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 3D PRINTING OF TABLETS AND
 OPPORTUNITIES IN THE FIELD OF
 PERSONALIZED MEDICINE3D Medicine Printing Conference Maastricht January 27th
 Steven Erpelinck BSc MBA Sr. Business Developer Predictive Health Technologies
 OUTLINE PRESENTATION
 Introduction
 3D printing basics/techniques (additive manufacturing)
 PK + Formulation development
 Window of absorption, dissolution and bio-availability
 Requirements & Benefits 3D printed oral dosage forms
 Case study
 Perspectives on using 3D printing in the field of Personalized Medicine
 Taste masking
 Pediatrics & Geriatrics
 3D Medicine Printing Conference MECC Maastricht January 27
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 ZEIST
 InTESTineTM
 TIM
 EINDHOVEN› Additive manufacturing (polymers/ceramics)› RM processes using IJP, print heads
 handling viscosities to 30 MPa› Organ on a chip, printing of scaffolds
 (intestine/liver/lung)
 Synthetic villi mimicking for improved intestinal differentiation
 improved polymer processing for dental applications
 › Biology, Pharmacology (Food/Pharma)› GI expertise (physiology/hydrodynamics)› Predicting/measuring Bio-availability
 3D Medicine Printing Conference MECC Maastricht January 27
 3D PRINTING IN THE NEWS
 Aprecia, Spritam levetiracetam is a new drug to control seizures brought on by epilepsy. Approved by the US Food and Drug Administration
 “ZipDose” technology, which uses 3D printing to create a more porous pill. Its structure means the pill dissolves more quickly on contact with liquid, making it much easier to swallow high doses than a conventional tablet.
 World pharmaceutical Frontiers (2015 vol.2)
 The Medicine MakerSeptember 2015 #11
 3D Medicine Printing Conference MECC Maastricht January 27
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 DIFFERENT 3D PRINTING TECHNIQUES (1)
 Ink jet printing (RM highly viscous liquids)
 � Non contact technique using thermal, electromagnetic or piezoelectric technology� Droplet deposition, 10-250 ul� Tissue engineering and regenerative medicine (bio printing of 3D tissues and organs)� Sophisticated uses: drug delivery and gene transfection during tissue construction � Can be used for 3D printing of oral dosage forms
 3D Medicine Printing Conference MECC Maastricht January 27
 3D PRINTING TECHNIQUES (2)
 � Inkjet printer sprays the ink onto a powder
 foundation
 � Contact between ink and powder creates a
 solid dosage form layer by layer.
 � Flexibility of using API, binders and other in-active
 ingredients in the ink
 � Limitless dosage forms (Aprecia: up to 1,000mg)
 � Microcapsules, nano-suspensions and multi-layered
 Drug delivery devices
 Powder bed printing
 3D Medicine Printing Conference MECC Maastricht January 27
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 3D PRINTING TECHNIQUES (4)� Printhead is similar to inkjet printer� Beads/filaments are released from print head � Material headed as it is extruded, it fuses or bonds
 � Layers (multiple print heads possible)� Melting polymers (printing of filaments)� Suitable for 3D printing of oral dosage forms
 � ffffvsf
 Fused Deposition Modeling
 3D Medicine Printing Conference MECC Maastricht January 27
 3D PRINTING TECHNIQUES (3)
 � Substrate is powder, a laser draws the shape of the
 object printed and fuse it afterwards.
 � Layer are build after a new layer of powder has been
 laid down on the object.
 � Creation of metal, plastic and ceramic objects.
 Selective Laser Sintering3D Medicine Printing Conference MECC Maastricht January 27
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 DRUGS IN DEVELOPMENT
 Biopharmaceutics classification system (BCS)
 Dose � exposure f (BA)
 3D Medicine Printing Conference MECC Maastricht January 27
 WINDOW OF ABSORPTION
 Pharmacokinetics = effect of body on the drug
 Pharmacodynamics = effect of drug on the body
 3D Medicine Printing Conference MECC Maastricht January 27
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 WHY 3D PRINTING OF MEDICINES?
