Drug Discovery, Development & Delivery

Key Challenges of Bringing New Drug
Delivery Devices to Market

There are many challenges in
bringing a good new product to
market, from correctly identifying
the right commercial opportunity
and establishing appropriate input
requirements, to developing and
industrialising a product which is
appealing, usable and robust. And
there are myriad development tools,
techniques, processes and best
practices that multi-disciplinary teams
can employ to tackle these challenges.

Where the product being developed
is a medical device, these challenges
frequently become greater and more
difficult to overcome. Safety and
effectiveness of use, which is always
important, becomes paramount
and potentially more difficult to
achieve. Device reliability and
robustness is also critical and poses
its own challenges, either because
of higher levels of complexity of the
technologies involved or due to the
need to manufacture the device in
high production volumes, potentially
in excess of 100 million per annum.
The highly regulated nature of the
medical devices industry also adds
new demands and challenges for the
development team to overcome.

Drug delivery devices (in some
cases also described as combination
products) are one category of
medical device where many of these
challenges come to bear, and bring
a particular set of demands. These
relate to:

» Regulatory landscape

* Repurposing established
primary pack technologies

* Co-ordinating parallel
development paths

*  Confirming overall system
performance

»  Overcoming barriers to entry

Some of these challenges and
demands are more difficult to resolve
than others.

Regulatory Landscape
Medical device development is heavily
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regulated, as is drug development;
hence the drug delivery device
sector is about as heavily regulated
as it gets. Regulations and guidance
abound, covering everything from
guality management systems (e.g. 21
CFR 820/210/211, ISO 9001 and 13495,
ICH Q8/Q10), requirements for system
performance and test methods (e.g.
ISO 20072 and the ISO 11608 series),
risk management (ISO 14971; ICH Q9),
human factors engineering (HE 74/75,
IEC 623606), electrical and software
systems (IEC 60601 series, IEC 62304),
clinical trials (ICH E®, I1SO 14155), just
to name a few.
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The result of ongoing regulatory
change plus long development
timescales, as illustrated in Figure 1,
is that all drug delivery device
developments take place in a
regulatory environment where there
will be some uncertainty. Wherever you
position a development programme
onto the timeline, some aspect of the
development will need to be compliant
with some regulation or guidance that
is either newly introduced or subject to
change.

Strategies for coping with this
can help, though only go so far.
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Figure 1- Changing regulatory landscape for medical device

What makes the situation especially
challenging is a combination of
two things: rate of change, and
development timescales. The lifecycle
of many of these regulations is such
that they are either very new, or have
been recently introduced. Some
start life as guidance which is then
developed into formal regulations;
others are introduced and then
relatively swiftly updated as industry
thinking progresses. Regulators are
still developing views and positions
in key areas, such as human factors
engineering and device testing. Within
this landscape, the development of
new drug delivery devices takes a long
time - frequently five to 10 years or
more, depending on the starting point
and the level of innovation.

Dedicating sufficient time and
resources to monitoring and keeping
fully up to speed on the regulatory
developments, and understanding
their implications, is crucial.
Implementing changes as soon as
is practicable, so as to be compliant
quickly with current guidance and
regulatory requirements, will give
the best chance of staying up to
date when further changes are made.
Working out the regulatory pathway
from the start is also important,
including which regulations you
intend to comply with.

With novel systems in particular,
interpretation of regulatory

requirements and views on how they
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should be applied is not always clear
and consistent, including across
governing bodies. For example, will
your device be considered a medical
device or a combination product?
What will the best approval strategy
be for a platform technology, as
opposed to a specific presentation?
What are the requirements for
unique combinations of drug and
device that are already approved in
existing, adjacent combinations, or for
changes in route of administration for
the same drug product? Engaging in
dialogue and obtaining multiple views
is strongly recommended.

Repurposing Well Established
Primary Packaging Technologies
Another rule of thumb in device
development that has relevance to
drug delivery devices is the need
to ensure that core technologies
are sufficiently well proven before
embarking on projects that have them
at their heart. In some cases, the
presence of unproven technologies
may be obvious - a new drug
formulation method, for example, or
a novel injection system drive/energy
source. In other cases, the situation
may be less clear.

