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Isn’t our industry all about taking on challenges and pushing boundaries? Imagine just how dull life
would be if we never tried to be better? Settling for the perceived standard is essentially settling
for second best, and no-one can afford to do that.

Rest assured, taking on a complex injectable challenge doesn’t have to be a risk. For over 50

years, our injectable specialists have led the way in developing innovative elastomer solutions.
Their commitment to continuous improvement has resulted in elastomer formulations, which

today feature best in class extractables and leachables profiles.

But we know that isn’t enough. As the pharmaceutical industry continues to develop more
sensitive and expensive drugs, we need to go further. That’s why we have developed the
Premium portfolio of injectable components.

To find out more about how we can help you address your next injectable challenge,
call Adam Shain, Director, Global Business Development at Aptar Pharma on
+1 908-458-1782 or email adam.shain@aptar.com
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Ypsomed

YPSOMED

SELFCARE SOLUTIONS

SIMPLE AND SECURE ADHERENCE
MONITORING: YDS SMARTSERVICES™
FOR END-TO-END SMART DEVICE
INTEGRATION

Whilst there is much discussion on how to apply connectivity and smart devices
to therapies, there is far less dialogue concerning the challenges inherent to the
digital architecture needed to make such innovations work in practice. Here, Andreas
Schneider, Innovation & Business Development Manager, Ypsomed Delivery Systems,
introduces YDS SmartServices™, Ypsomed's digital turnkey solution to effectively
embed smart devices in a broader digital ecosystem.

INTRODUCTION

The self-injection industry is experiencing
a transition from purely mechanical
devices to digitally enhanced, connected
Novel

approaches to the self-management of

smart drug delivery systems.
diabetes highlight this emerging paradigm
shift. For instance, smart self-injection
pens may support patients with capturing
information about dosage and timing of
insulin administration. Mobile applications
remind patients to monitor blood glucose
levels regularly or assist in the calculation
of prandial insulin doses.

Transformation without change

CONNECTIVITY & SMARTPILOT™

Although diabetes managementhas a history
of pioneering patient-centric drug delivery
technologies, the concept of connected
drug delivery has applications well beyond
the administration of insulin. Other chronic
disease states that similarly require repeated
self-administration of drug products also
benefit from novel connected technologies,
for example SmartPilot™ for YpsoMate®,
a reusable connected add-on module with
built-in sensor technology and wireless
communication capabilities for the two-
step autoinjector YpsoMate® (Figure 1).

‘VpsoMate

SmartPiot”

4\’

YpsoMate® suitable for standard
1 ml long and 2.25 ml pre-filled syringes

y Dr Andreas Schneider

Innovation & Business

Development Manager

T: +41 34 4243206

E: andreas.schneider@ypsomed.com

Ypsomed AG
Brunnmattstrasse 6
CH-3401 Burgdorf

Fully connected smart product system including
YpsoMate®, SmartPilot™ and mobile application

Figure 1: Illustrating the transition from mechanical self-injection devices to
connected drug delivery systems, SmartPilot™ for YpsoMate® is a reusable smart add-
on transforming the two-step autoinjector YpsoMate® into a smart product system.

Switzerland

www.ypsomed.com/yds
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SmartPilot™ is used across molecular
entities and disease areas both in
clinical trials and as part of commercial
product lifecycle management. The sensor
concept has been developed so the
standard proven autoinjector platform
is compatible with SmartPilot™ without
further modification.

The connected reusable add-on not only
tracks injection date, time and success, but
also provides advanced real-time guidance
throughout the injection process. As such,
it supports patients at each use step —

including advice on the holding time — and
confirms that the correct medication is
being injected.
Streamlined connected device
innovations, such as the SmartPilot™ for
the YpsoMate® autoinjector, will provide
innovative functionalities for patients,
which digital health organisations can link
with therapy-specific value propositions.
While significant efforts are being made
to link device functionality with disease-
specific behavioural interventions or use

cases, there still remains the key challenge of

Adherence and device performance data

YpsoMate

SmartPiot”

' Smart device

(e.g. SmartPilot™ for YpsoMate®)

embedding connected devices into an end-
to-end internet of things (IoT) ecosystem.
This raises questions like:

e How to constantly monitor connected
devices once launched across regions?

e How to control access to different smart
devices?

e How to easily integrate smart devices
with a therapy app?

e How to
adherence and smart device performance

make  therapy-relevant

data available?

YpsoCloud

Service 1: Ease-of-integration

Web-based application programming interface (API) as a standard interface for smart devices.
The standard interface simplifies access to adherence and smart device performance data.

Service 2: Smart device life cycle management
Insights into and control of smart devices during clinical trials and commercial use. Ypsomed enables
smart device life cycle management across disease areas.

Service 3: Securing device-to-cloud communication
Securing the communication from smart devices to cloud. YDS SmartServices™ provide true end-to-end
security for the entire product system taking into account both device and cloud.

Figure 2: Overview of YDS SmartServices™, providing an end-to-end secured solution that integrates smart devices in order to

simplify adherence monitoring.

Copyright © 2018 Frederick Furness Publishing Ltd
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Ypsomed

Device domain by YDS SmartServices™

Therapy domain by third party

Smart device

Smartphone

YpsoCloud

@ Digital solutions
@ Dashboards
B Apps

Figure 3: Service 1 — Introducing ease-of-integration across therapy-specific product systems. YDS SmartServices™ features a
standardised web-based API to simplify reading and writing data to other third party services.

YDS SMARTSERVICES™

The pharmaceutical industry has been
focusing extensively on the therapy and
paying less attention to the device-oriented
domain of connected drug delivery
systems. This has resulted in a fragmented
and distorted understanding of effectively
embedding connected devices in a broader
IoT ecosystem. Here we will present
YDS SmartServices™: a turnkey digital
solution that provides three key digital
services to simplify adherence monitoring
providing secure end-to-end smart device
integration (Figure 2).

Firstly, YDS SmartServices™ simplifies
access to adherence and smart device
performance data, shifting the integration
point to a standard web-based application-
programming interface (API) as shown in

\

Monitor

Plan

Figure 3. Integration via web-based APIs
reflects the emerging good practice for
reading and writing data to services and
third-party applications.

The web-based API connects the device
domain with the therapy-oriented domain
of connected drug delivery systems.
Therapy-relevant adherence data that
would normally be time consuming
to obtain can instead be accessed easily.
As such, the web-based API reflects the
starting point for pharmaceutical partners
to build therapy-specific mobile applications
and to realise therapy-specific use cases
and behavioural interventions in order to
provide the most value to the targeted
patient population.

Secondly, another device-oriented
challenge is that the pharmaceutical

industry  has  not  systematically

/

Configure

\\_—/

Figure 4: Service 2 — Smart device lifecycle management. YDS SmartServices™
provides digital lifecycle management services, thereby offering insights into and
control of smart drug delivery systems during clinical trials and commercial use.

www.ondrugdelivery.com

digital
lifecycle management services. It is the

implemented therapy-agnostic
very connected nature of smart drug
delivery devices that has a dramatic impact
on launching, maintaining and retiring
such devices during clinical trials or
commercial use. Smart devices require
constant monitoring once introduced across
regions. Organisations must continually
improve and collect data around smart
device performance. YDS SmartServices™
offers a set of digital lifecycle management
services in order to provide complete
insights into and control of smart devices
(Figure 4).

YDS SmartServices™ supports all five
lifecycle management processes, independent
of disease area:

1. Plan: Design and testing of end-to-end
connectivity systems.

2. Provide: Effortless advanced onboarding
and managed access to secure device
usage data.

3. Configure: Effective implementation of
network security.

4. Monitoring:  Real-time  analysis
and interpretation of smart device
performance.

5. Retire: Controlled end-of-life management
of smart devices, e.g. after successful

completion of a clinical trial.

Thirdly, YDS SmartServices™ provides
true end-to-end security for the entire
product system, controlling both device
and cloud (Figure 5). In so doing, the
managed digital services not only meet the
requirements concerning data privacy and
security (e.g. HIPAA, GDPR, 21 CFR
Part 11) but also act as differentiating
factor to gain patient trust and motivate
smart  drug

long-term  usage  of

delivery systems.

Copyright © 2018 Frederick Furness Publishing Ltd



End-to-end security

Ypsomed

On-chip
encryption

Smart device

Handling
encrypted data

Smartphone

Smart device data
access control

YpsoCloud

Standard
interface

API

Figure 5: Service 3 — Securing device-to-cloud communication. YDS SmartServices™ implements security-by-design for the

entire product system.

CONCLUSION

Soaring interest in smart drug delivery
is urging the healthcare industry to fully
understand the complexities related to
embedding such connected smart devices
into broader digital ecosystems. However,
such device-domain challenges have
received limited attention to date. The
industry has been more concerned with the
development of therapy-oriented use cases
and linking device technology with disease-

specific behavioural interventions.

Di pecific therapy

This article calls for enlarging the
scope from therapy-oriented to device-
oriented challenges. Focusing on digital
lifecycle management services, ease-of-
integration and end-to-end security, YDS
SmartServices™ addresses these often
neglected device-oriented challenges

independent of specific therapies.
Leveraging Ypsomed’s experience in and
insights from the global marketing of
a diabetes management I[oT ecosystem,
YDS SmartServices™ has established

an industry-leading reference IoT

system

X 4G/LTE
SDK

Software
Development Kit
Therapy
management
app

Bluetooth®
Low Energy

SmartpPiot”

Y
()
Smart device N

Near Field
Communication (NFC)

R

ypmedconys  swtssri @

Self-injection device

*Subject to country-specific roll-out

YpsoCloud

architecture for embedding smart devices
into digital ecosystems. In so doing, YDS
SmartServices™ offers a new means to
simplify and

secure therapy-relevant

adherence monitoring (Figure 6).
ABOUT THE COMPANY

Ypsomed is the leading independent
developer and manufacturer of innovative
self-injection and insulin pump systems for
self-administration. Within the Delivery

Systems business unit the customisable

Patient/therapy

® Therapy domain by third party
® Device domain by
YDS SmartServices™

Figure 6: YDS SmartServices™ introduces an IoT architecture to provide secure end-to-end smart device integration and simplify

access to therapy-relevant data.

Copyright © 2018 Frederick Furness Publishing Ltd
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product platforms cover autoinjectors for
prefilled syringes in 1 mL and 2.25 mL
format, disposable pens for 3 mL and
1.5 mL cartridges, reusable pens and easy-
to-use injection devices for lyophilised drugs
in dual-chamber cartridges. Unique click-on
needles and infusion sets complete the broad
self-injection systems product portfolio. The
3-10 mL YpsoDose patch injector draws on
Ypsomed’s depth of expertise in diabetes
care with fully connected insulin pump
systems. Ypsomed provides its partners with
excellent technological expertise and full
regulatory support for the device relevant
aspects of the registration process.

