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1 | INTRODUCTION

| Heidi Janssen MPharm? | Kristina Dunder MD? |

Since 2005, more than 40 new medicines for the treatment of type 2 diabetes have been intro-
duced on the market. These consist of 15 new active substances establishing three new classes
of non-insulin products, and several new or modified insulin products and combinations. The
approval of these products in Europe is regulated via the centralized procedure at the European
Medicines Agency. Demonstration of benefit with regard to improved glucose control remains
the principal outcome required from confirmatory studies to demonstrate efficacy. For the
majority of these new medicines approved since 2005, cardiovascular outcome trials have now
been completed, and have invariably supported the cardiovascular safety of these products. In
some of these trials additional important benefits have been observed, for instance, a reduction
in major adverse cardiovascular events and improvement of renal outcome. The existing regula-
tory framework and the continuous adaption of regulatory requirements to emerging develop-
ments will continue to guide the approval of new products in the future.

KEYWORDS

antidiabetic drug, drug development, systematic review

Public Assessment Report (EPAR), available on EMA's website (http://

Diabetes mellitus affects about 7% of the population in the European
Union (EU)%; its increase in prevalence over recent decades is largely
attributable to type 2 diabetes (T2D). Recognizing the importance of
this disease, the approval of human medicines containing a new active
substance for the treatment of diabetes in the EU was made compul-
sory by European legislation in 2005 via one single, centralized applica-
tion procedure at the European Medicines Agency (EMA). One of the
advantages of this procedure is that it is based on a single EU-wide
assessment and the marketing authorization becomes valid throughout
the EU member states. Once pharmaceutical companies submit an
authorization application for their product to EMA, the Agency's Com-
mittee for Medicinal Products for Human Use (CHMP) carries out a sci-
entific assessment of the application, typically including several review
cycles which may not exceed 210 days. The CHMP then gives a recom-
mendation to the European Commission on whether or not to grant a
marketing authorization, on average about 1 year after submission of

the initial application. Each outcome is described in detail in a European

www.ema.europa.eu). This article provides an overview of the
approvals of such medicines via this centralized procedure and high-
lights current and future regulatory trends in T2D.

2 | APPROVALS OF GLUCOSE-LOWERING
AGENTS BEFORE 2005

Before the EMA's establishment in 1995, only insulins, biguanides, sul-
phonylureas and alpha-glucosidase inhibitors were authorized as
glucose-lowering agents in member states of the EU. Between 1995
and 2005, marketing authorizations for new products for the treatment
of diabetes could be obtained both via applications in EU member
states or via EMA's centralized procedure. The products evaluated via
EMA during that time are listed in Table S1 (see the supporting infor-
mation for this article) and include insulins and insulin analogues, and,

as oral glucose-lowering agents, thiazolidinediones and meglitinides.
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3 | APPROVALS SINCE 2005

Since the centralized application procedure was made compulsory for
medicinal products for the treatment of diabetes in 2005, more than
40 new products have been reviewed by EMA and subsequently
authorized in the EU (Figure 1, Table S2). These include both mono-
therapies and an increasing number of fixed dose combinations, either
as oral tablets or, more recently, as fixed-ratio combinations of inject-
able medicines (see section 3.2 on insulins); this trend reflects the need

for the combination of several agents when the disease progresses.

3.1 | Non-insulin glucose-lowering agents

Three new classes have been introduced since 2005, the glucagon-like
peptide-1 (GLP-1) receptor agonists, the dipeptidyl peptidase-4 (DPP-
4) inhibitors, and the sodium-glucose cotransporter-2 (SGLT-2) inhibi-
tors. These three new classes comprise 15 new active substances
approved in the EU (Figure 2).

The first such product approved in the EU was exenatide in 2006,
a GLP-1 receptor agonist developed as a twice-daily subcutaneous
formulation. Thereafter, five more products of that class have been
authorized, most recently semaglutide in 2018. In addition to lowering
glucose, these products showed reductions in body weight, which is
important in the treatment of patients with T2D. One of the products,
liraglutide, approved for treatment of T2D with a maximal dose of
1.8 mg/d, has been further developed for body weight management
in patients without T2D with a maintenance dose of 3 mg/d.

