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Abstract

A fixed-dose combination (FDC) is a drug product in which two or more separate drug components (active pharmaceutical
ingredients) are combined in a single-dosage form. Interest in developing FDCs is increasing in a range of diseases. This project
investigated the regulatory environment for FDCs in the EU and US. A review of the FDC guidelines set forth by the EMA, FDA,
and ICH, followed by interviews of key informants in industry, identified 5 main industry concerns related to development of
FDCs. These concerns were presented to key informants from both the EU and US regulatory authorities. It was clear from the
results that the current regulatory environment for FDCs lacks consistency. This may create a barrier to innovation moving
from the laboratory to the clinic, as companies cannot clearly see the development path requirements. This project also high-
lighted certain challenges that currently face the regulatory world: how to improve the role of regulatory science and provide
clear quantification in assessment decisions; the role of guidelines and their impact on innovation; and, most important, the
question of globalization and how to move toward a more harmonized regulatory system.
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Introduction by stakeholders has meant that the development of drugs in
combination is coming back onto the agenda. After a decline
since the 1970s caused by regulatory intervention, the marketed
number of FDCs is increasing.? For example, on the Danish mar-
ket, the total number of authorized FDCs increased 29% from
2010 to 2013 (Vana and Bjerrum, unpublished data, 2014). The
hope is that FDCs will encourage new methods to treat diseases
more efficiently, provide new opportunities for industry by sti-
mulating innovative approaches to drug discovery and develop-
ment, replenish product pipelines, and perhaps reduce drug
development timelines and costs. This project investigated the

The understanding of the complexity of the disease process
and our ability to describe that complexity—the approach of
systems biology—has developed rapidly in recent years and
is gaining attention. The “one drug/one disease target” philo-
sophy (monotherapy), which has dominated drug develop-
ment and medical treatment for the past few decades, is no
longer considered sufficient for a growing range of disease
indications. For such complex diseases as HIV/AIDS, cancer,
hypertension, diabetes, and cardiovascular diseases, mono-
therapy is clearly not optimal. The burden of these types of
disease, which are often chronic, is increasing rapidly in soci-
eties around the world, due to aging populations and lifestyle ' Novo Nordisk A/S, Soeborg, Denmark

factors.! Combination therapy for such diseases—treatment 2Department of Drug Design and Pharmacology, Faculty of Health and Medical
using more than one separate drug—is common in clinical Sciences, University of Copenhagen, Copenhagen, Denmark

practice, even though there is often limited safety and efficacy .
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Table I. Definitions of the types of FDCs and the terminology used by the EMA, FDA, and ICH.?

EMA (2008) FDA (2006)

ICH (2009) Terminology Adopted

(2) FDC already approved as free combination Two or more previously

therapy; (b) FDC of approved compounds,
not approved as free combination therapy

marketed drugs
(includes biologics)

New active substance plus approved/
well-known compound marketed drug

Combination of two or more new active
substances

New molecular entity plus

New molecular entity plus
new molecular entity

Two or more
late-stage entities

Category A: Two or more authorized
drugs: AD + AD

Late-stage entity
plus early-stage
entity

Early-stage entity
plus early-stage
entity

Category B: Authorized drug + new
investigational drug: AD + NID

Category C: New investigational drug +
new investigational drug NID + NID

Definitions of terminology: FDC = fixed-dose combination; free combination therapy = two or more drugs in separate formulations, each taken usually at the same
time; new active substance = an active substance used for the first time in a medicinal product, for either human or veterinary use, equivalent to the FDA term
“new molecular entity”; new molecular entity = FDA term for an active ingredient that has never before been authorized in the United States in any form; late-stage
entity = compound with significant phase |l or postmarketing clinical experience; early-stage entity = compound with limited clinical experience, phase Il or less;
authorized drug (AD) = drug approved for marketing by a recognized regulatory authority; new investigational drug (NID) = drug that has not been previously

developed for any indication.

A simplified terminology is suggested in the last column as well as by category.

regulatory environment for FDCs in the EU and US to clarify the
challenges that face the regulatory authorities in adapting current
regulatory approaches and guidelines to enable such opportuni-
ties while ensuring rational combinations and patient safety.

