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Partners in Evolution; What Does the Future Hold
for Drug Delivery Devices

As new drugs are developed and
therapies are shifted from hospital
to home, it’s tempting to think that
existing delivery devices will be able
to cope. As device developers, we
must not lose track of the industry’s
constant changes and advances. Why
do we need to develop our devices?

Problem Child

Drug development, particularly clinical
programmes, tend to focus on adult
patients — and it’s easy to see why.
The challenges and potential risks
associated with evaluating new drugs
in paediatric patients are numerous,
and should not be underestimated. The
result is that many drugs prescribed
to children have only been tested in
adults. The FDA estimates that before
it introduced a dedicated paediatric
programme, only about 20% of approved
drugs were labelled for paediatric use.

To address the situation, both
the FDA and EMA have encouraged
research and development through
incentives and legislation. The Pediatric
Research Equity Act enables the FDA
to require paediatric studies. The
Best Pharmaceuticals for Children
Act includes a paediatric exclusivity
provision, which provides companies
with an additional six months of
marketing exclusivity if they conduct
studies in children. This has proven
an effective financial incentive, with
increasing numbers of pharmaceutical
companies agreeing to test their drugs
in paediatric patients.

Delivering medicine to a child is tricky
enough, but the additional challenges of
accurate metering and delivery at small
volumes need to be considered. This is
something we have faced on a number
of projects at Team. A typical anti-TNF
therapy (such as etanercept, used to
treat a range of chronic conditions in
adults) requires a 1mL dose, and is a
relatively easy starting point; whereas
a more specialist application like an
intravitreal injection (such as Eylea
or Lucentis), might require an adult
dose in the region of 50puL — a more
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challenging proposition. It’s perfectly
feasible that without a change to the
formulation, this could translate into a
paediatric dose of 10uL or less. From
a device perspective, this proposes
significant challenges:

* the relative size and position
of the air bubble in relation to
the delivered dose can lead to
inconsistent dosing or, in extreme
cases, no dose being delivered at all;

* the residual volume contained
within the hub or needle can
exceed that of the delivered dose;

« even experienced HCPs can
struggle to set such a small dose
accurately and exhibit unexpected
behaviour and use errors.

While it’s great to see pharma clients
undertaking clinical studies to establish
the safety and efficacy of their drugs for
all age ranges, available devices may
not adequately address the technical
and use-related risks involved. The
challenge of accurately metering
and delivering these small doses is
something often underestimated.

Large is Getting Larger

The first generation of wearable
injectors could deliver up to 3mL. With
new therapies on offer, it’s now common
to see enquiries for doses of 10, 20, or
30mL. As with auto-injectors, a host of
new delivery devices and technologies
are appearing in response to these
demands. Larger doses require different
methods of injection. The alternatives
to pushing the drug out with a spring
or motor drive include drawing out
and delivering drugs with a pump, or
squeezing it out by compressing a novel
primary pack.

Several companies are developing
products in this area, notably Sensile
Medical with its range of pump-based
devices. Another is Enable Injections
and its development of compact
on-body devices ranging between 5
and 50mL, capable of delivering highly
viscous formulations. In parallel,
Quantex Arc has focused on developing
a range of cost-effective, single-use

pumps that can form the foundation
of a custom device development rather
than an off-the-shelf device.

The potential improvement in user
experience enabled by these new
delivery technologies is significant,
but careful due diligence and technical
evaluation are essential to determine
their suitability for a given application.
You can easily see the change in the
size of doses — but the change in
the size of molecules for the active
ingredient can also have an impact
on the device, or vice versa. We have
seen instances with certain devices
where large protein molecules have
been adversely impacted, resulting in
reduced efficacy by the shear stress
applied during the pumping process;
but the same molecules have been
unaffected in other applications.

The Increasing Range and Capability of
Auto-injectors

Gone are the days when auto-injectors
were limited to a 1mL BD Hypak syringe.
Over the past decade there has been a
marked shift in what is perceived to be
acceptable for the user. We are seeing
an increasing number of programmes
focused on 2mL or more of drug
delivered into subcutaneous tissue.

There have been pulls from
pharmacos with formulations that
were not stable within a 1mL limit, or
increased efficacy enabled through
the delivery of a larger overall volume.
Similarly, this has been enabled by
larger volume, handheld auto-injectors
and safety syringe products from SHL
Group, Ypsomed, Bespak, Nemera and
BD; coupled with the supply of ready-to-
fill 2.25mL syringes. It appears that
there may be room to expand further,
as SHL Group have just introduced a
3mL cartridge-based auto-injector,
‘Maggie’, onto the market.

How Much is Too Much?

At the moment there are very few
auto-injectors over ImL that have made
it to market. Concerns remain over
the impact of injecting larger volumes
into sensitive subcutaneous tissue. Is
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Fill at Point-of-care
Some of the technologies available have the ability to

automate filling at the point-of-care, traditionally seen as y: g'Obal actor in plastic injection
a negative from a user perspective. This presents some fOl’ the health industry

interesting benefits and opportunities for pharmacos:

* biologics and other sensitive drugs can be stored in -
standard glass primary containers (vials, cartridges and
syringes) with established stability data. Pharmacos
may be able to leverage existing stability data to further
reduce development risk and time to market;

« awider range of materials could now be used to hold
the drug within the device for the relatively short
injection time. This provides designers and engineers
with greater flexibility over the design and layout of
the components. This could then lead to compact,
space-efficient devices that are better suited to being
worn on the body;

* packaging the drug and device separately mitigates
some of the risks associated with recall, as the two can
be treated separately. If a component within the device
falls out of specification, then this can potentially be
recalled independently of the drug.
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What’s In It For the End User?

