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Relevantna vprasanja pri razvoju
'metastabilnih *formulacij za *izbolj$anje raztapljanja
zdravilnih ucinkovin.

Odon Planinsek

. b 30. simpozij Tehnoloske sekcije SFD, 13 Junij 2019 ‘F,

Razliéna stanja zdravilne ucinkovine-razli¢ne lastnosti

Kinetika

-hitrost raztapljanja
-reakcije v trdnem
-stabilnost

-hitrost rasti kristalov

Kemijske lastnosti
-kemijska
reaktivnost/stabilnost
-fotokemijska reaktivnost

Povrs. Lastnosti
-povrsinska energija
-specificna povrsina

Fizikalne lastnosti
-prevodnost-gostota
-higroskopnost
-lomni koli¢nik
-barva

-morfologija delcev

OKUS
Annu. Rev. Chem. Biomol. Eng. 2011. 2:259-80 IF=7,7

Mehanske lastnosti
-kompaktibilnost
-kompresibilnost
-pretocnost
-natezna trdnost

Termodinamicne lastnosti
-kemijski potencial, prosta
energija, topnost
-entalpija in entropija
-toplotna kapaciteta
-talisce, sublimacija

-parni tlak
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Oblikovanje zdravil usmerjenih v pacienta

Na vsakih 100 predpisanih zdravil namenjenih terapiji kroni¢nih stanj, odstotek pacientov,
ki ne sledijo zdravljenju raste od 40% po Sestih mesecih na skoraj 70% po enem letu.

Neadherenca je glavni razlog slabega izida zdravljenja in naj bi v ZDA povzrocila med 100 in
300 milijardami dolarjev skode.

Stroske zdravljenja bi lahko znizali z osredotoc¢enjem na razloge za neadherenco.
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Cryst. Growth Des. 2016, 16, 933-939, IF=4,1

"Metastabilno vs. stabilno
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» ; / ‘ J
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2 :
Metastabilno stanje snovi
-Oblika, ki je termodinamicno nestabilna, vendar jo lahko izoliramo
-Topilo
-Temperatura

-Zahteva dovedeno energijo, ki inducira pretvorbo v stabilnejse stanje
-Mehanske obremenitve

https://www.dictionary.com/browse/metastable
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"Metastabilno vs. stabilno

Manj stabilna kristalna oblika [emmd Stabilnejsa kristalna oblika
N KriStaInO Stanje

Hipoteza pravi, da je steklasto stanje metastabilno in ne nestabilno.

Ce to velja mora vsaka mikroskopska strukturna enota stekla imeti poloZaj
stati¢nega ravnotezja, pri cemer so vsi poloZaji naklju¢no porazdeljeni.

MORREL H. COHEN & DAVID TURNBULL Nature 203, 964 (1964)

Sol PR Prosta baza , kislina

"Metastabilno vs. Stabilno
KRISTAL

- Ukrasonic

Stabilna oblika: Aqueous solution [ Form It
t mradiston (melasiable)
-I (se uporablja v zdravilih) o foon| rJ mmmae | (meabe)

Paracetamol

4

s

. . - ThisBllidy <=soffoasscnccccsaccissnacclicoacoansaccannas .
Meta(ne)stabilne oblike: i P Polymer ,/Se«wgof )
-1l (bolj$a topnost, stisljivost) ! i oot / v
. i A ’
III(zeIo'nestabllna) b o swer =
-monohidrat B i ey * | (metestatie) |}
-dihidrat I With 100% purity High stability
rihidrat | Seeeeseseesecssessssssssssssssssssssssasssassasssenans :

SMPT=solution-mediated phase transformation
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Yoichiro Mori et al 2017 Appl. Phys. Express 10(1):015501, IF=2,6
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"Metastabilno vs. Stabilno
KOKRISTAL
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Polimorfni obliki kokristala karbamazepina in saharina v razmerju 1:1
-oblika | stabilna
-oblika Il metastabilna

J Pharm Sci. 2017, 106(8):2009-2014., IF=3,1

"Metastabilno vs. Stabilno
HIBRIDNI KOKRISTAL

Benzojska kislina in natrijev benzoat 2:1

Oblika A (stabilna) Oblika B (metastabilna)

CrystEngComm, 2012, 14, 6744-6749, IF=3,9 e
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"Metastabilno vs. Stabilno
AMORF

Ohlajanje taline, odparevanje topila, kondenzacija pare, mehanske poskodbe
kristalov, dehidratacija hidratov

KRISTALIZACIJA POD
POVRSINO
(Hitra, pocasna)

KRISTALIZACIJA
AMORFA V
TRDNEM

POLIMORFNA OBLIKA
KRISTALIZACIJA NA
POVRSINI
(Hitra)

GF | (nestabilni)
GF Il (nestabilni) .
GF Il (metastabilni) POMEN Tm/Tg' Vpllv VIage na Tg

Ne kristalizirajo

AAPS Journal, Vol. 14, No. 3, September 2012, IF=1,6

2 .. . . ..
Formulacija oziroma disperzija

Tableta.
kapsula

Fizikalna zmes ucinkovine in pomoznih snovi

KRISTALNE UCINKOVINE
Registrirano zdravilo s famotidinom vsebuje metastabilno obliko ucinkovine B

SOLVATI: darunavir ethanolate, indinavir sulfate ethanolate, warfarin sodium
isopropanol solvate

International Conference on Harmonization Q6A guideline (1999)

Lin, SY/ Pharm. Res. 31 (2014)7: 1619-1631 IF=3,4

10
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2 .. . . ..
Formulacija oziroma disperzija

Fizikalna zmes ucinkovine in pomoznih snovi Tableta.

kapsula
AMORFNE UCINKOVINE

Compound Class MW (gmol ') T, (Cy Tg (FCY

Pure amorphous drugs

Cefuroxime axetil” Amorphous 5105 na 774

Nelfinavir mesylate Amorphous 663.9 na. 1149

Quinapril hydrochloride” I 475.0 97 90.3

Rosuvastatin calcilum’ Amorphous 5006 na. na

Zafirlukast m 575.7 1948 1033

N. Wyttenbach, M. Kuentz / Eur. J. Pharm. Biopharm. 112 (2017) 204-208, IF=4,5

11

2 .. . . ..
Formulacija oziroma disperzija

Interaktivna disperzija ucinkovine in Tableta.
)
kapsula

pomozne(ih) snovi

KRISTALNA UCINKOVINA

r N
-
N

0. V ~ ~ Spmcoatlnq o
\/ 4
\ j BRoon Subeate --..

Piracetam

¢ ! mol-dm

10015

Pri sobni temperaturi ni pretvorbe metastabilne oblike | v termodinamicno stabilnejsi
obliki Il ali Il v ¢asu 9 mesecnega spremljanja

Cryst. Growth Des., 2018, 18 (7), 4123-4129, IF 4,0

12
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Formulacija oziroma disperzija

Interaktivna disperzija ucinkovine in

pomozne(ih) snovi

KRISTALNA UCINKOVINA

Preprecitev polimorfnega prehoda flufenaminske kisline (metastabilne oblike | v stabilno
obliko I11) oblike v trdnem stanju z uporabo strukturno podobne molekule.
(ALI OBSTAJAJO STRUKTURNO RAZLIENE MOLEKULE ZA ISTI NAMEN?)

Mesani kristal (trdna raztopina) flufenaminske kisline (a) in mefenaminske kisline (b) v

razmerju 99,75:0,25

J Pharm Sci. 2010 Sep;99(9):4013-22 , IF=3,7

2 .. . . ..
Formulacija oziroma disperzija

Interaktivna disperzija ucinkovine in

pomozne(ih) snovi

KRISTALNA UCINKOVINA

=S
L=

hat ek sximusian process

)

gl 3 AR

S Grpvial Mg taien

GRISEOFULVIN, FENITOIN, SPIRONOLAKTON + MANITOL,
-disperzije stabilne 90 dni pri 40 °C in 75% RV zraka.

Mol. Pharmaceutics 2011, 8, 727-735, IF 5,5

POSEBNOST-metastabilno?

12.6.2019
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2 .. . . ..
Formulacija oziroma disperzija

AMORFNA TRDNA DISPERZIJA

T,
/ N\

STABILNO

o
S Z
RAZMERIJE S @
| INTERAKCUE | = <
KOMPONENT = &
W v
=
Tri mozna stanja trdnih v trdni
disperziji sestavljeni iz uCinkovine in
polimera (rde¢e-molekule
ucinkovine, modro-verige polimera.
Acta Pharmaceutica Sinica B 2014,;4(1):18-25( IF 3.972 ) 15

2 .. . . ..
Formulacija oziroma disperzija

Interaktivna disperzija ucinkovine in Tableta.
)

pomozne(ih) snovi kapsula
DETEKCIJA AMORFNOSTI
-TERMICNA ANALIZA meja zaznavnosti 1-5%
-RENTGENSKA ANALIZA meja zaznavnosti 1-5%

RAMANSKA MIKROSKOPIJA —fazna separacija zdomenami 100 pm
DINAMICNA MEHANSKA ANALIIZA —fazna separacija zdomenami 10 nm
JEDRSKA MAGNETNA RESONANCA V TRDNEM —“--

Acta Pharmaceutica Sinica B 2014,;4(1):18-25( IF 3.972 ) 16
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Formulacija oziroma disperzija

AMORFNA TRDNA DISPERZIJA

Do fazne separacije lahko pride
nad Bergmansovo tocko

Acta Pharmaceutica Sinica B 2014,;4(1):18-25( IF 3.972 ) 17

2 .. . . ..
Formulacija oziroma disperzija

KINETICNA STABILIZACIJA AMORFNIH TRDNIH DISPERZ1J

Visja vsebnost ucinkovine v trdni disperziji od topnosti v trdni fazi je omogocena s
kineti¢no stabilizacijo amorfa

Kinetic¢na ulovitev molekul ucinkovine v polimeru zniza mobilnost molekul
Dosezemo jo med izdelavo disperzije s:

-hitrim odparevanjem topila
-hitrim ohlajanjem taline

Eur. J. Pharm. Biopharm. 135 (2019) 1-12, IF=4,5

18

12.6.2019
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2 .. . . ..
Formulacija oziroma disperzija

AMORFNA TRDNA DISPERZIJA

Vlaga zniza Tg in s tem viskoznost

) kT g ) i
- 1= m* /s 2 — 10 vears
R ] ’

Acta Pharmaceutica Sinica B 2014,;4(1):18-25( IF 3.972 ) 19

2 .. . . ..
Formulacija oziroma disperzija

AMORFNA TRDNA DISPERZIJA

IZBIRA POLIMERA : TOPNOST V TALINI, INTERAKCIJE Z UCINKOVINO

-Napovedovanje in merjenje temperature steklastega prehoda:
Gordon-Taylorjeva enacba, termic¢na analiza

-Racunanije topnosti ucinkovine v polimeru:
Osnova izracuna so temicne lastnosti komponent+aktivnosni koeficient
Upostevanje odbojnih in privlacnih van de Waalsovih interakcin in moznosti
tvorbe vodikovih vezi, Flory-Huggins interakcijski parameter.

-Merjenje topnosti ucinkovine v polimeru
Uporaba termicne analize

Mol. Pharm. 11 (2014) 4189-4198, IF=4,4
Mol. Pharm. 14 (2017) 4374-4386. IF=4,6 -

10
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2 .. . . ..
Formulacija oziroma disperzija
AMORFNA TRDNA DISPERZIJA

-Tehnika izdelave disperzij lahko poveca stevilo interakcij med komponentama v trdni
disperziji.

IZBIRA POLIMERA : TOPNOST V TALINI, INTERAKCIJE Z UCINKOVINO

Fr 1T Tl rrrrra

g

g

2

Temperature (°C)

Kriogeno mletie —— |

l%
('O GOl YN APl

0 20 40\ € & 100
% naproksena v PVP K25

Mol. Pharm. 11 (2014) 4189-4198, IF=4,4 21

2 .. . . ..
Formulacija oziroma disperzija

Ohlajanje taline, odparevanje topila, kondenzacija pare, mehanske poskodbe
kristalov, dehidratacija hidratov

TRDNA DISPERZIJA S
POLIMEROM T,

KRISTALIZACIJA POD

POVRSINO ( TRDNADISPERZIIAS )
KRISTALIZACIJA (REDKO HITRA) POLIMEROM+ DRUGE

AMORFA V &/sy. POMOZNE SNOVI
VELIE KRISTALIZACIJA NA — e ~

POVRSINI KOAMORFI
(HITRA) \ J

POLIMERNE NANOOBLOGE ]

//Vﬁ/
/8/
C/
[/?
,O

e

AAPS Journal, Vol. 14, No. 3, September 2012, IF=1,6 -

11
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Formulacija oziroma disperzija
Industrijske metode izdelave metastabilnih disperzij

KON et hd

YINE o8 wagar beady

Adv Drug Deliv Rev. 2016 May 1,100:85-101, IF=11,6 23

2 .. . . ..
Formulacija oziroma disperzija

AMORFNE TRDNE DISPERZIJE V REGISTRIRANIH ZDRAVILIH

VISOKA VSEBNOST UCINKOVINE
Telaprevir 375 mg v 375 mg HPMCAS+ ostale pomozne snovi

UCINKOVINA Z VISOKIM TALISCEM

Ivakaftor, 291 °C —susenje z razprsevanjem,
Itrakonazol, 166 °C -iztiskanje taline

Acta Pharmaceutica Sinica B 2014,;4(1):18-25( IF 3.972 ) 24

12.6.2019
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2 .. . . ..
Formulacija oziroma disperzija
Industrijske metode izdelave metastabilnih disperzij
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Odlociteveno drevo za izbiro metode izdelave trdne disperzije
Adv Drug Deliv Rev. 2016 May 1,100:85-101, IF=11,6 25

2 .. . . ..
Formulacija oziroma disperzija
RAZMERJE UCIKOVINA POMOZNE SNOVI

-Vpliv tehnologije izdelave amorfnih trdnih disperzij
-Mozne interakcije (vodikove vezi) prispevajo k topnosti polimera v pomozni
snovi, stabilizirajo disperzijo

Compacisont of highest drug Joadings of NAF obtaloed per mamsfactiring
technigee aad per polymer

Trchizigue Patymer iy beacting

Speay (ryleg vy 30-350
VA 40450
(LT 20244

1TPNCAS

Mot medkt exinaton nr

Eur. J. Pharm. Biopharm. 135 (2019) 1-12, IF=4,5

26
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2 .. . . ..
Formulacija oziroma disperzija
(META)STABILNOST DISPERZIJE

-TESTIRANJE STABILNOSTI AMORFNIH TRDNIH DISPERZIJ Z IZDELAVO TANKIH FILMOV

Tapenimerns

Tenspezm Dwy o

— ‘\‘ 0

Porn Ieboligina 2o (] Ny
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sodver) —

o -\
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Hatlrg AAAA
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scmoue-metharsl
sodvent

RD

/

Chem. Eng. Res. Des. 2016: (110: 192-199), IF=1,1

27
3. v . . . e
izboljSanje raztapljanja zdravilnih
Ve .
ucinkovin

BCS/DCS PLOT WITH HUMAN JEIUNAL PERMEABILITY &
AQUEOUS DOSE SOLUBILITY RATIO AS AXES

DOSL/SOLUDILITY RATIO =0 500 1000 5000 10000 100000
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28
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*izbolj$anje raztapljanja zdravilnih
ucinkovin

Ternary Formulation
Thermal IND AF15 VAB4 KIR XDP ‘ \
Formulation Prvicans (%) (%) %) %) (%) uno(.mn;.:;om
1 HM 50 20 - - 30 §:2:3
IND:AF15:XDP "
i :
B
=%
S x
" (58 s St S
0
0 L] 120 ] 280 200 0
Time (mi)
—o— HY INOAF 15 X0P (823 —— HME INDIAF IS (5:2)
— = FM INDAFI1SXDP 1523 ~— D Crysiafine
J.of Pharm.Sci., 2018 107(1), 362—-371.
29

ZAKLJUCEK

Vsaka napaka je vselej tudi dobra Sola in gonilo napredka.

