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Abstract

The long-standing issue of inadequate medicine formulations has been a focus of
regulatory bodies and pharmaceutical research, particularly in adapting medicines
for children’s unique requirements. The pediatric population presents diverse
challenges in pharmacotherapy due to their varying age-related physiological
differences, and taste and dosage form preferences. Conventional formulations
often fail to meet these needs, leading to a high prevalence of off-label medication
use and modifications by caregivers, which can compromise drug efficacy and
safety. The well-known challenges of managing children’s medication are similar to
those in geriatrics, both of which require dose adjustments to accommodate the
patient’s pathophysiological characteristics and prevent deglutination problems.
This paper explores recent innovations in drug formulations, highlighting the shift
from traditional liquid formulations to solid dosages through three-dimensional (3D)
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printing technology. Recent advancements in 3D printing technology offer promising solutions to these challenges.
Additive manufacturing (AM), or 3D printing, facilitates the creation of complex objects (e.g., drug formulations)
directly from digital models, allowing for high precision and customization. 3D-printed formulations have displayed
considerable promise in improving palatability, adherence, and dose accuracy for pediatric use. Innovations like
chewable tablets and taste-masked formulations make medications more acceptable to children. Moreover, the
ability of 3D printing to adjust drug release profiles and doses offers a personalized approach to pediatric and geriatric
pharmacotherapy, which is essential for managing conditions that require precise therapeutic control. The paper
discusses several case studies using the semi-solid extrusion (SSE) process for producing personalized dosage forms,
along with various technical and regulatory challenges associated with implementing this process in hospital-based
drug manufacturing. In conclusion, while 3D printing in pediatric and geriatric pharmacotherapy addresses many
challenges of traditional drug formulations, ongoing research and adaptation of regulatory frameworks are necessary

to expand its application, ensuring safer, more effective, and more acceptable medication.

Keywords: Unlicensed preparation; 3D printing; Pediatrics; Semi-solid extrusion; Hospital preparation;

Personalized medicines

1. Introduction

The lack of availability of appropriate medicines for children
has been an extensive and well-known problem for many
years.! Children require medicines that are adapted to each
age group, due to the remarkable heterogeneity of this
population, which ranges from premature infants to young
adults. Some medicines are not suitable for young children,
and even less so for premature infants.”* Furthermore,
differences in the pharmacokinetic and pharmacodynamic
profiles of children and adults necessitate different dosage
strengths for children. Moreover, the preferred dosage
form for children evolves with age and must be adapted to
account for varying weights, forms, and taste preferences,
which can differ from country to country.” Consequently,
there is a strong demand for medicines that are suitable
for children, easy to administer, use non-toxic excipients,
reduced dosage frequency, good palatability, and flexible
dosing.®” When developing a medicine, the choice of
pediatric forms is most often made in favor of oral liquid
forms, despite their limitations, including stability issues,
difficulty in achieving controlled-release formulations,
the need for multiple-day dosing, exposure to potentially
harmful excipients, poorer palatability, and higher costs.
From an industrial perspective, these constraints represent
a significant challenge.*"!

Numerous incentives from the United States (US)
Food and Drug Administration (FDA) and the European
Medicines Agency (EMA), such as Pediatric Investigation
Plans, are mobilized in order to develop new formulations
adapted for children with specific indications, allowing
them to achieve Pediatric-Use Marketing Authorization
(PUMA) status. In contrast, pediatric formulations of
drugs already on the market typically receive only hybrid

generic status and are priced similarly to the original
drug. Between 2007 and 2016, 267 new medicines and
43 new dosage forms for childrens use were authorized.
Unfortunately, despite these incentives, only seven PUMAs
have been obtained since 2006."* Pediatric medicines
remain underdeveloped, particularly in areas such as
anticancer drugs, cardiology, or diseases affecting only
children.'**-" To achieve better results, Europe is in
the process of amending its incentive rules (Regulation
726/2004 and Directive 2001/83/EC) and the legislation
on medicines for children and rare diseases (Regulation
1901/2006 and Regulation 141/2000/EC, respectively).

