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WHO WE ARE AND WHAT WE DO

) Largest independent contract research and innovation
organization in The Netherlands, est. 1932

S &
) Over 3400 researchers active in 9 Units ¥
e (<75
) Positioned between Universities and commercial TNO [o.ton
companies Q e g
) Mission: Apply scientific knowledge to boost the ':} oy @

innovative strength of our partners

) Active in 3D printing for 30+ years
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HOW IT IS BEING USED ALREADY.

N \

?Dﬁeqer?l Electric invests 100 million euros into German k4 Adidas to mass-produce 3D printed Futurecraft 4D shoe
= ' T

printing site with Carbon's 3D printing technology

Ganeral Electric {GE) is continuing to focus its gaze squarely on the EU 3D printing industry, with a game-

C_"anﬂ";ﬂ Ivestvperss of 100 sl lliart e A LGS TN LIS Y d Rk vl Acimlond: poc ciini st o T California 3D printer manufacturer Carbon (Carbon3D) has teamed with German sportswear giant Adidas to

Meyitentelc Camdny . create a new 3D printed shoe. The companies will use Carbon's Digital Light Synthesis technique to mass-

Just last year, the multinational producer of jet engines, power plants, and other industrial equipment produce more than 100,000 pairs of Adidas’ Futurecraft 4D shoe before 2019.

poured a total of $1.3 billion into Concept Laser, a privately held German 3D printing firm, and Swedish 3D
printer-manufacturer Arcam. The strategic move secured GE majority shares in both companies, cementing
its position as a global leading player in additive manufacturing.
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3D PHARMA PRINTING
OVERVIEW OF THE FIELD

IMPORTANT TRENDS IN PHARMA

) Time to market -> maximize benefits from patent life
) Personalization -> smaller batch sizes

) Focus on continuous manufacturing, Quality by design

WHY 3D PHARMA PRINTING?
USP’S OF 3D PRINTING

) Personalization
) Small batches
) Unique functionalities: release profile, poly pill, shape

) Distributed local manufacturing

3D Pharma printing @ TNO, 2022

3D PHARMA PRINTING
SOCIETAL IMPACT

Contribution to:
) Better Health
) More effective medication

) Better patient comfort

e g
g P

v
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) 3D PHARMA PRINTING @ TNO
ROADMAP

multi-material, multi API
personalised polypill
multi-material, multi API
polypill

I
>

Complexity

multi-material, single API
controlled release
multi-material, single API
taste masking

single material,
personalised dosing

Time-to-market
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) 3D PHARMA PRINTING @ TNO
ROADMAP

Scale-up
regulatory framework

multi-material, multi API
polypill

(Academic)
Hospital pharmacy

Complexity

( Research Industrial

E q u | p me nt . Non-destructive validation
development

| 35400 3 Laieme

Extrusion or
Next generation equipment
development

Lol

Powder based
printing

multi-material, single API

controlled release
multi-material, single API
taste masking

Feasibility
studies

. . Feasibility studies
single material, =,
personalised dosing - -

Time-to-market

; (multi—material, multi API)
Printing of lized - : .
A Eriiting of persorialize personalised polypill
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IN-HOUSE DEVELOPED TECHNOLOGY PLATFORMS

Y

Fuse

eposition
Modeling b
ilament is

olten ane
deposited in a
layer by layer

fashion

Fi

Extrusion printing en
fused deposition
modelling

High speed extrusion
printing
with multiple materials

Up-scaling
Technologies

Powder bed printing and
Selective laser sintering
(separate or combined)
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) 3D PHARMA PRINTING @ TNO
FEASIBILITY STUDIES - EXTRUSION PRINTING

iE

Extrusion
Printing

— Paste or molten
“ material is

S | extruded and

a | depositedina

layer by layer
fashion

3D Pharma printing @ TNQ, 2022 m ifl;r:?i\]zztion



FEASIBILITY STUDIES - PBP/SLS

) Combination Binder Jetting and Selective Laser Sintering

3D Pharma printing @ TNO, 2022

Powder Bed
Printing

— Sintering |-

Selective
Laser

Scheme

Process

Powder layers
are deposited
land consolidated
by local
deposition of a

binding liquid

Powder layers
are deposited
and consolidated
by local fusing
with an IR laser
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Feasibility studies

) LAYERED TABLET CONCEPT

reference layered

Layer Types
Differences created through printing liquid:

r‘ Slow dissolving
- Fast dissolving
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API RELEASE

’ ’ * 6 8 10
Delayed release Time (min)
Model API (ionic species) release was monitored by conductivity measurements.
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) SEGMENTED TABLET CONCEPT

3-tone variation

Complex geometry

Fast dissolving + API 1
Slow dissolving n
Fast dissolving + API 2




) COMPLEX RELEASE PROFILES
API 1

Feasibility studies

API 2

0.1 ,
0.09 [ '
0.08 [
0.07 -
_0.06 -
< 005
0.04 [
0.03
0.02 -

0.01

Time: 0 min
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) 3D PHARMA PRINTING @ TNO

3D Pharma printing @ TNO, 2022

NEXT GENERATION EQUIPMENT DEVELOPMENT

) Our multi-nozzle printhead
platform allows printing with

Next generation equipment
development _

multiple materials simultaneously.

) This experimental printhead
platform can be used to explore
the potential of novel extrusion
concepts for continuous and
large-scale production.

Extrusion
Printing

F

Scheme

i

Process

1 Paste or molten

material is
extruded and
deposited in a
layer by layer
fashion
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MERCK - PHARMA R&D SETUP INARIRT K

) TNObuilt a dedicated powderbed-printing setup for Merck so they could
research their proprietary powder formulas and APIs.