 Therapeutic window
 Narrow therapeutic window of drugs (e.g. oncology)
 REQUIREMENTS PHARMA (FIT WITH 3D PRINTING)
 Reproducibility / API dosage
 3D printing has high reproducibility and resolution
 Dissolution behavior
 Various technologies, materials, morphologies possible = wide range of dissolution profiles
 Regulatory aspects (GLP / GMP)
 First 3D printed oral dosage form approved by FDA
 API morphology
 API can be used as powder (morphology fixed) or solution
 ?: high process control in AM processes gives high reproducibility
 Production scale
 3D Medicine Printing Conference MECC Maastricht January 27
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 POTENTIAL BENEFITS
 easy fabrication of tablets with a large range of dosages (2, 4, 6, 8, 10, ... mg)
 different dosage regimes possible
 fabrication of designer tablets with tunable release profiles
 easy fabrication of tablets with multiple APIs
 designed tablet / capsule structure possible (micro-channels, reservoirs, ...)
 designed tablet shape possible (easy to swallow, attractive, ...)
 � personalized medicine (groups or individuals)
 3D Medicine Printing Conference MECC Maastricht January 27
 3D PRINTING OF ORAL DOSAGE FORMS
 Pharma materials (excipients)
 � Binders – sucrose, lactose, starches, celluloses, sorbitol, gelatin, PVP, PEG, ...
 � Desintegrants – povidone, Na carboxymethyl cellulose, modified starches, ...
 � Fillers – cellulose, Ca phosphate, fats/oils, Ca carbonate, ...
 � Lubricants – Mg stearate, talc, silica, stearin, stearic acid, ..,
 � Coatings – HPMC, gelatin, shellac, zein, ...
 � APIs
 � Highly potent compound (cat. 3 + 4)
 3D Medicine Printing Conference MECC Maastricht January 27
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 CASE STUDYTOP 25 PHARMA COMPANY
 Production of 250 tablets
 › Filler: Mannitol› Binder: Povidone k30› API (Ibuprofen)
 › Layers: 5 x 1 mm› Single nozzle printer› Printing speed: 600
 mm/min› Batch comprises: 25-50
 tablets› Different shapes: tablet,
 oval and donut
 3D Medicine Printing Conference MECC Maastricht January 27
 6 X 2 BATCHES OF TABLETS
 3D Medicine Printing Conference MECC Maastricht January 27
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 CONCLUSIONS CASE STUDY
 3D Medicine Printing Conference MECC Maastricht January 27
 3D PRINTING ORAL DOSAGE FORMS &
 PERSONALIZED MEDICINE
 Taste masking
 Pediatrics & Geriatrics
 3D Medicine Printing Conference MECC Maastricht January 27
 Flexibility needed SAD/MAD: 1.000-10.000 tablets
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 TASTE MASKING
 Taste masked thin films by ink jet dispensing (Cetirizine HCl, Diphenylhydramine HCl and Ibuprofen)
 Mucosal delivery
 Drug loads 20-40%
 Scoutaris et al. 2015 International Journal of Pharmaceutics)
 3D Medicine Printing Conference MECC Maastricht January 27
 PEDIATRICS
 Children are not committed to take tablets e.g. (swallow issues, taste)
 Medicine related toxicity (e.g. physiological differences)
 Gastric emptying, pH, GI permeability, surface area of absorption,
 biliary excretion and renal clearance
 Off label and unlicensed use
 Oral solid formulation � multi-particulate oral formulations with greater dose flexibility
 Neonates + Cancer
 Platform for oral multi-particulate dosage forms (fixed dose formulations), dosage forms desirable in liquids or foods. Fixed dose formulations for chronic diseases like HIV and TBC.
 Good results with 2 mm mini tablets in children aged 6-12 months
 3D Medicine Printing Conference MECC Maastricht January 27
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 ANALYSIS OF 3D PRINTED TABLETS
 (IN VITRO/HUMAN IN VIVO)
 3D Medicine Printing Conference MECC Maastricht January 27
 GERIATRICS
 Easy to swallow
 Patient compliance
 3D Medicine Printing Conference MECC Maastricht January 27
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 APPLICATIONS (1)
 Personalized Medicine (individual based therapy)
 3D Medicine Printing Conference MECC Maastricht January 27
 THROUGHPUT 3D PRINTING
 Production scale
 3D printing is known to be a low throughput technology
 Realistic throughput Print Valley printer: app. 10/sec
 • PBP: 50.000/hour
 Movie Print Valley printer
 3D Medicine Printing Conference MECC Maastricht January 27
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 THANK YOU FOR YOUR
 ATTENTION
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