Children are a particularly vulnerable patient group
with limited pharmaceutical treatment options. Drug
shortages have been associated with higher relapse rates
in children with cancer, the use of less effective agents,
off-label use, and a greater risk of both short- and long-
term toxicity.”® Drug shortages negatively impact patients
by affecting drug therapy, causing delays in medical
procedures or therapy, and contributing to medication
errors.”* Therapeutic alternatives, where they exist, are
often associated with higher cost, lower efficacy, increased
side effects, off-label use, and medication errors due to
inexperience and lack of knowledge.>*

Despite efforts by health authorities to promote the
development of pediatric medicines, many medicinal
productsareauthorized only foradults and are not currently
available in formulations suitable for administration to the
pediatric population. As a consequence, oft-label or even
unlicensed practices are frequent and their prevalence has
been estimated to range from 3.2% to 95% overall, 26-95%
in neonates,”* 2.7-51.2% in outpatients, and 9.0-79.0%
in inpatients.”®* Caregivers or parents often modify oft-
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label medicines before administration, such as crushing
tablets into powder, opening capsules and diluting
the powder in a liquid, or drinking injectable drugs.
However, such modifications can have potentially harmful
consequences for a pediatric patient.*® These practices may
affect the efficacy and safety parameters of the medicinal
product by altering its absorption characteristics, stability,
and palatability.*»** Such manipulation presents a risk
of medication errors in dose calculation or preparation,
leading to inaccurate dosing and undetermined effects on
the product’s stability.**** Additionally, crushing tablets or
opening capsules exposes caregivers or family members
to chemical risks associated with the active substance,
particularly when it is carcinogenic.

Due to the lack of appropriate medicines for children,
compounded medicines (i.e., unlicensed preparation)
can play an important role in addressing needs unmet
by commercial medicines or during drug shortage.””
Unlicensed preparations are produced by the community
and hospital pharmacies, offering capsules or oral liquid
formulations adapted to patients’ needs. The need for
adapted treatment through compounding is significant,
especially in conditions with narrow therapeutic margins,
long-term treatments, and medications where non-adapted
dosages or non-compliance can jeopardize patient survival,
such as cancer, autoimmune diseases, and cardiology.'®**
For example, a recent study on hospital preparations in
oncology by the European Society for Paediatric Oncology
(SIOPE) and the European Society of Oncology Pharmacy
(ESOP) identified 28 formulations for 13 different active
pharmaceutical ingredients (APIs) used in chemotherapy
and 35 formulations for 16 different APIs used in supportive
therapy, each with a sufficient level of evidence.”” In some
cases, more sophisticated formulation strategies, such as
encapsulation of drug particles or 3D medicine printing,
are highly promising and have demonstrated a significant
benefit over traditional extemporaneous preparation.”
Such robust and adaptive techniques could facilitate
access to personalized therapy for all pediatric patients.***
Scientific publications and recent industry strategies
indicate a clear shift from liquid dosage forms to novel solid
dosage forms.* This new technology improves palatability,
provides flexibility in the design of child-friendly dosage
forms, and could enable cost-effective, individualized
treatment options. However, further research in this field
is evident.*"*

The common challenges of managing children’s
medication are similar to those encountered in geriatrics.
Similarly, geriatric patients require dose adjustments
according to their physiological characteristics and galenic
compounding to compensate for deglutination problems.
Swallowing difficulties in older adults present challenges

for medication management, particularly as polypharmacy
is so common."” Therefore, geriatric patients require
personalized treatment using compounded medicines, just
as pediatric patients do.*

Overall, theuse of unlicensed preparations hasincreased
over the last 10 years, especially as they are also used to
compensate for drug shortages, such as anesthetic drugs
during the COVID-19 crisis or amoxicillin since 2022.*

Furthermore, unlicensed preparations can be tailored to
individual patients or produced at a larger semi-industrial
scale. Since compounding carries the risk of contamination
and supra- and subtherapeutic errors,” it demands highly
trained personnel and premises that are no longer available
in all pharmacies in many countries. To ensure the quality
of the preparations and their safe use, regulations must be
adapted to these different production scales. For example,
the FDA has revised its recommendations to provide more
flexibility to hospital pharmacies and health systems in the
distribution of compounded drugs, while emphasizing the
importance of ensuring their safety and efficacy.** In France,
new regulations allow for the production of medium-sized
batches, with a corresponding increase in quality towards
Good Manufacturing Practice (GMP) standards.* In
this context, 3D printing emerges as a valuable tool for
creating custom shapes and doses, enhancing the quality
of pediatric preparations.*

