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Helping our clients achieve success
through great product design

BD Libertas™ Wearable Injector* (2-5 mL)

www.dca-design.com

*BD Libertas™ Wearable Injector is a product in development; some statements are forward looking and are subject to a variety of risks and uncertainties. BD Libertas
Wearable Injector is a device component intended for drug-device combination products and not subject to FDA 510(k) clearance or separate EU CE mark certificatiol
BD, the BD Logo and Libertas are trademarks of Becton, Dickinson and Company or its affiliates. © 2024 BD. All rights reserved.
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Many Pipelines. One Platform.

* Wide range of delivery volume

* Flexible primary container option

* Single-use or reusable models

* No drug transfer

* Wireless connectivity

e Built-in safety features and alarm system

* One device platform for a variety of dosing needs

Contact the altek team for partnership opportunities
www.altekmed.com | injector@altek.com.tw
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ZwickRoell
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FROM PRECISION TO PERFECTION:
NEW ON-BODY DELIVERY SYSTEM
TESTING SOLUTIONS

In this article, Peter Schmidt, Product Manager Medical/Pharma at ZwickRoell,
details the advantages ZwickRoell's integrated testing systems offer for ensuring

precise and accurate testing of on-body drug delivery systems, including the

prevention of static charge and the company’'s advanced camera-based

measurement systems.

In the medical industry, wearable injectors
and on-body delivery systems (OBDSs)
are playing an increasingly important role
in the treatment of cancers, autoimmune
diseases, rare diseases and neurological
disorders. These devices offer a means to
efficiently and precisely administer drugs in
effective doses over longer periods of time,
especially for patients who require regular
injections (Figure 1).

ZwickRoell testing systems support and
set new standards in standard-compliant
testing for these drug delivery devices.
The company’s systems provide users with

- -

unique advantages for the development
of both standard and automated testing
systems, with a focus on reproducible,
traceable results, as well as reliability,
safety and efficiency.

ZwickRoell has installed nearly 200
autoinjector testing systems worldwide and
is continuously working to further raise
standards in OBDS testing as well. The
administration of highly viscous biologics
continues to pose a significant technical
challenge to the industry, so OBDSs must
be able to effectively handle drug reservoirs
with volumes ranging from 2 mL to up

Figure 1: OBDSs are an efficient and patient-friendly approach for injections over a

longer period of time.

www.ondrugdelivery.com

Peter Schmidt
Product Manager Medical/Pharma
E: peter.schmidt@zwickroell.com

ZwickRoell
August-Nagel-Strasse 11
89079 Ulm

Germany

www.zwickroell.com/medical
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ZwickRoell

‘A unique feature of
ZwickRoell's testing
systems is the ability to
achieve sequential results
on a single specimen.”

to more than 20 mL, and achieve delivery
rates of 0.01 mL to over 60 mL per hour.
These devices vary in their duration of
use from minutes to several hours and
often integrate advanced communication
technologies, such as Bluetooth and near-
field communication (NFC), to improve
patient care. These technical requirements
emphasise the need for innovation in
the design of wearable injectors, both in
single-use and reusable systems.

A unique feature of ZwickRoell’s
testing systems is the ability to achieve
sequential results on a single specimen. As
a result, all the necessary tests that were
previously performed separately can now
be carried out in a single, coherent test
sequence. This not only saves time, but
also reduces the number of inaccuracies
caused by user influences, as the specimens
do not have to be moved between different
tests, thus guaranteeing traceable and
reproducible results.

CHALLENGES IN
CALCULATING RESULTS

The injection of drugs, highly viscous drugs
in particular, poses a number of technical
challenges that must be carefully addressed
to ensure their safety and effectiveness
during treatment. A major challenge is
the need to avoid static charge during the
testing process, which can greatly impair
the precision of the weighing results.
In addition, the crystallisation of the drug
upon contact with air poses a challenge.
This clogging effect can sometimes also
affect the administration itself. Equally
problematic is the evaporation of the drug
during the injection process, which can take

Figure 2: ZwickRoell's OBDS testing system using highly precise VDX.

up to 60 minutes and can falsify the dosage.
The OBDS testing system from ZwickRoell
prevents these effects via a special test
methodology employed throughout the
entire testing process.