The challenge is in making a fill at point-of-care system as
simple and easy to use as a pre-filled device. The benefits
need to outweigh the additional steps required from the end
user and the potential for error. Progress has been made  Pharmacies
and some of the latest devices have sought to simplify
and automate the filling process, which goes a long way to
addressing these issues. Enable Injections has designed a
user-filled syringe system for “optimum patient ease of use”,
and we may see more of these systems in future.

Innovation
Platform Products are Well Established but have
Drawbacks... - g
The availability and quality of platform auto-injectors has Babysecure by ercé médical®
increased dramatically over the last five years. A wide

range of products is available from established suppliers Safe & Ergonomic
such as SHL and Ypsomed, with newer offerings designed
around novel technologies from the likes of Bespak and
Oval. It’s easy to see why these devices are so popular with ﬂ :
pharma clients; putting your drug into a proven device goes w ¥l %
a long way towards mitigating development risk, and can \ 7 P \ cg:ss;g:
significantly reduce time to clinic and eventual commercial O\ ‘

launch.
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efforts to continually improve their products and address
known use issues. In addition, the technical capability of
the devices available has broadened, with products now
available that allow for in-device reconstitution and variable
dosing.
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some potential downsides. Device
suppliers are keen to license their
device to as many potential partners
as possible. Exclusivity deals are
sometimes possible around a specific
disease or therapeutic area, but can be
prohibitively expensive.

The year 2015 saw the race to see
which PCSK9 (Proprotein Convertase
Subtilisin Kexin Type 9) would make
it to market first — Amgen or Sanofi-
Regeneron. Amgen won out with
Repatha, and Sanofi-Regeneron’s
Praluent followed a few months later.
Surprisingly, these competing drugs
were initially launched in the same
device: SHL Group’s DAI auto-injector.
The opportunity to differentiate
these competing therapies through
device design or user experience
improvements wasn’t possible in the
race to launch.

Running the Race Again

The above situation is likely to be
repeated with several blockbuster drugs
reaching the end of their patent life and
biosimilars entering the market, often in
unmodified platform devices. The race
to market becomes more complicated
with the addition of licensed platforms.
There is reason to be positive, though,
as most of the devices offer scope to
customise or tailor the design to the
specific needs of end users, either
with changes to the design of external
casework or through the addition of
clip-on shells.

Differentiation doesn’t have to be
limited to incremental improvements
to the design or usability of a device.
As part of their life cycle management,
Amgen launched their market-
leading white cell boosting Neulasta
in a custom version of the OmniPod
device, ‘OnPro’ In doing so, they not
only raised the bar for biosimilars in
development, but offered clear benefits
to users: following a strong dose of
chemotherapy, users are able stay
home, where previously they would visit
their doctor the following day to receive
the injection.

Trend Towards a Single Unified
Sequence of Use...

Over the last few years there has been
a clear convergence towards a single,
simple sequence of use. Most devices
we see in development have a two-step
sequence of use: the user removes a
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cap, and pushes the front end against
the injection site to actuate.

There are several variations on the
theme. Caps can twist off or pull off,
the needle is either pushed in manually
by the user or automatically as the
device is actuated. This trend towards
a common interface is equivalent to
the evolution of ‘dial-a-dose’ insulin
pens. The diabetes market is filled
with devices from multiple vendors, all
with the same core ‘dial-up, dial-down’
interface. Rather than challenging the
fundamental interaction, technical effort
is focused on refining and improving
the end user experience. Sometimes
these may be almost imperceptible,
such as tuning the sound and feel
of the dose-increment clicks. They
may be more obvious improvements
like integrating a spring mechanism
to automatically deliver the drug by
pressing a button (as found in Novo
Nordisk’s FlexTouch), that maintains
the same ‘dial-up, dial-down, push to
deliver’ interaction, while automatically
delivering the drug with the simple
press of a button.

Giving the Right Feedback

Despite the convergence on acommon
interface, and the learnings from
previous generation products, opportu-
nities still exist to improve both the
usability and user experience of these
devices. Accurate and helpful feedback
both during and at the end of injection
is a known issue, and unfortunately
many devices provide the user with
potentially misleading feedback; clicks
or haptic feedback prior to the end of
delivery could easily confuse the user.

The Elephant in the Room

Any article looking at trends in drug
delivery would be remiss not to
acknowledge the potential impact
connected devices may have. The topic
warrants an entire article of its own,
but it’s worth considering a few initial
thoughts here.

It’s likely that the high cost of drugs
and patient non-compliance, coupled
with the increase in payment by results
deals between healthcare providers
and pharma companies, will accelerate
the drive towards the monitoring of
both patient compliance and clinical
outcomes.

For us as device developers, the key
challenge lies in delivering a tangible

benefit to the end user. Navigating
the evolving regulatory landscape
and implementing appropriate
sensing and data security measures
is essential, but secondary if the
product or service isn’t accepted by
end users. There are good examples
of companies getting this balance
right in the respiratory and diabetes
space; One Drop and Propeller Health
are enabling healthcare providers to
monitor progress and adherence and
gain a greater insight into the condition
and effectiveness of the therapy while
offering the end user a simpler, better
experience. It will be interesting to
see how this sort of approach could
be applied to single-use disposable
devices such as those typically used
for self-injection in a manner that
enhances the user experience.

Summary

There are exciting and interesting
trends emerging. Therapies once only
feasible within a clinical setting are
now being self-administered at home,
enabled by innovations in delivery
technologies. Established platforms
are being refined and continually
improved. Patient preferences for
devices can now be a market reality
while remaining commercially viable.
Careful consideration of the device
in conjunction with the therapy is
essential to ensure potential pitfalls
are avoided and the device is an
enabler rather than a barrier to market
success.
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