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« Revenues are under pressure
— Change in target focus
— Patents expiring
— Increased regulatory standards
» Drug discovery shift starting in the 1990s:
— In vitro biology screening approach change
— Popularity of combinatorial chemistry increased
— New Chemical Entities (NCES) are getting less soluble
— Result: solubility and/or dissolution limited absorption in vivo
« Significant candidate termination in clinicalstudies
— PK/Bioavailability

— Formulation
— Compounds are not achieving adeguate exposure
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amorphous -

% Release

et

Time {min}
_crystalline
Comparison Of canine in vivo exposure

Dissolution Comparison: amorphous (in PVP \ :
for crystalline and amorphous drug (in

SD) vs crystalline Bicalutamide.
HPMCAS SDDs)
ANDREWS, GP et al., Journal of Pharmaceutical Friesen, DT et al, MOLECULAR PHARMACEUTICS
VOL. 5, NO. 6, 1003-1019 (2008)

Sciences, Vol. 99, 1322-1335 (2010)
Bioavailability: fraction of administered dose of a drug that reaches systemic circulation
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Ranbaxy settles patent dispute with Sgekd
Roche Tweet @

ET Burean, Aug2b, 2010, oL Sohfr s cubmit

Tags: Valcyte | Roche

NEW DELHI: Daiichi Sankyo-ovwned Ranbaxy Laboratories has settled its patent dispute with Swiss major
Roche for the latter's drug valganciclovir sold under the brand Valeyte. The settlement was disclosed in a
filing to a US appeals court in Washington so that it can be dismissed at the lower court. The request was
granted on Tuesday, news agency Bloomberg said.

The terms of the settlement are not known. The Ranbaxy spokesman declined to comment while an email
sent to the Roche spokeswoman in Basel, Swi emained unanswered. Ranbaxyi rst generic
company to challenge valganciclovir's gdatent in the US. This means Ranbaxy can launch its generi
version before valganciclovir's patentsypires in 2015 with a 180-days marketing exclusivity if it
succeeds in its patent dispute.

180-days marketing exclusivity
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Accz.gﬂa'{éi?i?’
» Marketed Drug Products
—~Accolate (zafirlukast, % ¥] &, ASTRAZENECA ) sesomm

— Accupril (quinapril hydrochloride, "&£ AR & #] )
— Ceftin (cefuroxime axetil, sk ¥e=k ¥ &5, GSK)
— Humulin* (insulin, f&.is4k )

— Rezulin (troglitazone, e 4% 2| ER )

— Sporanox (itraconazole, #f & 4=i%, J&J)

Rezulin
Litigation.¢a

*Partially amorphous designed for rapid onset + extended release (crystalline fraction)
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BCS |
High solubility
High permeability

BCS II
Low solubility

High permeability

BCS 111
High solubility

Low permeability

BCS IV
Low solubility

Low permeability

&
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Dose number:
Dy = (My/V,)/C,
Dose volume;

V= M,/C,

Large D, More challenging
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Dose Number Conventional
Formulation
l High

Non-conventional }

Formulatlon

Amorphous Nano-
Solid Dlsper3|ons suspension

Rotary Spray Hot Melt Freeze
Evaporation Drying Extrusion (HME) Drying
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Molecules in a ordered, repeating
pattern

 Equilibrium state
» More stable
 Lower solubility

e Lower dissolution rate

°P %

Molecules in a random arrangement with
some local order

» Non-equilibrium state
* Typically less stable
 Higher apparent solubility

* Higher dissolution rate
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Heat Flow (W/g)
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Enthalpy

Enthalpy
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Temperature

X

Upon cooling, molecular motions in liquids slow
down. If crystallization is avoided below its
freezing point, the liquid will exist in a
supercooled state. Upon further cooling, the
molecules in the supercooled liguid will rearrange
so slowly that they appear ‘frozen’ on the
laboratory timescale. This falling out of
equilibrium occurs across a narrow transformation
range where the characteristic relaxation time is
of the order of 100 seconds. This transformation
iIs normally referred as the glass transition. The
slower a liquid is cooled, the colder it can become
before falling out of equilbirrium,

T,: glass transition temperature
T,: Kauzmann temperature
T..: melting point

Debenedetti, P. G.; Stillinger, F. H.

§> Crystal Pharmatech Nature, 2001, 410, 259-267 1
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A ssingle phase amorphous solid solution of drug,
polymer, optional surfactants, etc. as determined

by common analytical techniques such as
XRPD, DSC, ssNMR.