Since the 2010s, there has been increasing enthusiasm
among academic, hospital, and community pharmacies, as
well as the industry, for additive manufacturing (AM) of
drugs.”®' Better known as 3D printing, AM is a process
of creating a physical object by joining materials layer by
layer from a digital 3D model.”* All AM processes can be
divided into a sequence of operations integrated within
a digital chain, which comprises four distinct stages.”*-*
The first stage is computer-aided design (CAD), which
involves creating a 3D digital model and converting its
surfaces into a network of polygons, typically triangular
facets. The positions of these facets are then translated
into instructions for the 3D printer, written in G-code.
The second stage is the preparation of the digital model
prior to manufacturing, which involves optimizing and
repairing the digital model before slicing it into layers.
The third stage is computer-aided manufacturing (CAM),
which involves manufacturing the physical object layer
by layer. The fourth stage is post-processing, which is
optional depending on the objects manufactured and the
technology used. This stage consists of a series of steps
carried out after the completion of a manufacturing cycle
to ensure the finished product has the desired properties
(e.g., support removal, drying, coating, polishing, coloring,
smoothing, etc.).
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Additive manufacturing (AM) processes offer several
advantages over traditional methods. They enable complex
objects to be manufactured with high precision and
enable flexible modifications to the object’s characteristics
by adjusting the parameters of the digital model. This
capability allows the creation of various versions of the
same model. Therefore, AM processes are well-suited for
the on-demand production of small batches.

This review presents a brief overview of the various
technological aspects and materials used in the 3D
printing of drugs, utilizing the Web of Science (WoS) and
PubMed bibliographic tools. It provides a state-of-the-art
bibliographic overview (2021-2024) of the latest advances
in the field, focusing on drug 3D printing using semi-
solid extrusion (SSE) technology, which is one of the most
promising technologies for 3D-printed medicines. The
aspects related to the manufacturing processes and post-
treatment of the preparations are addressed. Finally, the
application of SSE-printed compounds in a hospital setting
is discussed.

2. Additive manufacturing processes
for drugs

2.1. Processes overview

Additive manufacturing (AM) processes have been
classified by ISO/ASTM 52900 into seven families
according to the binding or solidifying agent, the raw
material (polymer, metallic, ceramic, and composites), and
the material distribution technique used (Figure 1).* The
processes applicable to drug product manufacturing utilize
polymers or photopolymers (resins). Five families using
polymers or resins as raw material have been researched
for drug manufacturing: powder bed fusion, material
extrusion, material jetting, vat photopolymerization, and
binder jetting (Figure 1).”~* The remaining processes,
directed energy deposition and sheet lamination, are
not designed for drug manufacturing but are instead
for metallic parts manufacturing. Each process has its
respective characteristics, advantages, and drawbacks that
influence the quality and printability of drugs, as well as
the organization of the production process.

material
: I I I I I | I
Thermal reaction bonding Chemical reaction bonding
s y A A 4
TV Filament |[ Melted Powder Liquid Liquid material Sheet
dsto . material || material material q material
A d A 4 A4 h
=0nga Deposition Print Powder : Print Sheet
distribution ¢ nozzel Head bed Print head Head Vat stack
Selective
- Extrusion || Multi-jet || fusion of . . . Fusion of
of melted || material |[materialin Rgs;:itr:ng h otL(')gr:)tl rﬁfé:: I\C/Srin stacked
princip material printing || a powder g P poly 8[| sheets
bed
Process Material || Material Powder Binder |[Material Pho\t/gt ol Sheet
category Extrusion Jetting ||Bed Fusion|| Jetting Jetting merizaﬁio\rq Lamination

Figure 1. Diagram of additive manufacturing processes according to the ISO/ASTM 52900 nomenclature. Adapted with permission from ref.> Copyright

© 2021 ISO/ASTM.
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The processes can be divided into three major groups,
depending on the characteristics of the raw material and the
manufacturing requirements®: (i) powder agglomeration
processes with powder bed fusion and binder jetting;
(ii) liquid material solidification processes with material
jetting and vat photopolymerization; and (iii) extrusion
processes from solid or semi-solid materials.

To determine which of these processes would be
most suitable for hospital and community pharmacy
use in the coming years, the process should meet the
following criteria:

(i) The process must be perfectly suited for
manufacturing a wide range of different products,
with minimal cleaning constraints and a low risk
of cross-contamination between batches. This is
crucial for hospital confounding, where equipment
is used to produce various medications tailored to
individual patient needs. If this criterion is not met,
the process is excluded.