The injection systems are developed
and manufactured in Switzerland with
strong in-house competencies covering
concept and product development, tool-
making, injection moulding and automated
assembly. Ypsomed is ISO 13485 certified
and all processes are run according to
design control and ¢cGMP guidelines with
operational QA/QC experts on-site at each
location. Ypsomed’s US FDA-registered
manufacturing facilities are regularly
inspected by both pharma customers and
regulatory agencies and supply devices
for global markets including the US,
Europe, Japan, China and India. Ypsomed
has more than 30 years’ experience and
well-established working relationships
with numerous leading pharma and
biotech companies.

ABOUT THE
AUTHOR

Andreas Schneider is Innovation &

Business Development  Manager
with Ypsomed Delivery Systems. His
responsibilities at Ypsomed include
the definition and development of
new platform devices with a particular
emphasis on connected and smart device
systems. As such, he has been actively
involved in the design and development
of SmartPilot for YpsoMate, a reusable
connected add-on that transforms the
proven two-step autoinjector into a
connected system. Dr Schneider has
published various articles and held
presentations in the areas of innovation
management and drug delivery.
He received his PhD in Innovation
Management and Organisation Sciences

from ETH Zurich, Switzerland.
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pda.org/2018PFS

2018 Universe of Pre-Filled Syringes
and Injection Devices

Transforming Pre-Filled Systems through Innovation

S |

n 3
|

The 2018 PDA Universe of Pre-Filled Syringes and Injection Devices will focus on a core facet of the
delivery device business — innovation!

Industry and regulatory experts will share the very latest advances in:

* New methods for using new materials for syringes, their components, and new power sources
* Flexible manufacturing and assembly methods that promote lower costs and higher quality

* Improved packaging to both protect the product and enable communication with the patient
* “Patient Centricity” to ensure patients can safely and effectively deliver their medications

Business case studies to support connected health will be covered, and updates on changing
requirements and their impact on the industry will also be addressed.

Plan to spend time in the packed Exhibit Hall, where suppliers will showcase novel products and
solutions, and take advantage of numerous opportunities to network with colleagues and peers.

This is the must-attend Conference for anyone involved in the pre-filled syringes and injection device industry!

Don’t miss out — register now to be sure you have a spot!

To learn more and register, please visit pda.org/2018PFS

PDN October 8-9, 2018 | Orlando, FL

e EXhibition: October 8-9 !
PDA Combination Products Workshop: October 10 PEOPL
Courses: October 11-12 SC'ENCEAND
#PDAPFS REGULATION
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PERCEPTION, COGNITION, ACTION:
APPLYING HUMAN FACTORS TO
MEDICAL DEVICE DESIGN

In this article, Natalie Shortt, Human Factors Specialist, Medical Device Usability (MDU),
covers the topic of the “Perception, Cognition, Action” model of risk assessment of
medical devices, from both a proactive, early-stage design and a reactive, late-stage

validation testing perspective.
PROACTIVE PCA MODEL

As with most facets of the medical device
(HF)
usability engineering starts with outlining

design process, human factors
the prospective risks associated with the
device. When designing a prefilled syringe
(PFS) or autoinjector (Al), they are likely
going to be used by lay-users and therefore
usability engineering will be a necessary
part of the submission to regulators. There
is a model — perhaps better described as a
frame of mind — that will help any member
of the design team to put themselves in the
user’s shoes from a HF perspective. This
is PCA - Perception, Cognition, Action.
But first, a little insight into the usability
engineering risk process.

Risk, in relation to usability, covers
the risk of a hazardous situation arising
that exposes one or more people (users or
otherwise) or the environment to sources
of potential harm (a hazard) where hazard,
hazardous situation and harm are defined as
stated in ISO14971:2007." These potential
risks are collected into a risk assessment

“The URRA should

be a living document

that originates in the
early stages of device
development. This way the
URRA can be utilised to
inform designers of

user interface design
inputs that may reduce
use-associlated risk as

far as reasonably possible,
early in the process.”

document called the “use-related risk
assessment” (URRA). To populate the
URRA, there are questions that should be

answered first:

e Who are the intended users?

e What are the intended use environments?

e Are there any known use problems for
this type of device?

All of this information helps to envision
the scene when populating the URRA,
meaning the risks considered come from a
rational, justified place.

The URRA should be a living document
that originates in the early stages of device
development. This way the URRA can be
utilised to inform designers of user interface
design inputs that may reduce use-associated
risk as far as reasonably possible, early
in the process. This proactive approach
means that, when it comes to validating
the usability of the user interface, there are
less likely to be inadequate risk mitigation.
Inadequate risk mitigation by design usually
leads to data that strongly suggests the need
for better mitigation by design, which is
more costly at the late design development
stages than the early stages.

A URRA outlines potential use errors
associated with using a device, but it is
also necessary to explain the possible
causes of each use error. These causes are
used to outline and justify suggested risk
mitigations. However, what is often seen is
that the stated causes are either unrealistic
(e.g. Use error: user holds syringe upside
down. Cause: user is blind — it seems
unlikely that they would ever be prescribed
a self-injected medication in the first place)
or under analysed (e.g. Use error: user does
not remove cap. Cause: user does not read
the instructions — too much assumption that
problems can only arise from not reading
the instructions). A probable cause of this
is that the mentality of the author(s) is not

www.ondrugdelivery.com

Natalie Shortt

Human Factors Specialist

T: +44 1223 214 044

E: natalie@medical-device-usability.com

Medical Device Usability Ltd
150, Cambridge Science Park
Milton Road

Cambridge

United Kingdom
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Hazardous
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A

Medical
Device

Expert View

Error in
perception
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Use Error

Error in
cognition

Use Error

Figure 1: How a hazardous situation may arise from either the user or the medical
device as depicted in ANSI/AAMI/IEC 62366-1:2015.

‘One of the strongest
methods of understanding
the causes of use errors is
the Perception, Cognition,
Action model, which serves
as a lesson in empathy for
the plight of the user”

coming from a place of empathy for the
user and the situation they are in when
using the device.

One of the methods of
understanding the causes of use errors is the

strongest

Perception, Cognition, Action (PCA) model,
which serves as a lesson in empathy for the
plight of the user. It sheds light on things
that seem obvious in hindsight but, at the
design stage you only realise they have been
missed when PCA is applied. For example,
you have not included some form of alert to
let users know the device is on.

Copyright © 2018 Frederick Furness Publishing Ltd

PCA could be argued to be the gold
standard of URRA design, because it enables
medical device developers (engineers,
designers, researchers and HF specialists)
to consider justified, rational use errors and
know more easily where to stop. This is a

proactive use of the PCA model.

Perception
Perception is the first stage in the process
of human interaction with a user interface.
In Figure 1, there are two potential
causes of a hazardous situation. “Hazardous
situation A - caused by a response of
the medical device” and “Hazardous
situation B — caused by user action or
lack of action”.? Perception is considered
a contributing factor to, or a cause
of, a use error, but a use error does
not happen during perception of the
user interface.
There is
Perception error in relation to usability

no formal definition of
engineering, however we at MDU define it as:
“A failure to correctly perceive the output
from the device interface.”

www.ondrugdelivery.com

B Hazardous
situation

An example would be for a participant
to listen out for the second click that
tells them their dose has been successfully
administered, but the ambient noise is too
great, such that they don’t hear the click.
The cause of error is that the user didn’t
hear the click, so the solution would
be to increase the volume of the click
to allow for the regular noise level in a
home environment.

Thinking proactively when considering
the intended users and use environments,
if the intended users have reduced physical
capabilities then there is likely to be greater
risk that tasks cannot be completed as
intended. If it is intended or most likely that
the PFS or Al is used for self-administration
at a user’s home, then audible cues
must meet ambient sound levels that are
common in a home environment. Similarly,



if there are visual cues they must be
visible at a light level that is common in a
home environment.

Cognition

Once someone has perceived an output
from the device interface, they need to
consider what that output means. This is
the second stage in the process of human
interaction (Figure 1). Like perception,
cognition is considered a contributing factor
or a cause but not a juncture where the use
error occurs.

There is no formal definition of a use
error caused by cognition, however MDU
defines it as: “The participant correctly
perceives the output, but makes an incorrect
or unexpected decision, or misinterprets the
information in the instructional materials.”

The distinction between perception and
cognition can be blurred on occasion, but as
long as the same rule is always applied when
determining the root cause of a use error, it
should be acceptable. In an instance where
a participant sees the graphic indicating
“20 seconds” on the instruction material
for a PFS and assumes it to mean “wait
20 seconds after you have administered the
dose” but it actually means “depressing the
plunger should take around 20 seconds”
this would be classed as a cognitive use
error. They saw the information, but they
understood it incorrectly and the action that
manifested was counter to the intended use
of the product.

In this instance it may be because the
condition this hypothetical PFS is being
used for is commonly treated with a
medication delivered by an Al, therefore
most potential users are used to using
a product where you do need to wait
for 20 seconds after actuating the device.
A mitigation would be to draw more
attention to the information or to present
the information more explicitly in order to
attempt to highlight to users that the correct
procedure is different to what they are
currently used to.

Action

Figure 1 describes how use errors can only
manifest in actions or outputs, but this does
not mean that use errors cannot also be
caused by actions.

There is no formal definition of use error
caused by action in relation to usability
engineering, however MDU defines it as:
“The participant knows what they intend to
do, but perform an incorrect action or was
unable to complete a correct action.”

“When conducting formative or validation studies, the PCA
model can be used in a post-test interview to understand use
errors that have occurred in the main body of the test session.”

An example of a use error caused
by action follows: a PFS is intended for
subcutaneous administration by a patient in
their own home. The task analysis outlines
that, to administer the dose, the user must
depress the plunger. A use error may be
that they can’t depress the plunger. The
cause? The plunger is too far away from the
flange of the syringe, and the other hand
is being used to pinch the skin. Action —
the user physically cannot complete the
task, despite knowing what they need to
do. The recommendation? Ensure that the
plunger is no farther away from the flange
than the Sth percentile of capability for
intended users.

In a home environment, it is a real
possibility that a user may not have any
friends or family who can help them,
and they may have to miss a dose until
someone has time to help them. It may be
days or weeks, and efficacy of treatment
may be reduced.

REACTIVE PCA MODEL

When conducting formative or validation
studies, the PCA model can be used in
a post-test interview to understand use
errors that have occurred in the main body
of the test session. A thorough post-test
interview with a patient can unveil the
root cause, which can be categorised as a
difficulty with the perception, cognition
or action of interacting with the user
interface. When conducting test sessions,
use errors must be analysed in a post-test
interview. It is our experience that the root
causes outlined in some reports can be too
superficial — meaning the cause outlined for
a use error can’t be used to inform design
inputs. If root causes of use errors can
be categorised into perception, cognition

or action then the moderator can judge
at that point that the use error has been
investigated enough.

The PCA model can then be used to
write effective reports, it is a useful method
for improving the readability of the causes
of use errors. A readable results section
will make it easier for the document author
to then analyse the results and provide
objective design outputs to contribute to
design inputs for the next phase of design.

