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Goal: to develop pre-clinical and clinical
tools and approaches that improve
the quality and timeliness of

Oral Drug Product development
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Biopharmaceutical Tools and Approaches
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Regional Absorption Challenges
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Select Examples of 3D Printing to Control Drug Release Rate
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What is 3D Printing (3DP)?
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Expanding Formulation Design Space for Ph1-Ph2a Clinical Trials
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 Feedback during the dosing cycle allows iterations of the formulation to be dosed in
subsequent panels
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Expanding Formulation Design Space for Ph1-Ph2a Clinical Trials
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Capsule Strategy — Delayed Release Print Condiions:
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10mm/s Speed
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Initial Qualifications
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Optimizing Scaffold Design: Heat Transfer / Thermal Expansmn

2 fin design reduces internal stresses from expansion by a factor of 2-3 6 MERCK
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Optimizing Mechanical Properties

e T et eV Y L JRT
' 300 p
0.35 mmnozzle;
10.0 mm/s -
0.0 5
= 200
o
0.15 mm layers 5
0
el
§ 100
o
[

0.35 mm nozzlg,67
16.0 mm/s

0.10 mm
0.3g§gm(5*rpzzle,

22.0 mm/s

€% MERCK

INVENTING FOR LIFE

A D.M. Smith et al. Int. J. Pharm., 544 (2018)



Anisotropic Dissolution 90
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Anisotropic Dissolution 90w Burst Time
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Burst Time Control Strategy
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Liquid vs. Solid Fills
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In Vivo Study (Beagle Dogs)
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In Vitro — In Vivo Relationship
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Manipulating Dissolution Conditions
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“Scaleup” for Early Clinical Studies
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Key takeaways

3DP

« 3D printing (3DP), offers R&D a new tool in the biopharmaceutical toolbox to improve the quality and timeliness of oral drug

product development
« This technology is gaining significant academic acceptance as well as industrial interest and commercial implementation due to its

ability to create complex geometries along with customizable material properties.
« We believe there is a potential to enhance our understanding of PK through both dose and dissolution flexibility in early clinical

programs through the creation of complex and custom drug products.

Clinical 3D Printer
» Our Team has worked towards designing novel shell dosage forms with various fill options and studied the impact of in-vitro and in

Vivo release with various combinations
» Controlled and delayed release concept oral dosage forms have been demonstrated successfully with Metformin and other

proprietary Merck compounds

Issues:
« Dissolution variability root cause has been identified as the anisotropic nature of both the dosage form and the dissolution media

flow field
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