime 4 _and ‘D, _equal

the initial API content.

To checkfithe reaction followsan order 1, in function of time is plotted.

Curves will havek _as slope

N Jrepresents the total number of impurities at timé&_and 4y _the number of impurities

at 4, . The final display will bine|Figure62|below.

Figure62: In (De-i) in function of time for 40°C, 60°&nd 80°C

The graphic data validate thg/pothesishat the reactionrate was order 1Qurves with
‘R_veryclose to 1 for every temperature conditis are obtained ’k _are then extracted

from each linear equation
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Kaoec= 5.91840° days’
keorc= 1.30040* days'
kso:c= 4.98040* days®
<v}A] WP @can be calculated.

Quis the coefficiers A]§Z Az] Z §Z & willBevm@&iplia if the temperature

of the reaction is increased by 20°C (see schema below):

+20°C +20°C

Kag-c Keo-c Kso-c

xQ 20 %Q 20

Schemal: Q application to X predevelopment forced degradation studies

Between ko-candkso-cthe coefiicient isapproximately equal to 2, between ko-cand

kso-cthe coefficient isapproximately equal to 3.83

It can beapproximatedthat reactions are more represertige of an ambient degradation

at lowertemperatures (40°C and 60°@oequal to2.2 willthen be used.

However, the two @ valuesfound are really closevalidatingthat degradatios and

reaction rates are repeatable in experiments.

The activation energy of the degradation is calculated thanks to In(k) in function of (1/T)

This curveplot will have _as dope (segFigure63). Thanks tadhe Ea valudound,

25°C extrapolation will be obtained.
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Figure63: Ink function of 1/T for 40°C, 60°C and 80°C.

Slopeof the line is® X

=-5845.9 (R = 8.314K.mor?). Ea = 48.&Jmol™.

3.5.2.7 CONCLUSIOQIN 40°C75 % RH 60°C80°CRESULTAND CORRELATION

If degradationof Xwas only occurring by oxidationakvould have been close to

100kdmol™?, whichis the theoretical value for a molecule oxidation degradation pathway.

Oxidation is considered as the major degradation occurring to X stejcome
impurities are promoted by the syringes oxygen reuptake (impurity B for example), but it
was seerthat other degradations may occur, due to coatavith rubbers, heatr light

exposition.Analytical forced degradations proved that heat also generated impurity B.
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Moreover, in the last study at 40F15 % RKH60°C and 80°C, where calculus are based on,
other impurities probably not only due to oxidation, like RRT= Cappeared and

influenced results

In addition, forced degradation studies cannot permit to extrapelthe syringes oxygen

present in solutionAt 80°C, no oxygen variation was seen in syringeseaset 40°C/75

% RH and 60°C the phenomenon occurred. It dependsmmémy parameters (rubber
Z A]J}YEU Z 3U).Zhisghésapnenon is generally seen when long times of

storage are applied.

Thanks to datat 40°C75 % RH, 60°C and 80°C, an extfation can be done to

determine the formulation behavior immbient conditions of storag&5°C)

+20°C
k25°C k40°C

x0O 15

Schema2: Qo application at 25°C conditions

The equation can be usedo find Q.
We can say that Qis equalo .S0Qs=1.48°=1.38
kaseccan know le fourd with the relation: ks-c= = 3.288x10 days".

It is interesting tdknow, for the development of a formulation, wheatal impurities
content willreach the 1 % acceptance criteria at 25°Cwhat time the API will be
degraded at 1 %™Which amounts tsearch §94, Whereformulation degradation will left

99 %of the API intact
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toos= 0.85 years £0.2 months

The 1 % impurities amoumtill be reachin the formulationafter approximately one yer
at 25°C.

This value gives an indication of the API behavior at 25°C. As said before, the forced
degradation studies method has limits and cannot extrapoktphenomenonliinked to

the formulation stability. The result gives an idea about what can be found at 25°C but as
to be compared to prestability results which will be more linked to the real behavior of

the formulation.
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CONCLUSION

This reportpresensthe implementation and optimization gire-development
forced degradation studig®r formulations screening improvementhe goal of the
study was lhe researcland applicatiorof a safe, rapicand convenientvay to collect
concrete data about a molecugensitivity and formulaon stability facing drastic
conditions of pH, heat, light, oxygéswvel for exampleThis work was performed during

an eight month study in Becton Dickinson Company, in Pont de Claix.

A hbliographic research wdsst carried ou to evaluateand clarifyvarioustests,and
techniquesused. It allowedlsodeterminingstress conditions tde appliedandthe

major factors influencing solutions stability.