PFS and AI design usually requires
some HF input because, increasingly, these
devices are designed for the lay-user.
Using the PCA model even gets easier with
practice, and can help non-HF specialists
become champions for their team within
their companies.

ABOUT THE COMPANY
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COMBINING HUMAN NEEDS WITH
HIGH VISCOSITY FORMULATIONS

In this article, Jonathan Bradshaw, Device Development Engineer, and Susie White,
Mechanical Engineer, both of Oval Medical Technologies, discuss the requirements
of designing an autoinjector capable of handling the high pressures necessary for the

delivery of highly viscous drug formulations with minimal impact on the patient.

INTRODUCTION

"When endeavouring to deliver HV
formulations, there exists a delicate
balance between the needs of the patient
and those of the device mechanism.”

Within the injectable
drug landscape, the
availability and usage
of high viscosity (HV)
drugs is growing,
often  driven by
developments such as
long-acting injectable (LAI) technologies.
Currently, these products provide significant
advantages in terms of more convenient
dosage volumes for patients and healthcare
professionals (HCPs). With a trend towards
self-administration, LAIs allow for less
frequent dosing thus promoting better
patient compliance.!

Typically, LAI products consist of
formulations that are highly viscous in
(100-1000 cP),

non-Newtonian and, in the case of

nature can present
suspensions, “clogging” characteristics.
These characteristics are well beyond the
normal limits of injection devices and
techniques, presenting many challenges for
subcutaneous (SC) and intramuscular (IM)
drug delivery.

When endeavouring to deliver HV
formulations, there exists a delicate
balance between the needs of the patient
and those of the device mechanism. From
a device perspective, there are many ways
in which HV delivery can be achieved,
such as through larger needle diameters,
longer delivery times and larger spring
forces. However, all these approaches risk

www.ondrugdelivery.com

Jonathan Bradshaw

Device Development Engineer
reducing patient acceptability due to an
increase in pain, lack of usability and the
resulting large, noisy devices.

To achieve HV delivery both acceptable
to the patient and within the capability of
the device mechanism, device developers
can manipulate

parameters such
as injection
Susie White
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speed, needle
gauge or drug
volume. Altering

these parameters Contact:
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Director of Business Development
and Licensing

T: +44 1223 437 140
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must be approached
with caution
however, as they can
affect
bolus formation and
therefore the desired
pharmacokinetic profile.

significantly
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Figure 1: ArQ™ Bios:
Oval'’s high viscosity
platform provides

the ability to meet
both patient and drug

requirements. www.ovalmedical.com
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benefit when

delivering HV formulations, it is imperative

To maximise user

that a “human” solution to autoinjector
design is achieved. For certain patient
populations this means smaller needle
gauges and shorter delivery times are
required, both of which can be facilitated
using large, controlled forces. This results
in a major challenge for devices due to the
high internal pressure this generates.

Oval has managed to address this
high internal pressure
within its HV delivery platform, ArQ™
Bios (Figure 1).

requirement

BALANCING THE VARIABLES

Generally, there are four key inputs that
should be considered when developing
an autoinjector mechanism capable of
delivering high viscosity drugs:

. Drug viscosity
. Drug volume
. Needle gauge

AW N -

. Delivery time.

These variables are key in determining
the ability of the device to deliver highly
viscous drugs and are crucial in defining
the likely effect of the injection process on
the user. When administering LAIs, it is
imperative that these variables are tuned
to produce consistent bolus characteristics.
There is a potential for the surface area of
the bolus formed on injection of LAIs to
affect the pharmacokinetics of the drug. In
such a case, consistent bolus formation is
key in achieving the desired pharmacokinetic
profile and therapeutic effect.?

When
mechanism to achieve this, the main output

developing an autoinjector
from these variables for the design process
is internal container pressure, which is
produced by the power source acting on
the plunger. Using a modified form of the
Hagen-Poiseuille equation we can calculate
the internal pressure necessary to deliver a
given formulation:

128uLV

p- —1
aD*T

P - Drug Pressure

L - Needle Length

p - Viscosity

D - Internal Needle Diameter
T - Delivery Time

V - Volume

Modified Hagen-Poiseuille Equation.’
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This internal pressure has a direct effect
on the required strength of the primary
drug container (PDC), and is therefore
key within the
process. When delivering a drug of a

device development
fixed viscosity, inputs can be manipulated
to reduce the sensitivity of PDC design
to internal pressure. However, altering
user-perceivable inputs such as needle
gauge, delivery time and volume should be
approached with significant consideration
to the user experience. When delivering
highly viscous drugs, a simple approach
would be to increase the needle diameter,
thus reducing pressure. However, a larger
needle would result in greater injection
pain and negative visual perception by the
patient. On the other hand, using a smaller
needle would indeed reduce injection pain,
but delivery time and risk of jetting would
increase, again leading to a poor user
experience.

It is possible to manipulate viscosity
to aid delivery within patient-acceptable
parameters, however with bolus formation
key to ensuring drug metabolism, and
therefore efficacy, this should also be

Patient
Requirements

approached with caution. Typically,

formulation viscosities tend to be
proportional to drug concentration,
i.e. as viscosity decreases, volume must
increase to achieve the same therapeutic

effect, and vice versa.

THE IMPORTANCE OF DRUG
CHARACTERISATION

LAI products are formulated to provide a
specific therapeutic effect that is supported
over monthly, bimonthly or, in some
cases, three-monthly dosing regimens.*
To achieve this, formulators can reduce the
solubility of the LAI, facilitating a sustained
and controlled release of drug over time.
Currently there are three key approaches to
developing slow release formulations:*

¢ Qil solutions
e Polymeric barriers
e Crystalline water-insoluble suspensions.

These
are typically of high molecular weight,

approaches or “vehicles”

which in turn increases the viscosity of

Delivery
Requirements

—

______

Needle Gauge

Drug Volume

Ease of Use

Correct Therapeutic
Effect

| Patient
N, Acceptability

I HUMAN SOLUTION

Delivery Time

Drug Viscosity

Bolus Formation

Internal /
PDC Pressure

Figure 2: To maximise patient benefit, delivery variables must be influenced by a patient-
orientated specification. This often results in increased pressure requirements for the PDC.
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the entire formulation. This can lead to
non-Newtonian behaviour and increased
sensitivity to environmental conditions.
Additionally,
autoinjector can be further complicated

delivering  these via
by other characteristics, such as clogging
and settlement during storage in the case
of suspensions. This puts great onus on
the delivery mechanism to overcome
or manage the delivery requirements
of a formulation.

When developing an autoinjector
mechanism that can deliver a drug in
a time frame and manner acceptable
to the patient, it is imperative to fully
understand the flow characteristics of
the formulation. Through implementing
a full characterisation programme early
within the device development process,
any difficult or undesirable delivery
characteristics will be quickly revealed.
This allows developers the understanding
necessary to manipulate delivery variables
effectively, ultimately resulting in a device
which is considerate of both patient and
formulation requirements.

AN OPTIMAL DRUG DELIVERY
SPECIFICATION FOR THE PATIENT

The requirements for HV delivery and patient
acceptability can often conflict. However,
achieving a suitable balance between the two
provides the opportunity to create a truly
“human solution” to HV delivery.

A range of factors can influence the
acceptability of a device to a patient.
As part of achieving a device which

High Patient Benefit
Increase
g
=
a
o Pressure
a.
o Increase
a
a.
©
=
()
ko)
.=
Low

>

maximises patient acceptability, it is key
to define a delivery specification which
maximises benefit to the patient whilst
also overcoming the challenging nature of
the drug. The relationships between patient
and drug requirements can be broadly
defined as shown in Figure 2.

Typically, there are three key patient-
perceivable inputs, needle gauge, delivery
time and volume, which can be optimised
to deliver highly viscous drugs in a manner
deemed acceptable to patients:

e Needle gauge: The width of a needle
can have an impact on the perceived
pain of injection.>® Generally, reducing
needle size can reduce pain and increase
patient acceptance, however needle
selection is dependent on numerous

formulation,

intended

patient population.” Often there exists a

factors  such  as
administration route and
trade-off between minimising injection
pain and overcoming common issues
such as clogging or achieving the required
needle strength. Ultimately, for IM
injections, gauge choice is usually limited
by needle strength, and those narrower
than a 23G needle are infrequently
used. If a SC route is required, then
much narrower needles can be utilised
(e.g. 25G), however here the drug flow
requirements are more likely to be
the limiting factor. It is important to
balance adequate needle strength for
application with pain perception
and the required flow rate for highly
viscous drugs.®%’

Thick

Fine

Needle Gauge

Figure 3: Increasing the pressure loading within the PDC allows for improved patient
benefit through use of finer needle gauges at fixed viscosities.

www.ondrugdelivery.com

e Delivery time: With high viscosity drugs,
flow rate and therefore delivery time
is key in ensuring adequate depot/bolus

Shorter

(<1 sec) can risk jetting and an undesirable

formation.® injection times
bolus formation whereas longer injection
times (>10 sec) can negatively impact
patient acceptance. Although flow rate can
have varying impact on perceived pain,!®!!
there are indications that longer injection
times can prolong pain from needle
insertion itself, thus reducing patient
acceptance.”!"12 Ultimately a delivery time
acceptable for both bolus formation and
patient tolerability is desirable.

e Volume: Typically, LAIs range in volume
from 1-3 mL, with lower volume
injections being generally better tolerated
in SC applications.!®!>!* Interestingly
there are indications that higher viscosity
products can improve pain perception,?
although this is likely dependant on
other variables such as active ingredients,
pH and temperature.

For highly viscous formulations,
increasing the internal PDC pressure is of
clear benefit to the patient (Figure 3).

To balance device, drug and patient
requirements, Oval Medical Technologies
has developed an ideal user-orientated
specification which forms a lightweight
framework for maximising patient
acceptability of high viscosity autoinjectors:

e 3-5 second delivery time

e 23G needle (IM), 25G needle (SC)
¢ 3 mL maximum volume

® 1000cP maximum viscosity.

Using  this
has shown that a pressure of 100 bar
would be required within the PDC for
a 5 second delivery, however pressures

specification, analysis

of this magnitude are normally beyond
the capability of most traditional glass
containers. The ability to manage these
pressures would create benefit to patients
in addition to HCPs and formulators alike.

OPTIMISING PDC LOADING

Developing a PDC with the ability to
withstand pressures of up to 100 bar
poses huge design challenges for device
developers, due to the risk that pressures
of this magnitude have on effective and
safe delivery. The loading of the PDC is a
key factor to consider during development,
although very high pressures are required to
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deliver viscous products, developers must
consider how the PDC is loaded within the
device and whether stress is unnecessarily
applied to the container.

