P

v
EXCCI SUs Brussels, October 102012 I

A
BREAKTHROUGH ADVANCES

IN SYNCHROTRON XRPD:

a Powerful Product-Characterization Technique with
Extended Applications to Pharmaceuticals

Presented by

Arturo Arague, PhD Fabia Gozzo, PhD
Head of Excelsus Consortium Head of Excelsus Structural Solutions

2™

Excelsus

Produced by:
e :
s Webinar

Arturo Araque, Fabia Gozzo www.excels.us Copyrights Excelsus Consortium



2
EXCCISUS ssssssss , October ¥ 02012

Excelsus

SCIENTIFIC ENGINEERING
Quality Assurance

Validation

Arturo Araque, Fabia Gozzo www.excels.us Copyrights Excelsus Consortium



2
Brussels, October ¥02012

v
Excelsus

Commissioning Qualification

!

& =_;E?/'/-‘J . o |
Process Validation Cleaning Validation

Arturo Araque, Fabia Gozzo www.excels.us Copyrights Excelsus Consortium



EXC@IS)]IS»/’ Brussels, October 102012

PN

Excelsus

Structural Solutions

Arturo Araque, Fabia Gozzo www.excels.us Copyrights Excelsus Consortium



Ayt
EXCCI SUs Brussels, October 102012

Arturo Araque, Fabia Gozzo www.excels.us Copyrights Excelsus Consortium



—

Brussels, October ¥02012

Excels)ﬁs

Arturo Araque, Fabia Gozzo www.excels.us Copyrights Excelsus Consortium



EXCCISALTQ/ Brussels, October 102012

Where in pharmaceutical production?

- Drug characterization

- Product purity

- Raw materials control
Counterfeiting prevention

API fingerprinting
Cross-contaminant quantification
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From Research tool to Commercial use

1) Validate
2) Ensure Quality
3) Communicate

Arturo Araque, Fabia Gozzo www.excels.us Copyrights Excelsus Consortium



EXCCISALTQ/ Brussels, October 102012

From Research tool to Commercial tisealidation

Commissioning
Installation Qualification

Operational Qualification
Performance Qualification

Methods Validation
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From Research tool to Commercial tisBuality
Standard Operating Procedures
Bill of Materials
Certificate of Analysis
License documentation
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From Research tool to Commercial ugennounce

1. The advantages of using synchrotron over
conventional laboratory XRPD

2. Technicalinstrumental advances

3. Benefits of this new technology
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Outlook

U Role of structural analysis in the pharmaceutical industry

U Synchrotron XRPD applications: indexation & structural solutions, radiation damage

control, kinetic studies, Quantitative Phase Analyisis.D, L.0.Q)

U Easy and affordable access to staft¢he-art synchrotron XRPD throudkxcelsus
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Why Is structural analysis of drugs relevant

to the pharmaceutical industry?

U Polymorphism of pharmaceuticals andtieeir r uct ur e z

U Microstructural properties (e.g. influence of stress and strain, pa
size and domain)

Arturo Araque, Fabia Gozzo www.excels.us Copyrights Excelsus Consortium



EXCGISALT;/ Role of structural analysis Brussels, October ¥02012 .

Polymorphism of pharmaceuticals

Polymorphism is the ability of substances to crystallize in solid
state phases according to different arrangements or conformatiot
of the molecules in the crystal lattice

Example of Form B at 112'C Form D at 20YC
Bupivacaine Hydrochloride
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b= 11.12509 A a= 14.90622 A
® HCI c=10.13290 A b b= 11.73977A
b= 116.1837A c= 11.08386A

Gozzo, Masciocchi, Griesser, Niederwanger, 2010. Personal Communication
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Why is polymorphism such an important property?

Solid-state structure “

Characterization and control of pharmaceuticals
properties through characterization and control of
their solid-state structure

Physical and chemical
properties
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Properties that are influenced by the solid state structure of the
substance and, therefore, influenced by polymorphism:

i
i
i

Solubility

Pharmacokinetics and pharmacodynamics

Thermodynami@roperties (e.g. stability of drug8) in-situ norambient
studies

Spectroscopic properties

Mechanicalproperties (e.g. hardness, compressibility, tableting, tensile

strength)

ICH Guideline (Q6A):

Differencesin these[polymorphic] forms could, in somecases,affect the quality or performanceof the new drug
products In caseswvheredifferencesexistwhich havebeenshownto affectdrug productperformancepioavailability or
stability, thentheappropriatesolid stateshouldbe specified 3.3.1. NewDrug Substance)

Identification testing should establishthe identity of the new drug substance(sin the newdrug productand shouldbe
able to discriminate betweencompoundsof closelyrelated structure which are likely to be present(3.2.2. New Drug

Product)

New analytical technologies and modifications to existing technology, are continually being developed Such
technologieshouldbe usedwhenjustified (ICH scope)
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The famous case of Ritonavir*