Amorphous

Drug
‘ Polymer

Methods to obtain solid dispersions include:
spray drying, hot melt extrusion and freeze

drying, etc.
@> Crystal Pharmatech 16
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Solid dispersion

IS i AR

Dissolution

I

K

Particle Sizes

Larger particles
>500 nm

-500 nm

« Amorphous nanoparticles
* Bile salt micelles
. etc.

®.. .
X
i

2
W?g‘fiﬁ

-5nm

“Molecularly dispersed

P a- ]
1 . 29
[ L supersaturation

Crystal Pharmatech

EHAMREMRMESHLER

17

(Recrystallization)



T & 50 F sh A9 2 5

* Polymers
-~ Carriers for the drug

— Inhibit crystallization both in dosage form and in-
VIVO
o Surfactants
— Solubilizers or emulsifying agents

 Organic solvents
— Needed to dissolve all components
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* |ncrease aqueous solubility
—.WUse water soluble macromolecules
— Use amorphous polymers

« Improve physical stability (inhibit crystallization)

— Use macromolecules
» Reduced mobility (long relaxation times)
 Produce single phase solid solutions with drugs
 Use polymers with high Tg
 Frustration against crystallization
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Table 1: Properties of Polymers Commonly Used in ASDs [7]

. N\ _
5] 70

-2

e

Polymer Tg (°Q) Solvent Solubility Hygroscopicity | Amenable Methods
of Manufacture
Dichloromethane
Ethanol Rotary Evaporation
Copovidone 106 Methanol <10% @ 50% RH Spray Drying
Water Hot Melt Extrusion
Acetone
Polyvinyl
caprolactam- Water Rotary Evaporation
polyvinyl acetate- 70 Ethanol ~5% @ 50% RH Spray Drying
polyethyleneglycol Methanol Acetone Hot Melt Extrusion
copolymer
Chloroform
130 (K17) Ethanol Rotary Evapotratlon
PVP 168 (K30) Methanol ~15% @ 50%RH Spray Drying
Water Hot Melt Extrusion
Acetone
Cold Water
Dichloromethane: Ethanol
10% @ 50% RH S Dryi
HPMC 170 Dichloromethane: Methanol < @ PeEy =g
Water: Alcohol
Acetone: Methanol
HPMCP 133-137 Acetone: Ethanol 2-5% @ 50%RH Spray Drying
Methanol: Dichloromethane
Acetone*
HPMC AS 110-130 Ethanol:Dichloromethane* ~3% @ 50%RH Spray Drying
*clear or turbid viscous solution
Methacrylate/ .
methacrylic acid 110-150 Ethanol, Methanol, Acetone, <5% @ 50% RH Rotary Evaporation, Spray

copolymer

Acetone with 3% water

Drying, Hot Melt Extrusion

A 1%

%

Reference: Amorphous solid
dispersions as enabling
formulations for discovery
and early development,
American Pharmaceutical
Review, Jan/Feb 2011

20
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Table 2. Properties of Surfactants Commonly Used in ASDs [7]

Surfactant HLB T _(°C) | Solvent Solubility
Wat
Vitamin E Polyethylene Glycol Succinate 13.2 37-41 aver
Acetone
Sorbitan Monostearate — 60/80 4.3 53-57 Most organic solvents
Ethanol
Pol bate 20 16.7 /
olysorbate n/a Water
Ethanol
Polysorbate 80 15.0 n/a Water
Chloroform
) Ethanol
Polyoxyl 40 Hydrogenated Castor Qil 14-16 30 Acetone
Water

Reference: Amorphous solid
dispersions as enabling
formulations for discovery

and early development,
American Pharmaceutical
Review, Jan/Feb 2011 21

Crystal Pharmatech
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Table 3. Properties of Organic Solvents Commonly Used for

Preparation of ASDs [8]

Solvent Boiling Point (°C) | Flash Point (°C) ICH Class
Ethanol 78 13 Il
Methanol 65 12 1l
Acetone 57 17 1l
IPA 83 12 Il
Tetrahydrafuran 66 -14 1l
Dichloromethane 40 None Il

&> Crystal Pharmatech
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Reference: Amorphous solid
dispersions as enabling
formulations for discovery
and early development,
American Pharmaceutical
Review, Jan/Feb 2011
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o Liquid
Supercooled Liquiy Liquid N,
Amorphous i
/7 Melt
Crystal £t