DPP-4 inhibitors were the next new class to become available in the
EU, with the approval of five products between 2007 and 2013.
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Development of a new DPP-4 inhibitor intended for once-weekly use
and tested in phase 3 trials—omarigliptin—was discontinued in 2016. Even
though this class of drugs in general appears to have a lower glucose-
lowering capacity compared to the class of GLP-1 receptor agonists, they
are useful in some patients due to the low risk of hypoglycaemia.
The most recent new class consists of the SGLT-2 inhibitors, four
of which have been approved between 2012 and 2018. This class also
has a body weight-lowering capacity in addition to lowering glucose.
All non-insulin products are currently approved only for the treat-
ment of T2D. However, studies of SGLT-1/SGLT-2 inhibitors? and
SGLT-2 inhibitors, investigating their use as add-ons to insulin in the
treatment of type 1 diabetes (T1D), have recently been completed.
The emergence of these new products significantly expanded the
spectrum of available treatment options for T2D. This is reflected in
the inclusion of these three new classes in the current treatment algo-
rithms for T2D in a joint position paper by EASD and ADA,? in con-
trast to the publication of an earlier paper in 2006.% Cardiovascular
(CV) outcomes observed with these products are covered later in
section 5; comparative reviews of these new classes are beyond the

scope of this paper, but are available elsewhere (e.g.>™).

3.2 | Insulins

Most of the insulins and insulin analogues currently authorized in the
EU were already available before 2005. Fast-acting, mealtime insulin
analogues were first authorized in 1996 (insulin lispro), and long-acting,
basal insulin analogues in 2000 (insulin glargine) (Table S1). All insulin
products in the EU are authorized for use in both T1D and T2D.

Recently, a new group of injectable, fixed-dose combinations of long-
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FIGURE1 Approval of new products for the treatment of type 2 diabetes since 2005
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acting insulins with GLP-1 receptor agonists has been assessed by EMA
and subsequently authorized (Figure 1); these new combination prod-
ucts offer a lower body weight gain and a beneficial profile regarding
hypoglycaemic events compared to high doses of insulin on its own.

Another recent development is the approval of higher strength
pre-filled pen insulins, exceeding the 100 U/mL strength that was pre-
viously in general the only one available in the EU. Both higher
strength insulins and fixed-dose combinations containing insulin may
present added challenges in terms of potential risks of medication
errors, the mitigation of which was addressed in a recent guideline
dedicated to this matter.®

The choice of insulin analogues has been broadened by the EU
approval of four biosimilar insulin analogues since 2014 (Figure 1). The
EMA has issued specific guidance for the development of biosimilar
insulins and insulin analogues.? While an inhalable insulin was approved
in 2006 (Exubera), the product was withdrawn shortly after licensing
for commercial reasons (Figure 1, Table S2), and therefore no insulin
with non-parenteral delivery is currently authorized in the EU. Further
development of new administration routes, new insulin analogues, and

non-insulin peptide agonists of the insulin receptor, is ongoing.'®

4 | GENERAL REGULATORY ASPECTS OF
APPROVALS FOR MEDICINES FOR DIABETES

Since 2005, the average time from filing an application to receiving
the opinion given by EMA's CHMP was 377 days, which is close to
the average for other medicines. For three out of four diabetes prod-

uct applications since 2005, the applicants obtained prior specific

* same active substance
** New legislation came into force on 20 November 2005
# EU marketing authorization suspended 3 December 2010, subsequently withdrawn

Approval of new active substances (non-insulin only) for the treatment of type 2 diabetes

EMA Scientific Advice on at least one aspect of the development pro-
gramme. Since 2005, only one application, for a biosimilar insulin, was
refused a marketing authorization (Table S2).

In 2002, the EMA published a guideline for the development of
medicines for diabetes. The guideline®? has been revised previously and
is currently being revised again to reflect recent developments.t12
Guidance by both the EMA and the US Food and Drug Administration
(US FDA) stipulates HbA1c (as a measure of glucose control) as the
main primary outcome parameter for pivotal trials for the approval of
new medicines for the treatment of diabetes.!>* This is a reflection of
the expected long-term benefit of glucose control on vascular out-
comes as the main component of the disease burden in diabetes. While
there is general agreement that improved glucose control is linked to a
reduction in microvascular events, the long-term benefit with regard to
macrovascular events remains uncertain. However, recently completed
cardiovascular outcome trials (CVOTs) are starting to provide a better
understanding of that relationship (see later).

Beyond HbA1c as a primary outcome, other outcomes are also of
importance to patients, and these may in the future help to further refine
the profile of diabetes medicines addressing the needs of patients, for
instance, quality of life captured as patient-reported outcomes, or periods

of hypoglycaemia, captured by continuous glucose-monitoring.*®

5 | CARDIOVASCULAR OUTCOME TRIALS
INTYPE 2 DIABETES

General adaptation to emerging knowledge over time, but in particular

concerns over the CV safety profile of rosiglitazone, which had its
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marketing authorization suspended® and was subsequently with-
drawn in the EU, led to a revision of guidance relating to the safety
data required for regulatory purposes.”*® Current EU guidance
requires comprehensive safety data, including a comprehensive
assessment of the CV safety of a new medicine developed for the
treatment of diabetes.? The guidance explains that CVOTs are not
mandatory for such products in the EU but that they can be required.
Nevertheless, for most of the new active substances for T2D
reviewed since 2005, CVOTs have been completed or are ongoing,
due to applicants” globally defined development programmes based
on requirements stipulated by the US FDA.