19%0 1998 2006
1986 1994 2002
(2010}

1908 - Chrikeal fafure of 1996 - Product withadrawal of Norve 2008 - Nt recall of Neupro
Tegretol It " e w1y dimciution falure Transderrmal rotigotine) patchen
tablers posalbly due to phase of tead capsuley i & 1eudt of the due 10 the crystalization of a hew
carwerson of anhy L of amom th ch Potysorph that resembhed
Yo dityydrate naenicaly vtsbie fom wcwlah e dbe crystah.

2010 - Drug prodhucs recal of 60 milbon 1abiets of the blood pravire
medicatron Avphde. a combenation of two anty Sypertemives
Mpdrochiosothiazide and rbesartan. Concems were over podsitie
warkabulity in the amonests of the bevs soluble polymorph of khesartan,
whch may resu® in slower dissclution

30
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Kako nestabilno postane
stabilno

Primoz Benkic
13. junij 2019

(T4 KRKN

Ziveti zdravo Zivijenje.

Polimorfizem v farmaciji

Scheme 1. The Diversity of Solid Forms That Can Exist for an API Is Extensive and Has Been Exacerbated by the Evolation of
Maulti-Component Solid Forms of APIs Such As Stoichiometric Cocrystals”

Sege compcnent Mult-camponent
[E= =

Fig. 2. A classification scheme of s i solid i 18)) (*soli sl
“Note that non-stoichiometric forms such as amarphous polymer digpersions and inclusion compe inchuded i the above churt.
2 o SN I Please cite this article as: AM. Healy, et al, Pharmaceutical solvates, hydrates and amorphous forms: A special emphasis on cocrystals, Adv. Drug
Deliv. Rev. (2017), http://dx.doi.org/10.10163.ddr.2017.03.002

www.krka.si

(Ta KRKN
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Polimorfizem v farmaciji

Guidance for Industry

ANDAs: Pharmaceutical
Solid Polymorphism

Chemistry, Manufacturing, and Controls Information

Addtnonal coptes are avarlable from.
Offca of Tratwing and Communication
‘Division of Drug formation, HFD-240

-

C
Cocrystal/Complex (Discontinuous
Solid Solutions)
Basoida o —_
Eutectic
iy solid ’ N solid
* Suryanarayan Cherukuvada, and Ashwini Nangia,Chem. Commun., 2014,50, 906-923 U.S. Department of Health and Human Services
ration

o
Center for Drug Evaluation and Research (CDER)
July 2007
0GD

www krka.si (O KRKN

Polimorfizem v kristalografiji

& Niste prifaviieni Pogovornastran Prispevki Ustvari ratun Priiava

Stran  Pogovor Preberi Uredi Uredikodo Zgodovina |skanje po Wikipedij Q|

Delovanje in razvoj Wikipedife omagodajo vadi prispevii/[skrij]

WikiPEDIA  Polimorfizem (kristalografija)

Prosta

1z Wikipedie, proste enciklopedije
Giavnasiran
N v ji je i i trdnine, da ima vet kot eno kristalno strukiuro. Bolimorfizem se se lahko pojavlja v vsaki kristalinicni snovi, vkljuéno s polimeri, minerali in kovinami in je soroden z
Dobrodosi pojavlj I P I
\ebrani Elanki alotropijo, ki se nanasa na TaNe CIEmEnTe TopoTa MoTOI0g e SNov N Opisana samo s polimorfizmom, ampak tudi z drugimi spremenljivkami, na primer s kristalnim habitom, lomoem, barvo érte, trdoto itd.
NakjuEni Elanek
Zadnje spremembe

Ce ima snov samo dva polimorfa, govorimo o dimorfizmu.

Polimorfizem je pomemben predvsem na podrocju farmacije, agrokemije, pigmentov, barvil, hrane in eksplozivovo.

E polimorfizem kristalnega sklada. Holimorfizem je lanko tudi posledica obstoja razliénin konformaci) iste molekule. V tem primer govorimo
DT RITSYETOV POSTEaT S TTATACTE 2l solvatacije. Primer organskega polimorta Je glicin, ki kristalizira v monoklinskin all heksagonalnin

Obtestvo .
Kadar je polimorfizem rezultat razlike v kristalnem skladu, se imenu|

0 kenformacijskem polimorfizmu

Portal obiestva

Podlipa " : P
Kontakina stran RITSTM. TATog0 R ORI woT| kremen (SiO2). Najpomembnejse so a-SiOz, B-SiOs, tridimit, kristobalit, cezit in stiSovit.
Pomot. Analogen pojav za amorfne snovi se |msnuif poliamorfizem in pomeni, da ima amorfna snov Ve amorfih modifikacj ]

www krka.si (Ta KRKN
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Termodinamski vidik

Termodinamski modeli veljajo za:

» Razliéne kristalne strukture z ENAKQO kemijsko sestavo

» Amorfno stanje je del faznega diagrama

» Enake gradnike razporejene v razlicne simetrijske
skupine

Tudi solvati, hidrati, kokristali, soli imajo vsak zase svoj
polimorfizem, kjer je osnovna kristalografska enota
sestavljena iz dveh ali ve¢ molekul

—— \ (L4 KRKA

Termodinamski vidik

Prosta Gibbsova entalpija
G=H-TS

Prosta entalpija je energijski potencial/gonilna sila, ki poganja vse procese v vesolju

in prehaja iz viSjega proti nizjemu stanju.

» Entalpija H zajema solvatacijsko entalpijo, entalpijo kristalne reSetke/talilno
entalpijo, vse interakcije med gradniki/molekulami, delo zaradi spremembe
volumna, itd

» Entropija S predstavlja urejenost sistema. S kristalizacijo se urejenost sistema
povecuje, medtem ko se z desolvatacijo nered okolice/raztopine poveca

> Pri vsakem procesu se celokupna entropija sistema in okolice povec¢a. Ceprav s
kristalizacijo dobimo bolj urejen sistem, se je nered v vesolju kljub temu povecal.

www krka.si (Ta KRKN
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Termodinamski vidik

G=H-TS

Monotropen > NiZja G - bolj stabilen je polimorf
» Visja G - bolj topen je polimorf
» Vi§ja S - vedji nered v sistemu
» Gonilna sila kristalizacije je
prehajanje iz stanja z visjo G v stanje
Enantiotropen z niZjo G:
Raztopina - amorf - oblika K = oblika T

T :
Temperature, T

www.krka.si ( {Q KRKN

Termodinamski vidik

Menotropen /

Temperature, T ln x=— AHta[ l _ 1 Temperature, T
RT \T Ty .
. C,
Enantiotropen
G,
i¥+.6
T : 5 T.
Temperature, T Temperature, T
www.krka.si ‘ {‘ KRKF\
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Kineti€ni vidik

Oswaldovo pravilo , o anymm RAZTOPINA

AMORFNE OBLIKE in

> Kristalne oblike NEKRISTALINICNE OBLIKE

postopoma prehajajo
iz najvisSje Gibbsove
entalpije proti najnizji

¥ KINETICNE, METASTABILNE
KRISTALNE OBLIKE

STABILNE KRISTALNE OBLIKE

www.krka.si ( {Q KRKA

Kineti€ni vidik

Hitrost nukleacije Sponaeous

Nucleation

Unsfable Zone
B dN k 0 n Metastable Bounda ool
— e e— ( undary ~_
- — I*N
d T 'r Yield = 20 g/L
PRENASICENJE pove, [t S souiiy oune
koliko koncentracija ‘ '
. Stable Zone
topljenca presega
termodinamsko topnost AT=40°C
www krka.si (Ta KRKN
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Kineti¢ni vidik - Primarna nukleacija

Hitrost nukleacije

cdr "

PRENASICENJE pove,
koliko koncentracija
topljenca presega
termodinamsko topnost

www krka.si (O KRKN

Kineti€ni vidik

Aktivacijska energija — indukcijski ¢as

4 A

E(MS) > Ei(5) —

o (L)
Raztopina \ Raztopina
Metastabilna Metastabilna
oblika oblika \
Stabilna Stabilna
oblika oblika
Prehajanje med oblikami Prehajanje med oblikami
www.krka.si ‘ {‘ KRKF\
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PRENASICENJE PROCESNI VIDIK
» Hitro ohlajanje

» Hitro odparevanje
» Dodatek antitopila
» Sprememba pH

» Slaba ponovljivost izvedbe
» Iskanje parametrov, kjer je kinetika
nastajanja metastabilne oblike najvecdja

> Tlak itd
NIZANJE AKTIVACIJSKE » Uporaba cepiva za usmerjanje kinetike
ENERGIJE metastabilne oblike

> Odvisno od primera do primera » Previdnost zaradi zunanjih vplivov

www krka.si (O KRKN

Nadzor nukleacije in kontaminacije

Are. Chem, Res. 1998, 28, 150-200 e

Disappearing Polymorphs

Disappearing Polymorphs Acc. Chem. Res., Vol. 28, No. 4, 1995 197

Figure 2. Stercoviews of the two forms of I. In both cases the view is on the plane of C1-0—C4 of the furancse ring: upper,
‘monoclinic A form; lower, orthorhombic B form. For clarity, only carbon atoms are lsbeled.

www krka.si (Ta KRKN
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Nadzor nukleacije in kontaminacije

| ":i“"r‘t;'ff;z;‘rl\""" < | *J:[i o<

R TR S T Koy

RSB S lal

MR SSEN QB

RTINSyl [ )ﬁr% iéi,%i

<) o o _&«\g ‘?&? nnnnnnnnnnnnnnnnn ydrate
8 =~ o “a\:'g 0 RS R

F88 €88,

—— \ (L4 KRKA

Kalcit ali Aragonit

Direction of fluid flow

Hydration Shell, HS -

,’bﬁz‘.’ . 0‘% \ ) ¥ g ( Aragonite

0. 996 / N a) 2
tio e 29,
’QQQ"@.- BN WY Q’ "f "

S TV Tt o.‘obo \.‘b
“RoNo .
Water molecules inside the hydration shell R ’ ‘ X

[ ]
(b) (d)
Po prehodu ionov skozi magnetno M o;co‘

polje je Ca2+ ion manj hidratiran in
lahko tvori veé interakcij s -
karbonatnimi anioni

www krka.si (Ta KRKN
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Kalcit ali Aragonit

» Za nastanek aragonita potrebujemo ve¢ interakcij med Ca2+ ioni in karbonatnimi ioni

> Takih interakcij v raztopini je veg, e je hidratacija Ca2+ ionov manjSa po prehodu
skozi magnetno polje

» Aktivacijska energija za nukleacijo aragonita se zniza, zato aragonit pri¢ne
kristalizirati iz niZjega prenasicenja kot sicer

> Kinetika kristalizacije aragonita postane vecja od kalcita, zato metastabilna oblika
previada

www krka.si (O KRKN

Kalcit ali Aragonit

! % %
——— Magnetized
0.8 N T Control  |— . .
et » Zaradi prehoda skozi magnetno
T 0s . polje se voda nacepi s kristali
E \”\ metastabilne aragonitne oblike
g o4 » OcCem nevidni nanodelci aragonita
. h‘ usmerjajo kristalizacijo kalcijevega
' ‘ L karbonata v aragonitno obliko
. P e NN PR N N
o s
0 5 10 15 20 25 30
Time (min)
Fig. 3. Turbidity recorded as function of time. The i reduces the induction time, and
greatly accelerates the nucleation and crystallization process.
www.krka.si ‘ {‘ KRKF\
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,Nevidna“‘ nacepitev

s termodinamsko obliko

PROCES

> Priprava solvatne oblike polimorfa
ucinkovine z uparevanjem topila

» Desolvatacija z maceracijo solvatne
oblike v antitopilu, da smo dosegli
veliko prenasicenje

» Spremljanje konca maceracije s
FBRM sondo, da smo jo pravo¢asno
zakljucili in preprecili prehod
metastabilne oblike nastale z
desolvatacijo v termodinamsko

www krka.si (O KRKN

,Nevidna‘ nacepitev

s termodinamsko obliko

OPAZANJA
Substanca ima moc¢no tendenco do oprijemanja na povrsino reaktorja

Delez neuspesnih poskusov vedji poleti kot pozimi
Oblog manj pozimi, ker je hladnejSi zrak hladil vrat reaktorja med uparevanjem