A good example of this is the impact
that can be exerted on a PDC at the start of
delivery. Most autoinjectors are powered by
springs held in a compressed state until the
point of activation. At activation, the spring
force is suddenly released which can cause
serious problems for components which
bear the brunt of this force — typically the
PDC. This issue can be further compounded
when manufacturing tolerances lead
to excessive clearance between device
components, allowing the spring to build
up momentum. This momentum must then
dissipate upon collision with the PDC,
causing a brief but large spike in internal
pressure, resulting in additional burden on
an already highly stressed component.

It is important not to underestimate the
benefits of reducing impact loads, indeed
many materials respond differently to shock
loading than they do to static loading.
Dependent on material, many components
will be capable of managing loads when
applied progressively, yet when the same
force is applied instantaneously there is little
time for energy to dissipate and a brittle
failure is more likely to occur. With some
careful design consideration, it is possible
to reduce this effect or eliminate it entirely.

When developing a high viscosity PDC,
Oval has employed three strategies to
manage the effect of impact loading on
the PDC:

e Damped power source: Use of damping
ensures that all components move at
a controlled velocity, eliminating the
impact that would be seen in a spring-
driven device.

e Impaction timing: The second technique
aims to prevent impaction on the PDC
at the instant of delivery. Rather than
releasing the energy in the power source
at the point of activation, the power
source is already engaged with delivery
components. This provides greater
control over component positions and
loadings and therefore reduces risk of
part failure due to impact.

¢ Reduction of activation forces: Keeping
the device activation force low reduces
the likelihood of the user exerting
undue force onto the device, either by
gripping it improperly or by applying
it too forcefully onto the injection site.
Typically, high pressure requirements
necessitate the use of high activation
forces. The

these activation forces from pressure

ability to “decouple”
requirements allows minimal user input
to deliver highly viscous formulations in
a controlled manner.

CONTAINING HIGH PRESSURES

Once delivery variables have been altered
to optimise PDC pressure, the next step is
to ensure acceptable burst strength of the
PDC. An obvious way to do this is through
material selection. Glass, which is frequently
used for drug containment, is a brittle
material and therefore highly susceptible
to damage, such as scratches, which can
reduce fracture strength. Whilst it is not
necessarily any stronger in principle, cyclo-
olefin co-polymer (COC) is, in practice,
far more robust. Comparatively, COC is a
more ductile material than glass, allowing
the PDC to deform, flex or fail plastically
under high pressures. Glass, however, is
susceptible to shatter under significant
stress, making it a risky option for use with
high viscosity formulations."

The use of COC allows for greater
design freedom in the development of
PDCs, enabling integration of a wide range
of features, which in turn increases the
versatility of both components and the
mechanism as a whole. The ability to
adjust the shape, size and features of the
drug container allows optimisation and
a suitable safety factor for a 100 bar
delivery pressure.

Finite element analysis (FEA) is an
extremely powerful tool for assessing
the capability of a container design prior

Von Mises Stress [MPa]
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Figure 4: FEA analysis demonstrating wall thickness optimisation of a COC container at 100 bar pressure. Here, a wall thickness

greater than 1.5 mm provides minimal benefit to stress reduction within the component.
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to design freeze. Examining container
design using FEA allows assessment of
parameters (e.g. wall thickness or draft
angle) which are likely to have the
greatest impact on component stress.
This understanding allows adjustment
and trial of diverse geometries in order
to reduce and optimise stress within the
container (Figure 4).

ACHIEVING HIGH PRESSURES

Achieving high pressures within the
PDC requires a plunger that will operate
effectively at such pressures. The plunger
must maintain a delicate balance between
ensuring low friction within the container
whilst preventing any drug backflow
behind the seal when pressurised. The
plunger should also provide a sterile
barrier. This can present a challenge for
plunger technologies.

A standard approach to plunger
design is to use rubber. Rubber plungers
seal effectively, but the friction force
between the rubber and container can be
notoriously difficult to manage. A range

a“

L

Figure 5: Oval's PDC
technology optimised for high
pressure, high viscosity delivery.

of surface finishes such as silicone oil or
plasma treatment have been developed
to manage this, with varying degrees
of success. !

In high pressure environments, the
breakout and glide force of rubber can be
greatly exacerbated. Due to the compliant
nature of rubber, when high pressure
is applied the plunger can easily lose
its shape, becoming highly compressed
and thus producing a very high contact
pressure with the glass. As the Poisson’s
ratio of rubber is very high, any axial
force applied quickly becomes a localised
radial force, which increases both breakout
and glide force, in addition to the risk of
container fracture.

To tackle this
developed a high-pressure cup seal

issue, Oval has

design, which overcomes the friction
challenges seen in traditional plungers.
By decoupling the microbial and liquid
seal barrier functions from one another,
any conflicting requirements can now be
managed separately. The design consists
of a reinforced high-density polyethylene
(HDPE)
the liquid seal. This provides a robust

component, which provides

sealing surface with the stability to
manage high pressures and sufficient
lubricity to prevent excess glide forces.
Container closure integrity (CCI) within
the PDC itself is handled by a separate
layer of aluminium foil, induction welded
across the rear of the container, acting
as a microbial barrier, and is a robust
solution for high viscosity delivery.
Figure 5 illustrates Oval’s high viscosity
platform PDC.

CONCLUSION

The tools and techniques wused by
Oval help to overcome many of the
challenges presented by the delivery
of  highly
The combination of COC container

viscous  formulations.

technology with a thorough drug
characterisation programme provides
the ability to freely alter drug delivery
variables. This allows the effective
management of complex and conflicting
delivery  requirements, ensuring an
ability to deliver high pressures in a
safe and controllable manner. It is this
approach which allows Oval the flexibility
to achieve a truly “human” solution to
autoinjector design and ensure increased
acceptability and compliance for those

patients using its devices.

www.ondrugdelivery.com

ABOUT THE COMPANY

Oval was set up to develop autoinjectors
that meet the needs of patients and a broad
range of drugs, including biologics. Current
Pharma pipelines include formulations that
pose a number of challenges, including
those that are fragile and easily degraded,
viscous formulations (some of which
exhibit non-Newtonian characteristics) and,
increasingly, delivery volumes of up to 3 mL.
Owning the primary drug container allows
integrated devices to be designed. This design
freedom enables novel mechanisms to be
introduced, smaller devices to be developed
and the use of polymeric materials, giving
customers complete control over critical
component tolerances and control over
their supply chain.

The acquisition of Oval by SMC Ltd,
a US-based medical device manufacturing
company in 2016, has provided access
to world-class device manufacturing
capabilities in multiple locations in the
US and India. Oval/SMC can now provide
customers with a complete service, from
customisation of subcutaneous and
intramuscular platforms, to production
of clinical trials devices and commercial
scale manufacture. SMC can also offer
integration of filled primary drug containers
with secondary packaging and distribution
if required.
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Injection Pens
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Smart Connected Solutions for more efficiency in therapy!

Tailored solutions for innovative medication delivery systems for
subcutaneous self-application - that's Haselmeier. Specializing
in small and medium volumes, the company is a development
partner for pharmaceutical and biotechnology companies wan-
tingtolaunchanewproductonthe marketinashortperiodoftime
with efficient cost management. Haselmeier is an expert in in-
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The new D-Flex? new-generation medication delivery system

and designs that are at the highest level of technology and meet
current regulatory requirements. As a reliable partner, we
make an economic and timely market supply and customized
access to personalized treatment possible.

The D-Flex pen for modern personalized
medicine

Individual solutions and custom treatments — modern medici-
ne is increasingly focused on individual people and their needs.
Haselmeier took this approach at an early stage and supports
pharmaceutical manufacturers today with a pen that is more
flexible than most other models on the market. Depending on
the active ingredient and desired treatment, the D-Flex” pen
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allows the patient to administer medication subcutaneous-
ly with a single fixed dose or with multiple fixed doses. Up to
ten separate fixed doses can be delivered. What is particularly
important for the patient’s safety: the accidental use of interim
doses is virtually impossible.

Connectivity creates new possibilities for
improved treatment efficiency

Thanks to advanced medicines today, many illnesses can be tre-
ated so well that the patients can live an active lifestyle. This
also includes patients taking more responsibility for themselves
and their treatment. Equipped with modern medication delivery
systems, they can always rely on their medical supply no matter
where they are. Haselmeier is working on bringing innovative
injection pens with Connectivity to market. For example, doctor,
patient and relatives can be informed of dosage intervals, the
application data and recommended dosage units can be trans-
mitted, and medical devices can be monitored and controlled
all using a smartphone.

From concept to scale with Haselmeier

As experts in injection-based self-medication, what sets Hasel-
meier apart is the reliability of its treatment, thanks to customized
system solutions, and its scalability, convenience and intelligent
control and monitoring. For almost 100 years, the experts at this
family-run company have worked hard to develop high-quality in-
jection systems for subcutaneous application.

Innovation in Drug Delivery Platforms:
Next Generation Injection Pen

Self Administration

Disease Areas
Drug Indications

Subcutaneous
Injection Systems

Injection Pens
Drug Delivery Pens
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VOICE OF CUSTOMER RESEARCH
— A CUSTOMER-CENTRIC APPROACH
TO STRATEGY DEVELOPMENT

In this article, Michael McGowan, Global Director of Market Intelligence, SHL Group,
discusses SHL's view on adapting to the shifts in market needs and stakeholder
priorities in the pharma and biotech sectors, and details how SHL has implemented
a “voice of customer” market research programme to ensure it provides the best

possible service for its customers.

As many senior executives from medical
device companies will probably confirm,
there is a fairly high probability that at some
point during the annual strategy review
meeting, someone from the marketing
department will show a bullet point stating
“meet customer needs” or “satisfy customer
requirements.” Indeed, a dollar, pound or
euro in the bank for each time I have
heard this combination of words over the
course of my career would certainly have
made a significant contribution to my son’s
university tuition fees!

Most
generally refer to a business or management

definitions of “marketing”
process that aims to identify and profitably
satisfy the needs of target customers by
means of a product or service. A part
of Dr Philip Kotler’s (Kotler Marketing
Group, Washington DC, US) definition of
marketing states that:

“Marketing is the science and art of
exploring, creating and delivering value
to satisfy the needs of a target market at
a profit. Marketing identifies unfulfilled
needs and desires. It defines, measures
and quantifies the size of the identified
market and the profit potential. It pinpoints
which segments the company is capable of
serving best and it designs and promotes the
appropriate products and services.”

Although the development of business
strategy is generally an iterative process,
building and refining on earlier strategic
plans, having an in-depth understanding
of customer needs and opinions is the

base upon which companies construct
(or reconstruct) long-term success. With
almost three decades’ experience working
with many leading biotechnology and
pharmaceutical companies across the globe,
SHL Group has, since its establishment,
been committed to understanding customer
requirements, the foundation stone for
strategy development, as well as delivering
market-leading products that serve patients
in need.