Highly accurate measurement of the
injection depth is crucial for ensuring that
the drug is applied exactly where it is needed
in the body. Precise determination of the
total injection volume, including the last
drop, is equally important for guaranteeing
the required dose for therapy and avoiding
waste. These requirements call for advanced
technologies and precise engineering to
maximise effectiveness and patient safety.

DAILY CHECKS FOR ALL SENSORS

Before each new test job, it is essential
to check whether all the sensors used are
working and providing reliable results.
An error in the results chain can have
fatal consequences for the quality of the
results and, therefore, for production or
delivery, creating significant additional
costs for the development programme.
As such, ZwickRoell offers easy-to-use and
reliable daily check tools for all sensors
used in the testing of autoinjectors to ensure
systematic functional reliability before each

"ZwickRoell offers easy-to-use and reliable daily check
tools for all sensors used n the testing of autoinjectors to
ensure systematic functional reliability before each job and
before each time a product to be tested is changed.”

Copyright © 2024 Frederick Furness Publishing Ltd

www.ondrugdelivery.com

job and before each time a product to be
tested is changed. The daily check results
are linked to the test programme and ensure
that, in the case of a check failure, the test
job cannot be performed.

SPECIAL BEAKER PREVENTS
STATIC CHARGE

Another highlight of ZwickRoell’s testing
systems is the integrated, high-precision
scale for obtaining extremely accurate
test results. This precision is critical for
determining the precise amount of the drug
injected over the entire injection (injection
profile) and for ensuring that the dosing
meets all required standards. ZwickRoell has
developed a sophisticated and clever solution
to avoid falsification of results and thereby
continually set high standards, including in
the implementation of OBDS tests.

CAMERA-BASED MEASUREMENT
AND VIDEO CAPTURE

Camera-based measurement (VDX) is
a revolutionary method for the precise
recording of injection parameters (Figure 2).
This system provides more accurate results
than traditional methods as it is not affected
by injection mist or spray. A key feature
is the ability to measure injection depths
for needle lengths between 2.5 mm and
15 mm with an impressive accuracy of less
than +0.05 mm. Additionally, it enables
the measurement of the injection time with
a minimum duration of less than =0.05
seconds to record extremely fast injections,
as is the case with emergency injectors.
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Another advantage of this system is
synchronised video capture, which enables
the entire injection process to be visually
documented and recorded synchronously
This is
an integral part of the quality control

with other measurement data.

measurement process. The unique ability
to calibrate the camera-based system also
increases the reliability of the test results.
Flexible adjustment of the field of view also
enables the width of the liquid injection
angle to be recorded precisely, making this
measuring system an indispensable tool.
ZwickRoell’s VDX
precise monitoring and analysis of every

system ensures
phase of the injection, from activation
of the injector to completion of delivery.
The
detailed insights that are essential for

high-resolution camera provides
calculating results, quality control and error
analysis. This technology also enables all
results to be recorded accurately and to

immediately identify any deviations.

MODULAR DESIGN AND
CUSTOMISATIONS

As
ZwickRoell also offers customised systems

well as standardised solutions,
that can be quickly and flexibly tailored
to meet a customer’s specific needs.
The ability to quickly configure testing
machines for different standard changes,
testing requirements and methods, whether
for research and development or quality
control, makes these systems particularly
flexible (Figure 3). This is why ZwickRoell’s
development team works so closely with its
customers — to make sure that their specific
requirements are always met. Each solution
aims to deliver the best possible modular

structure and can therefore be individually

adapted toacustomer’sspecific requirements,

Figure 3: A modular set-up
enables adaptation when
changes are necessary.

"ZwickRoell's VDX system ensures precise monitoring
and analysis of every phase of the injection, from
activation of the injector to completion of delivery.”

making them an ideal solution for a wide
range of OBDS testing requirements. The
systems cover any challenge that could
possibly arise when testing OBDSs and,
therefore, offer comprehensive solutions
for the pharmaceutical industry.