Z nobeno analizno tehniko nismo uspeli dokazati zametkov termodinamske
oblike v solvatu

www.krka.si ‘ {‘ KRKF\
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,Nevidna‘ nacepitev s termodinamsko
oblliko

dihydrate

—— \ (L4 KRKA

,Nevidna‘ nacepitev

s termodinamsko obliko

12.6.2019

HIPOTEZA
» Molekula se tekom priprave solvata z uparevanjem zaradi oblog
adsorbira na na povrsino sten reaktorja

« Planarno adsorbirane molekule inducirajo kristalizacijo
termodinamske oblike s planarno strukturo ze tekom priprave
solvata, saj ima termodinamska oblika planarno strukturo

* Solvat je kontaminiran/nacepeljen s termodinamsko obliko,
Ceprav analizne metode tega ne detektirajo

+ Metastabilna oblika ima cik-cak pakiranje, zato se je med njeno
pripravo potrebno izogibati efektom, ki favorizirajo planarno
strukturo

ww ki \ (L4 KRKA
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,Nevidna‘ nacepitev s termodinamsko obliko

POTRDITEV HIPOTEZE

Steklen Solvat Metastabilna in ~1% Uparina rahlo oprijeta na
_ termodinamske oblike stene reaktorja

Teflonski Solvat Metastabilna oblika Uparina se ne oprijema na
stene reaktorja

Kovinski Solvat + znaten delez Termodinamska in ~1% Uparina mo¢no oprijeta na
Termodinamske oblike metastabilne oblike stene reaktorja

Z uparino iz teflonslkega reaktorja smo lahko ¢as maceracije podaljSali na ve¢ dni
in ni priSlo do nastanka termodinamske oblike, torej so topila in procesni
parametri ustrezno izbrani, da oblika brez drugih zunanjih faktorjev
termodinamska oblika ne more spontano nukleirati.

www krka.si (O KRKN

,Nevidna‘ nacepitev s termodinamsko obliko

SKLEP: Zaradi interakcije planarnih molekul u€inkovine s kovinsko/stekleno
povrsino reaktorja smo med pripravo solvata injicirali kristalizacijo termodinamske
oblike, Ceprav je primarna nukleacija solvatne oblike iz topila preferencen proces

NAUK: Na nukleacijo prave pojavne oblike ne vpliva samo temperatura, hitrost
ohlajanja, koncentracija, sestava topil itd, ampak tudi zunanja okolica. To je lahko
magnetno polje, ali pa bolj obiCajna stvar, kot je povrsina reaktorja ali prisotnost
kaksnih drugih prasnih delcev v raztopini.

Ceprav véasih izgleda problem nerazloZljiv, je lahko s poznavanjem strukture
kristalnih oblik in njihovih fizikalno-kemijskinh lastnosti resitev na dlani.

ww ki \ (L4 KRKA
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Kvadri in iglice

www.krka.si J (Ta KRKN

Kvadri in iglice

PROCES

» Kontrola metastabilne oblike s cepitvijo

» Zelo ozko temperaturno obmocje za
spontano nukleacijo metastabilne oblike

» Cistost cepiva potrjena z XRPD in DSC

» Odlocitev za optimizacijo procesa brez
cepivo s spontano nukleacijo v
metastabilno obliko

www krka.si (T KRKN
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Kvadri in iglice

» Kontrola metastabilne oblike s cepitvijo

» Zelo ozko temperaturno obmocje za spontano
nukleacijo metastabilne oblike,

» Cistost cepiva potrjena z XRPD in DSC

» Odlocitev za optimizacijo procesa brez cepiva
s spontano nukleacijo v metastabilno obliko,
> Vpliv okolice

www krka.si (O KRKN

(T4 KRKA

Ziveti zdravo Zivljenje.
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Crystallization of Metastable
Compounds - Case Studies

Dusan Tesli¢, Head Particle Engineering & Synthesis

Ljubljana
June 13th, 2019




Crystallization from solutions - theoretical concepts

SUPERSATURATION - driving force for crystallization

Ac=c-cequilibrium>0

4
A -
@ / Solubility
4 09((\%\ Metastable /
o curve
o0 /
& o \‘/ metastable
%"\\0(\ /7 zone
«
C eo\)%(\\)/
o(\\’c)(\ AC
6i - - “\)O\QQ\\O
- - (\(ya(‘l

- ] y Siapiearea

= == =
>
T
NUCLEATION GROWTH AGGLOMERATION

R, =f(Ac,stirring rate, ..)
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Crystallization with polymorphism
— theoretical concepts

« Ostwald’s Step Rule
* In general it is not the most stable but the least stable polymorph that
crystallizes first

~_"

For unseeded polymorphic crystallization, the first nucleation event can be a

metastable form

It is often advisable to seed

polymorphic systems for better control

SANDOZ: ;-



Monotropic system

Only one stable form

Solid form is said to be metastable when it is
thermodynamically unstable but the phase change to a
more stable phase does not occur immediately because of
kinetic reasons (kinetically stable).

>

SANDOZ: ;-



Enantiotropic system

Form A stablei Form B stable

T



Crystallization of enantiotropic
polymorphs

24 f— B spontaneous

B, with seeding

B or A, spontaneous,
A with seeding,

A or B, with appropriate seeding

B or A, spontaneous

A spontaneous

A, with seeding
>

T
SANDOZ::

6 Preparation of drug polymorphs (a review), D. T. Guranda G.N. Gil'deeva, Vol.44, No.5, 2010



Monotropic system - isolation of
stable form A & metastable form B

nucleation B seed B

Transformation
B—oA

drying!
filtration!

>

SANDOZ: ;-



Monotropic system - isolation of
(stable) form B

Seeding with A

Nucleation of B /
/< - . -

>

SANDOZ: ;-



Case study 1 - particle engineering of BCS4
compound

APl development FDF development

FDF evaluation
(dissolution tests,
processability,..)

Initial

solvent/crystallization
techniques screening

Targets for PSD
and morphology
agreed with FDF

Cooling/antisolvent
crystallization with
seeding in two solvent
system choosen

Cubic non - agglomerated particles
gave best results for FDF

FDF evaluation (dissolution
Samples with different PSDs, & degree of agglomeration

tests,...)

QbD approach -

reference

Specification limits for
particles set,
parameters for
crystallization process
defined.

Cubic
d(0,9) ~26
Hm




Screening crystallization experiments

» Different solvents (Class 3) Diff " holodies &
- Difefrent crystallization techniques ) [muaSISELCIDUOO S

- Difefrent crystallization parameters PSDs of Form B

5. SANDOZ

a Novartis company



Initial solvent/crystalization techniques screening

Morphology, particle size & polymorphism?

Influence of:
» Solvents— crystallization in different class 3 solvents checked (Acetone,
EtOH, IPrOAc, EtOAc, MEK, n-butanol, IPrOH...)
« Crystallization technique:
* Cooling crystallization
 Fast cooling
« Slow cooling
* Antisolvent crystallization
+ Seeding/no seeding

Screening
results

+ Solvents strongly influence morphology. Different morphologies for
Form B possible (cubic, needles, spherulites, agglomerates, porous
spherical particles,...)

» Seeding with Form B is necessary to assure crystallization of Form B

* Desired cubic morphology was produced only in Acetone
* Slow cooling seeded crystallization
« Seed: Form B, d90<10 microns, ~10%




Case study 1

Cooling crystallization with seeding followed by antisolvent crystallization

aceton

aceton MS 250
aceton : heptan 1:2 vol
micronization

Expon. (aceton)

Expon. (aceton MS) 200

Expon. (aceton : heptan
1:2 vol)

clg/l

5. SANDOZ

a Novartis company




r .\ - ﬁ! , S = = 2 " / 4 o I N . )l. 2
SED  15,0kv WD16,8mm  Std.-P.C.50,0 HighVac. 15,0kV  WD10,8mm Std.-P.C.60,0  HighVac. x100 um
3x64307 0001 30 Nov 2015 3x115776 0008 05 Oct 2017

PILOT PLANT RESULTS:

Yield: 94-96% !

d90: 30-40pm

Shape of crystals: 100%
cubic,

low degree of agglomeration




Case study 2 - crystallization of metastable (MS)
hydrate

crude o ‘MS desired
substance recrystallization hy i polymorph

Challenges

 Crystallization of metastable solvate
* Influence of impurities on polymorphism
* Instability of solvate in suspension

experiments

Different crystallization techniques

Solvent & antisolvent systems

Additives for polymorphism

Polymorph transformation kinetics

Scale up effects

Drying (sublimation, gas purging,
vacuum) SANDOZ 2

hydrate
+ traces




Case study 2 - Crystallization of Metastable Hydrate

« Amount of water needed for hydrate?
» Solvents combination?

« Stability of hydrate in suspension? Type of
» Solubility data? > | crystallization

» Acceptable yield? process
» Possibility for scale up?
» Desired product quality?

Water activity in EtOH/water mixture

1
aannm ¥ U
0,9 o .—.—.'
0,8 '—'
0,7 |
0,6 . Formation|
activity 0,5 of
Y 04 - our ©20°C
' hydrate 20°
03+ y W -20°C
0,2
0,1
0 . T T T 1
0 20 40 60 80 100
5 SANDOZ

a Novartis company



Turbidity & FBRM - solubility and
metastable zone measurements

—— dilution = dilution
120
e/ k/
g 100
Q %0 concentration 1 concentration 2 concentration 3
S
g
8 60 — T
= == FBRM
X 40
L e tUrb
3
= 20
o
- 0
0 5000 10000 15000 20000 25000 35000
-20 te)
(O metastable points (O Solubility points
120 [ | ]
100 A = X
80 A & &= X #0,1°C/min, 400rpm
_ 60 \/0_@ \/y X = 0,1°C/min, 800rpm
— ° .
> %M’O L] Vv X A0,5°C/min, 400rpm
o A® %e- e X X7 XClear P.
X

50

* Metastable zone - influence of cooling & stirring rate checked — SCALE UP!!

SANDOZ: ;-

Data and procedure provided by Boris Peklar

« Solubility & MS curves determined for different solvent:antisolvent ratios




PVM & FBRM for monitoring
polymorphic transformation

40

T[°C]

FBRM particle count

Result of PVM monitoring & equilibration tests:
Solvate stable in suspension at T<-10°C!

20000

- 18000
- 16000
S - 14000

- 12000

10000

8000

- 6000

- 4000

- 2000

0

SANDO

e T °C

e cOounts/sec, No Wt

A Novartis
Division



Construction of ,phase diagram*

a

D
| : l-{ ;ﬂ
=

1—2 cooling to crystallization starting point - ,travel” through metastable zone

2—3 antisolvent crystallization — close to freezing point!!

3—4 cooling crystallization
SANDOZ: "
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Process, Equipment & Scale Up
Challenges

Solvate dissolution
e Poymorphism&

e Temperature

Impurities e Amount of
solvent t - -
e Temperature e Amount of S I m e rl g
increase during crude

crystallization

cooling scALE uP! Scale up!

e CPP: Cooling rate/
time

e Final temperature

e Stirring rate

crystallization SCALE uP!

e CPP: Temperature =
. " ackagin
e antisolvent addition . P ging
rate 4 Nitrogen
e Stirring rate atmosphere

filtration ScALE uP! sieving
CPP: Temperature Screen size
Pressure Rotor speed desired
Maximum Time polymorph
drying/
desolvation to
> desired
CPP: polymorph
drying to ‘éin;!)erature Temperature
Preséure Pressure
. Drying time
Time
Nitrogen flow solvate

SANDOZ: ;-
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VREDNOTENJE RAZTAPLJANJA
METASTABILNIH TRDNIH OBLIK

Darko UrsSic¢
Junij 2019

(T4 KRKN

Ziveti zdravo Zivijenje.

Osnovni problem vrednotenja

Metastabilne trdne oblike
—> stabilna trdna oblika
- metastabilne raztopine
-> obarjanje

- kaj smo dolodili?

Poenostavitev: raztapljanje soli v neugodnem pH

ww ki | (L4 KRKA
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Raztapljanje/obarjanje

« raztaplianje >  Ac =kz(Csgr —¢)
« obarjanje 2>  Ac=ko(c —Csp)
* obarjanje ene oblike vdrugo 2 Cso < Crg

www krka.si (O KRKN

Obarjanje

 razlika med raztopljeno koncentracijo in topnostjo je
gonilna sila

 Stevilo ,kristalov

» obarjanje tekoCine? - baze
» voda kot ,plastifikator’

* mesto obarjanja

ww ki \ (L4 KRKA
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Testiranje - topnost '

- zelimo topnost metastabilne oblike
—> Ali prihaja / je priSlo do obarjanja?
- stresanje 24h/72h - kaj dobimo?
- vpliv presezka

www krka.si (O KRKN

Topnost — hitro obarjanje

80
——raztopljeno
—kolitina - metastabilna oblika

60 ——kolitina - stabilna oblika
- —topnost - metastabilna oblika
— —topnost - stabilna oblika

40 ------dovoljeno prenasiéenje

20

0
www.krka.si ‘ {‘ KRKF\
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Primer — naproksen

-2 9
.2’5 4
jo3
3
E 3
0
3
¢ sol kisline
3,5 aa A kislina
-4 + + +
4,2 4,7 pH 52 57
diplomsko delo, Tadej Dolenc, 2013
www.krka.si (O KRKN

Primer — pocasno obarjanje

100 - - — o m e L 100 [—————————mmm e m - —— - -

80 80
—raztopljeno ——raztopljeno
—kolitina - metastabilna oblika —— koli¢ina - metastabilna oblika

60 ——koli&ina - stabilna oblika 60 —koliina - stabilna oblika
- —topnost - metastabilna oblika — —topnost - metastabilna oblika
— —topnost - stabilna oblika — —topnost - stabilna oblika

N0 .. dovoljeno prenasicenje Q0 | SN e dovoljeno prenasitenje

20 20

o 0
www.krka.si ( {‘ KRKN
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Primer — po¢asno obarjanje/nizja topnost

T g g g g g g g g g g g g g g g g

80
—raztopljeno —raztopljeno
——kolitina - metastabilna oblika
60 —koligina - stabilna oblika

— —topnost - metastabilna oblika

——koli¢ina - metastabilna oblika
—koli€ina - stabilna oblika
— —topnost - metastabilna oblika