UNDERSTANDING MARKET TRENDS

The development and success of biological
drugs to treat a range of chronic diseases
have led to the rapid growth of injection
devices for self-administration and
advanced drug delivery systems. Having
identified at a very early stage the macro
market trends and the unsatisfied customer
needs that accompany self-administration
of injectable drugs, SHL has emerged as
a world-leading solution provider in the
design, development and manufacturing of
advanced drug delivery systems, including
compact disposable autoinjectors, reusable
pen injectors and complex inhaler systems.

As the global prevalence of chronic
diseases continues to increase through
factors such as improved diagnostic
capabilities, changes in lifestyle and ageing
populations, the lifelong process of disease
management will continue to move from
the hospital and primary care setting into

patients’ homes. This trend brings with it
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some significant challenges with respect to
monitoring, adherence and compliance. As
such, new customer needs are constantly
emerging. Moreover, the relative importance
of key stakeholders is also changing over
time, resulting in a constant churn in the
hierarchy of needs to satisfy. It goes without
saying, therefore, that a regular discussion
with customers and other key stakeholders
is critical to keeping your finger on the pulse
of change.

IDENTIFYING CUSTOMER NEEDS

Asamarketleader in the design, development
and manufacture of autoinjector systems,
SHL has multiple touch-points with its
pharmaceutical customers in the course
of doing “regular business”. Sales people
call on contacts and functions within the
customer organisations every day; project
managers, programme managers and
supply chain personnel communicate with
their counterparts on a regular basis and
quality and regulatory affairs frequently
collaborate to co-ordinate audits and
prepare product submissions.

With all these regular points of contact,
it becomes easy to believe that you know
the customer, that you understand what
they need and what they think of you
as a supplier. However, like running a
marathon, the real challenge starts when
you are well into the journey and the
harder it becomes to make sense of even
quite simple feedback or instructions.

With existing customers, it is easy to
become focused on manufacturing, selling
products and dealing with firefighting issues
rather than keeping abreast of their present
needs, opinions and level of commitment.
To develop this kind of understanding
and take a forward-looking view on the
relationship with the customer requires a
conscious and formalised process, which
exists outside of the regular day-to-day
contacts. It was with this approach in
mind that SHL recently initiated a “voice
of customer” programme with a number of
its key customers.

CONDUCTING MARKET RESEARCH

Conducting market research as part of
your business process is far from being
a new idea. After all, most definitions of
marketing mention the identification of
customer needs as the starting point in the
process of building a profitable business.
In a technically challenging area such as
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Figure 1: SHL's Needle Isolation
Technology (NIT®) was developed to
enhance the safety and usability of
cartridge-based autoinjectors.

self-injection systems, the focus of market
research has frequently been centred on the
device itself.

Initially developed for use in emergency
situations, autoinjectors were, by definition,
operated by untrained users or by patients
themselves. With the development of
biological pharmaceuticals and the growth
of self-administration in the home setting,
the use of autoinjectors has expanded,
leading to the needs of users becoming more
diverse and condition-specific. Companies
like SHL have traditionally focused most
market research efforts on creating product
solutions that improve devices for better
usability (Figure 1). Human factors studies
are now an essential requirement in any
device development programme to gain
insight into how the device satisfies the
needs of the patients. Focus groups and
product testing research have therefore
been extensively deployed by the medical
device industry for many years.

WHAT IS VOICE OF CUSTOMER?

Voice of customer (VoC) research is not a
new concept, however, more companies are
discovering the potential of the methodology

www.ondrugdelivery.com

to generate both qualitative and quantitative
input to the strategic planning process. VoC
research generates feedback by means of
interviews with respondents who have been
identified as key stakeholders, capable of
providing relevant feedback according to
the specific objectives of the research.

While VoC interviews follow a structure
that has been designed to generate feedback
on the specific objectives of the research, a
skilled VoC interviewer will stay close
to the designated interview structure but
will also incorporate a level of agility
that allows respondents to develop their
feedback in spontaneous directions. It is
often from these “excursions” that the
most valuable feedback is generated. Once
the interview phase has been completed,
the results are analysed using a formalised
approach to address customer needs,
expectations, opinions, suggestions, new
ideas, trends and so forth. The data
generated is then organised into a hierarchy
or prioritised action list depending on the
specific objectives of the study.

Although the pharmaceutical industry
has undergone a number of significant
developments in recent years and the market
for self-administration injection devices has
evolved considerably since the early 2000s,
it is probably no exaggeration to say that
we are, at present, at a true inflection
point. The opportunities presented by
connected devices together with changing
characteristics of new injectable drugs
(volume, viscosity, injection frequency) all
present significant new scope for product
development. However, the economics of
providing effective but expensive disease-
modifying treatments to an increasing
number of patients is placing national
healthcare systems under mounting and
unsustainable pressure. In the face of such
potential for change, it should come as no
surprise that SHL should be interested in
performing a VoC research programme
to better understand how our customers
perceive the near and long-term trends and
how they assess SHL’s overall performance
and capabilities.

IMPLEMENTING THE PROGRAMME

SHL’s focus on every detail when creating
self-administration  systems for its
pharmaceutical partners and their patients
was one of the most important factors
supporting our VoC programme. With so
many internal stakeholders interested in

obtaining customer feedback, there was a
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temptation to fit too much into the scope.
However, VoC programmes tend to be
more successful when they are focused on
relatively few objectives. In the VoC survey
recently conducted by SHL, we decided to
focus on three key areas that would help
us to understand, and ultimately serve, our
customers better:

e To establish a baseline understanding of
our relationship with our customers and
how they view SHL’s strengths and areas
for improvement.

e To gather our customers’ thoughts on
future trends impacting the healthcare
and pharmaceutical industries.

e To gain deeper insight into the views

regarding their

of our customers

requirements for future delivery devices.

The survey was performed across
three continents with stakeholders from
pharmaceutical companies of different
sizes, structures, therapeutic focuses
and maturities. While the scope of the
tightly

focused, we targeted a wide geographic

programme was deliberately
sample in order to capture regional,
cultural and structural variances in the
feedback. As the demands of the global
healthcare industry evolve in different
directions and at different rates, we
are committed to understanding these
differences and adjusting our offering
according to these needs.

INTEGRATION WITH
BUSINESS STRATEGIES

As a result of experience in a given market,
it is to be hoped that most companies
have a good idea or feeling about what
they should be doing and the different
opportunities they have to grow. Stand
around the coffee machines in most
companies and very quickly you will hear
opinions on what the company should be
doing, what it should not be doing, which
products should be developed and which
products should be dropped. However,
such opinions often lack any validation
and are often clouded by personal bias,
incorrect assumptions, limited awareness
and personal agendas.

To succeed and grow over the long
term, the real challenge facing companies
and their leadership teams is about
addressing the right opportunities, making
the right choices and selecting the best
adjacent market segments to move into.

Strategy

Organisation

Operations

Figure 2: Strategy, organisation and operations need to be
aligned to ensure successful execution of business strategy.

To help in this process, companies need
to make evidence-based decisions, derived
from key stakeholders. When supported
by a good strategic planning process, VoC
research can really help a company to
make informed decisions that maximise the
probability of sustained success.

VoC research can help to identify some
fixes that are relatively quick and easy to
put in place. However, more often than
not, the outcomes from VoC research
touch upon profound evolutions in the
market that can significantly impact the
fundamental activities of any company.
The feedback is often complex to interpret
and can require a long, and likely
difficult, process to implement. As such,
the recommendations from the customer
feedback need to be totally integrated into
the company strategy in order to ensure the
opportunities are successfully addressed.
Delivering on strategy is not simply a case
of defining in words “what” the company
is going to do, it requires operational and
organisational changes that are aligned
to support the strategic direction.! Such
changes imply financial investment, carry
greater risk and require commitment and
conviction. For this reason, it is essential
that VoC research is sponsored from the
very highest management levels in the
company (Figure 2).

ROLLING OUT THE FINDINGS

The recent VoC programme performed by
SHL has enabled us to have a clearer
understanding of how our customers see
the future industry and device trends. As
the findings are communicated and rolled
out, the entire organisation has benefited
from an increased awareness of how our
customers view our working relationship
and the overall performance of the company.
This is helping to build customer focus and
to create opportunities for cross-functional
teams to work on improved processes
and evolving customer requirements.
The programme has also created new forums
for dialogue and avenues of collaboration

with customers who took part in the survey.
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Placing the outcomes from its recent
VoC programme at the heart of its strategic
initiatives, SHL will continue to focus on
meeting customer expectations to reinforce
its market leading position in the design,
development and manufacture of drug
delivery systems. Using the feedback from
the survey, SHL’s aim is to create value for
our customers by helping them to meet the
needs of their patients and key stakeholders
in the provision of healthcare for the
years ahead.

ABOUT THE COMPANY

SHL is a world leader in the design,
development and manufacturing of advanced
drug delivery devices, such as autoinjectors
and pen injectors. With locations in Taiwan,
Sweden, Switzerland and the US, experienced
engineers and designers develop product
enhancements and breakthrough drug
delivery solutions for pharma and biotech
clients globally. Significant investment in
R&D has enhanced the company’s broad
pipeline of next-generation drug delivery
systems. These innovative devices include a
range of disposable and reusable injectors
with fixed or variable dosing and the ability
to accommodate high viscosities.
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PATIENT-CENTRIC REUSABLE
INJECTED DELIVERY SOLUTIONS
OFFER MULTIPLE BENEFITS

In this article, Bjgrn Knud Andersen, Director, Front-End Innovation, and Head of
Technology Accelerators and IPR, Phillips-Medisize, discusses the advantages of
developing customised, reusable delivery devices in order to achieve patient-centricity.

Developments in consumer electronics
and information technology are rapidly
changing medical drug delivery. While
manual delivery of self-administered
injectables still predominates, the sector is
now migrating toward more user-friendly,
flexible solutions that better address patient
and caregiver preferences and expectations.

Although manual delivery offers a high
level of flexibility, it is often associated
with being complicated and less intuitive,
requiring more training for the caregiver
and/or patient. In contrast, a conventional
autoinjector can offer a much more intuitive
injection process. However, this process
is “locked”

and therefore cannot be altered without

into the device structure
comprehensive design re-validation.

Finding a happy medium between these
two options presents a challenge, not only
for caregivers and patients, but perhaps most
significantly for pharmaceutical companies.
Too often, these companies struggle to
solve the drug administration challenges of
tomorrow and remain stuck with yesterday’s
technology solutions. For example, many
innovative injectable therapies require
individualised dosages, based on factors such
as body weight or surface area. With a
conventional autoinjector, such individualised
dosing would likely require keeping multiple
units in stock to respond to variability in the
target patient population, thus dramatically
development,

increasing  associated

manufacturing and inventory expenses.

In addition, while the well known
pen-injector provides a good solution for
managing diabetes, it does not necessarily
guarantee secure operation in other
therapies. For example, people with diabetes
are generally highly trained and skilled
in administering selected doses of insulin.
However, the inherent risk of patient-related
variation due to user error might critically
affect results with another medicine that has

a narrower therapeutic window.