SECURE DATA AND SEAMLESS
TRACKING

ZwickRoell offers solutions for managing
data as well as complying with legal
requirements such as US FDA 21 CFR
Part 11. The software package for testing
injectors with ZwickRoell’s testXpert III
software enables complete traceability and
user management to ensure that all data
is tamper-proof and cannot be altered
(Figure 4). The integrity of the data and

SET UP TESTING SYSTEM ~ COMNFIGURE TEST  RUN TEST

EXPORT TEST DATA

user management are crucial for compliance
with legal requirements and, consequently,
the security of users and patients.

ABOUT THE COMPANY

ZwickRoell is a materials testing system

developer and manufacturer and a
trusted partner for reliable test results.
A fundamental requirement for reliable
test results in materials and components
testing is the perfect interaction among
all  testing  machine components.
For this reason, ZwickRoell develops
and manufactures both the load frames
and all main components itself. With 15
product groups and testing solutions for
more than 20 industries, as well as support
from the company’s approximately 1,900
employees representing over 50 countries,
ZwickRoell is an expert partner in the

field of materials testing.
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Figure 4: ZwickRoell's testXpert software displays the key test results at a glance.
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Testing systems

for the medical and pharmaceutical industry

- Manual, semi-automatic and fully automated testing solutions for therapy
systems (needles, (pre-filled) syringes, insulin pens, auto injectors)

- Traceable and tamper-proof test results in accordance with FDA 21 CFR Part 11

- ZwickRoell supports customers with DQ, 1Q and 0Q services

www.zwickroell.com/testxpo te Stxpo

32" Expo for Materials Testing
October 21-24, 2024 in Ulm, Germany

What is your testing challenge? info@zwickroell.com

www.zwickroell.com/medical ZWiCk I Roe"
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Expert View

THE SPECIFIC APPROACH:
THE ADVANTAGE OF CUSTOMISATION
FOR WEARABLE DELIVERY SYSTEMS

In this Expert View, Dave Beckstoffer, Business Development Manager at Portescap,
considers how involving customisation from the outset of an on-body injector

development project can not only optimise the patient outcome but also
streamline the development timescale for device engineers,
with a particular focus on the drive system.

In the arena of on-body injector
and autoinjector development,
more and more companies are
creating devices that are paired
one-to-one with a specific drug.
While injector developers are still
producing devices that can handle
a range of different drugs, the
advantage of developing a
specific injector is in matching
the unique therapy and
patient profile to the
given drug (Figure 1).
The
from the pharmaceutical industry is for

demand

optimised drug delivery that is able to

deliver improved drug efficacy. The
expertise and timescales needed to create
the latest, most effective drug treatments
require high investment. In turn, optimising
therapy efficacy demands the most
appropriate delivery methodology.

As a result, the capability of the delivery
system, based on an electric motor,
a gear, a connecting actuator and,
potentially, a feedback device, must also
be customised to suit the drug and its
that

relatively speaking, have the greatest need

delivery needs. Drugs do not,
for volumetric precision, such as a diuretic
like furosemide, could still be delivered by a
generic device.

However, in the burgeoning market
of biologics, precise delivery is often
crucial to treatment efficacy and there
might be less margin for error with respect

Figure 1: The capability of the delivery
system must be customised to suit the
drug and its delivery criteria.

to harmful overdosing. In these cases,
customising the delivery system ensures
precision over delivery force, dependent
on drug viscosity and the injection time
profile. Additionally, the frequency of
administration and the total required
lifespan of injector use are other key
considerations.

While the growth in the biologics market
has pushed the move towards customising
delivery system designs specifically for
individual drugs, the tendency to aim
to standardise devices for subsequent
or similar drug types can still remain.
A device developer might invest resources
in establishing a customised delivery
system for the first contracted drug or set
of biologics but might then aim to use

“While the growth in the biologics market has pushed the
move towards customising delivery system designs specifically
for individual drugs, the tendency to aim to standardise
devices for subsequent or similar drug types can still remain.”

www.ondrugdelivery.com

Dave Beckstoffer
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the original design as a platform across a
broader range of drugs. In such cases, the
outer portion of the device and the software
can be tailored to each specific drug and
therapy while the core delivery system
remains the same.

Typically, this could mean adjusting
the force to suit the viscosity, substituting
the original motor and gear specification
with an off-the-shelf selection of standard
products. There is a logic to this approach,
where repeating tried and tested designs,
only making the necessary adjustments,
can quickly achieve reliable results.