Terminology

The terminology related to medicine combinations can be
confusing. Fixed-dose combination is a term used by the US
Food and Drug Administration (FDA) and is defined as “a
drug product in which two or more separate drug components
(active pharmaceutical ingredients) are combined in a single
dosage form.”* The FDA also uses a second term, combina-
tion product, defined as ““a product comprised of two or more
regulated components, ie drug/device, biologic/device, drug/
biologic, or drug/device/biologic, that are physically, chemi-
cally, or otherwise combined or mixed and produced as a sin-
gle entity.”* Combination products consist of 2 or more types
of entities, so the term includes FDCs of drug/biologic but
does not include other FDCs, combining drug/drug or biolo-
gic/biologic. The FDA’s combination product guidelines are
aimed at combinations that include a device, not combina-
tions of active ingredients, which are dealt with by FDA
guidelines on “combinations.”

The European Medicines Agency (EMA) uses the term fixed
combination medicinal product to refer to an FDC, mixing the
words used in the two different terms from the FDA. A lack of
any comprehensive glossary covering these terms can lead to
considerable initial confusion. To add to this, the term combi-
nation therapy is commonly used as an umbrella term, includ-
ing FDCs where dosage is fixed and free combinations where
dosage is not fixed.” This project focused on and used the
terminology fixed-dose combination as defined by the FDA.?

FDCs are generally divided into categories, depending on
whether the active ingredients have been previously autho-
rized or are in late-stage clinical development. Once again,
each authority, as well as the International Conference on
Harmonisation (ICH), uses it own terminology for the subdi-
vision. Table 1 aligns the different subdivisions. The FDCs
for categories A, B, and C are defined, and the terminology
suggested in the final column adopted for this project.

Materials and Methods

Key informant interviews—the interviewing of key stakeholders
in the field of interest—is a recognized method used to obtain
detailed information on a particular subject in a short time.°

Key informants from industry were identified by locating
companies involved in developing FDCs and identifying
employees directly responsible for FDC development or regu-
lation. A total of 8 key industry informants were interviewed,
7 from companies in Denmark and 1 from the UK. Key infor-
mants from the EU and US authorities were identified through
network connections to regulators and former regulators who
had direct experience in the authorization of FDCs. A total of
6 key regulator informants were interviewed: 3 from the EU
and 3 from the US. One of the EU regulator informants had
recently retired, and 2 of the US regulator informants had
moved to working in industry over the previous 5 years.

The interviews were based on 2 questionnaires: the first for
industry and the second for the regulator informants. For the
industry questionnaire, guidelines relevant for FDCs issued
by the FDA, EMA, and ICH were first reviewed. Inconsistencies
or gaps in the information were identified, and the questionnaire
based on those gaps. Following the industry interviews and anal-
ysis of the results, the guideline gaps that were identified as
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Table 2. General guidelines available on the 3 categories of fixed-dose combinations.

Guidelines Category A: AD + AD Category B: AD + NID Category C: NID + NID
Nonclinical

EMA Guideline on the nonclinical development of fixed combinations of medicinal products®

FDA Nonclinical safety evaluation of drug or biologic combinations®

ICH ICH Topic M3(R2) note for guidance on nonclinical safety studies*

Clinical

EMA Guideline on the clinical development of fixed combination medicinal products'* —

FDA — — Codevelopment of two or more
new investigational drugs
for use in combination®

ICH — — —

AD, authorized drug; NID, new investigational drug.

Table 3. Opinions of the regulatory authority key informants—including 3 from the EU and 3 from the US—regarding the 5 main industry

concerns.

Considered Important by
Regulatory Authorities?

Industry Concern Yes No Unclear
I: There is a need for definitions/glossary at the national level and perhaps, ultimately, ICH +—|—/+—|— —|—/+
harmonization.
2: There is a need for better harmonization between the FDA and EMA guidelines at the clinical level. +/+ ++/++
An ICH guideline is the desired ultimate aim.
3: Clearer information is required regarding the relative importance of different justifications for - -
category A and B FDCs, in particular, convenience/compliance as a rationale.
4: There is some confusion over the therapeutic area guidelines—is there a need for information on +—|—/—f— —f——f— —|—

FDCs in more disease areas!

5: There is a lack of information related to biopharmaceuticals and parenteral formulations in the

EMA clinical guidelines.