ADVANTAGES OF CUSTOM-
DEVELOPED DRUG DELIVERY DEVICES

Instead of remaining within the constraints
of existing generic delivery platforms and
struggling with patients and regulators to
establish safety and efficacy within specific
therapies, drug developers may be wise
to consider a custom device approach.
In Phillips-Medisize’s experience, custom
device development provides enhanced
value once patient needs move beyond
the “press and fire” approach exemplified
by a conventional mechanical autoinjector.
More

variable

complex needs could include

dose adjustment, lyophilised
drug reconstitution or even features of
dose reminding and other patient outcome
measures possible when integrating with
connected health services.

Developing device usability based on
innovation

a  patient-centric process

often leads to a system with significantly
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enhanced ease-of-use, where critical-to-
therapy functions are deeply integrated into
the device solution. Technically speaking,
this naturally implies either advanced
mechanical architectures or, more typically,
leverage of electromechanical technology
platforms customised for a specific drug
preparation and its administration features,
as well as user guidance and feedback.

Natural side effects of this approach
include increased cost and pressure for
reusability, in order to keep cost-per-
injection reasonable. However, patients
typically have strong preferences for
the more user-friendly solutions offered
by such devices and tend to embrace
reusable devices from an environmental
perspective. In addition, especially when
frequent administration is required, there is
a significant cost-per-injection incentive for
companies and payers to pursue reusable
devices (Figure 1).

Obviously, the price of a reusable
electronic  autoinjector varies with
complexity and production volume. For
example, assuming a price of approximately
€150 (£134) results in a cost-per-injection
below €1 over a four-year period of
weekly administration. Products of this
value constitute a market segment
that includes a broad range of current

biologic blockbusters.

REUSABLE PLATFORMS
OFFER FLEXIBILITY

Custom device development is nothing
new for bigger pharmaceutical companies
servicing large therapeutic indications.
Rather, it is a mandatory component of
a competitive market strategy fuelled by
sheer economies of scale, as well as by
patient benefits. But the situation may
differ substantially for smaller companies
that service more specialised rare-disease
indications with only few patients.

For such companies, even if applying
a custom delivery device technology in
a specialised segment potentially offers
significant patient benefits, less competition
typically means less imperative strategic
incentives. Furthermore, a more specialised
pharmaceutical company may often
maintain a stricter focus on core drug-
development disciplines and down-prioritise
device technology and strategies. Relying on
established technology suppliers to provide
the necessary inspiration therefore often
leads to single-use disposable autoinjectors
as the device of choice.
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Figure 1: Device cost-per-injection examples with reusable drug delivery devices.

‘Substituting weekly disposable autoinjectors with one
reusable device will, over four years, reduce production
quantity requirements by a factor of more than 200"

In addition to being considered a
nuisance to patients, a disposable device
approach may carry critical consequences
in terms of speed to market, thereby
reducing company return on investment.
For example, the time required to set up
a high-volume manufacturing line, such as
one that includes multi-cavity moulding
tools and automated assembly stations, will
be significant compared with production
scaling for a reusable delivery device, due
to the lower quantities of a reusable that
will be needed. For instance, substituting
weekly disposable autoinjectors with one
reusable device will, over four years, reduce
production quantity requirements by a
factor of more than 200.

Obviously, the required development
lead-time should also be considered.
However, the reusable approach appears to
offer advantages here as well. The application
of software-controlled electromechanical
systems allows for more design flexibility
while fully respecting usability, risk and
design robustness. Also, designs can be
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divided into functional modules which
intuitively lend themselves to support new
delivery device designs through alternative
combinations and therapy-specific, user-
related optimisation, thus avoiding the need
for a total redesign between projects.

This is the concept behind Phillips-
Medisize’s

which enable extremely fast turn-around

Technology  Accelerators,
lead-time for innovation, feasibility and
development processes, applying state-of-
the-art technology solutions to produce
optimised and individualised drug delivery
device solutions. To illustrate this concept,
demonstrates

the following example

alternative solutions to conventional

mechanical autoinjectors.

PHILLIPS-MEDISIZE AUTOINJECTOR
FOR PREFILLED SYRINGES

A mechanical autoinjector typically
facilitates drug storage, administration and
disposal. The administration is likely a

straightforward “press and fire” handling
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operation with simple acoustic signalling
during injection. After use, the system is
usually locked in a state where the needle
is covered by a needle shield, which also
clearly signals that the device has been used.
In contrast, despite the potential benefits
of reusable injection systems, they will not
provide a pre-loaded dose of medicine.
Instead, the patient must load the drug
before administration and discard the used
container afterward.

When injecting, patients will often be
primarily concerned with possible pain,
such as from the needlestick and drug
contact, apart from speculation related
to therapeutic effect and potential side
effects. In Phillips-Medisize’s experience
with patients, adding a few minor user
steps unrelated to those key concerns is
typically completely acceptable. Therefore,
loading and unloading a primary container
is highly unlikely to pose an issue for the
vast majority of patients offered a reusable
autoinjector. Of course, it is important
to simplify those specific user handling
operations, as well as any other procedures,
as much as possible.

A relevant example from the current
Technology Accelerator portfolio applies
a cassette concept to ensure easy loading
and unloading, while providing full needle
safety before and after the injection
(Figure 2). The drug manufacturer installs
the primary container, such as a 1 mL
“long” prefilled syringe with a staked
needle and needle cover, in the cassette.
The cassette helps prevent needle stick
injury after injection in addition to clearly
signalling when it has been used by the

Figure 2: Front-loaded autoinjector
for prefilled syringes offering an
optimal user experience.

patient, similar to a mechanical autoinjector.
However, the amount and cost of material
is significantly reduced. Loading the
cassette through the front provides a
compact, safe, effective system with minimal
user interaction.

In another device, the same injector
platform is customised to support delivery
from a “naked” prefilled syringe, such as
the same 1 mL one with a staked needle or
a standard 2.25 ml syringe with an external
needle attachment. Since these approaches
avoid changes around the primary
container entirely, they can offer an even
faster track forward in support of potential
clinical trial programmes.

Regardless of conceptual direction
and application, the electronic reusable
autoinjector platform will manage all
relevant syringe movement handling (needle
insertion and retraction, programmable
to desired insertion depth) and patient-
controlled drug injection (injection rate,
pausing, etc). The motorised architecture
inherently supports higher plunger forces,
up to and beyond 100 N, potentially
enabling significantly reduced needle
diameter. For example, whilst ensuring
that the pharmacological properties of the
medicine remain unchanged, the increased
plunger force capabilities may be capable
of supporting a needle gauge reduction
from 27G to 31G, potentially reducing pain
related to needlesticks.

The durable electronic devices also
contain multiple sensors and connectivity
features, making it easy to store and
transmit data to external applications,
such as a connected health service system,
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further assisting patients, caregivers and
healthcare professionals in improving
therapeutic outcomes.

A PROMISING NEW OPPORTUNITY

Reusable electronic drug delivery devices
have been around for many years, primarily
in professional care segments. Historically,
companies have had valid concerns about
deploying such systems into patient self-
administration settings. However, recent
developments in electronics and information
technology, along with emerging needs in
the pharmaceutical industry, are driving
change. Modern electronic reusable drug
delivery systems offer a wealth of potential
in terms of usability and flexibility, as well
tangible cost-per-dose reductions, making
them an obvious choice for patient-centric
injected drug delivery solutions in global
pharmaceutical markets.

ABOUT THE COMPANY

Phillips-Medisize, LLC, a Molex company,
is an end-to-end provider of innovation,
development, manufacturing and post-
launch services to the pharmaceutical,
diagnostics, medical device and speciality
commercial markets. Post-launch services
include a connected health app and data
services. Backed by the combined global
resources of Molex and its parent company
Koch Industries, Phillips-Medisize’s core
advantage is the knowledge of its people
to integrate design, moulding, electronics
and automation, providing innovative high-
quality manufacturing solutions.
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to developing the Phillips-Medisize
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20 years of experience within medical
diagnostics, electronic drug delivery
devices and connected health systems.
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5 THINGS TO CONSIDER
WHEN MANUFACTURING CONNECTED
DRUG DELIVERY DEVICES

The estimated number of connected drug delivery devices continues to increase
and the impact of this trend could be significant, explains Phillips-Medisize

While digital connectivity or connected health can improve the coordination and delivery
of patient care, original equipment managers need to keep these five things in mind when
creating connected drug delivery devices:

1 Development strategy and design consideration
2 Situation analysis and patient compliance

3 Connectivity ecosystem

4 Wireless subsystem

5 Security of device and information

As the Internet of Things continues to become an integral part of people’s lives, the opportunity
to use it within drug delivery device applications remains promising. The manufacturers

and device designers must identify, investigate and overcome these challenges so that the
implementation of wireless and other related smart technologies can be achieved. When done
successfully, connected systems enable the patient and caregivers to have a 360° view of

both the patient and the disease — not only to manage adherence, but to improve results by
understanding the effect of the regimen.

Phillips
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PREFILLED WEARABLE DRUG DELIVERY:
HARNESSING TECHNOLOGY FOR
PATIENT & PARTNER CENTRICITY

In this article, Mindy Katz, Director of Product at Sorrel Medical, describes in detail
the company’s journey from identifying a clear market need to development and
commercialisation of Sorrel's prefilled and preloaded wearable injection device.

INTRODUCTION

For many medical device manufacturers, the
development process is a delicate balance
between the different needs of two distinct
parties: the patient and the pharmaceutical
partner. This is especially true when looking
to design a device that is both cost effective
and intuitive, easy to use and compliant
with  established pharma practices.
To achieve this, technology must be
harnessed accurately, with a profound
understanding of what constitutes a truly
patient- and partner-centric product.

This article outlines Sorrel Medical’s
insights on today’s market needs and

| injectable

‘Initially, wearable injectors may

challenges, and points at how these are
tackled by Sorrel’s prefilled wearable drug
delivery platform, bringing both patient-
centric design and partner-focused strategy
to the spotlight.

WEARABLE DRUG DELIVERY MARKET

Initially, wearable injectors may have been
considered a fad, just a buzzword mentioned
briefly in guessing what the future holds for
drug delivery. Today however, the market
indicates a great need for these wearable
drug delivery devices. With the growth
of biotech research and the increased
number of biologics in pharmaceutical

companies’ pipelines,
medications
expected to launch in the
upcoming years have no

have been considered a fad, just  solution for administration
a buzzword mentioned briefly in ~ With today’s commercially

guessing what the future holds for

available hand-held injection
devices. Moreover, pharma

drug delivery. Today however, the  companies are putting more
market indicates a great need for ~ cmphasis on devices, as a

these wearable drug delivery devices.”

way of differentiating their
product and providing their
customers with a patient-
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centric system. Accordingly, Sorrel sees an
increased interest and great potential in the
world of wearable drug delivery devices.

Over the years, several leading medical
device companies have ventured into this
field, coming from various industries and
backgrounds, each with their own unique
expertise and interpretation of the ideal
wearable device. Nevertheless, only a few
such products have been launched to date,
and devices currently in development vary
significantly in terms of user interface and
technology.