The danger, however, is moving too
quickly with the redesign and neglecting
important decisions that can impact wider
aspects of the on-body injection device.
This can result in the need for reworking
later down the line, extending the overall
project timescale.

FORM FACTOR AND DRUG
DELIVERY REQUIREMENTS

Form factor is an important aspect that can
be adversely impacted by abandoning the
full range of customisation considerations
at a premature stage or by moving directly to
selection of off-the-shelf motors, gears and
lead screws. By maintaining a customisation
approach at the concept phase of every
new project, a designer can make fine
adjustments to the delivery system’s
components; this enables them to adapt
to different drug viscosities and delivery
requirements as necessary, while also
keeping the form factor and weight
practically the same.

Copyright © 2024 Frederick Furness Publishing Ltd

Figure 2: A spur gear type is typically
preferred for a wearable injector.

"The gearing system has
the biggest impact on
form factor and, if

greater force 1s needed,
customisation can achieve
more specific ratios than
off-the-shelf designs

will usually provide.”

The gearing system has the biggest
impact on form factor and, if greater force
is needed, customisation can achieve more
specific ratios than off-the-shelf designs
will usually provide. For the most compact

www.ondrugdelivery.com

footprint, the gear housing can also be
modified to fit perfectly within the device
architecture. A spur gear is typically
preferred, as this arrangement allows
an offset lead screw output, enabling an
improved fit within the typical rectangular
layout of an on-body injection device
(Figure 2).

With the gear design optimised, the
motor can also be customised to provide
the required output characteristics while
maintaining the desired footprint. While
motor size might have to increase to
meet output torque requirements, using
alternative motor technologies could be
advantageous should increasing the gear
ratio alone not be sufficient. Switching
from a brushed direct current (DC) motor
to a brushless DC (BLDC) motor increases
the speed potential, increasing the delivery
capability while reducing the footprint
for the equivalent output. Changing the
motor technology can also be useful for
handling different drug delivery profiles.
For example, if the drug needs to be
delivered rapidly, the higher speed of a
BLDC design could be more appropriate.

To achieve precise dosing and enable
exact management of the delivery phase,
the encoder pairing is also crucial, with
careful consideration required for the
feedback technology type and its resolution.
Alternative technology could also be used
in cases where the drug needs a delivery
profile with fine, incremental volumes that
are administered over a longer duration.
In these cases, stepper motor technology
might be preferable, which can be run
open-loop, thereby focusing the feedback
on the drug delivery (Figure 3).

Figure 3: High-speed stepper
motors are an alternative option
alongside BLDC and brushed motors.
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Figure 4: Device developers can gain significant benefit from early input from delivery system engineers.

‘In combination with the appropriate motor technology,
a higher pitch could deliver several times the force
capability from the same drive mechanism footprint.”

Consideration must also be made for
the lead screw, with customisation options
available for the diameter and pitch
leading to an optimised system. This way,
in combination with the appropriate motor
technology, a higher pitch could deliver
several times the force capability from the
same drive mechanism footprint.

However, it is crucial to remember that
changes to any one of the components
can impact the output or footprint of the
delivery system as a whole. This reiterates
the point that any design changes should
be considered, with due expertise, as early
as possible in the design and development
process (Figure 4).

DUTY CYCLES, EFFICIENCY
AND RELIABILITY

From the patient perspective, energy
efficiency is also crucial, and this is another
area where involving motor engineering

expertise can offer an advantage. Although
each drug has a specific therapy profile,
the motor’s operation can be adjusted to
match its optimal operation.

This is key because the duty cycle has
a significant impact on motor efficiency,
where high-speed operation for a short
duration is generally more efficient than
continuous low-speed operation. Take a
drug delivery profile of six hours as an
example - a motor could run for two
seconds every minute at high speed and
still achieve the same effective delivery
profile as a continuous low-speed operation.
This approach demands high precision in
motor control but will result in a marked
efficiency increase.