++ o+

—|— = EU regulatory authority key informant;
+ = US regulatory authority key informant; FDC, fixed-dose combination.

being of major concern to those in industry formed the basis of
the second questionnaire for the regulator informants.

Following each interview, the analysis included transcrip-
tion; summary of the main observations, their implications, and
key insights; and a comparison of each question, highlighting
commonalities and differences.’

Results

In total, there are 5 guidelines available from the EMA, FDA,
and ICH that provide general guidance on the development of
FDCs. Table 2 gives an overview of the information provided
in these guidelines, using the 3 FDC categories defined in
Table 1. It appears that, at the nonclinical level, each regulatory
body and the ICH provide a relevant and comprehensive non-
clinical guideline. At the clinical level, however, the EMA
guideline provides information on only category A and B com-
binations, the FDA on only category C combinations, and there
is no ICH guideline. Also reviewed was some additional

guidance on clinical FDC development found in the disease-
related (therapeutic area) guidelines available from the EMA,
FDA, or ICH (E12).

The review of the guidelines identified 7 gaps in the noncli-
nical and clinical information provided. Following the industry
interviews, 5 main industry concerns were formulated. These
concerns and a summary of the response by the regulatory
informants are provided in Table 3.

Discussion

Each key informant had more than 10 years of experience
working with regulatory issues and guidelines. However, those
years of experience led to an easier acceptance of certain
aspects of the regulatory environment that, to someone coming
in fresh to the area, appeared to be an important source of
problems—in particular, terminology and the need for global
harmonization. It is evident from Table 3 that the regulatory
authority informants had differing opinions on most concerns
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raised by industry. Only point 3—regarding the clarity of the
importance of different justifications for category A and B
FDCs—showed a clear division between EU and US perspec-
tives. This is also reflected in the availability of guidelines for
these categories (Table 2). The following discussion considers
the responses to each point in Table 3.

Concern |: Terminology—A Need for Clear Definitions
and Glossaries

The issue of terminology represents an area that the key infor-
mants in general had not given a lot of thought. However, the
importance of a clear terminology became evident during
the interviews, as even the term fixed-dose combination was
interpreted differently by each informant. Terminology is the
first and biggest problem for a freshman reading the guide-
lines: the clear meaning of the words is vital for understanding
and interpretation, and glossaries are lacking, difficult to
locate, or incomplete. The recent emphasis on regulatory sci-
ence by both the EMA and the FDA may encourage clear def-
initions and their collection into readily available glossaries.
A harmonized glossary at the global level would be difficult,
but the majority agreed that a comprehensive glossary from
each authority would be helpful and that more harmonized
and consistent terminology among authorities would make
communication simpler.

Concern 2: The Need for Better Harmonization Between
the FDA and EMA Guidelines

Although the majority of regulators in both the EU and the US
did not consider harmonization of guidelines among authorities
an important issue, in industry there was a real desire to have
comprehensive and compatible clinical guidelines available.
Currently, if only one authority has issued relevant information
on a particular issue, those principles are used as a basis for
development outside that authority’s jurisdiction, but direct
information from an authority would be preferred.

In fact, the absence of an EMA clinical guideline on FDCs
of two new chemical entities (category C; Table 2) appears to
have been a barrier to larger companies in the EU seriously
considering such development, as a majority of the informants
from the EU were unaware of this option or at least considered
it an unsafe path. This FDA codevelopment path® is seen as
leading the way in promoting new approaches to combination
drug development, including FDCs. Before the release of this
guideline, the FDA required that each component of a combi-
nation be fully characterized at the clinical level.” This had
led to any FDC including a novel component always being
combined with prior standards of care. The development path
for completely novel combinations (category C) is seen to be

having a big impact on drug development in the US for infec-
tious diseases and cancer.'®!" As the guideline is also appli-
cable to other therapeutic areas, an eventual broader impact
may be expected.

The recent release of a concept paper by the EMA on the
need to revise the guideline on the clinical development of
FDCs'? is encouraging, as it indicates that FDCs are under
reconsideration. In a further development at the FDA,'® the
S-year exclusivity awarded to new molecular entities has been
extended to include category B FDCs: combinations contain-
ing an already authorized drug with a new investigational
drug.

