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Why does the Drug Substance Solid Form matter?

« Differences in properties, « Patentability
e.g. solubility, stability

Patent application
‘Form AB of Acetyl
Salicylic acid’

published in 2008

Initial Aspirin® patent
filed ~1900

Scheme modified from semanticscolar.org
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Case Study — Norvir®

Chicago Tribune  Chicago Tribune

3rd August 1998

HIV protease inhibitor

Ritonavir

19th September 1998
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drug substanceé

1996 First approval of Norvir®
At : 2 years
1998 New polymorph occurs, originally

produced phase no longer stable:
continuation of capsule production
impossible

At @ear

06-12/1999 Approval of re-formulated Norvir®

2022 New Ritonavir polymorph discovered

and published
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Case Study — Zantac®

Ranitidine HCI

H,-Antihistamine

FINANCIAL TIMES, 9. 4. 1991

COMPANIES & MARKETS

Fuesday April 9 1991

© THE FINANCIAL TIMES LEMITED 1990

By Charies Landbeater, industrial Editor, in London
GLAXO, Britain’s biggest Food and Drags Administration which s ome of the world's top 10
. - seakil drug

:bm.m .
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over the patents The applications set the scene  peneric drog couid have
nlcer treatment which Is the fora legal battle over  a dramatic on (iaxo's reve-
world's best sel drug. one
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e aquiva-  breaks down or expires. in the
itire phanmaceutical E‘,l has Llaken only iwo years

a Eeperic drugs Lo capture il

the markel. Genpharm'r chsl-
enge 1o the Zantac patent comes.

from a  far earlier than many snalysis
ex begal

had & . The
dispute will eontre on iwo
pat cover ranitidine,

=

ant Zaptac patent Is the Form 2

|Glaxo fights for Zantac patent

crystalline form of ranitidine.
Glaxo, which han been ar

for a challenge to Zantac for
yrars, is expectrd to unveil one of
the mousl sophisticated patent
protect

peneric drog producer. 1t is used
to fighting patent battles, and
amalysts belleve it may be backed
by Inrger generic producers such
as Amecican Cyanamid or Ciba

2
which expires in 2002 B covers & Gelgy.
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First patent on Zantac® filed
(1 drug substance phase known)

Batch 3B13 contained a new phase (2):
Increasing problems to reproduce
old phase

Glaxo patents polymorph 2 and
produces Zantac with polymorph 2

Genpharm and Novo developed a
generic containing old polymorph 1
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Amorphous Solid Dispersions (ASDs)

« BCS class distribution of « ASD manufacturing
of drug subtances developed

decades ago vs. nowadays Hot Melt Extrusion

Spray Drying

Scheme from PACMOORE.com

Scheme modified from semanticscolar.org
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Drug Substance Dissolution during HME

T/x Phase Diagram

________-——————————-Tmin

Obb\/ie V.K. Seiler, F. Theil, N. Nagel, H. van Lishaut, Adding a New Dimension to the Amorphous Solid Dispersion Phase Diagram: Studying NanED WOI’kShOp II. Mainz Germany December 6-8th 2022
Dissolution Kinetics of Crystalline Drugs in a Polymer Matrix Using Temperature Dependent XRPD and DSC, J. Pharm. Sci. 111(9), 2496-2504, ! ! !

2022.



Lyophilized Drug Products

Composition of freeze-dried D-Mannitol crystalline phases:
biopharmaceuticals

Formulation Examples Counts
component alpha-D-Mannital
20000

Drug Substance  Antibody 10000+

beta-D-Mannital

Buffer Phosphate, histidine 20000
Bulking Agent Mannitol, glycine 10000+

Lyoprotectant Disaccharides, sucrose, e
trehalose 10000 n
I
Tonicity NaCl 0 THemihydrat-p-Mannitel
modifier 20000
10000
Surfactant Polysorbate 80

T T
10 20 30 40

Position 28] [Copper (Cu))
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Freeze Dryer vs. XRPD Climate

Freeze Dryer

XRPD
Climate Chamber

88300
lyo-cake laboratory scale lyophilizator
beta-D-Mannitol 11,9 %
delta-D-Mannitol 70,0 %
Hemihydrate-D-Mannitol 18,1 %
100000
50000
10 15 20 25
3000 — T T T T T
2000
1000 4 il . , I 1 MAWJ“\ A A
,;888: L el \{’VW\\/ ‘“'\j 4 \/ o
5000 1Rwp = 11216
Counts
100000

lyo-cake climate chamber 1°C/min
beta-D-Mannitol 23,8 %

80000 delta-D-Mannitol 42,1 %

Hemihydrate-D-Mannitol 34,1 %

60000 {

40000

-500
1000 |Rwp = 0,7006

Obb\/'e V. Seiler, S. Weber, M. Bérner, M. Witting, S. Daller, N. Nagel, In-situ investigation of solid phase evolution during lyophilization of mannitol-
based antibody formulations using an XRPD climate chamber, Eur. J. Pharm. Sci., submitted 2022.

hamber
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Lyophilization Process Investigation

Primary freezing end
Secondary Drying end

48,0
52,0

~~< Primary Drying end

. \
Annealing start . - Annealing end
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Conclusion

XRPD is a key analytical technique to identify, characterize and control solid
forms of drug substances and excipients. It can furthermore be imployed to
optimize industrial processes, e.g. by investigating...

a) drug substance dissolution during hot melt extrusion of amorphous solid
dispersions.

b) phase evolution during freeze drying of mannitol-based lyophilisates of
biologics.

I:> Efficient identification of best process parameters
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| thank all colleagues who contributed to the process optimization examples!

Vanessa Seiler, Stefan Weber, Markus Borner, David Gel3ner, Ariane Julke, Frank Theil,
Holger van Lishaut, Madeleine Witting, Sarah Ehlers

Thank you for your attention!

What questions do you have?
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