Paying close attention to duty cycle
management in delivery system design can
also improve another key area: lifespan.
If a device designer assumes continuous
duty operation, this could be a difference
of hundreds of hours, or even several

www.ondrugdelivery.com

thousand hours, down to just tens of
hours of intermittent operation, spread
over the required months or years of use.
Considering materials selection, this means
that specifying the most durable, and most
expensive, options may not be necessary
and sufficiently robust, yet significantly
less expensive, materials could be used.

The other key advantage of using
intermittent duty cycles to minimise the
total required lifetime is the benefit to
testing. Typically, a delivery system is
tested for two cycles of its total lifespan —
with a lifetime reduced from hundreds
to tens of hours, the life testing duration
reduced. This
time advantage can be used to test an

can be significantly

additional range of parameters, as well as
allowing testing to fail, enabling a more
comprehensive test procedure that can
result in a more reliable device long term.

"Paying close attention to
duty cycle management
in delivery system design
can also improve another
key area: lifespan.”

Copyright © 2024 Frederick Furness Publishing Ltd
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FUTURE NEEDS IN ON-BODY
DELIVERY SYSTEM DESIGN

Optimising sustainability is another design
aspect where customisation is looking
to push boundaries. Specifically, there’s
an increasing drive to convert disposable
devices to reusable designs. Coinciding
with the boom in weight loss drugs and
GLP-1 receptor agonists, there’s significant
waste with single-use syringes.

While
of materials is one option, there is also

improving the recyclability

potential to look more closely at the balance
of the drive mechanism profile with the

therapy profile, with the goal of increasing
the lifespan that can be achieved for
delivery devices. As a result, delivery system
developers are creating cost-effective ways
of converting disposable devices to reusable
options, capable of delivering therapies
for several years.

CONCLUSION

Whether developing a wearable drug
delivery device to meet new trends, such
as sustainability, or adapting an existing
design to deliver a new drug, the role of
the motor, gear, actuator and feedback

ABOUT THE AUTHOR

Dave Beckstoffer, Business Development Manager in the medical team at Portescap,

has over 31 years of experience in the motion control industry. He brings a customer-

focused mindset to every application, understanding the link between the end product

features and the motion system design. Mr Beckstoffer leads the development of drive

mechanisms tailored for the specific requirements of infusion systems, marrying motor,

gearing and feedback technologies with multiple drug delivery methodologies to achieve

the optimum design for each device.

system will be fundamental. Considering
the significance of these components,
it is important to ensure that all design
considerations are covered as early
as possible in the development cycle,
starting from the concept phase. In so doing,
the involvement of device customisation
for each project can help to ensure that
the optimal patient outcome can be
realised, while development timescales
can be minimised by reducing the
potential for surprises to emerge during
the later stages of a project.

ABOUT THE COMPANY

Portescap, part of Regal Rexnord, offers
a broad range of miniature and specialty
motor products, including coreless brush
DC, brushless DC, stepper can stack,
gearheads, digital linear actuators and
disc magnet technologies. Its products
have served diverse motion control needs
across a wide spectrum of applications for
more than 70 years, including medical,
life sciences, instrumentation, automation,
aerospace and commercial.
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TECHNICAL CHALLENGES DURING THE
DEVELOPMENT OF ON-BODY INJECTORS

Here, Andrea Allmendinger, PhD, Chief Scientific Officer, Michael Adler,
PhD, Director Drug Product Design, Carole Delauney, Senior Director Business
Development, and Hanns-Christian Mahler, PhD, Chief Enablement Officer, all
at ten23 health, provide an overview of large-volume wearable injection

devices for the subcutaneous delivery of biologics and discuss the technical

challenges associated with the development and manufacturing of these

drug/device combination products.

Today, biologics are increasingly being
administered via subcutaneous (SC)
injections. As such, demand has grown
for high-volume delivery systems capable
of injecting volumes larger than 1 mL and
2.25 mL, which are the typical container
formats used in autoinjectors. Several
factors are contributing to this trend,
including therapeutic advantages, such as
self-administration or caregiver assisted
administration, that offer increased
convenience in home or office settings and
reducing hospital visits. This also reduces
overall healthcare costs and offers scheduling
flexibility — minimising capacity constraints.

