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Fixed-dose
combination

The advantages and challenges of fixed-dose
combination products: Considerations for
design, formulation, manufacturing and analysis

The many advantages of fixed-dose combination (FDC) drug
products have made them an increasingly attractive option for
patients, pharmaceutical companies, physicians, and regulatory
agencies. These potential benefits include, but are not limited to,
better patient compliance, more convenient dosing associated
with improved clinical performance, cost savings for both
patients (fewer co-pays) and drug manufacturers (reduced
production costs), and extended patent protection and market
positioning in the face of competition from generics. These
advantages cannot be taken for granted, however. Producing
safe and effective FDC products that are also cost-effective

and have a high probability of a regulatory approval requires
thoughtful product design, access to state-of-the-art formulation
and manufacturing technology, and advanced analytical tools.

Introduction

Understanding both the significant competitive advantages that

FDC products can offer and the difficulties and potential pitfalls
associated with development and manufacturing of FDC drugs in oral
solid dosage forms is a critical first step for companies exploring this
approach. Recognizing that cost savings, lower risk, and accelerated
timelines can be achieved by partnering with a CDMO that has a
proven track record of successfully producing FDC products is an
important next step. Cambrex has collaborated and partnered with
pharmaceutical customers to develop and manufacture FDC drugs
that are US FDA approved and are currently in the various stages

of clinical development. The experience, know-how, and team of
skilled experts that Cambrex brings to these partnerships, combined
with its wide range of specialized equipment and technological
competencies, ensure the production of high quality FDC drug
products that meet their clinical endpoints and receive final approvals
from regulatory agencies.

Over the past decade, we have established a vast knowledge base in
the area of FDC drugs. Cambrex continues to expand our formulation
and manufacturing capabilities through collaborative agreements and
by bringing on-stream specialty equipment to enable the production
of FDCs. Some examples include hot melt extrusion, wet granulation/
roller compaction, extrusion-spheronization, and fluid bed
technology. These manufacturing capabilities provide greater
flexibility for our clients in terms of a variety of manufacturing
platforms for the production of FDC oral solid dosage forms.

These choices include multi-layer tablets, mini-tablets that can be
compressed together or combined in capsules, sachets, or stick
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FDC products offer
significant advantages for

the pharmaceutical industry,
including the potential to
extend protection of patents
and market share, reduce
overall manufacturing costs,
and add new NDAs to a
company’s drug development
portfolio with shorter and

less costly paths to regulatory
approval.

About Cambrex

Cambrex is a leading global contract
development and manufacturing
organization (CDMO) that provides drug
substance, drug product, and analytical
services across the entire drug lifecycle.

With over 40 years of experience and
a growing team of over 2,200 experts

servicing global clients from North
America and Europe, Cambrex is a
trusted partner in branded and generic
markets for APl and finished dosage
form development and manufacturing.
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packs, and microparticulate systems filled into capsules.
Cambrex also offers a variety of polymer-coating

options to enable controlled release of the different drug
substances in an FDC product. Cambrex also has hands-
on experience in taste masking that relies on ion exchange
technology.

More FDC products flowing into
pharma pipelines

The numbers tell the story. Pharmaceutical companies -
and the FDA - are embracing FDCs. From 1990 through
2013, the FDA approved 131 FDC products, on average 5.7
per year, the largest number targeting indications related
to cardiovascular disease, followed by endocrinology
products and treatments for infectious diseases.! Of those
131 approved FDCs, 98 were oral dosage forms.

Between 2010 and the end of 2015, of the 655 New Drug
Applications (NDASs) approved by the FDA, 63 were for
FDCs.? This represents nearly 10% of the NDAs approved
during that 5-year period and, on average, 12.6 new FDC
products per year. As the numbers of FDC products in

FDC products can extend patent life and
market dominance

For pharmaceutical companies, FDC products
represent an attractive strategy to gain additional
patent protection and market exclusivity for a drug
approaching patent expiration. “In the US,

if an FDC is novel, nonobvious, and useful, it can
be patented and the exclusion of competitors
from the market can be enforced.”® Further, “The
FDA provides three years of market exclusivity to
new [new molecular entity] NME-FDC when the
application contains new clinical investigations.