This study leaded to the establishment of a work instruction thatctbesa

methodology forpre-development forced degradation studies.

Theforced degradation tests were applied, at laboratory scale to evaluate mokecule

sensitivity and formulaons stability

First experimentsvere useful to evaluate active ingredieriishavior wien exposed to
stress comparatively to theoretical data found andédine tests parameters to be used

in the protocol.

A study was then ¢@n a specific molecule at its poevelopment stageThe esults
exposedin this thesis helpd determinethe optimal formulation stabiity conditions
Those tests showed that the solution studied was more staldien formulatedat pH 5.0
and undemitrogen flush Moreover,the more appropriate syringestopper was
determined after a study of the interactions betwednetsyringg ¢ } u %o } vandthe

formulation.
Also, steam sterilization was shown to be the appropriate process for the formulation.
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Conclusion

Theobjective for this workwas to set a correlatiobetween allgeneratedstability results

at different temperatures. Resis showed same trends at three different temperatures:
40°C, 60°C and 80°C in every study. In addition, following chemical universal kinetic laws,
experiments weregeproductive and | v[3 (}o a)odified degradation kinetic
comparatively to ambient teperature conditions. Finally, combination of 4060;C and

80°C results permitted tobtain stability dataat 25°Chy extrapolation.

Theextrapolated data have, of course to be correlated to-ptability studies curretly in

progressat 25°C and 40°C a=ll as stability studiesarried outwith pilot batches

Thedevelopedmethodology will perntito determinesensitivity ofactive ingredients

currently in projectspecificallynolecules with poor bibliographic data.
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APPENDIX

Appendix 1: Global chemical kinetic and Arrhenius law

Chemical kinetic

Figure64: Plot of concentration of A versus time for a firsirder reaction

Figure64i{shows a typical plot where reactant A exponentially decays to products

according tahe followingEquation4|The rate of the reaction decrease with time as the

concentration of the reactant decreases.

Equation4: First order integrated rate equation

Equation5|suggests that aatural logarithm plotof the reactantconcentration as a

(uv 8]}v }( 8Ju <Z}po PJA oJv & % a}3 AISZ "G o}[%3S Eu %o S}

equal to the natural logarithm of the initiaéactantconcentratian.

Equation5: Equation 6 linearized by rearrangement

This plotlFigure65| is commonly used and found in the literature for first order reactions.
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Figure65: Plot of the natural logarithm of the concentration of A versus time for a fustder reaction

Inactive ingredients stability, it is necessary to determine the titaé&enfor the loss of
5 % of the drug, leaving 96 of the orighal drug concentration.tican berepresented by

[A]: = 0.95[A]pat t = o5 It can be determined, ithe rate constant is known by

substituting theexpressionnto|Equationd|and rearranging it yieidg to: To.g5= In 0.93k.

Using high temperatures to increatiee rate of a chemical reaction is a common
laboratory procedure. The rate of most solvolygactions of pharmaceuticals is
increased roughly 2 to 3 fold by a 10° increase near room temperature whicé @4

notion represented by the schema below:

xQ 10
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Arrhenius law
Arrhenius noted that the variation with temperature of the rate constant of chemical

reactions could be expressed by where, according to cadlion theory, Ea is

the Arrhenius activation energy, the pre exponential terffy, is a constant called the
frequency factor;’R_is a gas constant (8.31dule/mol™); and Z _is the absolute
temperature. Thiss a linear dependence of the natural loglam of the reaction rate’k ,
versus the reciprocal of the absolute temperatufe. This equation is valid so long as the

reaction mechanism does not change over the temperature range studied.
But non linear Arrhenius behaviors occur in many cases ssuch a

- Phase transitions

- pH shifts

- Uncontrolled relative humidity
- Complex reaction mechanisms

- Change in Arrhenius parameters with temperature,

To take into account these behaviors, it is possible to use the modified Arrhenius

relationship that follows:

Equation6: Modified Arrhenius equation

Where ‘A , ‘n_and ‘Ea_are parameters determined using nonlinear fitting programs

This equation can be mathematically simplified to give:

Equaton 7: Modified and simplified Arrhenius equation

Here, m equals 1T, and r , ™t _and "v_are fitted parameters based on a linear least

square fit to the experimental data.
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A plot of the natural logarithm of the rate constargrgus the reciprocal of the absolute
temperature in which the rate constant are determined gives a negative slope that is
equivalent to tEa/R. If a nonlinear plot is obtained, a thermally induced change in the

reaction mechanism probably has occurred &mds the Arrhenius equation cannot be
used.