A b b oprateasenhibitor Norvir, genericallyRitonavir (AIDS treatment)

Not bioavailablefrom the solid state”A Marketedin 1996asa orakliquid andsemisolidcapsulegboth
formulationscontainedethanol/watebased)

No crystal form control performedbeforedistributionon the marketbecaus¢he ICH guidelinesstated
thatfiFor a drug productthatis a solution,thereis little scientificrationale for polymorphcontrolo

In Summer1998 Norvir semisolid capsulessupplieswere threatenedas a result of its spontaneous
irrepressibleinterconversioninto a new thermodynamicallystable form precipitating out of the
semisolidformulatedproduct,dueto unexpecteagupersaturatioandnucleationconditions
Thenewform hadmuchlower solubility with greatlyreducedbioavailability

Drug out of marketfor 1 yearuntil Ritonavirpolymorphismwasfully understood,

Themetastabldorm | couldthenbe stabilizedwith anewgel capsulgormulation

» During development, characterization of all possible crystal forms is needed,

even in liquid formulations

*Ritonavir: an Extraordinary Exampleof Conformational Polymorphism
Bauer et al, Pharmaceutical Research18(6). 2001, 859-866
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Polymorphic studies play a key role throughout the whole lifecycle of products

I

Compound selection

Aldentification and characterization of individual polymorphic
forms

ASelection of desired form based on therapeutic properties

|

Technical development Synchrotron

ADevelopment of DS and DP manufacturing processes to ensure Radiation xXray
high an(_j r_eproducible content of desired polymorphic form via Powder Diffraction
fingerprinting — i . d

APolymorphic studies for impurity detection and stability studies 2 & LN RE a_n

powerful technique

AConsider crystal engineering (e.g-aystallization*) to enhance _
yield and stability of desired polymorphic form for such studies

Commercial production

APolymorphic characterization to support (1) process validation,
(2) comparability studies following process changes, and (3)
investigations to assess impact of deviation on product quality

* Example of carbamazepine: rationalerystallization with saccharin that prevents the formation of hydrated forms thattfavgysreduced solubility!
(seeOrganic Crystal Engineeringeds. Tiekink, Vittal & Zaworotko, Wiley 2010)
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Additional areas where polymorphic studies play a key role

* Fight againstounterfeit drugs. = Trademark infringements
= Serious attempts to human healgmo or wrong APl
content, hazardous adulterants, substituted and not
labeled ingredients
See: AThe fight a d¢had/mswcbsoewsicomiedeciwatcht?id=¥358587s 0

* Intellectual Property: A scientificsupportto litigationsinvolving patentissues
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Synchrotron X-Ray Powder Diffraction

(SR-XRPD)
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X-Ray diffraction by crystals

Powder pattern of Na ,CasF,Al 1,
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Position of the diffracted peaksA size and dimension of the unit cell

Intensity ratios of the diffracted peaks A type and location of atoms in the unit cell

Full Width at Half Maximum (FWHM) A Intrinsic properties of the materials
of the diffracted peaks (i.e. microstructural analysis)

Arturo Araque, Fabia Gozzo www.excels.us Copyrights Excelsus Consortium




EXC@IS)]IQ/ SR-XRPD Brussels, October 102012 I

X-Ray diffraction from a polycrystalline or a powder sample

X-Ray beam

Debye Scherrer (1916)

In a powder diffraction pattern the 3D of the reciprocal space collapse onto 1D

ﬁ the information in the orientation space gets lost
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Extracting detailed information from a powder pattern requires veryduglty data
A thecollimationandmonochromaticityof asynchrotron Xray beanmallow for a
great improvement of thengular resolutionf the acquired patterns, whereas
the high brillianceof a synchrotron source drastically reduces measurements times
allowing the study of th&inetic of transformations fraction of seconds
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Why powder diffraction?

A Single crystal not always available

A The majority of APIs and excipients in pharmaceutical substance
and products are powders (polycrystalline or amorphous powde|

A Quantitative Phase Analysis of mixtures (e.g. drug product)
A In-situ, nonambient XRD: powders often a better/the only choice
A Radiation damag® XRPD parallel 1D detection

A Total scattering techniques
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Synchrotron X-Ray Powder Diffraction

What makes it a powerful analytical tool?
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Synchrotron Radiation State-of-the-art Outstanding
and beamline optics diffractometers detection systems
T Hodeau et al, 1998
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. : Swiss Light Sourcéaterials Science beamline
SR PrOpel’tleS- Powder Diffraction station
Adigh Spectral Brightness: Resolution: 1 arcsec

[photons/s/0.1%
bandwidth/mriymradf] A 102101
ph/sec in small beamsif to mm)

Accuracy:N\2 arcsec
Precision:NL arcsec

g‘;‘;‘fz'ztfohn"ton energy Highest flexibility to accommodate
KNime structure all kinds of sample environments
ACoherence H =\ o
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