Melt Quenching

< - -
v

I

|

1
A 4

4 -----

Hot Melt Extrusion Ball Milling Freeze Drying

Crystal Pharmatech 24
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Atomization Spray
Gas >, .« Solution B Hot
]
Processing Gas E Cool Evaporation
of Solvent
Spray
Droplet f\
Heat in

Hotter
region

||||||||||||

2.00kV 6.3mm x500 SE 4/7/2010 15:12

Cooler

region Spray Dried drug/PVP-PVA
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processing * Nozzle Size

« Atomization Gas Rate
e Spray rate

« Cap Size

 Solid loading

» Type of polymers
» Surfactant s¢eycture

« Solvents
.--_’.
performance ’ I\/Iorphology

Dissolution ra « Homogeneity

Bioavailability  Particle size distribution
*Processability

@> Crystal Pharmatech 26
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Density distribution g3*

24

22

20

AR ST

@> Crystal Pharmatech
A REMRMESH L ER

0 = " 5 v

27



Vs BRI ik

Modern Engineering Polymer Extrusion

T2 I:)vent T3 T4

414 (414|414

Qout —

°'= " robust platform

ZONES: FEED MIXING COMPRESSION METERING

» Zone Temp control

* Deliberate Mixing

« Compression =

* \Venting

 Addition of liquid to granulate via side ports
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T & A0 A ) A= & 4T . XRPD

Counts

ts)

w]  Ball milled
of Mixed system
‘k Melt quenched
400 \‘WMWW'M»W mmwwwwwmwm#mww’" "iwm‘hwmwwwwm'“ b oo 4
Spray dried Wﬂj
= A m M
. | Lty
0 R . 5 10 2Theta (%)
Position [*2Theta]
—_ 0 o)
Amorphous halo by XRPD: characteristic ~ 100% ama¥phous 100% crystalllne

X 2
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Heat Flow (W/g)

0.0

-0.1

-0.2

-0.3

-0.4

f LI L | | LI L I | L L | N rri I rrrri | rrri I L L L L | | L L i

E Amorphous E

- \ Amorphous -

: Glass transition ]

- Partially amorphous
— N — =

? CryStaI line Amorphous free i

; I I A A DA BN A 0 A I A A AN A AN I A BN AN A ;

80 90 100 110 120

Temperature (°C)
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V9 '}’&%/7 B4 #5 ] A= & 4E - ssNMR

Amorphous and
crystalline forms
identifiable:

— Linewidths
— Solution shifts

-t

Crystalllne

Amorphous

|

WA

RV

T T T ” adl V'S T T T T T
10 160 150 140 130 120 llD 100 90 80 70 60 50 40 30 20 10 ppr
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HETCOR- 13C projections
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=

No Molecular Level Mixing
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Degradation (%0)

8%

6%

4%

2%

0%

T RS JRAT 2y Am

Effect on chemical stability: 40C/75%/2wk

12%

|
Q
>

8%

6%

4%

2%

Percent of API Crystallized (%0)

1 1 1 1 1 1 1 1 O%
0% 5% 10% 15% 20% 25%

Amorphous (%)

LD E Y

physical stability: 40C/75%/2wk

-_ After 1 week

5C/ambient air  40C/ambient air
Condition

20% API + 75% HPMC-ASHF + 5% Tween
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The stability of an amorphous phase depends on
(a) Thermodynamic properties of the amorphous phase,
such as

 Configurational entropy (Sc)

« Excess enthalpy relative to a crystalline phase (AH,,)

(b) Dynamic properties of the amorphous phase, such as
o Structure relaxation (alpha-relaxation)
 Beta-relaxation process
« Activation energy barrier

(c) Other factors such as the presence of nuclei, additives,
and thermal history (sample preparation)

@> Crystal Pharmatech
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— Chemical/supramolecular structure

ST TJT,

— Structure relaxation

— Energy landscape perspective

— Configurational entropy

— Interfacial energy

— Beta-relaxation process

— Activation energy barrier to.aucleation
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Group 3: 10- to 35-wt% SDD drug loading
(Drug propensity to crystallize may limit loading)