If the new FDC is not patentable, the patent and
exclusivity life of the FDC will typically be equal
to the three year market exclusivity or the longest
patent and exclusivity life of the individual
components.”?

Cambrex et al. compared the effective patent
and exclusivity life of FDCs with that of single
active ingredients from 1980 through 20123

The FDA approved 28 FDC products containing
a NME and 117 FDC products containing only
already approved products during the study
period. Overall, FDC products without a NME
added a median of 9.7 years of patent and market
exclusivity protection to that of the single active
ingredients. When the company producing the
non-NME-FDC was also the sponsor of the single
ingredient drugs included in the combination,
the non-NME-FDC added a median of 7.73 years;
whereas, if those companies differed, the
non-NME-FDC added a median of 11.48 years

of patent and market exclusivity protection.

development and coming to the market increase, the
pharmaceutical industry is looking to FDCs as a promising
strategy to repurpose, repackage, and expand indications
for existing and novel therapeutic agents. The potential

to extend the patent life and market exclusivity of a
company’s APls is a potent financial incentive.

Improved convenience and safety

Among the numerous advantages FDCs offer patients,
physicians, and pharmaceutical companies, several are
particularly noteworthy. One of these is convenience.

For patients affected by diseases that require treatment
with multiple medications, replacing two or three pills

with a single pill can substantially reduce a patient’s pill
burden. Examples include hypertension (often treated
with a combination of beta blockers, ACE inhibitors, and
diuretics), diabetes, HIV and other viral infections (typically
treated with multi-drug cocktails), cholesterol disorders,
and cancer. Pain management is another therapeutic

area in which FDCs are gaining increased attention. An
emerging strategy combines an opioid drug with an opioid
antagonist to counter the “high” brought on by the opioid.
This approach achieves effective pain relief, but with a
reduced risk of addiction. In addition, FDCs can be used to
develop abuse deterrent formulations (ADFs).

FDC products comprise multiple drug substances that are
taken in a single dose. The components of an FDC cannot
be changed or separated. A physician can prescribe more
or less of the combination product, but the ratio of the
individual drug components cannot be altered. As a result,
FDC products may help prevent medication errors and
enable better control of dosing. Dosing is not left up to
physicians; it is built into the FDC product and based on
clinical trial results.

The goal of combination drug treatment is not only the
delivery of two or more therapeutic agents that have
different mechanisms of action. FDC products can also
take advantage of potential synergistic effects between the
individual drug substances, which could improve overall
effectiveness and perhaps allow for simplified and reduced
dosing, which may lower the risk of adverse effects.

Cost savings

A decreased pill burden is only one example of how FDCs
are more convenient for patients. Replacing two or three
pills with a single FDC drug product also translates into
less time spent filling (and refilling) prescriptions. With

an FDC product, physician offices also have fewer
prescriptions and renewals to process. Taking this a

step further, fewer prescriptions means fewer co-pays

for patients, saving them money. Theoretically, at least,
pharmaceutical companies should also be able to save
money producing a single-dose FDC product, compared
to what it would cost to manufacture, package, and market
two or three individual drugs.
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Accelerated regulatory pathway

Furthermore, compared to the cost of developing a new
API, substantial savings can be realized when developing
an FDC comprised of previously approved new chemical
entities or their generic counterparts. The FDA allows for
an abbreviated clinical development program that can
speed the path to approval if sufficient drug safety and
tolerability data and supporting efficacy data are already
available. Companies can save valuable time and resources
as well by taking advantage of the FDA’'s 505(b)(2)
approval pathway.