Unlike intravenous (IV) injections (with
100% bioavailability), SC administration
typically results in lower bioavailability —
around 60-80% for monoclonal antibodies
(mAbs).! Consequently, SC delivery often
requires slightly higher doses than IV
delivery and “fixed doses” are typically
preferred. Traditionally, SC injections were
believed to be limited to volumes up to 1 mL.
However, the trend towards SC injections
for “high-dose” products such as antibodies
(in the range of up to 1,000 mg per dose
per patient) has led to the development

of highly concentrated formulations
(>180 mg/mL), which has fuelled discussions
about the maximum injection volume for
SC injections to achieve target doses.

Temporary modifications in the SC
tissue by recombinant human hyaluronidase
helped with the injectability of volumes
greater than 10 mL. However, increasingly,
there have also been explorations of
SC injection volumes beyond 10 mL
(up to 25 mL), without the use of enzymes
or other permeation enhancers.?

In addition, a paradigm shift is
ongoing, exploring the adaptability of
low-to-moderate-concentration  drugs
in high-volume formulations. This offers
an alternative to high-concentration,
low-volume SC delivery, avoiding high-
concentration formulation challenges
related to stability, manufacturability and
administration (e.g. due to viscosity) and
reducing the development risks associated
with high-concentration formulations.

The development of these low-to-
moderate-concentration high-volume SC
injection products is, of course, further
enabled by the availability of platform-
based, typically ready-to-use (RTU) -
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i.e. pre-assembled, prefilled and preloaded
— large-volume SC injection devices, such
as on-body injectors (OBIs). These devices
are typically attached to the body prior to
injection and are also referred to as patch
injectors or wearable injectors.

MARKET OVERVIEW

The market in this space is still relatively
new, with most technologies still in
development and only a few commercial
drug products using OBIs having been
approved by health authorities. Between
2015 and 2023, there have been six wearable
drug delivery products that have achieved
market approval using devices from Insulet
(Acton, MA, US), West Pharmaceutical
Services (Exton, PA, US), Enable Injections
(see this issue, Page 28) and LTS Lohmann
(see this issue, Page 54), with the rate of
releases accelerating in the last three years:

e 2015 - Omnipod, Insulet: Neulasta®
(pegfilgastrim in 0.6 mL prefilled syringe)
— Amgen

e 2016 - SmartDose, West: Repatha®
(evolucumab in 3.5 mL cartridge) -
Amgen

e 2022 - SmartDose, West: Skyrizi®
(risankizumab in 3.5 mL cartridge) —
AbbVie

e 2022 - SmartDose, West: Furoscix®
(furosemide in 10 mL cartridge) -
SC Pharmaceuticals

e 2023 - enFuse, Enable: Empaveli®
(pegcetacoplan in 20 mL vial) — Apellis

e 2023 - Sorrel, LTS Lohmann: Udencya®
(pegfilgrastim-cbqv loaded by transfer
syringe) — Coherus.

West’s SmartDose is user-loaded with a
prefilled 3.5 or 10 mL polymer cartridge,
LTS Lohmann’s Sorrel is user-loaded using
a transfer syringe (in the commercially
approved configuration) and Enable’s
enFuse is user-loaded with either a transfer
syringe or a prefilled standard glass vial.

Device selection depends on a variety
of interdependent factors, including the
target product profile (TPP) in relation
to the user population (e.g. injection
volume, injection time, patient capabilities);
product properties, such as viscosity,
related to device performance, functionality
and compatibility with the primary
packaging container (e.g. stability); quality
and regulatory aspects related to device
certification, cost of goods, technology
supply chain

maturity and security

Copyright © 2024 Frederick Furness Publishing Ltd

"Ensuring optimal functionality and performance in
drug delivery systems requires careful consideration
of device design and primary packaging selection,
dependent on the viscosity of the drug product.”

(e.g. device and primary packaging

suppliers); and the availability and
capabilities of manufacturing partners
(e.g. drug product fill-finish manufacturing
processes and facilities). Additionally, in
the light of targeted reductions in Scope 3
greenhouse gas emissions for sustainable
product design, there is increasing interest
in recyclable and reusable solutions.

