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Principles of 3D Printing Technologies

Creating objects using Computer Aided Design (CAD)
W

=28 Building objects with structures layer by layer based on CAD
m controlled by computer

—

In situ polymerization Melt and solidification Binding of powder
» Chemical reaction » Extrusion » Binding agents
» Free radical formation * High energy beam » High energy beam
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Applications of 3D Printing in Biosciences

Creation of organ models Tissue engineering

for surgical operation » Tissue scaffolds
planning and treatment » Constructing tissues and
analysis organs
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Personalized repair/
restructure of tissue,
organ and body parts
* Bone, tooth

« Transplantation

« Artificial limb/finger
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Pharmaceutical products
* Drug delivery
» Personalized medicine
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3D Printing Technologies for Pharmaceutical Applications

The first 3D Printing FabRx was
pharmaceutical
company Therics was

founded in USA

First patent
application for
Rapid Prototyping
(RP) Technology

to focus on

was filed by i dosing
Kodama HETHERICS B FABRX
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I [ | Mas‘sachusetts
I I I I Institute of A APRECIA

Technology

Aprecia was founded in
USA to focus on binder
jetting for commercial
production of dosage
forms

MIT Professor
Michael Cima
published the first
3D printed drug
delivery device
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founded in UK

personalized

000 0

Triastek was founded in
China to focus on MED® 3D
printing technology for
drug delivery and
manufacturing
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Material ;
Extrusion
Binder
Jetting ,
Powder Bed
Fusion /

VAT
Photopolymerization

Sheet ,
Lamination
Material
Jetting /
Directed Energy
Deposition
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Spritam
(levetiracetam)
Tablets for Oral Suspension

July 31st, FDA Laxxon was founded in
approved the first 3D Germany to focus on 3D
printed drug Spritam® screen printing technology
by Aprecia manufacturing
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First 3D Printing Application

Spread Powder

Print Layer

Repeat Cycle

Drop Piston

Positional Control

Asymmetric spatial distribution Identical walls

Binder:
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The 3DP sequence of operation

in Pharmaceuticals

Intermediate Stage
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Finished Part

v

Microstructural Control
Symmetric spatial distribution Varying wall microstructure
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Early Commercialization Attempts

Massachusetts
Institute of
Technology

IJ-Powder
Filed i

United States Patent n
Sachs et al.

3DP patent

n 1989
IR

1) Patent Number: 5,204,055
[#5] Date of Patent:  Apr. 20, 1993

[54] THREE-DIMENSIONAL PRINTING
TECHNIQUES

[75] Tnventors: Emanuel M, Sachs, Somerville; Jobn
S, Hagaerty, Lincoln; Michael J,
Cims, Lexington: Paul A, Williams,
Concord, all of Mass.

73] Assignee: Mussachusetis Institute of
Technology, Cambridge, Mass.

[21] Appl. No.: 447,677
[22) Filed:  Dec8, 1989
[51] It QU5 ...
52 US.Q....
264/2:

i dence, Apr., I

FOREIGN PATENT DOCUMENTS
BATT 19 Pt Rep. of Germuny
WON/0IB9 471950 Warld
OTHER PUBLICATIONS
Deckard, C. and Beaman, J., “Solid Fi
tion and Selective Powder Sintering”, RANRAL Pro-

ceedings, Symposium #15,

Kodama, H, “Automatic Method for Fabricating
Three-Dimensio ‘with Photo-Harden-
ing Paly of

52, No. 11, Nov. 198!

W

1
Tery, “Creaing Farus by he Layent”, Ca-
9, pp- 7:

Enwunu—!vul l.ml'mme

. Primary
113,  Anorney, Agent, or Firm—Robert F. O'Connell

1910 57} ABSTRACT

" A process for
(2 layer

making s componct by deposiing  ins
of a fluent porows material, such as a powder, in
confined region and then depositing a h-\dunulnnllm
cleeted regions o the leyer of powdcs

bonded pow

42 Claims, 6 Drawing Sheets

nanng
4

(Founded in 1993)

+++++

THERICS'

Its applications in healthcare were

\ 4

Theri-form™ Technology
h bt

Dispensing Module

- -

SRR D R

R

Stage 3 Final Product

J

licensed exclusively to Therics, Inc.
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1. Hsiao, W. K, et al. (2017). Expert Opinion on Drug Delivery, 15(1), 1-4
2. Massachusetts Institute of Technology, 1993, Three-dimensionalprinting techniques.US5204055{

lll Print Drug Approach
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lul Print Glue Approach
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AAPRECIA (Founded in 2003)

Ve

Therics
asset sale
in 2005

ZipDose® Technology

. PO

First. 3 powdered medicine is spread int Then, a biquid is dropped onto the powder.