= =topnost - stabilna oblika

------ dovoljeno prenasitenje

= ~topnost - stabilna oblika

ol SN dovoljeno prenasitenje

20

www krka.si (O KRKN

100 100

——raztopljeno - ko = 2x kr —raztopljeno - preseiek - 2x/50x
80 = =raztopljeno - ko = kr 80
-=--raztopljeno - ko = 0.5x kr
------ raztopljeno - ko = 0,25x kr

. - —topnost - metastabilna oblika 60 — —topnost - metastabilna oblika
— —topnost - stabilna oblika = =topnost - stabilna oblika

- —raztopljeno - preseiek - 5x/250x
---raztopljeno - preseiek - 10x/500x

www krka.si (Ta KRKN




12.6.2019

Obarjanje - supersaturacija

« povrsSinska energija
—>faktor prenasicenja
* indukcijski Cas

Faktor prenasiCenja in indukcijski Cas sta lastnosti
stabilne oblike (Cs), sistema in koncentracije

—— \ (L4 KRKA

Primer — prenasic¢enje

100 —raztopljeno - kolitina = 10 - —raztopljeno - kolitina = 20
---raztopljeno - koli¢ina = 50 ----raztopljeno - koli¢ina = 200
— —topnost - metastabilna oblika — —topnost - stabilna oblika

...... prenasicenje

ww ki \ (L4 KRKA
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Primer — sol baziche ucinkovine

[e2]
o
s

o
o
L

--=- 150 mg

——125mg

N
o

—+—100 mg

---&--- 75 mg

mg/100 ml
N w
o o

=
o
L

o

0 2‘0 4‘0 (;0 86 1(;0 1%0 14‘10 1é0
¢as (min) . .
diplomsko delo, Tadej Dolenc, 2013
www.krka.si (O KRKN

Obarjanje — dodajanje PAS

* spremembe
— Csrs Cs0
— kg, ko
— faktor prenasicenja
— dodatna kristalizacijska jedra
— ,sistem v celoti’

ww ki \ (L4 KRKA
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Testiranje raztapljanja - primer

A - In vive performance (rats) B - in vitro dissolution in sink conditions

Plasma concentration (M)
Dissolved (%)

Time (h)

C - In vitro dissolution in non-sink conditions
100

Dissolved (%)
@
-

= solubility =====—====

ime (mie J. Bevernage et al., Int J Pharm 453 (2013)
www krka.si (O KRKN

Testiranje raztapljanja

 biorelevantnost sistema raztapljanja
— volumen
— mediji in preskoki med njimi—> Fassif/Fessif,....
— obremenitve - hidrodinamika VS strizne sile
— selektivno odstranjevanje permeabilnih u€inkovin
— ,vlazni‘ zepki

ww ki \ (L4 KRKA
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,Fitanje‘ sistema raztapljanja

» napovedljivost za druge FO/ucinkovine

e pomen testiranja
— akademski svet - napredek znanosti
— (genericni) industrijski svet - napovedovanje BeQ

www krka.si (O KRKN

Primer

API and HPMC dissolve

and titrated until precipif rved (pH
e —e— Only API (No polymer) nm et
0000357 Lo e API:HPMC (7:1) ‘ i PP e
> APl ;-f»;:'td.tr: as amorphous —e— API:HPMC (4:1) 1 i Eud ragit EPO
£ 000030+ § soleg | 1 * APLHPMC (2:1) AUGO-72 Gl @ 2K
5 R . [ i 1|
= 000025+ - - - - - 7 930 £ go1 #®- - - 5. Solubility of amorphous form o 1oxs
E - ‘e, “ “ : cmxTar.mvm
— . rd
€ 0.00020- 4 % IR oes 2. PVP K90
o . AUCO-72 @@= 17%(C VW)
< 4 . - ~ AT IS
O 0.00015 M o1 4 HPMC extends
(&) ! et o e ma
- stability of amorphous form CUAX @@ 264G V)
g ity f Tl i 3. No polymer
o af o, ) 4 "mn L) .
w L
= 0.00005 [} bt OIS 1 G e
= | Solubilty of crystalline form s, TEge = © ™ ® ® wmwmm W
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Time (s)

J. Beranek, Zentiva,Biorelevant, 2016
www krka.si (Ta KRKN
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tezavnost izvedbe

pozornost pri ,obravnavi‘ rezultatov
prilagajanje sistema rezultatu
,napovedna moc‘?

www krka.si (O KRKN
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~ amorphous solid dispersions
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Manufacturing technologies for solid dispersions

Chemically identical but physically different amorphous solid dispersions (ASD)
can be produced by:

1. Solvent evaporation technologies

v Spray drying; tray drying, granules-layering, freeze drying, electro-spraying
2. Heat based technologies

v Hot-melt extrusion; melt-quench cooling (Kinetisol®)
3. Mechanochemical activation:

v" Cryo-milling |
SDC Slovenia | SANDOZ éi\?li(s)\'\t’)anms
2

Business Use Only EJPB, 135 (2019); 1-12.



] ] |
Manufacturing technologies for solid
disperSions v’ Solvent-free continuous process

v' Small footprint

» Drug loading

v" Solubility of API in different polymers;
v" Kinetic trapping;

v/ Compounds  with
' Z——— thermal and shear
& instability.
v’ Particle engineering
Y v High drug loading
2;); v Small footprint

O
A
= Selection of polymer o
= Properties of drug substance @

What is the best
manufacturing technique to
obtain high drug loadings?

The order of the techniques for high drug loadings in ASD is
as follows: hot melt extrusion > spray drying > cryo-milling.

SDC Slovenia | SANDO éi\?li(s)\'\t’)anms

3 Business Use Only EJPB, 135 (2019); 1-12.




Solvent based technologies for ASD

Granules-layering o)

—HH— —HH
“. s YA @'}" l‘.“ ﬂ—m / \ ‘
Gosmial  \algs
YA lU |
- HH

Fluid Bed Coater

Particle size depends from carrier;
Milling needs to be implemented for
taloring particle properties

Disadvantages:

4

Spray Dryer

* Organic solvent
Rotating direction of mill o Res i d u al SO Ive nt SoRak g
 Material density issues — T
@ ® LN J :
L J
§ 0% @
Materials =g
Grinding medium
High Pressure High Pressure
Pump Homogenizer

, _ : High Pressure Homogenization
Mechanical Reduction (Ball Mill)

SDC Slovenia |

4 Business Use Only

SANDOZ:::
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Spray drying vs granule-layering

150

125

100

75

50

Temperature, °C

25

0

Spherical
Crystallization

- Microencapsulation

Spray Drying

o

1

-200
1

v

Fluid Bed Granulation

Y/

= Prilling

Freeze
D

. ,g‘ ryi n?)\

-
Extrusion/Spheronization
High Intensity Granulation
1

ct

0

100
Particle Size, ym

v' Consistency in particle size, bulk and tapped density;
It can be used for particle engineering of drug substances and excipients;

1,000

10,000

v' Beside amorphisation, spray drying can be applied for mass-production of liposomes and encapsulation of flavors;

SDC Slovenia |

5 Business Use Only
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Division
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Spray drying technology

FEED SOLUTION
Solution Feed Rate (M, ,,)

-

| DRYING GAS

“ Drying Gas Flow Rate (M__. )
Drying Gas Temperature ﬁ, )

DROPLET-
ENVIRONMENT <
CONTROL
VOLUME

MACROSCOPIC/

THERMODYNAMIC |

CONTROL VOLUME:
f

........... 4
)

! SPRAY-DRIED
\“"E PRODUCT:

Dryer Outlet Temperature (T, )
Relative Saturation of Solvent (%RS_,, )

10? sec

SDC Slovenia |

6

Business Use Only

Critical process parameters

Type and size of nozzle

Nozzle pressure

Spray rate

Air flow

T inlet or T outlet

Relative saturation of soluvent (%)

SANDO

A Novartis
Division



Thermodynamic design space (scale up rule)

Energy needed for evaporation of solvent = Energy lost during drying

Solution spray rate Air flow, difference between T, . and T,
‘ ’ 0.12
|

utlet

01

Solution spray rate

Specific drying ratio =

o
8

Air flow

(Mg, )(M.,,)

0.08

Specific Drying Ratio

o
2

SDC Slovenia |

T,(°C
7 Business Use Only in (°C)
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Influence of process to ASD properties

= Solvent evaporation processes: Roto-evaporation vs. spray drying

1. rotary evaporator at about 40 °C

APl + polymer= HPMC or PVP

or P55 Acetone:ethanol=1:1 2. Drying under:\a’/gﬁggan?r;iri;ht)ray dryer (40°C;
3. Milling
API+ polymer= HPMC or Acetone:ethanol=1:1 Fluidized spray drying

PVP or HP55

Powders were characterized by contact angle, X-ray photoelectron spectroscopy, SEM

- SANDOZ :.:::"
SDC Slovenia | Division
8 Business Use Only European Journal of Pharmaceutics and Biopharmaceutics 70 (2008) 478—-485



Influence of process to ASD properties

A. Formulation 1

s -
B

Dense and compact structures with particles (some Fine particles with smooth surfaces. Spherical particles

with a fine material. :
A Novartis
SDC Slovenia | SANDO Division

9 Business Use Only
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Influence of process to ASD properties

X-ray photoelectron spectroscopy results — quantify the amount of drug on the powder surfaces

Table 2

Solid dispersions containing drug N and drug A prepared by roto-evaporation (RO), spray drying (SD) and fluidized spray drying (FSD)

Formulation Drug Drug conc. in bulk® Carrier Drying technology Drug conc. at surface® Surface excess of drug® # (deg)
1 N 20% HPMC SD 30% 1.5 39
2 N 20% PVP SD 47% 24 44
3 N 20% HPMC RO 16% 0.80 ND
4 A 20% PVP SD 25% 1.3 48
5 A 20% HPMC RO 9% 0.45 35
6 A 10% HP 50 FSD 3% 0.30 ND*
7 A 50% HP 50 FSD 52% 1.0 58
8 A 10% HPMC FSD 20% 2.0 80
9 A 50% HPMC FSD 54%| 1.1 72
10 A 10% HPMC swollen FSD 9% 09 56
11 A 50% HPMC swollen FSD 65% 13 80
12 A 20% HPMC|poloxamer (10%) RO 13% drug % poloxamer 0.65 34

* Calculated as surface coverage/bulk concentration.
b Drug concentration in bulk (weight®), drug conc. at surface (atomic).
© Not determined due to too rapid drop adsorption.

v The spray drying methods led, in all cases, to an enrichment of the drug on the surface, although the level varies considerably with the
choice of excipient.

v Roto-evaporation technique consistently produced fairly well encapsulated drug, regardless of excipient and drug used. This slow
drying technique seems to promote drug encapsulation, compared to fast preparation methods (spray drying and fluidized spray
drying)

v Solid dispersion powders prepared by the slow methods demonstrated improved bioavailability compared to products prepared by the
fast methods.

SDC Slovenia | SANDO éi\?li(s)\'\t’)anms

10 Business Use Only
European Journal of Pharmaceutics and Biopharmaceutics 70 (2008) 478-485



Hot melt extrusion =mixing and melting

Drug, polymer, excipient
(feeder system)

Conveying, mixing, melting

/( Extruder)

Monitoring

(In-process sensors)

Shaping (calendar, cutting system)

‘z'-:}' k' HOT MELT EXTRUSION PROCESS

Feeding
Polymer and API

[ \
H Coaling -
2 L

1 -
Pelletizing M

Particle Sclences

Homogeneous
discharge

Mixing

Maelting

CROSS-SECTION OF SINGLE AND TWIN SCREW
EXTRUDER BARREL

Single Screw Extruder

Twin Screw Extruder

\! \l

) G666 ]-L ) G .

PR r
Solids Melt Melt
conveying pumping Solids

Melt
pumping

Melt

conveying

Particle Sciences

General critical process parameters for HME are:

1. Screw speed = creates shear forces that will generate additional heat;
2. Screw configuration= 1 kneading zone at 2 third of the barrel length is sufficient for mixing at molecular level = important for

higher drug loadings in ASD;

3. Feeding rate;
4. Barrel temperature = controls meting and softening process.

A Novartis
Division

SANDO

SDC Slovenia |
International Journal of Pharmaceutics 479 (2015) 227-240

11  Business Use Only
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Hot melt extrusion = mixing and melting

Barrel temperature

1 1
GLASSY y LEATHERY | RUBBERY
REGION | REGION | PLATEAU
|

[
APT/polymer
TEMPERATURE —> —) :
APT Temperature l
amorphization A
STORAGE MODULUS

Probe displacement

CéOSSOVER
& 3 Tand>1
: _ S|
Based on polymer/API mix (no traces of crystalline phase) g| e
Limits of barrel T is based on melt viscosity and degradation tendency of API
1 of barrel T = 1 drug dissolution (e.g. Itraconazole)
1 of barrel T + tween screw extruder = = 1 drug dissolution Tan<1
TEMPERATURE »

SDC Slovenia | SANDOZ Si\?li(s)\'\t’)anms

12 Busi Use Onl
peiness He By International Journal of Pharmaceutics 479 (2015) 227-240



Hot melt extrusion =mixing and melting

v" In scaling up = screw speed is related to increase of feeding rate (20-50% of filling for tween screw extruder)
v' When amorphization is targeted, the screw speed would need to be high in order to obtain a high shear mixing with

reduced residence time.
v' For scale up= specific mechanical energy and feed rate should be maintaining constant when moving from one extruder

to another.
Filling rate

Screw speed >
p of the barrel
Residence Pressure at
time the die

FRx RTD
Filling % = ————x 100
pX Vfree

FR — feed rate (g/min)

RTD — mean residence time (min)

p - bulk viscosity of polymer/mix (g/min)
Vi ee- €Xtruder free volume (mL)

SDC Slovenia | SANDO éi\?li(s)\'\t’)anrtis

13 Business Use Only International Journal of Pharmaceutics 479 (2015) 227-240



Hot melt extrustion = complex process

Dependent Variables

Need wide
ranges for
broad design
space

SDC Slovenia |
14  Business Use Only

Independent Variables

* Matrix
- Tg

- Td

Heat Capacity

- Melt viscosity

- Density

Process

* Continuous
- Screw speed
~ Feed rate
- Set temperature
* Discrete
- Extruder geometry
- Screw configuration

Process
Simulation

Material — Particle size
Properties Heat Capacity

Characterization

Process
Performance
CQAs
* Degradation
* Residual crystallinity
* Moisture content