Concern 3: Justification Requirements for Category A and
B FDCs

The FDA codevelopment guideline® clearly states a series
of criteria that must be met before codevelopment of novel
entities (category C) can be considered. However, in the case
of category A and B combinations, the EMA clinical guide-
line'* talks about balancing advantages and disadvantages but
lacks clarity on priorities, in particular with regard to whether
therapy simplification (convenience) can be the primary jus-
tification in certain cases or can come only secondary to the
proof of an improvement of “benefit/risk.” The regulatory
informants from the EU, however, agreed that from the EMA
point of view, simplification of therapy (convenience) can
never be the primary argument to justify the development of
an FDC of already authorized drugs (category A). This
appeared to be based on the perception that there is a lack
of published evidence to support the relationship between
convenience and compliance. However, the literature reveals
that there are increasing numbers of papers that do support
this relationship, not only for infectious disease (HIV and
tuberculosis), but also for hypertension and other chronic dis-
eases, such as diabetes, theumatoid arthritis, and glaucoma.
For review, see Bjerrum et al.? In addition, FDCs can be an
important factor in compliance among the elderly, where
polypharmacy is particularly common.'®> On this basis, there
appears to be sizable evidence that the real-world effective-
ness of FDCs can be substantially better than equivalent med-
ication regimes using separate dosage units, even though the
tested efficacy from clinical trials may be no different. The
results of several of these compliance studies also point
toward improved patient satisfaction and reduced health care
costs from the use of FDCs.'®!”

In the EU, consideration of the benefit/risk ratio is taken
as the starting point for regulatory consideration of the justi-
fication for an FDC. However, there is an unclear relationship
between ““benefit/risk” and “efficacy and safety,” creating an
additional source of confusion.'® It is also recognized that
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quantification of the benefit/risk relationship is difficult and
that there is a need for the development of better benefit/risk
models.'®!” The amount of acceptable risk can depend on the
therapeutic area, and assigning weight and value to different
aspects of the benefit/risk relationship can be complex. The
importance of this quantification can clearly be seen in the
case of contrasting decisions being reached by the EMA and
FDA on the basis of what are mainly subjective benefit/risk
decisions by both agencies. For instance, the antidiabetes
medication rosiglitazone and the associated FDCs Avandamet
(rosiglitazone/metformin hydrochloride) and Avaglim (rosi-
glitazone/glimepiride) were withdrawn from authorization
by the EMA in September 2010 on the basis of cardiovascular
risk.?%2! In the US, the equivalent medications continue to be
marketed, as the cardiovascular risk was considered ‘“con-
cerning, but not definitive.””* In a more recent case, the oppo-
site situation occurred, when the Novo Nordisk basal insulin
Tresiba (insulin degludec) and the associated FDC Ryzodeg
(insulin degludec/insulin aspart) were approved by the EMA
but rejected by the FDA on the basis of cardiovascular risk.*?
The need for quantification to make such decisions more com-
parable is part of the current drive at both the EMA and the
FDA to make the regulation of medicines more science based
and advance the role of regulatory sciences at the health
authorities.>*?°

Apart from benefit/risk, the concept of ““clinical relevance”
was raised by EU regulators as one of the basic justifications
for any medicine to be authorized, including FDCs, although
the word does not appear in the FDC guidelines. In fact, no
official definition exists either in the EU guidelines or in the lit-
erature on the subject.”® In clear contrast to the EU, the US
informants did not see any need for justification of an FDC
involving already authorized active ingredients—either from
a benefit/risk perspective or from a clinical relevance per-
spective. Being already authorized, the ingredients were safe
and effective, and market forces would determine if an FDC
was justified.

Concern 4: A Need for Information on FDCs in More
Disease Areas

The level of information on FDC development in disease-
related guidelines from the EMA and the FDA varies signif-
icantly, even for diseases where FDCs are common or of
interest (eg, HIV/AIDS, hypertension, diabetes). Although
the EU informants regarded these guidelines as a suitable
place to provide guidance on FDCs where such combina-
tions are common practice, the dropping of information on
FDCs from the latest draft of the EMA diabetes guideline?’
suggests a different approach at the EMA headquarters. In
contrast, although the US informants did not see a need in

this area, the FDA diabetes guideline®® contains significant
FDC information, demonstrating that there are differences
of opinion at the FDA as well.