1.6
Group 2: 35- to 50-wt% SDD dfug loading
(Typical SDD range)
1.5 2 )
= .
o
Sl e
14 B4 O [ : e
£ g e
S (7 ..
;’: 13 n.:’_‘
¥ 5
12 @ on
e 9 . o
)
11 a Decreasing Dissolution Rate
. ////
1.0
1 2 3 4 5 6 7 / 8 9 10 1"
LogP
Group 1: >50-wt% SDD drug loading i Group 4: 10- to 35-wt% SDD drug loading
(High T, allows increased loading) (Loading can be limited by dissolution rate)

Compounds with high T, have high tendency.ta crystallize
Compounds with high T, have high kineti¢ barrier for mobility
Compounds with high logP (>4) could:-have wetting problems in

agueous media
@> Crystal Pharmatech 39
A REMRMESH L ER



http://pubs.acs.org/action/showImage?doi=10.1021%2Fmp8000793&iName=master.img-014.png&type=master

EXE IR R P ag iR 2 KR F

Crystal growth rates could depend on D, n

~ 4 5
_ | o-Terphenyl i “‘E & Si{:}?_ slope =1.00
< ? Z 2 LR it ¥ IMC b slope =1.04
2 o- ® =, (NMR) i} E 6 A OTP slope =0.93 B
— log () +C _

b4 - _‘I’fg )+ & o B TNB slope =0.95
't27 ® -log (Uy,) +C"| [ &)
Et T _g4 B
E 47 o
=2 @
g = -10 -
L ~
g ] =)

-10_I | | | | E} -124 I | prel}nﬂlmr_v Presultsl, | | IS

240 260 280 300 320 -20 -18 -; 6 -14
T (K) log D (m/s) 510, D values from
Brebee (1980)
u follows D better than n D reasonably predicts u for many systems
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Heat Capacity (J/g/° C)
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2.0

o

DSC

Ilni\‘ nnnnnnnnnnn

Temperature (<€)
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Relative dielectric constant Dielectric Relaxation
g* — g’ _ ig” Excitation (Input)
g’: permittivity, a measure of the alignment il | & Amplitude

v

and number of dipolar groups

£”: loss factor, a measure of total energy loss
due to the work performed aligning dipoles and
moving ions

Response (Output)

Dielectric Spectroscopy

Time Domain Dielectric Spectroscopy
L

106 104 102 10° 102 10* 105 10° 10© 10%2
r P rrr 111 |1

Porous materials Macromolecules Protein Water

and colloids ass forming
Ice liquids

Cluster
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X 2

T (K)

D = 7.4965, T, = 267.3
T,=321.7K (485 ° C)
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Structure relaxation time is inversely proportional to the molecular mobility -

A key determinant of the physical and/or chemical stability of amorphous phase

Nucleation
]

."rﬂ'ﬂn'rt cular Motion

-
+

]
= Cwverall

:-{.'ryslalli:::-ltinrj"

limiting step for crystallization

« Extent of correlation between the rate of

« Molecular mobility partially involved in the rate-

E ';;.f" __H“&*:: crystallization and molecular mobility could be
AT different above and below T,
' e T
T, (C) T, (C) m D T 40c () T 40c (day)
Compound#1 44.5 -5 98 7.21 5x10% 0.5
Compound#3 78.5 24 104 6.69 9x10% 1035

» Compound #1 with lower T, greater molecular mobility and faster dynamic shows much
slower crystallization rate

» There are other important factors affect the crystallization process as well

@> Crystal Pharmatech
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Heat Capacity (J/g/°C),,

« Different preparation methods result in varied
excess enthalpy value (corresponding to different
energy level in energy landscape)

 Enthalpy relaxes as a function of time

1 : : : :
35 40 45 50 55 60
Temperature (°C)
B BM EMQ W SD
3
2.5 4
S -
I 154
!
© 1 1
(@)
0.5 4
46
0 .

fresh 15 days 20 days
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pacity (J/g/°C)

Heat Ca
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— |\/|Q

—SD

crystallization
on-set

Counts

#3 at 40C/75%RH for 10h
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Intensity

0
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400

" W
100+ MMW‘WWW . Www

o

W;uwhmmmnr’m A‘(\\

SD

wmwm
Ky
M'mMI"mIWM‘WWM"MM’“WWWMI“WWWMMWW‘

10

100 120
Temperature (°C)

140

20
20

*Spray dried (SD) #3 is more stable than melt quenched (MQ) #3.
*It is consistent with the result that SD freeze the system at a lower energy state (larger

excess enthalpy).
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Polymer stabilized API

« Slower molecular mobility?
« Changed nucleation process?
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