Independent Variables

* APl morphology
(crystalline or amorphous)

* API surface chemistry

* Polymer structure (MW,
blocking, branching)

* Surfactant/plasticizer
chemistry

Material
Structure

Dependent Variables

* Product temperature &
melt viscosity

*Shear rate range

*Torque

* Pressure

* Energy input

* Residence time distribution

*Fill level

SANDOZ:::

European Journal of Pharmaceutics and Biopharmaceutics 141 (2019) 149-160



Kinetisol® technology

Powder Feed (50 —300g)

Real-time, rapid
/ temperature monitoring
(' '
Novel mixing elements W
N&‘ Varlable speed drive
.

|

Molten Discharge

Q:e.nc'hed\A
ot

Milled

It

Directly
Compressible
Powder

High-speed rotating shaft

SDC Slovenia |
15 Business Use Only

Advantages:

Best technology for high melting point/low organic solubility
drugs;

Short residence times (< 20 sec);

Not limited by melt viscosity;

Siutable for the most of the conventional polymers for ASD
(HPMCAS, HPMC; PVP etc)

A Novartis
Division

SANDO



Kinetisol® technology - importance of post-
processing

Vemurafenib (BSC V)

= aqueous solubility of crystalline vemurafenib is < 0.1 pg/mL

= equilibrium solubility In FASSIF remains lower < 2 ug/mL
= |log P value of 3.0, low permeability in Caco-2 cell model
= Mw 490 Da < 500 Da (Lipinski rule)

= Tm=272 °C — HME is dismissed Organic solvent Solvent Solubility Maximum drug
class (mg/mL) % (w/w) in feed

" H 9 h dose in formulation Dimethylacetamide 2 >500 534
: : Methanol 2 4.57 0.6
Spray drylng Is not the — Acetonitrile 2 1.40 0.2
technology of choice Dichloromethane 2 1.95 0.1
Isopropanol 1 3.56 0.5
Acetone 1 <6 0.8

SDC Slovenia | SANDO éi\?li(s)\'\t’)anms

16  Business Use Only



Kinetisol® technology - importance of post-
processing
1. Zelboraf® - solvent controlled coprecipitation process
0.01 M HCI
Vemurafenib + HPMCAS (L grade) i Micro-precipitated bulk powder - Milling

dimethylacetamide at 30% drug
load

2. Alternative process - Kinetisol® - quench cooling

ure (°C)

Vemurafenib + HPMCAS (L grade)= 1:2.5

Quenching at 180 °C, cooling and pressing into blocks - Milling

rocessing Time (s)

SDC Slovenia | Fig. 3. KinctiSol profile for processing an amorphous solid dispersion of vemurafenib at 2400 rpm

17 Business Use Only AAPS PharmSciTech, Vol. 19, No. 5, July 2018



Kinetisol® technology - importance of post-

processing

KSD material, < 250 pm. Dark circles are large cavities as
observed in the cross section of Figure 7.d

Table IV. Particle Size Distribution and Specific Surface Area for MBP and KSD Amorphous Solid Dispersions of Vemurafenib

Sample D10 (um) D30 (um) D90 (pm) Specific surface area (m2/g)
i Unmilled cross section of quenched KSD material (spper right MBP 239:0.13 7414 £1.68 220.90 +5.65 6.13+0.05
regiom, lower left region i cashion tape) KSD <250 pm 14.02:£0.84 13274 +343 300.79+2.62 020+0.02
KSD Cryo 214+023 1294142 78.96+3.43 121006

Fig. 7. Scanning electron microscopy images of MBP and KSD materials. a MBP material. b KSD
cryomilled material. ¢ KSD material, <250 pm. Dark circles are large cavities as observed in the
cross section of (d). d Unmilled cross section of quenched KSD material (upper right region, lower
left region is carbon tape)

SDC Slovenia |
18 Business Use Only

SANDOZ:::
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Kinetisol® technology — importance of post-
processing

7

entration (ug/mL)

Plasma Concentration (ng/mL)

Time (h) 12
Time (h)
Fig. 8. In-vitro dissolution of MBP and KSD amorphous solid dispersions and physical mixture of vemurafenib in pH 6.5

FaSSIF media

«  For fusion-processed materials like Kinetisol® solid dispersions, milling is a significant contributor to surface area and
release rate, whereas for porous materials like MBP and spray-dried dispersions, the pores are the primary driver of
release rate with reduced impact from milling.

«  Substantial portion of the surface are of the MBP material is contained within the inner network of the material.
During dissolution, polymer dissolved and saturated the inner channels of a porous material which created viscous
media in these channels for which drug dissolution was significantly slowed.

SDC Slovenia | SANDO éi\?li(s)\'\t’)anrtis

19 Business Use Only AAPS PharmSciTech, Vol. 19, No. 5, July 2018



Conclusions

v' Growing interests of innovator industry for
improvement of poor aqueous solubility of
drug substances via amorphous solid

Solvent granulation _ Anti-solvent precipitation

o% R SNt dispersions;

e

v' Products made by spray drying and melt
extrusion

| » Currently, the most commercially viable
| options

38%

Spray drying '
43%

> Suitable alternatives are limited

v' Deep understanding of material properties of
ASD influenced by process needed!

SDC Slovenia | SANDO éi\l?i:i\:;ar:ﬂs
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We create chemistry

Hot Melt Extrusion

An introduction to the technology and to
downstream processing

Nils Rottmann | Pharmaceutical Technological Symposium Ljubljana | 13. June 2019




Hot melt extrusion
Introduction

Weakly soluble, Amorphous
crystalline API polymer
»solvent®
Solid dispersion _
of APl in polymer AE — Hot Melt Extrusion
Extruder @

A weakly soluble crystalline APl and an amorphous polymer are transferred into a solid dispersion by introducing thermal and

mechanical energy
O -BASF
We create chemistry

Source: N. Rottmann, European Application Lab (Pharma Solutions Europe, CIS Countries, Middle East, and Africa), BASF SE, Ludwigshafen, Germany



Amorphous matrices:
Glass suspensions vs. glass solutions

d@@@) <
& &=
OZP(@ 73

Glass suspension

API crystalline amorphous
MEURS amorphous amorphous
(polymer)
System only kinetically stabilized

stability e (oversaturation)

Source: N. Rottmann, European Application Lab (Pharma Solutions Europe, CIS Countries, Middle East, and Africa), BASF SE, Ludwigshafen, Germany

Glass solution

molecularly dispersed

amorphous

Ok (below saturation solubility)

O -BASF
We create chemistry




Amorphous matrices:
Glass suspensions vs. glass solutions

Amorphous VS. Solid glass

suspension solution
Animation for amorphous suspension

Moleculary dispersed but
steric adjacency is allowed if
Interaction forces between A +
B are stronger than self-
association between A-A or B-
B
Directed H-Bonding are
stronger than the weaker non-
directed dispersive and polar
attractions

can be moleculary dispersed
but
Interaction forces between
A + B are weaker than self-
association between A-A or
B-B so that
Nuclei formation and
Nuclei growth are
Kinetically controlled and
system
tend to recrystallise

O -BASF

We create chemistry
Source: A. Gryczke, Global Technical Marketing Pharma Solutions, BASF SE, Ludwigshafen, Germany



Amorphous matrices:
Glass suspensions vs. glass solutions

Amorphous VS. Solid glass

suspension Animation for glassy solution solution

Moleculary dispersed but
steric adjacency is allowed if
Interaction forces between A +
B are stronger than self-
association between A-A or B-
B
Directed H-Bonding are
stronger than the weaker non-
directed dispersive and polar
attractions

can be moleculary dispersed
but
Interaction forces between
A + B are weaker than self-
association between A-A or
B-B so that
Nuclei formation and
Nuclei growth are
Kinetically controlled and
system
tend to recrystallise

O -BASF

We create chemistry
Source: A. Gryczke, Global Technical Marketing Pharma Solutions, BASF SE, Ludwigshafen, Germany



Amorphous matrices:
Thermodynamics & crystallinity

Energy

= Crystalline structures are thermodynamically favored

= Leaving the crystalline state requires energy (lattice energy)

O -BASF

We create chemistry

Source: A. Gryczke, Global Technical Marketing Pharma Solutions, BASF SE, Ludwigshafen, Germany



Polymers in
hot melt extrusion




Polymers for hot melt extrusion:
Overview

Kollidon® VA 64

Solid Dispersions / Solid Solutions .
W B Established matrix
N o__0O ; :
0@ \’4 former especially in
é o .
Matrix hot melt extrusion
Formers Plasticizers Solubilizers
\ \
HO
7 2\ : Soluplus®
GO'UP'US \ KoIIiphor P 188 KO"IphOF HS 15 - I . .

. : nnovative matrix an
Kollidon VA 64 Kolliphor P 188 micro Kolliphor RH 40 . o DUELIYE TR E d
Koll!don 12 PF Kolliphor P 407 micro Koll!phor PS 20
Kollidon 17 PF Kollisolv GTA Kolliphor PS 60 o : B taylored for HME use
Kollidon 25/ 30 Kolliwax GMS | Koll!phor PS 80 . &
oin o | sy Collrr L5 Fr ‘o ® increases solubilly

ollidon Kollisolv PEG E 300 . o
Kollicoat IR Kool PEG E 400 Kolliphor P 188 o and bioavailability
Kollicoat Protect Kolliphor P 407

\ Kollicoat MAE 100P 4 kSolupIus Y,

O -BASF

We create chemistry

Source: N. Rottmann, European Application Lab (Pharma Solutions Europe, CIS Countries, Middle East, and Africa), BASF SE, Ludwigshafen, Germany



Polymers for hot melt extrusion:
Soluplus®

B “The Solid Solution®: solubilizer and matrix for solid dispersions

B PEG 6000/ vinylcaprolactam/ vinyl acetate grafted copolymer

W Tg:. ~70°C

B soluble in water, acetone, ethanol, dimethylformamide, ...

BREAKING NEWS:

Soluplus® approved in Europe!

Approval in: UK Germany France Italy Poland Romania Slovakia Russia
B Drug products:

o Febuxostat 80mg and 120mg film coated tablet by Zentiva

o “Lopirita” (Lopinavir and Ritonavir) by Izvarino Pharma / Nanopharma

O -BASF
We create chemistry

Source: N. Rottmann, European Application Lab (Pharma Solutions Europe, CIS Countries, Middle East, and Africa), BASF SE, Ludwigshafen, Germany



Polymers for hot melt extrusion:
Glastransition (T,), melting (T,) & degradation temperatures (T )

Temperature [°C]

Source:

300

250

200

150

100

50

225

250
230
210
200
180 180 175
114
101
70
56

Kollidon® VA  Soluplus® Kollidon® 12 PFKollidon® 17 PF Kollidon® 30 Kollidon® 90F Kollidon® SR Kollicoat® MAE Kolliphor® Kolliphor® PEG 1500
64 100P P407 P188

ETg [°C] EmTm[°C] mTdeg[°C]

o
(=}

O -BASF

We create chemistry

K. Kolter, A. Gryczke, M. Karl, Hot Melt Extrusion with BASF Pharma Polymers, 2" Edition, BASF SE, Ludwigshafen, Germany



Polymers for hot melt extrusion:
Effect of plasticizer on the T

180
160 156 157 155
149 146
138 137
140 129 3310
118
120 109
101 103 102 101
'G‘ 100 90 92
e 83
)
= 80 70 o
60 54
a7 >0
42
40
25
20 I
0
Kollidon® VA 64 Soluplus® Kollidon® 12 PF Kollidon® 17 PF Kollidon® 30 Kollidon® 90F Kollidon® SR

B Pure Polymer M Kolliphor® P188 (10%) m Kolliphor® RH 40 (10%) W PEG 1500 (10%)

O -BASF

We create chemistry

Source: K. Kolter, A. Gryczke, M. Karl, Hot Melt Extrusion with BASF Pharma Polymers, 2" Edition, BASF SE, Ludwigshafen, Germany



Polymers for hot melt extrusion:
Melt rheology

1E+06 A
1E+05 +=

0 \ )

©

o 1E+04 g

* *

2 =

£ =

S 1E+03 1 8

2 n

S \ S
1E+02 +
1E+01 1 t } : t 1 1E+02 1 1 t 1 1

120 140 160 180 200 220 240 1E-02 1E-01 1E+00 1E+01 1E+02 1E+03
temperature [°C] angular frequency [rad/s]

=m= Kollidon VA 64 (170 °C) =de= Kollidon 12 PF (130 °C) =e= Kollidon 30 (190 °C) == Kollidon SR (170 °C) Kollicoat IR (180 °C)

Soluplus (170 °C) =f Kollidon 17 PF (180 °C) =0= Kollidon 90 F (200 °C) == Kollicoat MAE 100P (150 °C) = =+ Kollicoat Protect (180 °C)

O -BASF
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Source: K. Kolter, A. Gryczke, M. Karl, Hot Melt Extrusion with BASF Pharma Polymers, 2" Edition, BASF SE, Ludwigshafen, Germany



Screening of polymers for hot melt extrusion:
Active/polymer combination — film casting

Blank Crystalline
sample sample

Solvent Polymer

l Active

= —

O -BASF

We create chemistry

Source: M. Karl, Development Pharma Solutions, BASF SE, Ludwigshafen, Germany




Screening of polymers for hot melt extrusion:
Film casting vs. hot melt extrusion

Carbamazepine: ltraconazole:
DExtrusion @ Film casting
60 O Extrusion  eFilm casting 70 * Polymer + 10 % PEG 1500
** Polymer + 20 % PEG 1500
* Polymer + 10 % PEG 1500 ¥ Solubilization capacity APl below the tested concentration
50 i gollyr;'!lt?r +t_20 % PE%12g?b | 60 4 Solubilization capacity API above the tested concentration
olubilization capaci elow
v the tested concentration ? ? T ? T
50 +e o — {1 o —[1r—e—{1 @
40 +e ° O
O O ® 40 O O
30 o—(1 i PY
° o 30
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20
® @
10 1 10
O e OO e 0o|le 0O O
) i Pl . ? 9
2] * * —— =
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Source: M. Karl, Development Pharma Solutions, BASF SE, Ludwigshafen, Germany



Hot melt extrusion
process




Process
Main process parameter

material properties

throughput

vacuum/
degassing

melt temperature O———— [

torque O———
residence time distribution O————
extrusion pressure O———

barrel temperature screw config. screw speed

O -BASF

We create chemistry

Source: N. Rottmann, European Application Lab (Pharma Solutions Europe, CIS Countries, Middle East, and Africa), BASF SE, Ludwigshafen, Germany



Process
Screw elements

O -BASF
We create chemistry

Source: N. Rottmann, European Application Lab (Pharma Solutions Europe, CIS Countries, Middle East, and Africa), BASF SE, Ludwigshafen, Germany



Process
Typical screw design

We create chemistry

Source: K. Kolter, A. Gryczke, M. Karl, Hot Melt Extrusion with BASF Pharma Polymers, 2" Edition, BASF SE, Ludwigshafen, Germany



Process
Screw design

= What is the minimum residence time to achieve proper dispersion?
=  What is the maximum residence time to avoid degradation?
=  Consider that residence time is meaning residence time distribution having a tail

= Which process operations need to be undertaken in the extruder? (Melting, dispersing, degassing, etc.)