Figure66: Variation of the rate constant with reciprocal absolute temperature, illustrating the Arrhenius equation

This relation will be useful to calculatBa for a reaction and ths to extrapolate rate
reactions and degradation kinetic at another temperature than the one tested. It will be

possible to find reaction rate at 25°C with accelerated tests aC&D°Cor 40°C
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Appendix2: Forced degradatiomgeneral protocol
Forced degradation global protocol

l. Objective

During the development adrugs inpre(]Joo  «C (E]v R D Betiopswants to collet

}v & § S } 1s8nsitity find formulations stability. It includes tbieidy of
degradaton behavior of molecules facing exposure to several high temperatures (>40°C)
light, variations of aygen level during formulatioand devicescompatibility (stopper,

barrel, tip cap).

When not controlled, the possible degradatiphenomeion can generate API
degradation, emergence of impurities potentially toxic and finakgmasitivily variation

that canlead to cost aneéxtended development time

It is thensuggestd to anticipate those sensitivity problems with an early formulation
screening. Solutions iV undergo stress conditions. This will hélpd in a short timetheir
specificsensitivity and thus the most stablermulation. This protocohelps determine
parameters thatwill be used to stress active pharmaceuticals ingredients

formulations.

Il. Methodology

Product characterizatian

- The solution to tesis an original formulation done bthe R&Dformulationservice

Measures to perform

- UV and UPLC analyses lfiaveAPIdegradation profile).
- pH measurerant

- Oxygen partial pressure measurement when applicable.
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"OEP v}0 %%&] Vv 0CIi ~ }0}EU % ES] 0 *U %E ]%]5 § Yo

Tests to perform

Tests conditions descridédelow are basesnes. According to bibliographic information
collectedfor each producor to the fluctuating sensitivitpf APIgo those first tests,

conditionsand parameters could change.

7 Oxidation: Compare a solution formulated under air and one formulated under

nitrogen to determine if the solution is more stable when inerted or not.

8 Heat: repeat autoclave cycles conditions to determine if the solution can bearyjies t

of sterilization.

Heatsensitivity will alsde consideredvhen the formulation has to be puatt different

high temperatures (80°C, 60°C or 40°C) to fasten the degradation reaction kinetic.

9 Suntest at 550v/m2: Determine if theAPlin formulation degrades when expose to

light respecting ICH Q1B guidelines conditions.

. pH variatiors: determine, in thefinal productUSP range, the optimum pi stability.

;  Rubber compatibility (tip capnd stopper¥ determine if the solution matchegrimary

packagingcomponents
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Material:

- pH-meter

- Oxygenmeter

- RubberqStopperAor Band Tipcap A
- UV spectrophotometer

-Oven

- Sun test designed to produce an output similar to the D65/ID65 emission standard.
(Respect of ICH Q1B guidelines: 380m?2 pendant 24n).

-UPLC or HPLC lines

- Schott bottles vials and syringes as container for tests

I1l. Process

- Part of the tested solutiomwill be kept in ambient conditions of storage and will be

comsidered as TO.

- Part of the tested solutiomwill be exposed to stress conditions of storage.

7 Oxidation:
- Prepare 2 flasks of formulation (same formula): one under air, the other under nitrogen.
- Split each flaskni3 vials.

- Put 2vials in the oven at 80°C, one will be sanakdé T2 days and the other at T6 days.

The third bottle or vial will be kept in ambient atmosphere of storage (TO).
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- Compare inerted and non inertedals at TO, T2 days and T6 déBI assay, impurities,

pH, Oygen if relevant)

8 Heat:
- Preparea formulation to fulfill 2vials.

- Putone vialin an oven (oan autoclave) in order for tb undergo 1 or 2 cyclesf 20

minutes at 121°C. Keep the othérl for TOanalysis

- Compare vials before and afterabhd2 autoclave cycle@API assay, impurities, pH,

Oxygen if relevant)

9 Suntest:

- Prepare 6 syringe®r more, depending on the number of syringes required to make the
analysespf the solution and put them in a suntest to be exposed to IBhiminutes, 2

hours and 24 hours.
- Half of thesesyringes will be protected with aluminum foils to bentrol samples

- Analyze all the syringes after the stress test (APl assay, impurities, pH, Oxygen if

relevant) and compare the results.

. pH range:

- According tahe pH USP rangan the drug product monograptiormulate 1L of

solution

- Split the solution intd 50 mL fractions andadjusteach oneo a different pH (example:
adjust the solution 1 at the uppd’ySHimit, the solution 2 at the loweSHimit, the

solution 3 at an intermediary pH).
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Note: if the solution contains a buffer, prepare primarily the different buffers to

add into the solutions.