(ii) The materials used in the process (i.e., equipment
and pharmaceutical raw materials) must be well-
established for clinical use. The process should
utilize a variety of excipients that are biocompatible
and readily available. The process should be capable
of handling and processing thermosensitive or
photosensitive APIs or excipients.

(iii) The process must enable the manufacture of dosage
forms suitable for specific populations. Considering
oral dosage forms particularly suited for children,
mini-printlets ~ (mini ~ 3D-printed  tablets),
orodispersible, fast disintegrating printlets, and
chewable printlets have to be printable. These shapes
must be appropriately sized for children’s mouths
and esophagus to ensure ease of administration.
Suppositories are another type of solid dosage form
suitable for children that are administered rectally.
In addition, the selected process should ideally
facilitate the production of drugs with different API
release kinetics (immediate and controlled release).
The process is excluded if this criterion is not met.

In the following sections, we will discuss the different
criteria for each process. Processes that are unsuitable
for manufacturing printed medicines in hospitals are
excluded from the evaluation, with justification for their
exclusion. Finally, we will identify and detail the most
appropriate process.

2.1.1. Powder agglomeration processes

Powder bed fusion involves using thermal energy (e.g.,
scanning laser) to selectively melt areas of powder
which is placed in excess within a container.”>* This

process does not meet the aforementioned criteria.
Firstly, it is not suitable for manufacturing multiple
different products for various patients. The use of a large
quantity of powder implies significant constraints for
product changeovers, with extensive cleaning required
for the powder container. Therefore, the risk of cross-
contamination is high. This process is better suited for
large-scale industrial production of a single product. In
addition, hospital premises would need to handle the use
and storage of large quantities of powder in controlled
atmosphere zones, requiring extensive personal protective
equipment, particularly for chemotherapy drugs, which
present a major risk to operators. The process also does
not accommodate heat-sensitive materials. Furthermore,
onlyasmall proportion (10-15%) of the powder is sintered
during the process.®"%* The rest is recovered, but not all
of it can be recycled. Each pass through the 3D printer
deteriorates the quality of the powder, necessitating the
mixing of recycled powder with approximately 50% or
more fresh powder,** resulting in significant material
loss. For all these reasons, this process may not be suitable
for manufacturing drug products in hospitals.

Binder jetting involves selectively depositing a liquid
binding agent on a powder bed to agglomerate the powder
particles.”>* This process is used to produce Spritam®, the
first and only 3D-printed medicine commercially available
in the United States of America (USA). Spritam® is prepared
using the patented ZipDose® technology,®® which allows
the drug formulation to disintegrate extremely rapidly.**
Binder jetting is similar to the powder bed melting process,
except that it uses a solvent to bind the powder instead
of thermal energy. The powder is also placed in excess
in a container. Unlike the powder bed melting process,
thermosensitive or photosensitive materials can be used,
as binder jetting does not require thermal energy or a light
source for production. However, like powder-bed fusion,
the substantial use of powder is not suitable for hospital
compounding, but rather for industrial manufacturing.
Therefore, this process is excluded.

2.1.2. Liquid photoreactive material

solidification processes

Vat photopolymerization is an AM process where a liquid
photopolymer is placed in a vat and selectively exposed to a
light source to create an object via light-induced curing.”>**
However, this process has two main issues. First, there
are limited biocompatible photopolymerizable materials
available for drug production,” and there is insufficient
information on their safety for human consumption.
There may also be a risk of undesirable chemical reactions
between the API and photopolymers.®% As a result, the
process may not yet be for drug manufacturing. Second,
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the need to place the raw material (in liquid form) in
large quantities in a tank and cure it with ultraviolet (UV)
light precludes the use of photosensitive materials and
complicates product changeovers. This results in extensive
cleaning requirements and an increased risk of cross-
contamination. For these reasons, this process is also not
suitable for drug manufacturing in hospitals.