Several of these CVOTs, having been designed to exclude any
detrimental effect on CV safety, demonstrated non-inferiority com-
pared to placebo with respect to the incidence of major adverse CV
events (MACE, a composite of non-fatal myocardial infarction, non-
fatal stroke, and CV death): this was the case for all three of the five
authorized DPP-4 inhibitors, for which such data are already
available.2°-22 These trials also provided new data regarding known
and (in some cases) new safety concerns (e.g. the occurrence of heart
failure in the case of certain DPP-4 inhibitors). Beyond their stated
primary goal, i.e. to expand the knowledge of the CV safety profiles of
these medicines, data from such trials have, to some extent, contrib-
uted to gaining further information on their safety profiles in general
(e.g. on pancreatic safety), confirming regulatory data obtained
earlier.?®

For four of the authorized GLP-1 receptor agonists, CVOTs have
been completed,?*~?” and in two cases (liraglutide and semaglutide)
these showed a reduction of at least some components of MACE in
selected populations with T2D and a high CV risk compared to pla-
cebo.24?” Similarly, for two of the SGLT-2 inhibitors (empagliflozin
and canagliflozin), CVOTs have been completed recently, also showing
a reduction of at least some components of MACE.2®2° The data from
the CVOTs of empagliflozin and liraglutide were the first of their
respective classes to be assessed by CHMP, and their product infor-
mation has been updated accordingly.

Beyond macrovascular outcomes, these CVOTs have provided
additional observations of outcomes for organ damage associated
with T2D, such as kidney (renal insufficiency), heart (heart failure), and
eye (diabetic retinopathy). Beneficial effects have been shown in
terms of delayed progression of albuminuria, and lower rates of new
and worsening nephropathy have been shown in CVOTs in examples
from both GLP-1 agonist and SGLT-2 inhibitor classes.2273C As
potential benefits for those organs are not necessarily mediated exclu-
sively by glucose-lowering effects, and as mechanisms of action differ
between the various classes, further studies are needed to unravel
these mechanisms and justify more specific claims. Also, unexpected
effects in terms of rates of retinopathy complications have been

observed,?” also requiring further studies.

6 | MODIFICATION OF USE OF APPROVED
MEDICINES FORTYPE 2 DIABETES

All medicines for T2D approved in the EU are constantly monitored
with regard to safety. Since 2012, EMA has a committee dedicated to

the safety of medicines for human use, the Pharmacovigilance Risk
Assessment Committee (PRAC), where all major safety issues are dis-
cussed. As an example, this has led to the inclusion of the occurrence
of keto-acidosis as a side effect of SGLT-2 inhibitors. All suspected
side effects that are reported by patients and healthcare professionals
must be entered into EudraVigilance, the EU web-based information
system operated by EMA, that collects, manages and analyzes reports
of suspected side effects of medicines.

New information can also lead to expansion of use. In a recent
important case of regulatory action on metformin, new clinical data,
epidemiological studies, clinical guidelines from medical bodies and
scientific literature were considered, and led the EMA's scientific com-
mittee CHMP to conclude that metformin's permitted use in T2D
should be expanded to patients with moderately reduced renal func-
tion (GFR [glomerular filtration rate] = 30-59 mL/min).3! As an out-
come of this referral procedure, the product information of all
metformin-containing products for the treatment of T2D in the EU
was revised, including clear dosing recommendations and advice on

the monitoring of these patients.

7 | FUTURE PERSPECTIVES

Over the last 10 years a large number of new medicines and major
new product classes for diabetes have been approved in the EU, sig-
nificantly widening the therapeutic options now available for the
treatment of T2D. Increased safety monitoring has led to new
insights. Continuing innovation of these existing product classes
hopefully complements preventive measures and non-medical inter-
ventions in the short term, further improving the outcome of patients
with T2D. Also, better insights into the mechanisms of action
obtained by information from additional trials with existing drugs may
provide further guidance in their optimal use.

While a direct treatment of the root cause of this complex disease
is not yet possible, the potential of some molecules to modify fuel
metabolism as well as centrally controlling satiety and hunger signals
can be increasingly exploited, and the continuously emerging knowl-
edge of the role of gut hormones may give rise to additional new ther-
apeutic options for T2D. The existing regulatory framework and
continually adapted EU guidance for clinical development of those
products will hopefully continue to help bring to fruition those new

therapies in the future.
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