O -BASF
We create chemistry

Source: N. Rottmann, European Application Lab (Pharma Solutions Europe, CIS Countries, Middle East, and Africa), BASF SE, Ludwigshafen, Germany



Process
Temperature

120°C 140°C 220°C 240°C

= What is the maximum tolerated temperature?
= What is the minimum required temperature to disperse the drug?

= What is maximum allowed feed zone temperature?

O -BASF
We create chemistry

Source: N. Rottmann, European Application Lab (Pharma Solutions Europe, CIS Countries, Middle East, and Africa), BASF SE, Ludwigshafen, Germany



Process
Energies in hot melt extrusion processes

heat radiation &
... is lost for the process

cooling energy
...ideally =0

mechanical energy
... always passes the melt

heat energy
...... must compensate lost of heat radiation

O -BASF
We create chemistry

Source: A. Gryczke, Global Technical Marketing Pharma Solutions, BASF SE, Ludwigshafen, Germany



Process
Design space for hot melt extrusion processes

Source:

Energy Input

: Mike Lowinger, MSD, Westpoint, PA, USA

_.-ﬁﬁeﬁal

‘Degradation
Design Space
Throughputs Process
Trigger UDRIAISE

Additional

Throughput Optimization (Capacity)




Process
Degassing — a low water content is important!

Kollidon® VA 64 with 18% water content ektruded at 4kg/h

Source: A. Gryczke, Global Technical Marketing Pharma Solutions, BASF SE, Ludwigshafen, Germany

2% water = 80g/h steam@4kg/h
2% water = 800g/h steam@40kg/h

4.5% water = 180g/h steam@4kg/h
4.5% water = 1800g/h steam@40kg/h

O -BASF
We create chemistry



Downstream
processing




Downstream processing
Capsule filling

O -BASF

We create chemistry

Source: N. Rottmann, European Application Lab (Pharma Solutions Europe, CIS Countries, Middle East, and Africa), BASF SE, Ludwigshafen, Germany



Downstream processing
Capsule filling — case study (Carbamazepine/Soluplus®)

Capsule formulation 70:30

Drug release [%]

B Solid solution Carbamazepine 70 % 45
m  Kollidon® CL 15 % 40 - =iElss
formulation
35 A 70:30
B Microcrystalline cellulose 15 % 30 -
25
20 A
Capsule
15 4 formulation
10 4 90:10
Capsule formulation 90:10 5 1
B Solid solution Carbamazepine 90 % 0 ' ' ' ' ' '
0 20 40 60 80 100 120
. ® 0
m Kollidon® CL 10 % Time [min]

O -BASF
We create chemistry

Source: N. Rottmann, European Application Lab (Pharma Solutions Europe, CIS Countries, Middle East, and Africa), BASF SE, Ludwigshafen, Germany



Downstream processing
Air cooled hot face cutting

g g g By g 77 7 /B A VA A A A A e e
Knife head with Feeder | Feeder Il

knifes

Hot face cutter

©

| truder

Vibrating conveyor

O -BASF

We create chemistry
Source: A. Gryczke, Global Technical Marketing Pharma Solutions, BASF SE, Ludwigshafen, Germany



Downstream processing
Compression

O -BASF

We create chemistry

Source: N. Rottmann, European Application Lab (Pharma Solutions Europe, CIS Countries, Middle East, and Africa), BASF SE, Ludwigshafen, Germany



Downstream processing

Compression — case study (Fenofibrate/Soluplus®)

Cap

sule formulation 70:30

Solid solution (20 % API) 60%
Soluplus®/Fenofibrate

MCC (Avicel® PH102) 29%
Kollidon® CL 10%
Magnesium stearate 0.5%
Aerosil® 200 0.5%

Extrudates milled <500 ym
12 mm tablet 550mg
single punch press 18kN

Source:

N. Rottmann, European Application Lab (Pharma Solutions Europe, CIS Countries, Middle East, and Africa), BASF SE, Ludwigshafen, Germany

Drug release [%]

100 -

80 -

60 -

40 1

20 A

Tablet Fenofibrate
solid solution
Kollidon® CL

Crystalline
Fenofibrate

20 40 60 80 100 120
Time [min]

O -BASF
We create chemistry



Downstream processing

Compression — case study (Impact of disintegrants on solid solution formulations)

Capsule formulation 70:30
B Solid solution (20 % API) 60%
Soluplus®/Fenofibrate

m  MCC (Avicel® PH102) 29%
B Disintegrant* 10%
B Magnesium stearate 0.5%
H  Aerosil® 200 0.5%
Extrudates milled <500 ym
12 mm tablet 550mg
single punch press 18kN

Source:

N. Rottmann, European Application Lab (Pharma Solutions Europe, CIS Countries, Middle East, and Africa), BASF SE, Ludwigshafen, Germany

* Disintegrants:
Kollidon® CL
Primojel®
Ac-Di-Sol®
Klucel® LH 11

O -BASF
We create chemistry



Downstream processing
Compression — case study (Impact of disintegrants on solid solution formulations)

140 - W disintegration in water 2494
2500 - O disintegration in hydrochloric acid
= 120 »
< 2 2000 -
o 100 - £
c had
e [
% 80 £ 1500 - bk
o o
£ o 53
c il
2 S 1000
= n
O 40 a
512
20 +
19 18 35
0 - 0
Kollidon CL Primojel Ac-Di-Sol Klucel LH Kollidon CL Primojel Ac-Di-Sol Klucel LH
O -BASF
We create chemistry
Source: N. Rottmann, European Application Lab (Pharma Solutions Europe, CIS Countries, Middle East, and Africa), BASF SE, Ludwigshafen, Germany




Downstream processing
Compression — case study (recommendations)

B Extrudate should be milled or at least cut.

B |n order to avoid lumping of the milled extrudate which would lead to a delayed and reduced
drug release particular attention must be paid to the formulation:

o Adisintegrant (10 — 15 %) has to be used in the formulation in order to receive an
appropriate drug release.

o Additional microcrystalline cellulose or other fillers (20 — 30 %) facilitate the dissolution of
extrudates.

They act as spacer or pore former during dissolution.

Source: N. Rottmann, European Application Lab (Pharma Solutions Europe, CIS Countries, Middle East, and Africa), BASF SE, Ludwigshafen, Germany

O -BASF
We create chemistry



Downstream processing
Calandering

O -BASF

We create chemistry

Source: N. Rottmann, European Application Lab (Pharma Solutions Europe, CIS Countries, Middle East, and Africa), BASF SE, Ludwigshafen, Germany



Downstream processing
Injection moulding

O -BASF

We create chemistry

Source: N. Rottmann, European Application Lab (Pharma Solutions Europe, CIS Countries, Middle East, and Africa), BASF SE, Ludwigshafen, Germany



Downstream processing
Injection moulding — case study (ltraconazole/Soluplus®)

100 - ) :
80 ) =
S 'ﬁ
OI_ " |
8 ‘ f
2 60 ok | ®
Q f —
o
e

S 40 mE |

—— ltraconazole I

——15 % itraconazole/Soluplus extrudate (150°C, 200rpm) =

20 —— 15 % itraconazole/Soluplus powder mixture/ Injection molding T
—eo— 15 % itraconazole/Soluplus (170°C, 150rpm)/ Injection molding 14—
—=— |traconazole el s
0 ‘ | ]
0 120 240 360
time [minutes]
O-BASF
We create chemistry

Source: A. Gryczke, Global Technical Marketing Pharma Solutions, BASF SE, Ludwigshafen, Germany




Downstream processing
Extrusion Coating (e.g. for patch manufacturing)

AVAA AN AN 0 i R A - AV VA VA VA A

Feeder | Feeder Il

Pressure roll

............... BORA AR R RRAS - S R AR AR AR AR AR R A A AR AR ARARRARARBARRARARARARAA o8 —

©

ruder

O -BASF

We create chemistry

Source: N. Rottmann, European Application Lab (Pharma Solutions Europe, CIS Countries, Middle East, and Africa), BASF SE, Ludwigshafen, Germany



Downstream processing
Extrusion Coating (e.g. for patch manufacturing)

Inside the extruder the compounding of ingredients happens, then melt gets extruded through a die. Via down streaming the
melt gets cooled (solified) and shaped.

Strand line Injection Molding Chill Roll Catheter/Films
Common Not Common yet Common Common
need to be milled Final dosage form Need to be milled Medical Devices
Usually no Fast Verywell TTS
calibration included Reasonable cost controlled cooling Other patches
Unique shapes of extrudate

Good to controll
morphology of
extrudate

O -BASF
We create chemistry



Downstream processing
Extrusion Coating (e.g. for patch manufacturing)

Hot-Melt Extrusion with __ .
New formulas for e TEAB BASF Pharma Polymers Solubility EnhancuSEssuyy
successful drug delivery e — — ExtrusioniGampendium BASF Pharma Polymers
Hot-rnelt extrusion = 2nd Revised and Enlarged Edition Solubilizer Compendium
fOf enh anced 90|Ub||lty o 2 i K. Kolter, M. Karl, A. Gryczke
Thomas Reintjes (Editor) .

and bioavailability

Pharma Ingredients & Services. BAsF
‘Welcome to more opportunities. The Chemicsl Company

Pharma Ingfedialﬁs & Senm:es ﬂ = BASF

P e il:llﬂhﬂt!!.!ﬁ e, Webome v IEG PPN tas
Welcome to more opportunities. The Chemical Company

ziz | Ewsiplents | hotive g md e e
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Contact

Nils Wilhelm Rottmann

European Application Lab
Pharma Solutions & Human Nutrition

BASF SE

G-ENP/SE — Nutrition & Health (Europe, Africa, West Asia)
Phone: +49 (0)621/60-99 712

Mobile: +49(0)173/3197257

Fax: +49 (0)621/60-6699 712
Mail: nils.rottmann@basf.com

Internet: www.pharma.basf.com

O -BASF
We create chemistry
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dr. Spela Zupangi¢

Univerza v Ljubljani, Fakulteta za farmacijo

Stabilizacija amorfnih oblik ucinkovin z
vgrajevanjem v nanodostavne sisteme —

primer nanovlaken s poloksamerom

NANOVLAKNA

Vlakna s premerom od UPORABA V FARMACUI
1 nm do 1000 nm « Dostavni sistem za ucinkovine, proteine in celice
\ \ /,/,

A T

Zupanéig, S. et al. Biomacromolecules 2018, 19, 4299-4306

* Za izbolj$ano regeneracijo tkiv
kita misica

Jun, I. et al. IntJ Mol Sci. 2018 19(3): 745
Univerza v Ljvbljani
Faloulteta zar farmacijo




ELEKTROSTATSKO SUKANJE

Polimerna raztopina

Napetost
15000V

U

Ozemljeno zbiralo

Hitrost potovanja

curka proti zbiralu:

0,5-5m/s

LASTNOSTI RAZTOPINE

¢ polimer, zmes polimerov (kemijska
struktura, molekulska masa,
koncentracija)

 topilo, zmes topil

PROCESNI PARAMETRI

® napetost

 pretok

e razdalja med Sobo in zbiralom
o tip zbirala

PARAMETRI OKOLICE

e temperatura
evlaga

NAMEN

Univerza v Ljvbljani
Faloulteta zar farmacijo

* Razvoj nanovlaken z 20 % (m/m) vsebnostjo karvedilola (skoraj netopna ZU)

* Pomozni snovi: polietilen oksid (PEO) (400 kDa) : poloksamer 407 =1:1

/ N
e PN

* Namen: povecanje topnosti in hitrosti raztapljanja karvedilola

Kajdi¢, S. et al. Eur J Pharm Sci. 2018; 117: 331-340.