Material jetting is an AM process that involves
spraying a liquid onto a substrate in droplets, triggered
by either piezoelectric or thermal stimulation. This
process includes two main types: (i) continuous inkjet
printing (where ink flow is continuous) and (ii) drop-on-
demand (where ink is jetted on demand).”” Depending
on the technology used, the drops could either solidify
spontaneously or with the aid of heat or UV light.®
Among the reported dosage forms, oral and buccal
films have demonstrated significant promise for this
technology.®”*® In 2024, material jetting meets most of
our criteria except the second one. Inkjet 3D printers
currently used in pharmaceutical research are still in
the early stages of development® and are essentially
derived from conventional desktop printers, which are
not yet suitable for clinical use. Therefore, despite its
potential, this process is also excluded for hospital and
pharmacy use.

2.1.3. Extrusion processes

Extrusion is a mechanical manufacturing process where
the material is forced through a small hole (the die) under
pressure, transforming it into a homogeneous, plastic,
semi-solid mass, known as the extrudate (typically a
filament). In AM based on extrusion processes, the raw
material is passed through a nozzle orifice and selectively
deposited layer by layer.”> The raw material may be in
solid form or semi-solid form. All extrusion-based AM
processes follow the same successive operations®: material
loading, liquefaction, pressure application to move the
material through the nozzle, extrusion, and controlled
layer-by-layer deposition along a predefined path, followed
by bonding the successive layers. The specifics of SSE are
discussed in the next section.

In fused filament fabrication (FFF), also known
as fused deposition modeling (FDM), the material is
a solid thermoplastic filament obtained through hot
melt extrusion (HME). HME uses a heat input to melt
thermoplastic materials, which may initially be in various
forms, such as powders, granules, flakes, pastes, etc. The
extrudate is produced continuously, and the size and
shape of its cross-section are defined by those of the die.*”
Established in the pharmaceutical industry in the 1980s,
HME is used to produce a variety of dosage forms (e.g.,
pellets, granules, implants, etc.). HME can also be used

to produce controlled-release forms and increase the
apparent solubility of APIs by promoting the formation
of amorphous solid dispersions.®*® Additionally, HME
can be used to produce solid thermoplastic filament
suitable for FFF/FDM. In FFF/FDM, the filament is
fed through a print head with a heated nozzle that
melts the material and deposits it layer-by-layer on the
manufacturing platform.*>*>*> Among the AM processes
discussed, FFF/FDM is one of the least costly and easiest
to operate, providing good precision and versatility,®¢*7°-"8
and remains the most frequently used AM process in
the market.”

Fused filament fabrication/fused deposition modeling
(FFE/FDM) offers several significant advantages. First, it
uses solid filament that can be easily stored and handled
during production, making it easy to set up on hospital
premises. The filament is consumed precisely by the 3D
printer for parts manufacturing, minimizing waste and
simplifying cleaning, which involves only the nozzle and
build platform onto which the material is deposited. This
helps manage the risk of cross-contamination. Moreover,
HME has long been used in the pharmaceutical sector,
providing access to a wide range of biocompatible
excipients for use in FFE The process does not require light
exposure, enabling the use of photosensitive materials and
eliminating the need for post-printing treatments.

However, this process has significant limitations. Firstly,
filament manufacturing by HME can be challenging to
manage within hospitals due to the complexity of achieving
homogeneous distribution of APIs, making it difficult to
achieve at the point of care. The API can be incorporated
either with the excipients in the extruder or post-extrusion,
which complicates the process.”® Additionally, HME
equipment is costly and bulky. FFF also has a low printing
speed, i.e., 2-5 min to manufacture a single tablet, or >1
h for a single batch of 30 prints.”® It is difficult to improve
this speed due to the constraints of filament flow, which
requires a balance between low viscosity for extrusion and
high viscosity for layer adhesion.®*’*’ Another drawback
is the need for high temperatures to melt the thermoplastic
filament, typically ranging from 100 to 250°C,”° which
makes it difficult to manufacture drugs containing
heat-sensitive APIs.

In terms of feasible dosage forms suitable for children or
the elderly, the FFF process is well-suited for manufacturing
solid dosage forms for swallowing, including chewable
forms, such as the mini-tablets developed by Parulski et
al.”? However, formulations produced using this process
often result in dosage forms with high hardness and
melting temperatures higher than 100°C, which makes
them unsuitable for suppositories or orodispersible forms.
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In view of these drawbacks, we consider that the
FFF process is not currently the most suitable option for
compounding in pediatric oncology hospitals.