While there are considerable barriers
for entering this market, including complex
technology, strict regulations, human
factors and financial longevity, wearable
drug delivery devices hold vast potential.
The changes that this innovation brings to
the healthcare market, in terms of enhanced
user experience, administration of large
volume and high viscosity medications,
decreased dosing frequency, connectivity
and more,! have set Sorrel on the path to
perfecting a true platform solution.

SORREL'S BACKGROUND

Sorrel is a medical device company based in
Israel, a hotbed of healthcare innovation.?
It is one of three privately held companies
in the world of drug delivery devices,
including Q Core Medical, Avoset Health
and Sorrel Medical, all operating under
the Eitan Group. The joint experience
amongst these three companies includes
commercialisation of drug delivery devices
across the continuum of care, multiple US
FDA approvals, market presence in over 20
countries worldwide and a team of R&D
innovators that are experts in parenteral
drug delivery, flow control, human factors,
software for medical devices, cybersecurity,
and more.

After almost a decade on the market
with the Sapphire infusion pump system,
used in hospitals and healthcare facilities
around the world, with over 15 million
litres of medication already infused to
patients, Sorrel is looking to the horizon
to address the next big challenge in drug
delivery. While researching the wearable
drug delivery market, Sorrel has found
the broad experience and multidisciplinary
expertise accumulated across its R&D,
regulatory, quality and manufacturing teams
is an excellent fit to take on the challenges
which lie ahead. With this, Sorrel turned to
identifying the unique needs and challenges
of the wearable drug delivery market.
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IDENTIFYING KEY MARKET
NEEDS AND CHALLENGES

As a first step, Sorrel characterised the
two primary customers for its wearable
platform. The end-user was anticipated to
be a patient receiving injectable medication,
most likely in the home environment without
the presence of a healthcare professional.
The partner would be a pharmaceutical or
biotech company, partnering with Sorrel
to bring a drug/biologic-device product
to market together. Solving the challenges
identified in the research and development
process proved to be a delicate tango, which
balanced between the distinct need sets of
both of these customers, the patients and
the partners.

Platform
Sorrel’s goal was defined as designing,
developing, and manufacturing a wearable
drug delivery platform. The term
“platform” carries significant weight,
impacting design decisions throughout the
development process. A device platform
means a pre-determined strategy, applied
from the initial design input stage to ensure
that the device answers to the needs of
multiple pharmaceutical partners across
a variety of medications, indications and
patient populations. A platform approach
allows the device manufacturer and
pharma partner to leverage marketed
devices in terms of supply chain and
regulatory approvals, requiring only
slight customisation to adapt from
one molecule to another.

Reliable, Controlled, Accurate Delivery
Based on Sorrel’s experience in the world
of infusion pumps, it identified its first
challenge to be the development of a reliable,
controlled and accurate delivery system.
Reliability is the key, because, as a starting
point, the system must deliver. Moreover,
there is a wide variety of injectable
medications out there, some requiring a
controlled, variable and accurate dosing
regimen, whereas others need a fast
bolus injection. Led by the decision

to take a platform approach, Sorrel
wanted to ensure its technology held
the capacity to adapt to the full range
of medications.

By forgoing exotic technologies and
selecting only proven, reliable components
for its pumping mechanism, Sorrel was
able to secure the reliability that it targeted.
In addition, the electromechanical pumping
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‘Solving the challenges
identified in the research
and development process
proved to be a delicate
tango, which balanced
between the distinct
need sets of both of these
customers, the patients
and the partners.”

Figure 1: Sorrel Medical's wearable drug
delivery devices are available in 2, 3, 5,
10 and 20 mL versions (2, 3 and 10 mL
shown here).
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mechanism was designed to allow a 2 pL
dose per step, at +5% accuracy, giving the
platform inherent accuracy and the crucial
adaptability required for medications
requiring lower rates and accurate
deliveries, as well as those requiring

bolus injections.

Primary Container Agnostic

Primary containers are a world of their own.
A variety of parameters affect the choice of
volume, material and manufacturer of a
primary container for a specific medication,
which is generally the choice of the
pharmaceutical company. Formulation,
chemical interactions, business partnerships
and cost are all in the mix when it comes
to choosing an ideal container closure
system.> Accordingly, Sorrel’s goal was
to allow pharma partners the freedom
to use a variety of drug reservoirs, and
the technology was designed to have the
flexibility needed to integrate the primary
container of their choice. In addition, by
being able to accommodate a broad range
of volumes, the device platform can be
easily customised to fit multiple products in
a pharma partners’ pipeline.

Decoupling the pumping mechanism
from the primary container allowed for the
flexibility that was required. Sorrel’s platform
can be customised to suit the different
dimensions of any primary container, with
only minor design changes. Currently, 2,
3, 5, 10 and 20 mL wearable injectors are
available for customisation, all based on
the same technology platform (the 2, 3, and
10 mL versions are shown in Figure 1).

Prefilled and Preloaded

For a self-administering patient, Sorrel
wanted to ensure the best experience
possible. A simple user interface offers
a positive experience that reduces use
errors, promoting adherence to therapy.
Therefore, Sorrel decided to design a device
that is intuitive and easy to use, with
no compromises. Ideally, the drug-device
system would come as one single unit, pre-
loaded with a prefilled primary container
(Figure 2). In this use case, the user would
remove the device from its packaging, peel
the adhesive liner, adhere to the body and

Prefilled and
preloaded

device of steps

Reduced
number

initiate treatment. A critical challenge in the
development of a prefilled and preloaded
device is the process of integrating the
aseptic drug filling process and the device
assembly, in a way that ensures a disinfected
fluid path, for a cost-effective device with
no user intervention and minimal disruption
to established pharma processes.

The industry’s current standard practice,
of manually swabbing the cartridge crimp
with ethanol prior to loading into the
wearable injector, does not allow for the
preloaded solution that Sorrel desired, as
it requires user intervention. On the other
hand, creating a micro-organism-free fluid
path for a preloaded solution necessitates
alterations to be made to the established
pharma processes, for accommodating
proprietary cartridges that contain the
entire fluid path, or loading the cartridge
under aseptic conditions. The ideal solution
that Sorrel envisioned could have the
prefilled cartridge assembled into the device
either at the pharma company, a contract
manufacturer or at Sorrel’s own facilities,
with disinfection occurring at the point
of care. The theoretical, ideal, solution
would be a “Honey, We Shrunk Ourselves”
scenario, in which someone may be placed
inside the device, swabbing the cartridge
septum prior to the engagement between the
fluid path and cartridge. As Sorrel searched
for an adequate technology that allowed
this disinfection at point of care, it found
UV technology to be ideal.

UV-CLED technology* enables a prefilled
and preloaded device configuration, utilising
standard cartridges, without disruption to
existing drug filling lines. This method
results in automatic, verified and controlled
local disinfection at point of care. As with
all components within the system, it is
widely available, time- and scale-tested, and
cost-effective. This is the ultimate prefilled
solution, which permits Sorrel to deliver an
ideal product configuration for the end-user,
while also conforming to pharma practices,
all in a cost-effective device. A scientific
poster detailing experimental results
of the UV technology will be presented
at PDA’s Universe of Pre-filled Syringes
and Injection Devices, October 8-9, 2018
(Orlando, FL, US).

Less room
for use
errors

Simple and

intuitive user
interface

‘Sorrel has now completed
the development of the
technology platform on

which the wearable
devices are based, and

1S currently setting up
manufacturing lines for its
first product line.”

Smart Sensing

Due to the nature of a patient’s dependency
on their wearable device, assuming they
are prescribed self-administration at
home without the aid of a healthcare
professional, it is crucial that the device,
via its technology, supports their user
experience, notifies the patient of any
issues, prompts desired actions and gives
them the confidence they need to complete
the treatment successfully. Sorrel achieved
this with a blend of integrated sensors,
as well as visual and audio indicators,
clearly communicating the device status
to the user. The sensors detect air and
occlusion, and deliver alerts according to
A dedicated

sensor ensures that the delivery will not

pre-defined parameters.

initiate until the device has been firmly
adhered to the skin. Additional sensors
inside the device detect needle position,
cartridge placement and run a range of
internal system checks, ensuring that the
device is functioning properly. It is not
a trivial task to include smart sensing
technology in a fully disposable and cost-
effective device. In Sorrel’s case, this is
enabled by integrating sensors with smart
algorithms, often using one sensor for more
than one purpose.

Connectivity

Over the past several years, there has
been significant focus on digital health
and connectivity in medical devices. The
power of connectivity can be harnessed in
a variety of ways, primarily to promote
patient engagement and adherence to
therapy. Looking at the insulin delivery

Increased
adherence
to therapy

Positive user
experience

Figure 2: Importance of a patient-centric, prefilled and preloaded device.
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Your Way to
Deliver More

Figure 3: Bluetooth low energy and NFC connectivity.

market segment, it can be seen how
connectivity has begun to sprout seeds that
empower the diabetic patient population.
While recognising the importance of
connectivity, and the increased value it
can bring to a drug delivery system, Sorrel
believes that the connectivity conversation
is one to be had with pharma partners,
prior to the commercial release and
per-patient  population  use  case.
Accordingly, Sorrel has both Bluetooth
and near field communication (NFC)
already integrated into its device, enabling
connectivity in two widely accepted and

secure routes of communication. For
the purpose of clinical trials, Sorrel has
developed a smartphone application that
enables sharing of treatment reports during
investigational use (Figure 3).

DEVELOPMENT METHODOLOGY
AND PROGRESS

Sorrel is utilising a structured project
management method built of phases
and milestones, each with a set of

Quality,
regulations, operations and R&D all have

predetermined  requirements.

responsibilities and sign-offs for each
of the design stages, ensuring efficient
co-operation across the board. In addition,
Sorrel’s pharma partners’ participation has
been built into this framework, ensuring
that input is received and approval is
given at relevant junctures throughout the
development process. This operational
methodology has been proven successful in
the commercialisation of infusion pumps,
and has been audited numerous times by
regulatory authorities in Europe and the
US. It also ensures full and automated
traceability, starting from user needs, all the
way to each device specification and every
line of software code.

Sorrel has now completed the
development of the technology platform
on which the wearable devices are based
(Table 1), and is currently setting up
manufacturing lines for its first product
line. The first configuration expected to
be ready for clinical trial use is a 3 mL
cartridge-based wearable injector that can
be either preloaded or loaded by user,
per the pharma partner’s choice. The
3 mL device is expected to be ready for
clinical trials in Q1 2019, post verification
and validation. Working prototypes are
available for feasibility testing.

Sorrel is actively pursuing partnerships
with pharmaceutical companies, interested
drug-device

in  bringing innovative

combination products to market.