Especially for new devices or primary
packaging containers, a close working
relationship between the involved parties is
a must to streamline timelines and potential
troubleshooting activities. Establishment
of a proactive partnership between device
providers and CDMOs to provide final
product development and manufacturing
(fill-finish) will be essential to optimise
GMP manufacturing timelines and secure
fast-to-market access.

To give an overview of current
technologies, Table 1 (see over page)
provides a non-exhaustive list of currently
available wearable SC injection devices,
including their volume delivery range,
mechanism of delivery, primary packaging
material and other features (e.g. smart
connection, reusable options).

The development of OBIs presents a
variety of technical challenges. The
challenges related to the design and
engineering of the device or the adhesive
patch are not discussed in this article,
instead, it aims to review quality and safety-
related aspects, such as compatibility and
performance related to the interplay of
the product, primary packaging container
and device. This includes manufacturing
challenges from a drug product development
perspective, highlighting the necessity of
integrated drug product development.

FUNCTIONALITY AND
INJECTION TIME
Ensuring optimal functionality —and

performance in drug delivery systems
requires careful consideration of device
design and primary packaging selection,
dependent on the viscosity of the drug
product. The viscosity of the injected

www.ondrugdelivery.com

solution, especially at high protein

concentrations,  presents  significant
challenges related to injection time, given
the typical usage of 27G and maximum
25G needles for SC injections.

According to the Hagen-Poiseuille
equation, the injection time is proportional
to the viscosity, which exponentially
highly

protein formulations, dependent on the

increases  for concentrated
formulation’s composition.> The inner
diameter of the needle plays a role in
the injection force to the power of four.
Note that the inner diameter of injection
needles of the same nominal G values
may differ for different providers. Another
consideration is that larger administration
volumes require larger primary packaging
container diameters, with the injection force
proportional to the radius squared.

Different mechanisms are employed
to address these challenges, aiming
to balance injection time and patient
convenience, comprising mechanical and
electromechanical systems (cartridges) and
pressure/collapsible container-based systems
(vials and cartridges). The advantage of
using vials is that there is no requirement
to change the primary packaging container
type after early clinical Phase /Il studies
— only adjustments of container size and
fill volumes - incurring fewer technical
challenges compared with any change in
primary packaging container formats.
Pressure-driven systems must be capable
of consistently delivering the intended
dose volume for a given viscosity in a
given injection time, ideally with minimum
product loss.

For containers such as cartridges,
functionality is typically characterised by
testing the break-loose and glide forces, in
addition to injection time. Functionality
depends on the selection of the primary
packaging components, including the
container body (glass/polymer), inner
surface (e.g. type, quality and quantity of
lubrication) and stoppers (including their
potential lubrication). Depending on the
manufacturing process of the supplier,
lot-to-lot variability of lubrication of the
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Company

Product

Target

Delivery
Volume

Primary
Packaging
Formats

Delivery
Mechanism

Additional

Lesdiing Features

BD

BD

CCBio (see this
issue, Page 34)

Enable

Gerresheimer
(see this issue,
Page 36)

LTS

Nemera
(see this issue,
Page 48)

Sonceboz

Stevanato
(see this issue,
Page 42)

West
Pharmaceutical
Services

Ypsomed

Libertas™

Evolve™

Felice Dose

enFuse®*

SensAIR®
On-Body
Delivery Device

Sorrel™
platform*

Symbioze™

LVI-V & LVI-P™

Vertiva®

SmartDose®*

YpsoDose

2-5 mL and
5-10 mL

Up to 3 mL

20 mL

10-50 mL

10-20 mL

1-50+ mL

Up to 20 mL

1-20mL

3+ mL

Upto3.5L
or 10 mL

2-10 mL

Mechanical Glass container  Prefilled container, -

spring-based preloaded
Electromechanical Glass container User-loaded Catheter-mediated
injection up
to three days:
Connected device;
Programmable
electronics
Electromechanical ~ Polymer mini-bag  Prefilled container, -
preloaded
Pressure-driven Vial, transfer User-loaded Connected device
syringe, dual vials (with prefilled
(lyo/diluent container or
with automated transfer syringe)
reconstitution)
Pressure-driven Glass cartridge User-loaded Connected device
(with prefilled
container)
Electromechanical Glass vial Prefilled container, Software-controlled
or cartridge preloaded injection;
Connected device
Electromechanical Glass cartridge Prefilled container,  Sterile fluid path
preloaded system; Connected
device; Re-usable
and rechargeable
electromechanical
part
Electromechanical Vials (V); Prefilled container, Multi-Day,
(GentleTouch™ Glass cartridge (P) preloaded (P) dual-cartridge
piston pump) or user-loaded (V) or automatic
reconstitution
options;
Bridging from
V to P formats,
facilitating

clinical bridging
and lifecycle
management;
Applys
sustainable
4R model
(Reduce, re-use,
replace, recycle)
Magnetically coupled  Glass cartridge

