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What could have changed in 2 years?

86% expect their 3D printing Use to more than
double over the next few years (65% N 2017).

Driver: Individualisation & Saving




What prevent industry using 3D
printing?

56% say materials issues (cost or availability of

materials needed) are number one.

44% highlight their workforce issues (such the lack of
qualified personnel or subject matter experts)

39% highlight Process issues (such as design or post-
processing issues).

94% of survey respondents said that their design and

engineering teams frequently choose traditional
manufacturing methods over 3D printing due to a lack of

materials.



Headlines

Too many...

 Much better success in surgical and medical
industry than pharmaceutical industry

e What cause the hesitation?

* Does repetitive proof-of-concept studies
useful to the development of the field?



Personalised polypills by FDM

Point-of-care Polypill Printing

GMP printing units GP electronic
S prescription

Polypill Dispensing

Mobile App to
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Personalised polypills by FDM




Personalised polypills by FDM

What to feed in?

How to QA and
QC the end
product?

Role and profit
change for
pharma industry

New costing model

Regulatory barriers

Point-of-care Polypill Printing

GMP printing units GP electronic
prescription

Polypill Dispensing

Mobile App to
alert patient for
picking up or
posting
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FDM Printing Control
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Challenges for Pharma

Optimisation of
. material
Custom-engineered -
., Optimisation of
engineering of
the printer

Rationalised product
development principle

N\

Identification of Optimisation principle
critical attributes of process design




Toolkit for printable materials

* Polymer-drug compatibility (solubility)

* Processability of conventional filament
printing



Current approaches

Method Drawbacks
Solubility parameter (3) Lengthy calculation
Relying on theoretical prediction

and Flory-Huggins theory

| | | Time consuming
Melting point depression Heating rate dependent

Real-time experimental Time consuming
Labour intensive

measurements




TASC Working Principle

Thermal Analysis by Structural Characterisation (TASC)

Image collection

Microscope

of drug-polymer
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TASC Screening Capability
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Key message

Any thermodynamic measuring method for
solubility does not take into account kinetic
factors (i.e. storage temperature and relative
humidity).

Therefore rapid prediction needs to be
validated by real-time stability data. But the
screening method can help to rapidly reduce
the number of highly promising candidates.




Learn from the past lesson
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No Feeding, No Printing

Plastic filament
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Feedability Screening
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Printability Scoring

SSD scores of printability of all tested conditions
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Rationalisation @ttempt)
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Key Message

Once the engineered material is printable,
the printing speed has a higher level of
influence on the printing reproducibility of
the object than the printing temperature.

Improvement in the feeding step motor and
printing head movement control could
potentially help improve this issue.




Critical Attributes to Aid 3D Design

* Process-functionality relationship
* Design-functionality relationship



‘Bottom-up’ Desigh Development

Reality
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Single Road Beh

aviour
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ANN (Artificial Neural Network)

Synaptic Weight = O
— Synaptic Weight < 0

Hidden Input Layer Hidden Layers Output Layer

Qutput

INPUT
Maximum Swelling
Swelling Rate

Hydration Rate

Erosion Rate OUTPUT

Solubility Drug Release Time
Drug MW

Polymer MW
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Diffusion Coefficient

pKa

Hidden layer activation function: Hyperbolic tangent

Output layer activation function: Identity



Variables Ranking Analysis

Normalized Importance
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Filament v.s. Pellets
Extrusion v.s. injection
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Filament Extrusion Based Printing
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Key Message

Extremely important to understand the
swelling/erosion/drug-polymer interaction
behaviour of the building block of the 3D

object (single road) in order to allow better
prediction and guide the design of the 3D
dosage form with desired performance.




Summary

Custom-made
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printer

Rationalised
design
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Materials
science

Pharmaceutical
3D printing
translation from
PoC to
commercialisation
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