General Description

Duration of Use Up to 3 days

Fill Form Filled at point

of care

2 mL internal
reservoir

Drug Reservoir

Flow Range
Connectivity
Indicators and Buttons
Viscosity

Customisability

On body and fully disposable, delivering injectable medication to the subcutaneous tissue

Minutes - several hours

Prefilled and preloaded

3 mL cartridge 5 mL cartridge

0.01-60 mL/hr

Bluetooth and NFC

Up to 120 cP

10 mL cartridge 20 mL cartridge

Audio and visual indicators, SW-controlled hard key for delivery initiation and/or bolus (optional)

Labelling, branding and software customisation available

Table 1: Sorrel Medical's platform specification.
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SUMMARY

With the wearable device market expected
to provide a smart and straightforward drug
delivery experience to patient populations
worldwide, Sorrel is excited to be harnessing
innovative technology that benefits both
patients and pharma partners.

ABOUT THE COMPANY

Sorrel Medical is a medical device company
focused on prefilled wearable injectors.
Sorrel is one of three privately held
companies operating under the Eitan Group,
all in drug delivery devices, including Q
Core Medical, Avoset Health and Sorrel
Medical. Q Core Medical develops and
manufactures the Sapphire infusion system,
on the market in both hospital and homecare
environments. Avoset Health is developing
a connected homecare infusion pump,
available for pharmaceutical companies
in a dedicated application configuration.
The joint experience shared amongst the
Eitan Group’s three companies, includes
commercialisation of drug delivery products

across the continuum of care, multiple US
FDA approvals, market presence in over 20
countries worldwide, and a team of R&D
innovators that are experts in parenteral
drug delivery, accuracy, flow control,
human factors, cybersecurity and more.
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MEDICAL

ENGINEERING
TECHNOLOGIES

GLOBAL EXCELLENCE
IN DEVICE TESTING

THE NEED FOR A FULLY INFORMED
LABORATORY IN COMBINATION
DEVICE VALIDATION SERVICES

In this article, Mark Turner, President, Medical Engineering Technologies, runs through
the advantages and processes of working with a high-quality preclinical device testing
and validation partner when developing a novel combination product.

INTRODUCTION
Typically, pharmaceutical
companies are confident

that they understand the
regulatory pathway for
active pharmaceutical
ingredients (APIs) and their
own formulations. However,
sometimes they are less

confident about the requirements when
these are coupled with a delivery system.
A good preclinical partner/test facility,
such as Medical Engineering Technologies
(MET), can provide regulatory guidance
and design validation testing (DVT) to
help assist in getting a product to the
marketplace.

In some cases, the required testing is
well defined (e.g. ISO 11608/ISO 11040
for pen injectors' (Figure 1) and prefilled
syringes?), whilst with others it may not
be so clear (e.g. hormone eluting rings
and implants?). The process of addressing
these requirements can be planned to
ensure efficient project management and
help reduce costs. When you work closely
with your chosen preclinical partner/testing
facility, they can help provide guidance
on the test requirements and the sample
requirements using acceptable quality limits
(AQL) tables or test standards. Planning,
in consultation with your chosen partner,

‘A good preclinical partner/test
facility, such as MET, can provide
regulatory guidance and design
validation testing to help assist in
getting a product to the marketplace.”

should allow them to deliver testing
efficiently and you to meet your deadlines.

DESIGN VALIDATION PLANNING

The prerequisites to developing a design
validation programme are:

e Competitor submissions review

e Design  inputs/targeted  product
performance

e European and/or US FDA Guidance review

e Risk analysis

e ISO/EN/ASTM/ICH/pharmacopeia
standards review

e (If this is a first foray into combination
devices) Gap analysis of the quality
management system (QMS) and production
processes and qualifications in place.
These processes can be conducted

in-house or with a preclinical partner/test

lab. A good knowledge of European and

www.ondrugdelivery.com
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Figure 1: An injector pen needle undergoing testing.

‘If a good product
standard or European/FDA
Guidance is in place, a lot
of the required validation
work may already be
defined. Interpreting
some standards can,
however, be challenging.”

FDA regulations will help to speed up this
process. The European Directive, combined
with ISO 13485, gives a lot of guidance
in the general areas of design control and
safety considerations.

If a good product standard or European/
FDA Guidance is in place, a lot of the
required validation work may already
be defined. Interpreting some standards
can, however, be challenging. Even with
the defined requirements seen in some
standards, carrying out the risk analysis
can still be both very important and very
helpful. If good guidance is not available,
the risk analysis is crucial. This analysis
aims not only to identify all the risks, but
also to quantify them. It can then be used

Copyright © 2018 Frederick Furness Publishing Ltd

to ensure that all the necessary testing has
been carried out, and also to reduce any
superfluous testing. Similarly, if guidance
is not available, the key performance
requirements must be identified in a product
review. This includes design inputs and a
literature review, thereby saving time and
money. MET has developed standard study
plans for a large range of devices.

These reviews and risk analyses can be
used to develop the test programme and
design test protocols.

DEVELOPING A PROTOCOL

The testing regimes in a DVT programme
could include:

e Assessment of hazards identified in the
risk analysis

¢ Bioavailability studies

¢ Biocompatibility studies

e Drug/container interaction analysis

e Extractables and leachables studies

e Toxicological risk analysis

e Human factors studies

e Performance and dose accuracy
assessments

e Reference listed drug (RLD) comparison

e Standard/FDA Guidance compliance

testing.

www.ondrugdelivery.com

MET

“To help a project run
smoothly, Gantt charts and
a more descriptive plan
may be helpful. This plan
can include test costing,
time requirements, sample
numbers, production or
sourcing delay and

sample description.”

Stability testing, following ICH (Q1A)
guidelines, will also be required prior to
launch. However, some stability testing
will be required that will go beyond a
product’s launch. This repeat testing is
likely to be carried out at intervals up to
(and slightly beyond) the claimed acceptable
storage period or shelf-life of a product.
Evidence for product stability can be
gathered using accelerated ageing (AA),*
where raised temperatures are used to give
real-time equivalence (RTE) for storage to
the required ageing periods but less time is
taken. The data provided by AA testing will
require substantiation using data acquired
from product that has been held at the
normal storage temperature (real-time aged)
for the actual ageing period. This can often
be done after your product has been agreed
for distribution.

To help a project run smoothly, Gantt
charts and a more descriptive plan (provided
by your partner laboratory) may be helpful.
This plan can include test costing, time
requirements, sample numbers, production
or sourcing delay and sample description.
Notes can then be added, explaining if a test
is essential or just helpful. It can be shared
between you and your testing facility, in
order to ensure efficient communication of
your requirements and required timelines.

MET testing plans shown in Tables 1, 2
and 3 use a transdermal patch as an example
(though the same principles apply in injectable
device testing) and give an idea of the types
of testing, sample sizes and time requirements
that would need to be considered. These
tables are not comprehensive. Your chosen
test facility can repeat this process for all
the validation requirements identified in
your reviews, giving you clear timelines and
cost-effective plans.

Other considerations when looking at
the timeline for the project, other than the
longer-term stability testing, are factors that



MET

(It e Test Detail

Check List

Cytotoxicity

Sensitisation
ISO 10993  Biocompatibility

Irritation
Acute

Extractables
and
Leachables

EMEA
Guidance

Chemical
Safety

Drug
compatibility

Toxicological
Risk
Analysis

Requirement

Time
Requirement

Sample

Sample
Condition

Final
30 product 8 weeks
Sterile
25 Final
product 12 weeks
Sterile
10
Follows
chemical 3 weeks
analysis

Table 1: Biocompatibility and chemical safety tests.

CE ER Test Detail Sample Sample Time
Check List Requirement | Condition | Requirement

1,2 and 3 Dermal
(4),9.2 adhesion
Conformability
USP 5/6 Laboratory
Performance
In-vitro
dissolution
EMEA
Guidance

Table 2: Bench tests.

CE ER Test Detail Sample Sample Time
Check List Requirement | Condition [ Requirement

Transit
simulation
followed by
pack strength
and integrity

4
Packaging
ISO 11607

Accelerated
ageing followed
by pack
strength and
integrity

8.3
Stability
I1SO 11607

Table 3: Packaging tests.

may not at first be considered to require
extended time. For example, if you intend
to carry out predicate testing as part of the
design process for your device, predicate or
RLD products can be very difficult to obtain
(particularly if several batches are required)
and, in some cases, they can be very,
very costly. Because of this, you need to

5
Final
product 4 weeks
Sterile
20

40 - slffpipar 3 weeks
carton
40 per time  Final packs
period, plus 40 sterile 8 weeks
reference and  (product not per year
40 real time. essential)

be clear on what information is required
and how many samples are required for
statistically significant results.

DESIGN VALIDATION TESTING

The first step when your project is handed
to your test facility will be a protocol

www.ondrugdelivery.com

‘Some of the difficult
guestions relating to testing
revolve around whether
multiple batch testing is
required and what kind of
pre-conditioning is required.”

document, usually developed by the test
facility (in conjunction with you). This
document will clearly indicate tests, sample
allocation, acceptance criteria and reporting
requirements. Once the protocol has been
agreed and signed by both parties, the
project moves to the DVT stage.

The testing stage may be preceded by a
gauge repeatability and reliability (GR&R)
study to provide evidence that the test
protocol is robust and that there can be
confidence in the DVT results. Sometimes
the tests involved are destructive and cannot
be repeated on the same sample by multiple
operators. In this case, it is common to use
duplicate or triplicate testing on samples
from the same batch. For example, during a
prefilled syringe project, a technician might
test 20 syringes for dose accuracy, and break-
loose and glide forces on three different
occasions (this could be on consecutive
days). For a thorough validation, this would
normally involve three technicians with
each carrying out the test on three different
occasions. Statistically concordant results
should be achieved between technicians and
instances of testing.

Although your chosen test facility
may have carried out your chosen tests
on numerous occasions and have several
GR&R studies on file, your device may not
be identical to those tested previously. In
this case, you will need to consider (in order
to keep costs down and timelines tight)
if your notified body could accept these
previously run GR&R studies.

Once the test procedure is approved, the
DVT can proceed. The use of a laboratory
with ISO 17025 accreditation will ensure
that there is a good, fully-audited quality
(QMS) and that
equipment is qualified and calibrated, whilst

management system
processes are subjected to internal audits.
It is entirely possible that not all tests will be
specifically accredited. However, as long as
these are carried out to an agreed protocol
under the ISO 17025 QMS, there can be
confidence in the results.

Some of the difficult questions relating

Copyright © 2018 Frederick Furness Publishing Ltd



to testing revolve around whether multiple
batch testing is required and what kind
of pre-conditioning is required. It may be
possible to combine multiple batch testing
with pre-conditioning. For instance, the
ISO 11608 standard for injector pen testing
has pre-conditioning at 70°C and -40°C.
If the risk analysis shows that testing at
these conditions is indeed necessary, the
opportunity to test different batches at
the different conditions presents itself. The
total amount of testing is then reduced, by
examining batch 1 after high temperature
conditioning and batch