One of the key aspects of
demonstrating a technology’s level
of readiness is to prove it in the
appropriate use environment. In
both respiratory and parenteral drug
delivery, there are well established
primary packaging technologies —
the pMDI canister and the pre-filled
syringe — which, in their basic device
presentations, are very well proven.
However, challenges can arise when
incorporating these core technologies
into more complex drug delivery
system designs, such as a breath-
actuated inhaler or an auto-injector.

Fundamental design parameters,
including manufacturing tolerances
and valve operating characteristics
for the pMDI canister, and glass
robustness or glide forces for the
pre-filled syringe, become much more
critical to mechanism interaction
and device performance than for
manually operated devices. It may
be necessary to work with suppliers
on the specification for these items,
in order to fully characterise and
control design specifications that
were previously not important, and
this may not be without difficulty.
Having supplied the same product for
many years in its current form the
manufacturer may (understandably)
be reluctant to introduce new or
tighter controls, and it should be
recognised that the design of the new
delivery system will probably need to
change to accommodate the primary
pack, rather than vice versa.

Co-ordinating Parallel

Development Paths

The development of a new drug
delivery device often entails the
parallel development of a drug
formulation and a delivery system,
and the co-ordination of these
activities can bring with it numerous
challenges. The pharmaceutical
world and the medical device world
are quite different, with people from
different backgrounds working in
different organisations to different
processes and regulations. Tools,
techniques and terminologies vary
across the two industry sectors,
as does the nature of many of the
technical challenges faced.

If the interactions between drug
product and delivery device were
straightforward or unimportant then
there would be less of an issue, but
in fact they tend to be complex and

Figure 2 - Established primary pack technologies
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critical. Performance of one element
of the overall system is frequently
dependent on the other. For example,
the materials, geometries and
method of construction of the device
can easily influence the stability,
dose accuracy and effective delivery
of the drug, while the volume,
viscosity or transport properties
of the drug can significantly alter
size, operating characteristics (e.g.
forces, pressures, flow-rates) and
efficiency of the delivery device. In
addition, because of the need to
test drug efficacy in a progressive
series of clinical studies, the device
technologies need to be developed
and verified to ensure they meet ever
more stringent performance and
safety requirements.

Because of these critical
interactions, the development
programme needs to be co-ordinated
and Figure 3 illustrates how the
two strands — for a new drug and
device combination — can progress
in parallel, with various touch points
along the way.

While the very early discovery
and research phases of drug
development are likely to have
started independently of the
device, with initial performance
tested through use of established
delivery technology platforms such
as a nebuliser or a syringe, the full
device development needs to start
in good time. As soon as treatment
regimes, risk profiles and formulation
properties are established to some
level of confidence, key device design
decisions can be made.
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In addition to the overall
requirement for effective co-ordination
of — and collaboration between —
the two halves of the development
programme, some specific challenges
include:

* Needing to select a preferred
device technology concept early
in the development of the drug
formulation, even though they
may be inter-dependent

* Ensuring availability of active
drug formulation — or an effective
placebo - to support device
development early in the detailed
design phase

e Freezing and verifying the device
design to allow use of devices in
Phase IlIb studies, while mitigating
the risk of needing to change the
design due to late modifications
in dosing/formulations (volumes,
viscosities, excipients)

+ Deciding when to commit
to high cost, highly intensive
scale-up activities, if there are
any uncertainties relating to
manufacturing reliability and
robustness, design validation or
clinical efficacy

Confirming Overall System
Performance

The progression to design validation
activities and, in particular, Phase Il
clinical trials is a major commitment
in the development programme.
Establishing the necessary high
levels of confidence that the overall
product will be safe and effective to
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Figure 3 - Parallel drug and device development paths

use can be challenging, especially
as the drug delivery system in
fact comprises three — not two -
constituent elements: the drug, the
device and the user. Each element
has its own specific level and nature
of complexity, and each can be
assessed as a combined pair during
the development process:

e Drug and user combination,
through preparatory clinical
studies

« Device and user combination,
through human factors
engineering

« Device and drug combination,
through design verification
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Figure 4 - Proving complex elements of a
complex system

Ensuring that rigorous, effective
design verification and human
factors engineering programmes
are planned and executed, including
all risk management activities,
alongside an equally well managed
and implemented set of Phase | and
Phase Il clinical studies, will give

the best chance of success during
Phase Il trials and design validation.
These final steps will be the first
time that all three elements of
the system are tested together in
truly representative environments,
and uncovering new issues now
will cause major difficulties to any
programme.