) Using powderbed printing, tablets for preclinical development and
screening of APIs can be made more efficiently and with higher accuracy.

) Merck is using the setup to determine their
own roadmap for 3D pharma printing




) 3D PHARMA PRINTING

PRINTING OF PERSONALIZED MEDICINE

Current Medicine
One treatment fits all

Cancer patients with
e.g. colon cancer

FROM:

ONE SIZE FITS ALL

TO:
TAILORED APPROACH

GENOTYPE

Personalized
PHENOTYPE

diagnosis
based on

SENSOR DATA

w BN C‘; o

Future Medicine
More personalized diagnostics

M'
2

Personalised
prescription

Personalised
drug dosage form

REQUIRES

Small series

dosage form
production

innovation
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SEMI SOLID EXTRUSION 3D PRINTING OF
CAFFEINE AND FLECAINIDE TABLETS FOR
PERSONALIZED TREATMENT OF CHILDREN.

3D PHARMA PRINTING @ TNO

E.EM. (Eveline) van Kampen. MSc. B A (Bigehan) Candir BSc.; L. (M)Wﬁmﬁc dr. E J. (Eksabeth) Ruigrok

PRINTING OF PERSONALIZED MEDICINE

Extrusion
Printing

Personalized
dosage form
production

Personalized
diagnosis and
prescription

—Paste or molten
material is
extruded and

Distribution

lication and
AP and logistics

acceptance

Erasmus MC, University Medical Center

grage caffeine and flecainide were used as APL
Diferent formuialions were prépared with poioxamer 407 (PLX)
as polymer, lactose (LAC) for stand-up and magnesium stearate
(MgSt) or slicon dioxide (SIO.) as dispersing agents.

Figure 1. 30 printer head oringng minabiets.

and prinung process
low meit mixture was prepared by weighing and mixing afl raw
. While mixing, the formuiations reached a temperature
80°C resulting In a VISCOUS MOien MXture. A syringe was
WEh the moiten mixture and In the printer, which was

deposited in a
layer by layer
fashion

3D Pharma printing @ TNO, 2022

Dy 3 G-code generated using custom Duld computer
aided cesign (CAD) software.

Anaiysis
The tablets were anaiyzed on their
éiés Weight GIStrDUTON (Caffeine and Necainide)

é » UniformRy of content {caffeine)

> D (Cafeine ang

Unmummw&mmmm

of Hospital f >

 Weight of all printed tadiets compiled with EP.

i # Caffeine + 1% MgSt > RSD « 3% (026 - 4.42)
7 Cafeine + 2% MgSt 3 RSD « 3% (0.03 - 3.53)
- Cafteine + 1% SIO, & RSO > 3% (0.46 - 8.73)

# Al caffeine tablets dissolved complying wih EP.
- Flecainige tadlets need further deveiopment.

Figure 2, measured 30 printed min-sbiets, exyudate diameter (A), tabiet

Figare 3, Dissciustion profie of cafere (CAF) and fecainde (FLC) Bidet
. TS0 ML Of 0.1 M Ry 6K (3, pH €0 2.0.
ine of 8% Grug reiease ot 45 minutes, acorang 1 EP £.17.1

Conclusion and outlook

< Mini tablets of caffeine and fiecainide were panted by semi
s0iid 30 printing technology

< Agdition of MgSt ensured that quaity assessment criteria on
uniformity of content were met for 3D prnted cafeine tabiets.

< All cafeine tabiets met the CISSONLON testing requirements
stated by European Pharmacopela. 3D pented fiecainice
tabiéss need further gevelopment.

MMWGM!WE(EPZQSMdZQSM)

> and vaidation of the printng process should be
mwwmmwnm

Erasmus M TNO i

oty e iast Cantr dnssendan
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) 3D PHARMA PRINTING
ROADS TO MARKET

Mass Production

— ST I e ()
Scenario Industry Compounding Large hospital ’ Community
facility pharmacy pharmacy or
small hospital
HTA pharmacy
Regulatory
Economic
Ethical
Organizational

Minimal challenge

Serious challenge

Scale-up
regulatory framework

Contents lists available at ScienceDirect

Exploratory Research in Clinical and Social Pharmacy

journal homepage: www.elsevier.com/locate/rcsop

nersonalized medicines - A case study

» Kaae *, Marie Louise De Bruin ““, Natalja Genina ?,
art ”, Sofia Kilvemark Sporrong “**
ard the Environment (RIVM), Bilthoven, the Netherlands

acy, University of Copenhagen, Coperfuigen, Drerirmark
trecht Instinge for Pharmaceutical Seiences, Utrecht University, Utrecht, the Netherlonds

~

Disaster Areas

d clinical applications.
ivery Reviews (2027)

Source: Scenarios for 3D printing of personalized medicines - A case study;
Netta Beer et al. 2021
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) 3D PHARMA PRINTING
SMALL SERIES OR COMPLICATED TABLETS
- HOW TO VALIDATE QUALITY?

) When producing ever smaller series of tablets of ever
more complicated tablets (f.i. polypill)
-> Destructive testing will be no longer a valid solution.

25 - - . e
k. K_"H Which API? e sty =
A 8% » 1680 m>P ol =t
API| dose? 1 | 5o “f;ﬂaffceta e Look at tablet
]EJ 7 £&: \ I
API dose = Tablet weight x APl % in bulk 5 Fr i E
-5500 10‘00 15;00 20‘00 2500
wavelength(nm)
-—é ==

oo
_ % Spectral analysis
Look at filament

If: No inhomogeneity If: No APl degradation
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HANK YOU FOR YOUR 2 NTIO!
b

WHAFWOULD YOU LIKE TO Fgil§T?

Pieter.Debrauwer@tno.nl

3D Pharmaprinting @ TNO, 2022



