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Abstract

INTRODUCTION

Diabetes mellitus: Exploring the
challenges in the drug development
process

Diabetes mellitus has reached epidemic proportions and continues to be a major burden on
society globally. The International Diabetes Federation (IDF) estimated the global burden of
diabetes to be 366 million in 2011 and predicted that by 2030 this will have risen to 552 million.
In spite of newer and effective treatment options, newer delivery and diagnostic devices, stricter
glycaemic targets, better treatment guidelines and increased awareness of the disease, baseline
glycosylated hemoglobin remains relatively high in subjects diagnosed and treated with type
2 diabetes. The search continues for an ideal anti diabetic drug that will not only normalize
blood glucose but also provide beta cell rest and possibly restoration of beta cell function. The
development of anti diabetic drugs is riddled with fundamental challenges. The concept of beta
cell rest and restoration is yet to be completely understood and proven on a long term. The
ideal therapeutic approach to treating type 2 diabetes is not yet determined. Our understanding
of drug safety in early clinical development is primarily limited to “Type A” reactions. Until
marketing authorization most drugs are approved based on the principle of confirming non-
inferiority with an existing gold standard or determining superiority to a placebo. The need to
obtain robust pharmaco-economic data prior to marketing authorization in order to determine
appropriate pricing of a new drug remains a major challenge. The present review outlines some
of'the challenges in drug development of anti-diabetic drugs citing examples of pulmonary insulin,
insulin analogues, thiazolidinediones and the GLP1 analogues.

Key words: Anti diabetic drugs, drug development, GLP1 analogues, insulin analogues,
pulmonary insulin, type 2 diabetes mellitus

the long list of non communicable diseases the burden
of type 2 diabetes mellitus has grown disproportionately

While India emerges as a strong and sustainable developing
economy it continues to grapple with the dual burden of
communicable and non communicable diseases. Amongst
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in India over the last two decades. King H, et al.; in 2004
made a shocking prediction that the overall global burden
of diabetes mellitus was estimated to be 366 million by
2030." India was stated to be the major contributor to this
global burden in the year 2000 with an estimated number of
adult diabetics to be 31.7 million. The predicted number of
diabetics in India over the next three decades was estimated
to reach 80 million adults. Unless something dramatic was
done at the individual, family and societal level the global
burden of diabetes were likely to reach or exceed the
predictions made by King H, et al.
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Late last year the Diabetes Atlas of the IDF published an
article on the overall burden of Diabetes.” Paradoxically
and rather alarmingly the global prevalence of diabetes
had reached the predicted target of 366 million by 2011!
It stated that by 2030 this number would have risen to
552 million. India has and will continue to be a major
contributor to the overall burden of diabetes globally. The
diabetes epidemic can be curtailed and possibly reversed
if we incorporate a culture of healthier eating and regular
exercise in our society. For subjects with diabetes mellitus
optimal use of existing therapeutic options and the search
for newer more effective and safer therapies will go a long
way in reducing the complications of diabetes thereby
reducing morbidity and overall mortality. The present
review outlines some of the major challenges faced by
researchers in developing drugs for diabetes mellitus.

Diabetes mellitus

Lab to clinic to market!

While our understanding of the patho-physiology of
diabetes has grown significantly, gaps in our knowledge
still exist. The concept of B-cell rest and restoration has
been much discussed over the last several decades but the
concept has yet to be proven. Several short to medium
term studies have demonstrated the possibility of beta-cell
rest but long term studies have yet to emerge to prove this
concept.’! The drug or treatment modality that permits
long-term [ cell rest (if such a scientific concept is proven)
is likely to be the mainstay of therapy for type 2 diabetes.

Although metformin has emerged as the ideal choice of
starting treatment in type 2 diabetes, the optimal therapeutic
approach over time is yet to be determined. This question
can only be answered by conducting long term studies
using different therapeutic options and to determine their
impact on hard clinical endpoints i.c.; long term diabetic
complications, mortality.