- Split eh 150 mL in ials(if the molecules sensitive to oxygen, the vials are

recommended beausethey arehermetic)

- Place Zials in the oven at 80°C. One will be sard@eT2 days, the other at T6
days. The third will be stored in ambient conditions @i®J analyzedapidly.

- Compare vials witldifferent pH adjustmensat TO, T2 days antb daygAPI

assay, impurities, pH, Oxygen if relevant)

; Rubber compatibilityexample with two stoppers compositions: Stopper A and

Stopper B.
Prepare

- 1 vial of the tested solution with @alculated quantity of tip cap,

- 1 vial of the tested solution with a calculated quantity of stopper

- 1 vial of the teted solution with a calculated quantity of stoppBr

- Place each vial vertically in the oven at 80°C during 2 weeks (after having sterilized

20 minutes at 121°C in the autoclayfehe product is not heat sensitiye

Sample one vial at TO, one at T1 week ane at T2 weeksnalyze the results (APl assay,

impurities, pH) and compare the stability of the solution with each rubber component

Those conditions of tests can be reproduced with syringes as components.
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Appendix3: X degradation sample: under air, pH 2.5, 6 days at 80°C and bl@olomed on area of interest

Appendix3

shows a chromatogram of the sample formulated under air at pH 2.5 and after 6 days of storage at 80°C.
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Appendi 4: Sample with 0.2% impurities and blankZoomed on area of interest

Appendk 4{shows a chromatogram of impurities of X. Each pure impurity is diluted separately and spiked in thiatiomto obtain a

concentration of 0.2 % (100 %= API concentration) and directly injected in the UPLC.
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Appendix5: Filtration results: comparison between sample before filtration (AV) asample

Asdat E E& o0o0C

O}

after filtration (TO)

Appendk

SA v s

significant impact of filtration on X injections:

X 2 mg/mL pHt.O 4.00 | 4.09
X2mg/mLpH5.0 | 5.03 5.30
X 10 mg/mL pH 4.0 | 4.00 | 4.04
X 10 mg/mlpH 5.0 | 5.01/ 5.13

\

di « U%o0

v AJEZ]V *%o

X2 mg/mL pH 4.0 290 | 334*
X2 mg/mL pH 5.0 287 288
X10 mg/mLpH 4.0 | 308 310
X10 mg/mLpH 5.0 | 298 294

*This osmolality data seems aberrant as it

was not found back in filtration studies

doneafterwards. This is a phenomenon

isolate to watch.

% Label % Label
El E2 | Mean Claim El E2 'Mean Claim
MPH 1005-96-
4.0 2.013 2.009 2.01 100.6 % 2.005 | 2.006 2.01 100.3%
MPH 1005-96-
5.0 1.986  1.990 1.99 99.4 % 1.986 1.986 199 99.3%
MPH 1005-97- 10.06
4.0 9.978  9.938 9.96 99.6 % 10.070 6 | 10.07 100.7 %
MPH 1605-97- | 10.09 | 10.10 10.07
5.0 1 2 10.10 101.0 % 10.058 9 10.07 100.7 %
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lot number Name RRT El E2 Mean El E2 Mean
(% area) (% area) (% area) (% area) (% area) (% area
Impurity A | 1.41 | 0.04 = 005 @ 005 | 004 004 0.4
Impurity B~ 1.28 = 001 | 001 = 001 | 001 001 001
Impurity C
Impurity D . 0.36 = 0.04 = 0.05 = 005 & 004 003 0.4
Impurity E
X10mgmbi o iyE | 108 009 013 | 011 | 012 | 011 | 0412
pH 4.0
Impurity G ND ND ND ND ND ND
Impurity H ND ND ND ND ND ND
Impurity of ND | ND ND ND | ND | ND
impurity G
Unknown | 150 | 002 @ 002 002 & 002 002 002
Total 016 = 021 | 019 @ 023 021 022
Impurities
Impurity A | 1.41 | 0.04 = 004 = 004 005 004 005
Impurity B | 1.24 | 001 = 001 = 001 & 001 & 001 001
Impurity C
Impurity D . 0.36 = 0.04 = 0.03 @ 004 004 004 0.4
Impurity E
X10mg/mb iy F | 1.08 | 041 | 010 | 041 | 011 | 010 | 041
pH 5,0
Impurity G . ND ND ND ND ND ND ND
Impurity H |~ ND ND ND ND ND ND ND
Impurity of '\, ND ND ND ND ND ND
impurity G
Unknown | 150 | 0.02 @ 002 002 001 002 002
Total 020 018 019 022 021 @ 022
Impurities
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