Concern 5: A Lack of Information Related to
Biopharmaceuticals

The EMA clinical guideline on FDCs'* refers directly to
tablets and uses other words related to oral formulations.
According to the industry informants, it is possible to follow
the principles in the case of nonoral combinations, but it
would be preferable if the guidelines were edited to more
clearly include other formulations—in particular, intravenous
delivery. The guideline would then be more relevant for bio-
pharmaceuticals, which are becoming of increasing impor-
tance worldwide.

A clear response from both the EU and the US was that
guidelines follow behind the demands of industry—there
needs to be sufficient pressure from the number of questions
emerging during scientific advice before a guideline will be
developed or revised.

Further Comments

The FDA appears to have more interest than the EMA in pro-
moting combinations of new investigational drugs, evidenced
by the recent finalization of their codevelopment guide-
line.®*° This leads to a question raised during the industry
interviews whether the presence or absence of guidelines is
important for innovation. The increasing complexity of FDCs
and medicines in general puts pressure on the role of guide-
lines. With new technologies—such as nanotechnology pro-
viding complex delivery mechanisms for chemotherapy
FDCs,*? armed antibodies with chemical toxins linked to the
cancer-targeting antibody,>' and devices that enable titration
of one or more active ingredients (eg, Lixilan*?)—when is a
combination an FDC? When do the guidelines apply? Scien-
tific advice rather than guidelines becomes increasingly
important. This may lead to the question, where does this
leave guidelines?

Another main goal of the FDA codevelopment guideline® is
to stimulate the collaborative development of combination
drugs by different companies.?’ It is clearly important that
potential FDCs are not limited by proprietary arguments of
ownership of the individual components. Over recent years,
with the pressure of the current economic, scientific, and drug
development environment, pharmaceutical companies have
been increasingly willing to form partnerships with one another
and join public-private partnerships.>*>°

This type of collaboration should clearly also extend to the
regulatory authority level. Certain steps are being taken toward
a globalized approach by the regulatory authorities.>’ >’
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Parallel scientific advice involving the FDA and EMA is avail-
able but currently is little used. Increasingly frequent tele-
phone conferences between the EMA and FDA on exchange
of thoughts on various topics is helping to align scientific
positions and increase mutual understanding. The prioritiza-
tion of the role of regulatory science by both health authori-
ties>*?* provides a clear opportunity to harmonize such
science-based approaches. The defining and harmonizing of
terminologies will be another important step. However, as
revealed during this project in relation to FDCs, in the “real”
world, a number of basic approaches and attitudes need to be
reviewed for global solutions to be possible.

Conclusion

It is clear from the results that the current regulatory envir-
onment for FDCs lacks consistency: in the terminology
employed, between the nonclinical and clinical guidelines,
between EMA and FDA perspectives on the clinical develop-
ment of FDCs, in benefit/risk and justification decisions, and
between disease areas. In addition, there appears to be a clear
gap between the concerns of industry and those of the regula-
tory authorities. Such gaps and inconsistencies may create
a barrier to innovation moving from the laboratory to the
clinic, as companies cannot clearly see the development path
requirements. It is therefore important that the health author-
ities work toward increasing clarity. Combination studies are
likely to be seen as not only advantageous but necessary from
the early stages of clinical development.*® As expressed by
the World Health Organization as long ago as 2005, “the
development of fixed-dose combinations (FDCs) is becoming
increasingly important from a public health perspective,” and
“it is important that access to useful, new FDCs should not be
delayed by unnecessary constraints”.*!

Although this project focused on FDCs, the topics raised high-
light some of the major challenges that currently face the regula-
tory world. These challenges include how to improve the role of
regulatory science and provide clear quantification in assessment
decisions; the role of guidelines and their impact on innovation;
and, perhaps most important, the question of globalization and
how to move to a more harmonized regulatory system. The regu-
latory environment is clearly in a state of change as regulatory
authorities in more regions define their regulatory structure (Bra-
zil, Russia, India, China). Before these changes lead to even
greater regulatory diversity around the world, it is imperative that
a collaborating FDA and EMA take the opportunity now to move
toward increasing harmonization. We live in a world of globally
aware patients that demand new and effective treatments, with
clearly identified efficacy and safety parameters, in the minimum
time possible.
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