Over the past several years, many approved FDC products
have used the 505(b)(2) pathway. In more than half of
those cases, the companies still had to perform at least
some Phase Il and Ill clinical studies.” Specifically, about
two thirds of the FDCs approved using the 505(b)(2) route
have required at least one Phase Il or Phase Il study, and
approximately one-third needed more than four Phase I/
[l studies.*

Examples of FDA-approved oral solid dosage form
FDC products that greatly reduce the pill burden
for patients with HIV infection are:

» Gilead’s Genvoya (elvitegravir 150mg/obicistat
150mg/emtricitabine 200mg/tenofovir
alafenamide 10mg)

= Viiv Healthcare’s Triumeq (abacavir 600mg/
dolutegravir 50mg/lamivudine 300mg)

An updated European Medicines Agency (EMA) guideline
on the clinical development of FDC drugs is expected to be
issued during the fourth quarter of 2017. It details the
evidence that companies need to present to support
authorization of FDCs that contain two or more already
approved or new active substances, whether small
molecule drugs or biologics.® Initially adopted in March
2017, the newly revised EMA guidelines require data to
“support the rationale for combined use of the active
substances.” Simply providing previous evidence of
combined use “will not suffice to establish the positive
benefit/risk of the combination.”

The EMA states: “Specific considerations apply for fixed
combination medicinal products where the active
substances have different - but related - therapeutic
indications and different pharmacological targets, e.g.

a fixed combination medicinal product for treating
patients at high cardiovascular risk containing a lipid-
modifying agent and an antihypertensive agent. A relevant
contribution of all active substances and existence of a
positive benefit/risk for these fixed combination medicinal
products should be documented.” Furthermore, “as a
minimum requirement, in the absence of clinical trial

data studying the specific free active substances used in
combination on clinical outcome, the potential for PK and

PD interactions should be established to understand if the
effect of the individual active substances may be modified
by their combination. Usually, PK data (a DDI study) will
suffice.”

Developing and manufacturing
FDCs factors to consider

At the outset, when designing an FDC drug, APl selection
is the foundation on which creating a successful product
rests. Selecting the APIs to include in a two-drug or
three-drug FDC product should focus on maximizing the
benefit-to-risk ratio by identifying combinations that have
the potential to improve efficacy while avoiding any new
safety or tolerability issues. Key drivers for pharmaceutical
companies include the ability to repurpose already
approved therapeutic agents with a low risk of toxicity,

to combine and repackage drugs commonly prescribed
together, and to pair their APIs with popular off-patent
drugs or generic compounds.

Collaboration with ExxPharma Therapeutics

Hot melt extrusion is a technigue used to enhance
the solubility of drug substances. Cambrex
entered into a collaboration with ExxPharma
Therapeutics LCC, a pioneer in HME, to apply the
technigue in the development and manufacturing
of drug products. The aim of HME is to minimize
exposure of a drug substance to elevated
temperatures during manufacturing - temperatures
above a drug’s melting point that could lead to
degradation. HME may offer the advantage of
higher drug loading versus a spray-dried dispersion
containing the same API. This is particularly useful
in an FDC where higher drug loading may be
necessary. HME also helps ensure the stability of

a drug substance by eliminating air during melt
extrusion, thereby limiting oxidative degradation.

HME technology offers additional advantages as
well as:®

* Small footprint of the extruder

* Process uses no organic solvents, is continuous,
and is easily scalable

* HME does not require an extra densification step

* Unlike with spray-dried solid dispersion
technology, the material generated can be
blended directly with other FDC components
and compressed into tablets

The use of HME to produce FDC drug products
simplifies technology transfer and scale-up,
accelerating the time to market, and contributes to
improved overall product quality.
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Important factors to consider in designing an FDC product
include the following:

« Differing pharmacokinetic and target release profiles of
the component drug substances

*  Physical and chemical compatibility of the APIs

+  The target patient population (age, severity of illness
and/or disability)

+ The full range of oral solid dosage form options

« Total development and production costs, including
formulation, manufacturing, and packaging