Univerza v Ljvbljani
Faloulteta zar farmacijo

12.6.2019
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POLIMERNE DISPERZIJE

karvedilol karvedilol v acetonu karvedilol
+ + +
r—l polimerna raztopina polimerna raztopina polimerna raztopina
v vodi v vodi v etanolu
N e —
* napetost = 15 kV > < —_

e pretok = 1,414 mL/h
o razdalja med Sobo in
zbiralom =15 cm
'm  PARAMETRI OKOLICE —

 sobna temperatura
e relativna vlaga < 30 %

S1-SUSPENZIJA  S2 - NANOSUSPENZIJA  S3 - RAZTOPINA

N - U Ljubljani
Kajdi, S. et al. Eur J Pharm Sci. 2018; 117: 331-340. Falevlies na frmess

|ZDELANA NANOVLAKNA IN FILMI

NANOVLAKNA FILMI

SUSPENZIJA

NANOSUSPENZIJA

RAZTOPINA

s Ljubljani
Kajdi¢, S. et al. Eur J Pharm Sci. 2018; 117: 331-340. Falevlies na frmess
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POLIMORFNE OBLIKE KARVEDILOLA

Rentgenska praskovna difrakcija

karvedilol |r||' |1 }p, _
polimorfna oblika Il ﬂ a N Shiad U A S mrd LN

polimorfna oblika Il

i i T T T
5 10 15 20 25 30
Position [*2Theta] (Copper (Cu))

Univerza v Ljvbljani

Kajdié, S. et al. Eur J Pharm Sci. 2018; 117: 331-340. Falmulteta za farmacijo

V
NANOVLAKNIH IN FILMIH

: Polimorfna :
Dostavni Polimorfna

sistem Obh.ka tako-j PO sblika po 1letu
izdelavi

voda nanovlakna 1] Il
film 1] Il

(T

voda/aceton nanovlakna 1 1]
é film 1 1
etanol nanovlakna / /
A film Il (sledi) Il
Kajdig, S. et al. Eur J Pharm Sci. 2018; 117: 331-340. Pt 1t Frno
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HITROST RAZTAPLJANJA
—i—, ooy - Pl miure

— &~ Pure carvedilol

____________ { -0~ 51 nanofibers
- @-51film

&~ S2 nanofibers

Dissolved carvedilol [%]

-8 -52 fim

—aA— 53 nanofibers

y Y T =e=53film
100 110 120
Time [min]
Hitrost raztapljanja karvedilola povisa:
* Prisotnost poloksamera
* Vgradnja karvedilola v nanovlakna (sledijo filmi)

* Amorfna oblika karvedilola (sledi polimorfna oblika Il in nato II)

N - U Ljubljani
Kajdi, S. et al. Eur J Pharm Sci. 2018; 117: 331-340. Falevlies na frmess

ZAKLJUCEK

1. Topilo v polimerni disperziji klju¢no vpliva na kristalizacijo
karvedilola.

2. Karvedilol v nanovlaknih v 1 letu ni izkristaliziral.

3. Nanovlakna pospesijo hitrost raztapljanja v primerjavi s filmi ali
fizikalno zmesjo.

s Ljubljani
Kajdi¢, S. et al. Eur J Pharm Sci. 2018; 117: 331-340. Falevlies na frmess
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Studij in napovedovanije stabilnosti
metastabilnih oblik u¢inkovin -
analizni pristopi

dr. Dejan Klement
junij 2019

(T4 KRKN

Ziveti zdravo Zivijenje.

Vsebina

1. Kaj so polimorfne oblike in kaj so metastabilne polimorfne oblike?

2. Kaj nas motivira za $tudij in napovedovanie fizikalne stabilnosti u¢inkovin?

3. Kaksno je fizikalno-kemijsko ozadje Studija fizikalne stabilnosti?

4. Kaksne analizne metode lahko uporabimo?

5. Prikaz pristopa z Ramansko spektroskopijo in rentgensko praskovno difrakcijo na realnem primeru

iz farmacevtske industrije.

www krka.si (Ta KRKN
. ______________________________________________________________________________________________________________________________________________________________________|]
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Polimorfizem

diamant grafit fuleren

www krka.si (O KRKN

Polimorfizem: orientacijski (pakiranje) in konformacijski

» Zmoznost obstoja dolocene trdne snovi v vsaj dveh kristalinicnih fazah, za katere je znaCilna
enaka molekulska formula, vendar razliéna razporeditev gradnikov (atomov, ionov, molekul) v

Kristalu.
i

polimorfizem
kloropropamida

00 ©
N Form 111

P |

> Ali veste, zakaj so ene ¢okolade okusneje od drugih?

Form 11

Polymorphismin Pharmaceutical Compounds, Advancements and Futuristic Trends in Material Science, 2011

krka.si
v kria.st Thermodynamic and kinetic investigation of agomelatine polymorph transformation, Pharmaceutical Developmentand Technology, 2014

(Ta KRKN
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Polimorfizem v farmaciji

» VeC kot polovica vseh ucinkovin na trgu nastopa v vsaj dveh kristalnih oblikah.

» Razli¢ni polimorfi doloCene spojine izkazujejo razlicne fizikalne in kemijske lastnosti (topnost, talisce,
gostota, trdnost, oblika kristalitov, opti¢ne in elektricne lastnosti, parni tlak, pretonost, kemijska
stabilnost, biorazpolozljivost ...).

Monotropni in enantiotropni polimorfi

v N

prehodi iz ene oblike v drugo prehodi iz ene oblike v drugo
so irreverzibilni so reverzibilni
www.krka.si Polymorphism in Pharmaceutical Compounds, Advancements and Futuristic Trends in Material Science, 2011 ( {Q KRKMN

Metastabilna oblika

» Gre za termodinamsko nestabilno obliko, ki se lahko pretvori v energijsko niZje lezece in
termodinamsko stabilno obliko.

—

metastabilna
faza

nergijska
bariera

Potential Energy

termodinamsko
stabilna faza

termodinamska
gonilnassila

prosta energija, G

&
2
i
8
i

stanje sistema

» Se ne nanasa nujno na kristalini¢no obliko, tudi amorfna oblika je termodinamsko metastabilna.

» Zanimajo nas tiste metastabilne faze, ki izkazujejo dovolj visoko aktivacijsko bariero.

www.krka.si

(Ta KRKN

http://en.enekan.jp/archives/2016/11/what_we_are_doi.html
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Uporaba ucinkovine, ki izkazuje polimorfizem, v razvoju formulacije

» |zberemo polimorf z najniZjo energijo, ker predstavlja termodinamsko najbolj stabilno obliko.

» Uporaba metastabilne oblike je lahko kljub temu v dologenih primerih upravi¢ena:

- dosega boljSo biorazpoloZljivost (metastabilne oblike navadno izkazuijejo bolj$o topnost)
- izkazuje boljSo kemijsko stabilnost

- izkazuje boljSe fizikalne lastnosti (pretocnost, filterabilnost, mehanske in morfolo$ke lastnosti)

STABILNOSTNO TVEGANJE

www krka.si (O KRKN

Vzroki za stabilnostno tveganje:

» intrinzitna nestabilnost metastabilne oblike (posledica to¢no dologene strukture, kristaliniénosti,
deleza kristalinicne faze, oblike in velikosti kristalitov) — definirana z AG = G 501 = G gtan 1

> nestabilnost kot posledica procesa izdelave formulacije in shranjevanja:

- izpostavitev povisani T

- izpostavitev poviani vlaznosti (vlazna granulacija)

- izpostavitev mehanski obremenitvi (kompaktiranje, tabletiranje)
- interakcija s pomoZnimi snovmi

» Moramo vzdrZevati pogoje, ki ne bodo omogocali pretvorbe MF v SF tekom izdelave formulacije
kakor tudi ne shranjevanja (roka uporabnosti izdelka).

www krka.si (Ta KRKN
. ______________________________________________________________________________________________________________________________________________________________________|]
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Predmet te predstavitve — $tudij in napovedovanje stabilnosti

> Zelimo si pristopov, s katerimi bi lahko ¢im bolj natanéno in v &im krajsem moznem &asu pravilno
predvideli fizikalno stabilnost uginkovine.

Prednosti, ki jih prinasa hitro napovedovanje:

- izbor polimorfne oblike za konéno formulacijo

- optimizacija kljucnih procesnih parametrov

- selekcija perspektivnih formulacijskih poskusov
- odloCitev 0 pogojih hranjenja

17,

Osredoto&eni smo na \\\ 4

stabilnostne Studije v
razvojni stopniji.

www.krka.si

(O KRKN

Arrheniusova enacha

» Opisuje temperaturno odvisnost Stevilnih termi¢no aktiviranih procesov v trdnem.

k = Ae-}f—% k...konstanta hitrosti
A...frekvenéni faktor
ﬂ E,...aktivacijska energija [kJ/mol]
E, R...plinska konstanta (0,00831 kJ/mol)
Ink =1InA-— RT T...absolutna temperatura [K]

» Konstanta reakcijske hitrosti povezuje delez pretvorbe ,a“ s ¢asom.

» Obstajajo razli¢ni kinetiéni modeli za pretvorbe v trdnem, s katerimi opisujemo eksperimentalne
podatke.

www.krka.si

(Ta KRKN
. ______________________________________________________________________________________________________________________________________________________________________|]
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Kineticni modeli

» Eksperimentalne podatke poskuSsamo popisati z razlicnimi kinetiCnimi modeli in vsakic izracunamo

korelacijski koeficient R2. Kinetic model Bquation
Nucleation models
Power law (P2) m:g =kt
- P law (P3) =kt
> R2>0,9 === model dobro popisuje podatke Power law (P4) 4
Avrami-Erofe’ev (A2) [~In(1 — o))" = ks
Avrami-Erofe’ev (A3) [~In(1 oc)];:i:kr
. v e . . . . Avrami-Erofe’ev (A4) [~In(1 — )] ™ =kt
> |zberemo kineticni model, ki daje najboljSe Prout:Tompkins (B1) In o /(1 - 2) = ki
n . Geometrical Contraction models
korelacijske koeficiente preko celotnega Contracting area (R1) -
v Contracting area (R2) 1—(1—o) =kt
temperaturnega obmocja. Contracting area (R3) 1= (1= o) =kt
Diffusion models
1-D diffusion (D1) o=kt
2-D diffusion (D2) (1 —o)ln(1l —or) + o = kt
3-D diffusion-Jander equation (D3) 1= (1 —a)?P=k
Ginstling—Brounshtein (D4) 1—Qa/3)] — (1 —a)P =k
Reaction-order models
First-order (F1) In(1 — o) =kt
www.krka.si i inetic igati i i i ‘ " KRKF\
Thermodynamic and kinetic investigation of agomelatine polymorph transformation, Pharmaceutical Development and Technology, 2014 { \§

Arrheniusova enacha

» |z statisticnih razlogov je priporocljivo izvesti pospeSeno stabilnost pri 4 razli¢nih stresnih temperaturah.

In k1
~N Hitrost pretvorbe pri dolo&eni temperaturi lahko
InA rd dolo¢imo z ekstrapolacijo iz hitrosti pri drugih
temperaturah.
rezultati pospesenega -
testiranja (visoke T) ——> Naklon premice = -£,/R
napovedanahitrost | _ _ _ _ _ _ _ _ _ _ __________2 X

razpada pri 25 °C

0,00335
ustreza 25 °C

[1/K] (Ta KRKN

S

www.krka.si
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Analizni pristopi

» Analizni pristopi morajo temeljiti na kvantitativnih ,solid-state“ analiznih metodah.

» Zaraziskavo kinetike faznega prehoda je dobro uporabiti ve¢ kot eno analizno metodo.

XRPD DSC ss-NMR Raman in FTIR

WWW.KIKal. DI

Ramanska spektroskopija: osnove tehnike

» Temelji na neelasticnem sipanju monokromatske svetlobe.

Scattering of light by molecules : : g Rayleigh scattering |
% Raman scattering(anti-stokes) Raman scattering(stokes) 3
5 H H H H H H H
Sample molecules =
c
[
Incident laser = i
IS NN, Ravleigh scattered light S H
£o E=E0 H
= Y
\/\\ o : : : : : : : :
Raman shift (cm”) -1000 -800 -600 -400 -200 O 200 400 600 800 1000
Wavelength (nm) 505 510 516 521 526 532 538 544 S50 556 562

+—— | — shiftof the peak

» Pri Ramanski Studiji pri povisanih T uporabljamo posebno komoro, ki

omogoca in-situ snemanje spektrov. = [
1L
» lzvedba in-situ kineti¢ne Studije je mogoca le pri dovolj visokih temperaturah. 1
www.krka.si ‘ {‘ KRKF\
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Ramanska spektroskopija: studij pretvorbe karbamazepin oblike Il v

obliko |

» Polimorfa izkazujeta razlike v polozajih in intenzitetah vrhov.

Assignment of FT-Raman bands to molecular vibrations for carbamazepine form [11 and form |

Form I1T Form I Approximate description of vibrational mode Form Il  Form1 Approximate description of vibrational mode
3071w WCH) asymmetric, aromatic 874w 876w WC-N—C)

3061m WCH) aromatic 883vw 883vw Amide V/§(C—H) aromatic
3043w WCH) aromatic T23m 720m WC—N—C) 3* amide

3020w 3024m 691mw 699w & arom in-plane/C—H wag cis
16244 1621s ) non~aromatic 646vw 646vw HO—C—N) nng §C=0)
1600ms 1598s SN ) ande 11 620vw 620w SHO—C—N) nng
1588m sh WO=C) aromatic $82w 582w HO-C—N)
15685 1563 WO=C) aromatic $59w § aromatic. out-of-plane
1489m 1489m WE=C) symmetric, aromatic W(C—N) amide Il S46w 46w § aromatic. out-of-plane —
1460vw 1461vw S(CH) aromatic, in-plane $38wsh  S3Tw § aromatic, out-of-plane
1439vw 1440vw WC—C) aromatic 486vw 481w sh
1412w 1406w WC=CySCH) 169vw 473vw
1309ms 1305ms 8CH) m-plane. non-aromatic 484w 458w N
1273vw 1271w wC ) 413w 413w Latice vibration
1250mw 128mw  W(C—N) amide 11 1° amide 390m 394mw  Lattice vibration /K
1221m 1218m WC—N) amide 1T 37$mw ITw Lattice vibration e ®
1204w 1206w sh wWC—C) ring 330w 332w Lattice vibration !
1160w 1158w WC—C) ring/(C—N—C) asymmetric 2 263w Lattice vibration b
1130w 133w PONH) Lattice vibration
1116w 1110w PN Lattice vibration
1042m 1040m H(C—H) aromatic. in-lane Latice vibration
1025m 1025ms S(C—H) aromatic, in-plane 1708 1725 Torsion
987w 968w wWe—=N) 1208 116vs Lattice vibration
949w 98Svw HC—H) aromatic. out-of-plane 1085 Lattice vibration
936vw 943vw HC—H) aromatic, out-of-plane
$84vw sh 888vw sh WC—N—C) ring. symmetric
v: Sretch. 5 bend. p- rocking. s stroug. m: medium, w: weak, v: very, sh: shoulder
www.krka.si Use of in situ FT-Raman spectroscopy to study the kinetics of the jon of ine p phs, Journal of P! ical and Biomedical Analaysis, 2004. ( {‘ KRKN

Ramanska spektroskopija: Studij pretvorbe karbamazepin oblike lll v

obliko |

> |zbor spektralnega obmocja, kjer so prisotne jasne spektralne razlike med polimorfnima oblikama.

> Razlika v relativnih int. dveh upogibnih C-H nihanj pri 1040 in 1025 cm'iz ortosubstituiranega

benzenovega obroca.
» Vzorci so se segrevali izotermalno pri 130, 138, 140 in 150 °C.