Given our limited understanding of drug safety particularly
early in development have resulted in a large number of
anti-diabetic drugs that have fallen by the way-side in its
lifecycle. Typical examples of these being Phenformin,
Troglitazone, Rosiglitazone, pulmonary insulin, etc;

An unusual paradox exists in our attempt to develop new
drugs today. In order to achieve regulatory approvals
globally studies are designed to either compare or confirm
non-inferiority to the existing gold-standard or superiority
to the placebo. While this approach generally permits
regulatory approvals if the primary objective is met, data
obtained however promising does limit the pharmaco-
economic evaluation of the drug;

Landmark studies like the Diabetes Control and
Complications Trial (DCCT)" and United Kingdom

Prospective Diabetes Study (UKPDS)P! have determined
the need for good glycaemic control to minimize or delay
the onset of late diabetic complications. New and effective
treatment options, newer insulin delivery and self monitored
blood glucose devices, stricter glycaemic targets and
guidelines!! and the “treat to target” approach has helped
some patients achieving the target of normoglycaemia.”
However for the vast majority of patients glycaemic levels
continue to be relatively high before and after treatment in
spite of rather efficient blood glucose lowering,

Given the magnitude of the problem diabetes will have on
society and in spite of the existing limitations of various
anti-diabetic medications, the anti-diabetic therapeutic
class has emerged within the top 4 contributors in global
pharmaceutical sales.”

Challenges in diabetes drug development

The story of inhaled insulin

One of the greatest milestones in the history of medicine
was the discovery of injectable insulin in the early 1920%.
A few years after this discovery, an early publication on
inhaled insulin appeared in a German journal in 1925.11"
It took over 80 years to “prove the concept” that inhaled
insulin could possibly replace injectable insulin as an
alternative and more convenient route of administration.
All through these several decades of research, several issues
on pulmonary insulin did arise i.e.; long term safety, rising
titer’s of antibodies, diminished lung function in some
patients, use of short acting human insulin (when in most
countries globally the starter insulin was a long acting or
premixed insulin), need for at least one injection of a long
acting insulin (to support the basal bolus concept), low
bioavailability (less than 10%), high costs and limited to no
insurance coverage.!"!! In addition insulin pen devices with
micro fine needles made insulin delivery almost painless and
therefore did not justify the cost of pulmonary insulin. The
first pulmonary insulin i.c.; Exubera® therefore emerged
in the US market in 2006 only to be withdrawn in 2007.'%
Following the failure of Exubera® all other pharmaceutical
companies developing pulmonary insulin decided to stop
development of their pulmonary insulin projects with the
exception of Afreeza® (MannKind Inc). Based on recent
reports it appears that Afreeza® is also caught up in the
difficult web of developing pulmonary insulin.!"’

“Perception versus reality”: The story of the once
versus twice daily basal insulin analogues

Two long acting insulin analogues exist in the world
market today i.e; insulin glargine and insulin detemir. Both
insulin glargine and insulin detemir were developed on the
principle of a once daily basal insulin analogue that could
serve as both an ideal start to insulin therapy for those
type 2 diabetes subjects who were inadequately controlled
on two or more oral hypoglycaemic agents and in type 1
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diabetes as part of a basal bolus regimen. The approach
to development of these two analogues was however
different. Insulin glargine entire clinical development
program was built on the sole platform of once daily
insulin. Insulin detemir on the other hand was developed
on the primary platform of once daily insulin with the
flexibility of using it twice daily for those patients needing
a twice daily injection. The scientific basis for permitting
the twice daily injection option for insulin detemir was built
on two important scientific facts. Firstly in a quarter to a
third of diabetic patients receiving either insulin detemir
or glargine required a second injection on the same day
as it was not possible to optimize glycaemic control with
a once daily injection."! Moreover, conventional wisdom
on the use of NPH insulin over several decades dictated
the need to have the option for a once or twice a day basal
insulin. Several studies comparing the PK and PD profiles
of glargine and detemir have found these two insulins’
similar and therefore have a similar duration of action."”!
Strangely even today many physicians still perceive insulin
glargine as a “once daily insulin” and insulin detemir a
“twice daily insulin” rather than the flexible option of a
“once and/or twice daily insulin”.

Can short and long acting insulin analogues be
mixed prior to administration?

During the development of the long acting insulin
analogues it was clinically meaningful to explore the
possibility of self mixing it with the short acting analogues
i.e.; aspart, lispro and glulisine prior to administration.
This self mixing process could potentially optimize the
proportion of short and long acting insulin administered
and reduce the number of injections which would therefore
be significantly beneficial in children and the elderly.

However, based on outcome on clinical studies it is now
recommended not to mix insulin glargine or insulin detemir
with any other insulin or solution. If insulin glargine or
insulin detemir is diluted or mixed, the pharmacokinetic or
pharmacodynamic profile i.e; onset of action and time to
peak effect of insulin glargine and insulin detemir and the
mixed insulin may be altered in an unpredictable manner.!*!”