Prefilled container, Connected device;

drive mechanism preloaded Programmable
electronics;
Re-usable parts
Electromechanical ~ Polymer cartridge User-loaded -
(with pre-filled
container)
Electromechanical 10 mL cartriQ®  Prefilled container,  Sterile fluid path
(SCHOTT) preloaded system;
glass cartridge Programmable
electronics

Table 1: Overview of OBIs based on publicly available information. (*commercially launched version)
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containers and/or stoppers, lubrication
distribution during ageing and compatibility
of lubrication with the drug product
during storage and transport must be
considered. Lubrication and fit of container
closure system components may also
determine the product’s manufacturability
(fill-finish), such as for stopper setting.

PRODUCT COMPATIBILITY
AND PARTICULATE MATTER

The compatibility and stability of a product
formulation with the primary container
closure system during storage, as well as
in-use stability during delivery, is essential.
The extractables and leachables profile
must be assessed and the container closure
integrity at the intended storage conditions
must be adequately characterised and
ensured. The inherent properties of the
containers, such as the oxygen permeability
of polymer containers, must be studied
during drug product development for
oxidation-sensitive molecules. In the case
of coated containers, the homogeneity and
integrity of the coating must be assessed
and ensured over the product’s shelf life.
Additionally, the impact of lubricants,
such as silicone oil, has to be considered.
Silicone oil (or other lubricants) might
migrate into the drug product over storage

“The compatibility and
stability of a product
formulation with the

primary container closure
system during

storage, as well as

In-use stability during
delivery, 1s essential.”

time and also shed from the cartridge during
administration — entering the drug product
detected as sub-visible particles during
in-use testing. Testing for visible and sub-
visible particles is a compendial requirement
for parenteral products, with defined
limits that are set out in the following
pharmacopeial chapters:

e Sub-visible particles:
— USP <787> (low-volume method for
biologics)
- USP <788>
— Ph.Eur. 2.9.19
-JP 6.07
e Visible particles:
- USP <790>
— USP <1790>
— Ph.Eur. 2.9.20
— Ph.Eur. 5.17.2.

Generally, these monographs define
the requirements for particles, which
can originate from different sources,
and methods for particle testing and
characterisation. The filled drug product
must meet the compendial requirements
for both sub visible and visible particulates.
To note, the particulates eventually found
in the final drug product is the sum of all
particles originating from the drug product
formulation (and any stability-dependent
increase in particulates during storage,
transport or administration), primary
packaging (e.g. contamination of RTU
primary packaging) and the manufacturing
process, equipment and extrinsic sources.

RTU Primary Packaging Components

Primary packaging components for OBIs,
such as cartridges and elastomeric closures,
are mostly supplied as RTU products —
washed, sterilised, pre-lubricated
(e.g. siliconised) and depyrogenated by
the supplier. Every particle attached to

an RTU primary packaging component

will end up in the drug product as there is
no particle removal step during the drug
product manufacturing process when using
RTU components. Hence, any contaminants
in RTU primary packaging can - and
will — impact the yield of the filled drug
product after 100% visual inspection.

As a result, adequate control of particle
contamination of primary packaging

components relies on the process
capability to remove particulates during
the manufacturing process and the control
strategy by the respective supplier of
primary packaging components. Material
properties may impact the ability to
control

minimise  and particulate

contamination in RTU primary packaging.

Control Strategy for Primary

Packaging Components

The current pharmacopeial methods and
limits for visible and sub-visible particulates
referenced above apply to drug products,
however they do not apply to primary
packaging components.

Cartridges and Vials
Visible particulates in empty container