140 °C .

o
=

Fraction form [1] transformed
e
=

04
Time
02
Form ITI
0
1050 1025 1000 0 150 300 450 600 750
www ki Wavesumber o “Time (minutes) <RKMA
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Ramanska spektroskopija: korelacijski koeficienti razliénih kinetiénih

modelov

Kinetic model Equation Correlation coefficient (%)
150°C 140°C 138°C 130°C
Prout—Tompkins Ine/(1—c) =kr 0.935 0.939 0.924 0.951
[~In(1—e)]"? =kt 0.992 0.987 0.986
[~In(1—a)]*/3 =kt 0,992 0.990 0.978 0.982
First order —In(l—a) =k 0.988 0.987 0.991 0.988
One dimensional phase boundary 1—a=kt 0.991 0.989 0.986 0.990
1—(1—e)t/? =kt 0.958 0,983 0.997 0.991
o b B =
One dimensional diffusion ol =kt 0.974 0.968 0.993 0.986
Two dimensional diffusion (1—o)n(l—a) +a =kt 0.966 0.959 0.992 0.985
Three dimensional diffusion N—(1—a)3? =kt 0.947 0.938 0.988 0.981
[ = Qa/3)]—(1—e)? = &t 0.975 0.972 0,991

> Kineti¢ni modeli faznih mej v tem primeru najbolje popisujejo podatke ez celotno temperaturno
obmodje.

> Reakcije v trdnem je mogoce velikokrat popisati z ve¢ kinetiénimi modeli, kar kaze na kompleksnost
tovrstnih pretvorb.

www krka.si (O KRKN

Ramanska spektroskopija: dolo€itev aktivacijske energije

e model 2D fazne model 3D fazne
meje " meje
0 Kinetiéni model Aktivacijska energija
. Arrheniusov [ky/mol}
Avrami-Erofeev (n=2 354,8
gra
. N o 1% m::mmw-:,m w0 50 . o 150 Ni:m”mmwr::n 0 50 AVI’amI—EI’OfeeV (n:3) 344‘4
i m Two dimensional phase 359,6
" bounda
o model 3D ' model 2D W A
nukleacijske rasti " nukleacijske rasti Three dimensional phase ~ 368,1
" L on boundary
70 "
; /‘)/ , /
L
150 0 450 H00 TS0 o2 0 0 00 %0 00 40
woinas | (Ta KRKN
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Rentgenska praskovna difrakcija (XRPD): osnove tehnike

The (200) planes
~s. Detector of atoms in NaCl

The (220) planes
of atoms in NaCl

lhkl]? ’!‘s

I
Bragg's Law M
A=2d,,sin@| T~ N -
N [E

www.krka.si ‘

(O KRKN

XRPD: Opis realnega primera problema napovedovanja

fizikalne stabilnosti

» Ucinkovina lahko nastopa v ve¢ razliénih polimorfnih oblikah.

» Zanimata nas obliki 1 in 2, pri Cemer je oblika 1 metastabilna faza, oblika 2 pa termodinamsko
stabilna faza.

» Zanima nas, kaksno fizikalno stabilnost lahko pri¢akujemo za obliko 1, pri &emer se omejujemo
na Cisto u€inkovino, in ne na ucinkovino vgrajeno v formulacijo.

°cy\=°?
oblika 1 k(25°C) =" oblika 2

www.krka.si

(Ta KRKN
. ______________________________________________________________________________________________________________________________________________________________________|]
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Eksperiment

> |zotermalni pristop: izpostavitev vzorca Ciste oblike 1 na ve¢ razli¢nih temperatur (60, 70, 80
in 90 °C).

» Jemanije vzorcev iz pogojev na doloCene Casovne periode in analiziranje z XRPD.

www.krka.si ' A ( {‘ KRKN

XRPD

» Pogoji za uspesno implementacijo XRPD pri napovedovaniu fizikalne stabilnosti:

Counts [50 9% obilke 2, 50 % oblike 1 } 1

- potrebujemo Cisti obliki 1 in 2

1 oblika 1

. . 200000 oblika 2 l
oblika 1 oblika 2 1 |
W N W Y
- v difraktogramu zmesi moramo imeti dobro lo¢en vsaj en o | 1 | 1 H I 11 |

rel. dobro intenziven uklon od posameznih oblik

[3

T
5 10
Position [*2Theta] (Copper (Cu))

- vzorec nam mora omogocati izni¢enje vpliva preferencne orientacije (ob mletju se nam vzorec ne

sme pretvarjati v drugo obliko) \

www.krka.si

(Ta KRKN
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XRPD - obdelava rezultatov

12.6.2019

1. Izmerjen difraktogram

50% obiike 1, 50% oblike 2

pution - 2103) Copper ()

3. Vstavitev uklonov

50% obiike 1, 50% oblike 2

Puston [ 2Tt) Copper ()

www.krka.si

2. Dolotitev ozadja

50% oblike 1, 50% oblike 2 J\/M
T T T
1 B 1]
Potion 2T Coper (0)

3. Prilagajanje difraktogran?a

[50% obiike 1, 50% oblike 2

(O KRKN

XRPD - obdelava rezultatov

'50% oblike 1, 50% oblike 2

10% oblike 1, 90% obiike 2

Counts [50% obilke 2, 50 % obIke 1 # l o T——
1 oblika 1 ‘ =] T | =] | ]
200000 l oblika 2 l :’d T ‘ ::j /‘W : v : ‘

50% oblike 1, 50% oblike 2

Position (*2Theta] (Copper (Cu))

(Ta KRKN
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XRPD - umeritvena premica

12.6.2019

» Priprava umeritvene premice

60000
50000 o
y =52111x - 385,31
40000 *
~ R2=0,9927
£30000 /
20000 /
10000
0 T T T T )
0 0,2 0,4 0,6 0,8 1
Woblike 2

www.krka.si

Kinetiéni model: nukleacijski modeli

(O KRKN

Power law (P2)

® 90C ® 30C ® 70C
® 60C —— Linearna (90C) —— Linearna (80C)
—— Linearna (70C) — Linearna (60C)
0,9
0,8
07
] 06 @
T 05 S
0,4
0,3
0,2
0,1
0
0 200 400 600 800 1000 1200
t[h]
www.krka.si

a=k3t} —— a'/P=kt

Power law (P3)

® 90C ® 30C ® 70C
® 60C —— Linearna (90C) —— Linearna (80C)
—— Linearna (70C) — Linearna (60C)

200

400 600 800 1000 1200

t[h]
(Ta KRKN
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Kinetiéni model: nukleacijski modeli

a=k*t?' —— =kt

Power law (P4) | KorelacijskikoeficientR2 |
® 90C ® 80C ® 70C :

KINETICNI ENACBA 60 °C 70°C 80°C 90 °C
; ; MODEL
® 60C ——Linearna (90C) — Linearna (80C)
_ _ GOVCIEEYE  o/2 =kt 0.9952 0.9936 0.9645 0.9985
Linearna (70C) — Linearna (60C)
(P2)
1 CENE  o1/3 =kt 0.9891 0.9816 0.9454 0.9872
0,9 (P3)
. ] [} 1,
08 al’* =kt 0.9826 0.9731 0.9993 0.9764
P4
0,7 ° (P4)

0,6
e > Kinetiéni model Power law (P2) najbolje
ad opiSe eksperimentalne podatke.
0 200 400 600 800 1000 1200
t[h]
www.krka.si (O KRKN

Arrheniusov graf za kineti¢ni model P2

Arrhenius plot (Power law P2)

E, =171 kd/mol

0
B I Razpolovni ¢as ty, (25 °C) = 220 let
;

% 4 ’ t0’03 (25 OC) = 54 Iet
. t1(25 °C) = 31 let
! J to01 (40 °C) = 1 leto
—0,0027 0,00275 0,0028 0,00285 0,0029 0,00295 0,003 0,00305

UT [KY t0’005 (40 OC) = 0,8 Iet
www krka.si (Ta KRKN
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Povzetek

» Pojasnili pojma polimorfizem in metastabilna pojavna oblika.

» Kadar pri razvoju izdelka uporabimo metastabilno obliko, obstaja tveganje fizikalne stabilnosti.
» Potrebni u€inkoviti analizni pristopi napovedovanja fizikalne stabilnosti.

» lzvedemo pospeSena stabilnostna testiranja (pri visokih T).

» Eksperimentalne podatke popiSemo z najustreznejSim kineticnim modelom.

» S pomocjo Arrheniusove enacbe izraCunamo konstanto reakcijske hitrosti pri zeleni temperaturi.

www krka.si (O KRKN

(T4 KRKA

Ziveti zdravo Zivljenje.

15
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U, NOVARTIS

Case study 1: sustained release
pellets (4mg)

Drug substance: crystalline
(needle shaped) very stable,

high solubility PPe—
Problem: Poor drug product S S
stability (oxidative

degradant)

Compatibility studies coating

(binary mixtures):
No incompatibility detected

ESD d) NOVARTIS

2 Business Use Only



Stability results

sample Oxidative degradant

(80°C, 5 days) % XRPD
DS ND Crystalline
DS lyophillized 0.1 Crystalline
DS dry milled ND Not tested
DS + MCC ND Not tested
Dry mixture
DS + MCC ND Not tested
Dry mixture, milled
DS + MCC 0.6 Not tested
Wet kneading :
DS + MCC Crystalline
0.4
pellet

DS...drug substance
MCC...microcrystalline cellulose
ND...none detected

XRPD...X ray powder diffraction

ESD

3 Business Use Only
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Learnings

+ XRPD data was not useful (low dose, partially amorphous API was not
detected).

+ Compatibility study based on binary mixtures was not indicative of product
stability.

* Amorphous DS was chemically stable due to rapid crystallization
(physically unstable).

» Drug product inadvertently stabilized the amorphous state (MC
~adsorbate®) and thus chemically destabilized the product.

+ Solution: drug layering onto placebo pellet with no excipients in drug
layer.

ESD U, NOVARTIS

Case study 2: Solid dispersion of DS +
HPMC-AS; film coated tablets

250

200

150
100 ///.

00

o 5 10 15 20 5 0 as 40 45 5

Time (min}

% Dissolved

Credit: Sandra Berglez, IVIVC

Dissolution rate reduction

Sample Degree of DS crystallinity by XRPD (relative to sample A)
A Amorphous 0
B 20% 35
(6] 40 % 74
ESD ) NOVARTIS

6/12/2019



Stability data

Crystallization versus humidity
(50°C, 1 month)
100

80
60

40

% crystalline by XRPD

30 40 50 60 70 80
Relative humidity (%)
* Humidity is a key driver of instability
* High drug loading decreases stability
« High temperature significantly accelerates crystallization (Ea > 200kJ/mol): an
increase in 10°C can accelerate crystallization onset by > 20 x
* If50°C 1 month or 40°C 3 months pass = low risk for long term stability failure
(low humidity)

ESD U, NOVARTIS

Business Use Only

Prediction of crystallization onset
is difficult

Aging under ‘
Low degree of -~ or P
saturation oo+ siressed conditions | ® g
Wit il - dditional hea

ith milling 3 or additional hoating g

~

rated Amorphous drug-rich Drug crystallisation as a result
molecular domains of being above the apparent
dispersion solubility of drug in the
pracessed solid dispersions

Credit: https:/doi.org/10.1007/s11095-018-2408-3
Classical stability
(timed pull-points):
many time-points are
required to capture p
crystallization onset | t S
Solution: continous e ; i
stability monitoring R .
5 v
(TAM, HT-XRPD) iinduction time) AUC=Crystallization Enthalpy
X% = AUC(L WAUC,

Figure 1. Representative TAM thermal trace.

Credit: http://dx.doi.org/10.1016/j.xphs. 2016.03.029

ESD U, NOVARTIS
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Case study 3: chemical stability

Long term and accelerated stability data - tablets Pressure Sensitive APl,
stability depends on
o8 compression force during
¥ tabletting
S o3
Zoz Package = cold form foil,
01 (L water remains constant
—4— 40°C —— 30°C —— 25°
0
Coor o R B B B ® %% Curvature in stability data
plot
U> NOVARTIS

ESD

Linear extrapolation

Extrapolation of 12-month data - linear model

Linear extrapolation:
R?=0.90

Prediction: through the
roof

% deg. prod.

0 A40°C 30°C A25°C F
0 5 10 15 20 40|

months

ESD U, NOVARTIS
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Nonlinear extrapolation

Extrapolation of 12-month data - nonlinear model y X

0.5
0.4 A
Bos| * a=shape parameter
g o2 A‘ 5 — (1/a = CeiIing value)
ol AT b=rate parameter
(1/b = initial rate)
° 0 5 10 15 20 25

months

Accelerated data provided critical curve shape information. This
information was not revealed in earlier forced degradation data (not
enough data points)

EsD Uy NOVARTIS
Business Use Only
X
k_Ae—Ea/RT y=——
.l ax+b—,
Parameter a vs. tabletting pressure - 5 batches Arrhenius graph - all 5 batches
2 4
L3 R'=0.98
3
15 S
o . *\\. 2
% 4 * \ s ]
£ ~ E
£ s y =-3.7539x +2.2131 0 .
R*=0.96 4
-
0+ 24 . . : S
0 0.1 0.2 0.3 0.4 0.5 0.003 0.0031 0.0032 0.0033 0.0034
tabletting pressure (NNmm2) 1IT (I°K)

a=shape parameter (1/a = ceiling value)
Independent of temperature, strongly dependent on tabletting pressure.
Theoretical interpretation: degree of amorphization during compression

b=rate parameter (1/b = initial rate)
Temperature dependent, Arrhenius behaivour
ESD ) NOVARTIS

ess Use Only
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Prediction based on metamodel

Five batches of data altogether (four strengths)

Four batches were used in model calibration, remaining batch for
prediction Inputs:

- metaparameters E, and A to predict rate parameter b

- Tabletting pressure to predict shape parameter a

Outputs:

- % degradant at any given time and temperature

Prediction and actual long-term data - external validation

¢ 30°C

07 A 25C
30°C predicted
25°C predicted -

months

ESD U, NOVARTIS

Ultimate goal

Have a stability prediction on
amorphous->crystalline conversion (time of
onset),

without the need for stability studies,

but instead based on measure-able
properties of solid dispersion such as:

Tg, solubility parameters, humidity, DSC
events, enthalpy relaxation and fragility
parameters, molecular mobility etc.

ESD U, NOVARTIS
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