Working with a CDMO partner

Theoretically, at least, there should be a cost advantage
in the production of a single FDC drug compared to the
costs of manufacturing, analyzing, testing, packaging, and
marketing two or three individual products. However, the
need for specialized equipment and advanced methods
and technologies across the formulation, analytical, and
manufacturing workflows in order to produce these more
complex combination dosage forms can increase capital
equipment costs. Outsourcing FDC product formulation
and manufacturing, and partnering with an experienced
CDMO that has the infrastructure, capital equipment
(and competency to run said equipment), technology,
and skilled personnel can reduce the costs - both capital
(capex) and operating (opex) expenses - and the risks
associated with creating high quality FDC products.

The main challenges in FDC product development, which a
knowledgeable CDMO partner can help overcome, include
the following:

«  Designing a stable formulation

* Optimizing the bioavailability and delivery of the
individual drug substances

+ Understanding the potential for - and avoiding -
unwanted interactions and interferences between the
APl components

* Acquiring the necessary capital equipment - investment
of millions of dollars in new equipment required for
production of an FDC product

Access to Cambrex’s wide range of formulation and
manufacturing technologies allows our sponsor partners to
identify the most appropriate, efficient, and cost-effective
development approach for any particular FDC product.
Cambrex can apply all of its technologies and approaches
from development scale (500g) through to full-scale
commercial manufacturing. This high degree of flexibility,
combined with ease of access to the equipment and
technological resources all in one location, not only helps
ensure a productive and highly collaborative partnership,
but also allows Cambrex to offer aggressive timelines, with
on-time delivery.

Cambrex’s specialized equipment and technigues include
bilayer presses, wet granulation/roller compaction, fluid

bed technology, solvent pellet layering, and extrusion-
spheronization. Through a partnership with ExxPharma
Therapeutics, Cambrex offers hot melt extrusion (see
“Collaboration with ExxPharma Therapeutics”) to improve
manufacturing of drugs with poor solubility. Using
innovative formulation development and cutting-edge
manufacturing technology, Cambrex can create solid
dosage forms that include multi-layer tablets, tablet-in-
tablet configurations, mini-tablets, and microparticulate
systems. Mini-tablets can be combined in capsules, or
packaged into sachets or stick packs for resuspension and
use in pediatric delivery systems. Similarly, microparticulate
systems of individual APls can be combined in various
dosage forms and strengths for adult or pediatric dosing.

Cambrex can use a range of polymer coating techniques
to segregate FDC product components that may be
incompatible and to provide sustained- or delayed release
control of component APIs. Traditional sugar and polymer-
coating methods and Cambrex’s novel ion exchange
technique offer a range of effective options for taste
masking.

Cambrex has in place a full range of analytical capabilities
to develop and validate stability-indicating methods for
final release of an FDC product. One commonly used
technique is ultra-high pressure liquid chromatography
(UPLC), which is very effective in separating actives and
their respective related substances. The ability to use a
single analytical method to obtain the necessary data
reduces the time and cost associated with generating final
or stability quality control (QC) results.

Finally, from a regulatory perspective, Cambrex’s strong
record of collaborating with pharmaceutical companies
to bring FDC products to the market includes the
knowledge and experience in gathering and preparing the
data and accompanying analysis and reports needed for
regulatory filing.

Conclusions

A recent case study describing specific projects that
Cambrex completed for two large pharmaceutical
customers demonstrates the broad-ranging technological
capabilities and expertise Cambrex can offer.” In one
collaboration, Cambrex developed and manufactured a
complex three-API FDC product in which one of the APIs
was incompatible with the other 2. In the second project,
the challenge involved combining 2 APIs with different
release profiles. These examples, and the creative solutions
Cambrex was able to deliver using multi-layer tablets,
mini-tablets, and polymer-coating technology, exemplify
the novel types of FDC products on the market and in
development that offer important advantages for patients,
physicians, and the pharmaceutical industry.
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