PE_AAR

This selectively binds he particies together This process is repeated a specific number of tmes 10 add more

FDA approved
Spritam®in 2015

T Lol — ool

JULY 13-18, 2025
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L\
Spritam
(levetiracetam)
Tabiets for Oral Suspensin

First 3D printed Pill
Approved by FDA
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3D Printing Technology in Pharmaceutical Applications

» Unique dosage form
designs

» Controlled delivery

* Predetermined release
characteristics (onset
and duration time,
location, kinetics, mode)
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« Digital Product
Development

Formulation by Design
Fast prototyping

Predictive and
accelerated development
time
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« Different scale of
production / Linear
scaling

* Continuous
manufacturing

« Automatic and intelligent
manufacturing line

» Reproducibility
* Real-time PAT
* 100% Quality control

 Reduce labor costs
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@ Drug Delivery Qa Product Development @3 Manufacturing Pharmacy Practice

* Personalized dosing

* Extemporaneous
compounding

e Traceable and anti-
counterfeit distribution
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Main Players in the 3D Printing Pharmaceuticals Field

Personalized dosing Academia Research

N B Massachusetts
I I Institute of

Technology

@) FABRX ‘ MultiplyLabs

Craft r The University of
Health &' | Nottingham

iHe

Digital Health tems

AstraZeneca ?

i UNIVERSITY

MISSISSIPPI

P University of ! I 'E x A S
@ Central Lancashire
UCLan The University of Texas at Austin
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Manufacturing and Production
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P ——

©
@GlaxoSmithKline
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Research Publications on 3D Printing Pharmaceuticals

Trend of Literature in 3D Printing Pharmaceuticals
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1. The data was obtained from Triastek's statistics.
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3D Printing Pharmaceuticals: Patent Applications

Distribution of Patent Application in 3D Printing Pharmaceuticals

o

140 Granted Patent Distribution by Applicant
Triastek,
120 17%
© 100
2
©
o 80 Apprecia,
4 17%
8 Others,
8 60 60%
=
2 Therics, 4%
40 Laxxon, 2%
2
I l 4 4 3 4
. [ ] [ ] ] [ ]

1993 1997 2000 2001 2002 2004 2005 2007 2008 2009 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024

Publication Years
1. The data was obtained from Triastek's statistics.
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3D-Printed Pharmaceuticals for Personalized Dosing: Current Status & Challenges

Current Status Key Challenges

Regulatory Milestones

* Growing interest from EMA and national agencies for
patient-tailored dosing

Clinical & R&D Advances

* Proof-of-concept trials for polypill combinations and on-demand
dosing

* Emerging platforms using inkjet, fused deposition modeling
(FDM), and stereolithography

Manufacturing Trends

* Point-of-care compounding

» Integration of Al-driven design for dose optimization

@ FaBRX

Craft
Health

M3DIMAKER Mark Il M3DIMAKER
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CRAFTMAKE™

FLEXDOSE®

Quality & Reproducibility
» Ensuring uniformity, dissolution, and mechanical strength
* Quality control: analytical technologies (PAT), cleaning validation

Regulatory & IP Framework
» Lack of harmonized guidelines for on-site manufacturing
» Intellectual property issues related to customized formulations

Technical & Scalability Hurdles
*  Multi-drug printing capability and cross-contamination control
* Printing speed vs. throughput for commercial viability

Patient Acceptance & Economics
* Cost of printers, materials, and skilled operators
» Education of healthcare professionals and patients
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| Pharmaceutical Product Development and Manufacturing

Product Development Manufacturing

M Personnel: Multidisciplinary team e Production rate
=iy Digital product design %V'PJ GMP

Continuous manufacturing,
automation and PAT

i

EIH Instrumentation

Materials

Instrumentation and materials:
© FDA approved

>
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MED® 3D Printing and Digital Manufacturing

Continuous Manufacturing Digital Process Monitoring Digital Quality Control

« Precise and continuous MED® 3D * In-line process sensors * PAT systems tailored to the
printing process design « Real-time collection and interaction characteristics of MED® 3D printing
« Production line and equipment of large process data sets at each stage of the production line
support continuous processing . Precise and flexible digital printing » Development and validation of pat
« Integrated units ensure continuous control models
production . Centralized control and monitoring « Digital identification and traceability

technology for products

* 100% finished product QC

s &

.6/ [ ———————

in the control room
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3D Printing and Digital Product Development and Manufacturing

|
Al
Al-driven Product

o 9
G_>L|’ Development and
Manufacturing

Digital Twin_
Technology

Data
> > > Analysis ®

Continuous
Manufacturing
O

Technology |/I\I/|'

o @ : Automation
—rC 2 | pigital O
& Formulation Digital Process
= N ; Product O

by D

‘% Structure by y mesian Develop{nﬁnt

o Digitalization Design O
3D Printing O Industry 4.0 / Pharma 4.0

O O p
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Summary

Applications of 3D printing technology create a new dimension by incorporating
structures into the dosage form design and fabrication.

3D printing technologies have matured and ready for the pharmaceutical product
development and manufacturing of challenging compounds and meeting clinical needs.

3D printing technology has paved a road for digital product development and continuous
digital manufacturing.
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