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0" INTRODUCTION

The ‘one size fits all’ is a standard practice used in the pharmaceutical industry [1,2]. However, scientific progress is increasingly influencing the application of
the completely opposite concept of '‘personalized medicine' that takes info account the inferindividual characteristics of patients. 3D printing, or additive
manufacturing, is a new fechnology that fits into the framework of ‘personalized medicine', given that it has shown promising characteristics in the
development of solid dosage forms. One of the critical parameters for the success of personalized therapy for the patient relates to control over drug release
profiles. Modified-release pharmaceutical forms include pulsatile-, extended-, and delayed-release formulations [3]. These formulations aim to reduce the
dose, side effects, and increase compliance and efficacy. Utilizing the layer-by-layer fabrication process, 3D printing allows control of the parameters
Important for modification of the drug release profiles.

The aims of this research were to demonsirate the possibilities of 3D printing in the development of modified-release pharmaceutical formulations for oral use;
as well as to present examples of 3D printing applications, focusing on examples published in the scientific literature, and investigational drugs approved by
FDA for clinical testing.

2 METHODS

Data were collected by searching the Google Scholar and PubMed databases using the keywords ‘3D printed modified-release,’ ‘3D printing,” ‘3D printing
and formulations’ and similar, as well as by analyzing the content of official welbsites of regulatory bodies. The methodology of this paper was based on a
narrative review of the scientfific literafure through a search for these keywords.

3 RESULTS AND DISCUSSION

Among the most popular methods for producing solid pharmaceutical dosage forms using 3D prinfing are fused deposition modeling (FDM),
stereolithography (SLA), semisolid extrusion (SSE), selective laser sintering (SLS), and powder-base 3D printing (PB), which can be seen in Figure 1. Depending
on the 3D printing technology, modified-release can be achieved in different ways. Common factors across different 3D prinfing technique such as
geometry, porosity, infill density, and the choice of excipients can play a key role in achieving modified-release of the active ingredient. As an example,
higher infill density affects the slowing down of the release rate due to reduced porosity and surface area [4].

Xu et al, fabricated mini-sized oral pellets using SLA 3D prinfing [5]. The factors influencing the modified drug release from SLA-printed dosages include the size
of the printed pellets and the presence of hydrophilic excipients such as polyethylene glycol 400. While larger pellets showed release influenced by both
excipients and drug diffusion, smaller pellets allowed excipient-independent release, indicating that the drug release rate can be controlled solely by
adjusting the pellet size.

In the study by Shagour et al, 3D printing was applied to produce capsules containing ketoprofen-loaded pomegranate seed oll self-nanoemulsitying drug
delivery systems. The release of the drug was influenced by the polymer used, capsule thickness, and the pH of the surrounding medium [6].

Given that the pediatric population represents a very specific group that often requires individualized therapy, Protopapa et al. applied 3D printing
technology to produce mini-tablets with modified-release of hydrocorfisone. Adjusting printing parameters such as tfemperature and pressure, along with
varying the ratio of excipients Gelucire® 44/14 and Precirol® ATO 5, successfully modified the release profile of the active pharmaceutical ingredient [7].

A literature review revealed that there are three modified-release formulations of Triastek Inc. (T19, T20, and T21) that have received approval for clinical trials
by the United States Food and Drug Administration (FDA), and were manufactured using 3D printing technology [8]. This represents a very important step
towards implementing scientific practice into manufacturing, bringing innovative solutions to many patients and diseases.
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—— . IS possible to achieve modified-release of solid pharmaceutical
it el - e : " PB dosage forms for oral administration. Various examples throughout

the literature indicate the successful application of this technology
to achieve the desired drug release profile. The start of approval
of modified-release drugs obtained by 3D printing in clinical trials
represents an important step towards personalized and patient-
specific therapy.
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Figure 1. Main types of 3D printing technologies in production of solid oral dosage forms [4].

REFERENCES

Shuklinova O, Wyszogrodzka-Gawet G, Baran E, Lisowski B, Wisniowska B, Dorozynski P, Kulinowski P, et al.
Can 3D Printed Tablets Be Bioequivalent and How to Test It: A PBPK Model Based Virtual Bioequivalence
Study for Ropinirole Modified Release Tablets. Pharmaceutics. 2024;16(2):259.

2. Saleh-Bey-Kinj Z, Heller Y, Socratous G, Christodoulou P. 3D Printing in Oral Drug Delivery: Technologies,
Clinical Applications and Future Perspectives in Precision Medicine. Pharmaceuticals. 2025;18(7):973..

3. European Directorate for the Quality of Medicines & HealthCare (EDQM). 2019. European This research was supported by the Provincial Secretariat for

Pharmacopoeiq, 11th edition. Strasbourg: Council of Europe. Higher EdUCCI’rion Cmd SCienﬁﬁC Resequh, PrOjeCi NO. 003876072
4. Wang N, Shi H, Yang S. 3D printed oral solid dosage form: Modified release and improved solubility. JCR. 2025 09418 003 000 000 001 04 004, “Integration of Digitalization
2022;351:407-31. . 1o . N - .
5. Xul, Yang Q, Qiang W, Li H, Znong W, Pan S, et al. Hydrophilic excipient-independent drug release from and 3D Printing with Artificial Intelligence Support in the
SLA-printed pellets. Pharmaceutics. 2021;13(10):1717. Development of Solid and Liquid Pharmaceutical Dosage Forms”.

6. Shagour B, Natsheh H, Kittana N, Jaradat N, Abualhasan M, Eid AM, et al. Modified Release 3D-Printed
Capsules Containing a Ketoprofen Self-Nanoemulsifying System for Personalized Medical Application.
ACS Biomater. Sci. Eng. 2024;10(6):3833-41.

/. Protopapa C, Siamidi A, Kolipaka SS, Jungueira LA, Douroumis D, Vlachou M. In vitro profile of
hydrocortisone release from three-dimensionally printed paediatric mini-tablets. Pharmaceutics.
2024;16(3):385.

8. Algahtani AA, Ahmed MM, Mohammed AA, Ahmad J. 3D printed pharmaceutical systems for
personalized treatment in metabolic syndrome. Pharmaceutics. 2023;15(4):1152.



	Slide 1