GLP, analogues

Will they revolutionize the way we treat type 2
diabetes today?

One of the most promising therapeutic classes of anti
diabetic that has emerged in the last few years is the GLP,
analogues i.c.; Exenitide and Liraglutide. The mechanism of
action is unique for this class of drugs as they target multiple
sites that affect the patho-physiology of type 2 diabetes."*!
Given the beneficial effects it has on glycaemic control,
minimal risk of hypoglycaemia and potential benefit on body
weight this class is likely to be the mainstay of therapy in

type 2 diabetes. Liraglutide is also likely to emerge as a major
drug in the treatment of obesity in the next few years.""

The GLP, analogues have not escaped the challenges of
drug safety. The ability of these drugs to stimulate calcitonin
release and consequently enhance calcitonin synthesis,
induce hyperplasia and possibly neoplasia in rodents
resulted in a major safety signal being raised during drug
development. Further studies in primates confirmed that
this phenomenon was unique in rodents and not in primates
like monkey or man.” This was because GLP, receptors
were predominant in rodents and not so in primates.

A few cases of acute pancreatitis have been observed in
subjects exposed to the GLP, analogues during clinical
development. As part of the Risk Evaluation and Mitigation
strategies (REMS), a medication guide is required to be
dispensed with each liraglutide prescription to inform
providers and patients about the risk of acute pancreatitis and
the potential risk of medullary thyroid carcinoma. Should this
signal be negative drugs emerging in this therapeutic class are
likely to be major blockbusters in the years to come.

The rise and fall of the Thiozolindiones (TZD’s)

The TZD’s entered the world market with the blockbuster
prototype Troglitazone. The class was considered unique
because of its” novel mechanism of action and its ability
to address the problem of insulin resistance. In spite of an
extensive development program Troglitazone lasted in the
world market for only a few years before the association of
Troglitazone use and severe liver disease sometimes resulting
in death was determined.”? The frequency of sevete liver
disease with Troglitazone use was identified as 1 in 10,000 and
therefore not identified during routine clinical development.

Rosiglitazone faced the same fate only several years after
its launch globally due to the occurrence of increased
cardiovascular events with its use and was associated with
a significantly increased risk of heart attack (odds ratio =
1.43, (95% confidence interval, 1.03 to 1.98; P = 0.03)), and
an even higher risk of death from all cardiovascular diseases
(odds ratio = 1.64) eventually leading to the withdrawal
of Rosiglitazone from the world market. The association
of Pioglitazone and bladder cancer!* has probably put the
“nail in the coffin” for this entire therapeutic class of drugs.

Back to basics
Table 1 below outlines some of the major pharmacokinetic
(PK) reasons for failure of anti diabetic medications.

Identifying these PK shortcomings early in the drug
development process, will go a long way in killing projects
early and help save significant time, money and effort within
organizations developing anti diabetic drugs.
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Table 1: Major pharmacokinetic reasons for
failure of anti diabetic medications

* Half-life too short or too long

« Poor bioavailability

* Inconsistent bioavailability with low therapeutic index

* Saturable clearance mechanisms producing non-linear kinetics

* Greatly increased clearance on repeat dosing because of auto
induction

» Multiple metabolites not covered by toxicity studies

* Active metabolite with half-life much longer than parent drug

Late development strategies

As the safety information is accrued at a slower rate than
for efficacy, one could consider taking more than one dose
into phase 111. In this case, a decision to discontinue one
of the arms can be made at an interim analysis during the

confirmatory stage when more safety data are available.

Another approach would be to combine phase 1Ib and
phase I1I in one adaptive design trial, with a more robust

phase IIb stage.

We understand that it is equally important to review the
data from the trials to make sure efficacy and non-cardiac
safety are also being met. Thus a balance must be struck
between conducting short term early phase trials with

longer early phases trials.

CONCLUSION

Developing anti diabetic drugs is not without challenges.
However, having a robust drug development process
with stringent “Go-No Go” decisions will go a long way
in terminating projects eatly or bringing superior drugs in
the market. Novel drugs having multiple sites of action
and positively targeting several elements of the metabolic
syndrome are likely to be the drugs of the future in type 2
diabetics. Insulin analogues that mimic physiological insulin
secretion, that are convenient to administer in state of the
art delivery devices are likely to be the insulin’s of the future
for both type 1 and type 2 diabetes. As our understanding
of drug safety increases and with the incorporation of
robust risk management plans in our projects the future is
likely to see safer and more effective therapeutic options

to treat subjects with diabetes.
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