Overcoming Barriers to Entry
Following successful design
validation of the drug delivery
device and regulatory submission,
transfer of the design to commercial
manufacture can be carried out.
There will be further challenges to
overcome during this phase, which
frequently involves: major scaling up
of device and drug manufacturing
processes, including filling systems;
transfer of technical know-how;
setting up of supply chain logistics
and post-market support and
surveillance.

However, even when you are ready
to go to market, a final challenge
— overcoming any barriers to
entry — can remain. Some of these
apply generally to new product
development, and some are more
specific to drug delivery devices:

Freedom to Operate

The intellectual property landscape
in the field of drug delivery devices
is densely populated and very
active. Steps can be taken during
development to help ensure freedom
to operate for a new device design,
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but success is hard to guarantee.
For example, the delay between
filing and publishing of new patents
means there is a ‘black hole’ which
landscaping exercises cannot see
into, and potential infringements
are not always clear cut. Different
strategies can be employed, such as
filing your own IP or gaining access
to existing IP through licensing,
but resolution of issues can be
challenging, especially if they arise
late in the development when change
is extremely difficult.

Partnering Agreements

Quite often the drug product and
delivery device are owned by
different organisations. In principle,
the commercial agreements covering
how the final product will be brought
to market will have been covered
in advance, but in some cases
agreements are only covered late in
the day, which can be a challenge.
Where new devices are developed as
platforms and then pharmaceutical
partners sought to create specific
combinations, the process can be
more problematic as it is not just
commercial and logistical elements
which need to be aligned, but also
technical, e.g. is the device well suited
to the drug formulation, therapy area
and user profile? And if the answer to
this is not known, what are the costs,
timescales and risks in finding out?

Production Costs

Increasingly accurate estimates of
production costs will have been
made during the development and
pilot tooling process, so there should
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not be any surprises at this stage.
However, any issues arising during
design transfer and manufacturing
scale-up which mean the drug and
device cannot be manufactured as
efficiently as expected, will result in an
increase in final costs that influence
commercial viability of the product.
Examples could include limits on
production tool cavitation, the need
for more tightly controlled processes,
lower than anticipated yields or — in
the worst case — rejection of some
production batches.

Market Acceptance

In some cases, drug products
successfully reach the market, but
fail to establish themselves. The
inhaled insulin drug ‘Exubera’ is one
high-profile example, but there are
many others. This can happen for
different reasons, including lack of
take-up from users or healthcare
providers, or insufficient funding from
payers. This can happen because
of reduced efficacy or increased
side-effects compared with what was
seen in the clinic, or purely because
appetite for the new product was
misjudged, for some reason. The
latter can, in theory, be mitigated by
ensuring that the ‘correct’ user and
product requirements are specified
from the start when the direction of
the development is set.

Competition

Another implication of long
development timescales for drug
delivery products is that the market
will have moved on from when you
started your development, which
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could be at least ten years earlier.
New, alternative drug and device
solutions may have appeared which
render your product offering less
attractive, or competitors may just
have done the same thing better,
faster or cheaper. Even if these
commercial threats appear well
before your launch your product,
the nature of these developments
and the tight constraints can make
it very difficult to respond to such
competition.

In Summary

Bringing new drug delivery systems
to the market can be a difficult
undertaking. The specific nature
and demands of the pharmaceutical
and medical device sectors present
challenges that go far beyond those
experienced in the development
of many other products, and these
challenges are not always under the
full control of the development team.
However, with the right approaches,
systems, tools and people involved,
and with effective collaboration
across multiple functions,
organisations and cultures, these
challenges can certainly be overcome.
The many highly successful drug
delivery devices on the market today,
bringing benefits to patients around
the world, demonstrate this.

Director of Engineering at Team
Consulting, ensures Team delivers
consistently world-class consultancy
services and robust, reliable,
user-focused and commercially
successful device solutions. Chris has
more than 20 years’ experience with
Team, developing technologies and
devices for healthcare markets. He
has successfully brought products to
market in technical lead and project
management roles, including inhalers,
injectors and an award-winning
ophthalmoscope, and in the process
has worked extensively with global
suppliers of manufacturing and
technical expertise.

Email: chris.hurlstone@team-
consulting.com

INTERNATIONAL PHARMACEUTICAL INDUSTRY 53