2.2. Semi-solid extrusion

2.2.1. Process overview

The other extrusion-based AM process is SSE. Unlike
FFF, SSE uses a semi-solid (or semi-molten) raw material,
usually placed in a syringe or cartridge and extruded atlow
temperatures,® generally between ambient temperature
and 80°C (Table 1).* The material is extruded by applying
sufficient pressure in two main ways. The first approach
is pneumatic extrusion, whereby the piston of the
syringe containing the pharmaceutical ink is pushed by
compressed air pressure. The pressurized air is connected
directly to the syringe body, whose nozzle can incorporate
a valve to control the air channel into the printhead via
an on-oft switch, closing the channel when the valve is
switched oft® (Figure 2). The advantages of this system
are high precision in material extrusion, fast response
time as the syringe body can be instantly pressurized,
and suitability for viscous materials (as the gas can reach
high pressures without compromising system integrity).
However, it is less effective for low-viscosity materials and
is more complex compared to mechanical systems.**®' The
second approach is mechanical extrusion, utilizing either
a piston or a screw controlled by stepper motors to push
the material through the nozzle (Figure 3). Mechanical
extrusion is more affordable and easier to transport
than the pneumatic system, as it does not require an
air compressor. Furthermore, syringes can be replaced
quickly and easily, speeding up the printing process.
However, it is not suited for high-viscosity materials.*

The quality of dosage forms manufactured by SSE is
influenced by three categories of parameters: material
parameters, operating parameters, and machine
parameters. These parameters interact with each other
and influence the quality of the finished products,
including API content and uniformity, release kinetics,
mass and mass uniformity of printed products, product
appearance, and mechanical properties (e.g., surface
roughness, dimensional accuracy, hardness, etc.).
Material parameters refer to the formulation, particularly
the material’s rheological properties and, to a lesser
extent, its thermal properties. Operating parameters
are those that can be modified during print production,
i.e., numerical parameters and physical parameters.
Numerical parameters enable modulation of the dosage
and kinetics of print release from the 3D model;
physical parameters designate the selection of optimal
temperature, pressure, and print speed as a function of

material and numerical parameters. Machine parameters
are the characteristics of the equipment used to print the
drug, such as the design and number of printheads or the
diameter of the nozzle.

2.2.2. Dosage form design by computer-aided design
Operating parameters affect the quality attributes of the
finished product. The design of the dosage form mainly
includes its geometry, dimensions, and infill density.
Design geometry is an editable parameter, where the
exchange surface can be adjusted to modify the API release
kinetics. Different dosage form dimensions can alter the
quantity of API in the finished product (e.g., larger dosage
forms contain more API). Additionally, the size of the
dosage form is strongly correlated with its mass.'® The
infill density of the dosage form can be varied to obtain
different properties and release profiles. Generally, porosity
is retained to facilitate API release; thus, infill density rarely
reaches 100%. By adjusting these parameters during drug
production via SSE, it is possible to tailor the dosage form
to meet the specific needs of the patient, ensuring precise
control over the drug’s characteristics and performance.

2.2.3. Pharma-ink and dosage forms

The 3D printing material, also called the Pharma-ink (a
mixture of drugs and excipients), should possess several
ideal characteristics: it should be easy to prepare without
using heat, adhere minimally to facilitate packaging in
the 3D printer while ensuring sufficient adhesion of the
semi-solid mass to the printing bed, be smooth and free
of lumps, and be easily incorporated into a syringe. Finally,
the dynamic viscosity of the ink must be sufficiently high,
with shear-thinning properties, to be printable without
collapsing once extruded.'® Table 1 provides a non-
exhaustive literature review of articles published between
2021 and 2024 on drugs manufactured via SSE. The most
common dosage forms are solid oral forms, predominantly
swallowable dosage forms (films or tablets). Other solid
oral dosage forms produced by SSE include orodispersible
and chewable forms. One advantage of SSE over FFF is
its ability to manufacture solid dosage forms with a soft
texture, allowing for the creation of chewable printlets. For
example, gummies made by Rouaz-El Hajoui et al. contain
gastro-resistant pellets with the APIL'® enabling the
modified release of the API while still allowing chewing of
the dosage form (Figure 4). While most of these solid oral
dosage forms are designed for systemic pharmacological
action, there are a few examples intended for local action
in the stomach, such as gastro-floating devices. Other
notable forms include mucoadhesive films like vaginal
ovules made by Teworte et al.,'” rectal forms, such as
infliximab suppositories made by Awad et al.'* (Figure 5),
and medical devices impregnated with active substances,
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