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Since the discovery of insulin in 1922, there have
been attempts to develop alternative methods of
administration to injection, as it was soon realised
that this was a major issue for both patients and
physicians.1,2 To avoid multiple injections, oral
antidiabetic agents and slow-acting insulins were
developed. It was only with the publication of the
Diabetes Control and Complications Trial3 and the
United Kingdom Prospective Diabetes Study
(UKPDS),4 which highlighted the crucial
importance of tight glycaemic control in the
prevention of diabetic complications, that insulin
gained in popularity once again. The UKPDS trial
also illustrated how, because of the progressive nature
of type 2 diabetes mellitus, the majority of patients
will eventually require a treatment strategy that
includes insulin. However, the obstacle of injections
remains a frequent deterrent to starting insulin
therapy5-7 and has been linked to reduced treatment
adherence in both patients with type 1 and type 2
diabetes mellitus.
After years of intensive research and groundbreaking industrial achievements there are now
several insulin inhalation systems at varying stages of
clinical development.8 Two major forms of
pulmonary insulin are being developed: powder and
liquid formulas. All have a time-action profile
similar to short-acting human insulin, with a
slightly more rapid onset of action.8,9 A crucial
player in this field is inhaled human insulin
(Exubera®). Developed by Pfizer Inc in
collaboration with Nektar Therapeutics, Exubera®
is the first inhaled insulin to be approved in both
the USA and European Union for the treatment of
type 1 and type 2 diabetes mellitus in adults and is
supported by a sound clinical dossier of phase 3
trials in patients with type 110,11 and with type 2
diabetes.12-15 While a pulmonary insulin will clearly
be an advantage for patients with type 1 diabetes
who require multiple daily injections to survive, it
is likely to be especially beneficial for patients with
type 2 diabetes. Recent studies have shown
considerable delays in the uptake of subcutaneous
insulin therapy by people with type 2 diabetes
uncontrolled with multiple oral agents.16,17 The

availability of an alternative method of
administration to injection in a growing population
of patients with type 2 diabetes may be crucial to
promote the timely use of insulin and thus the
achievement of better glycaemic control earlier in
the disease course.
Published trials to date show patients have a greater
preference for an inhaled compared with a
subcutaneous insulin,18 and published data for
Exubera® have demonstrated good efficacy and an
acceptable safety profile.10,15,19,20 It is clear that
inhaled insulin can be used as an alternative to shortacting insulin, with the expected efficacy of a
mealtime insulin and consequent reductions in
HbA1c. As with other insulins, hypoglycaemia is
also observed with inhaled insulin. Other aspects of
the safety profile of inhaled insulin appear
reassuring,19,20 but, with the advent of a pulmonary
route of delivery, endocrinologists must now also
monitor the lung. Short-term tolerability results are
good, but long-term data (greater than five years
administration) are required. A final caveat is that
the only trials available at present are industrysponsored, and most of these have been performed
with Exubera®. Some may take for granted that all
inhaled insulins will behave similarly, but this may
be a premature conclusion and each product should
be considered in its own right.
An important issue is whether healthcare systems will
be willing to cover reimbursement of inhaled
insulins. When using our usual parameters for
evaluating added value for a new drug in diabetes
treatment, HbA1c lowering is the gold standard. And
there, as expected, short-acting insulin, whether
injected or inhaled, behaves the same. So, the
question is, are we willing to pay extra for the
avoidance of injections?
This is a sensitive area where remarks by payers
(without diabetes) such as ‘Why don’t they just
inject themselves?’ are offending to many patients
with diabetes who repeat this daily ritual and are
only too aware of the burden of injecting. A more
relevant discussion is: what is the real added value?
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We have to weigh the benefits versus the potential
down sides of the treatment. Among the down sides
are the cost and the unknown effects of this route of
insulin administration over decades of use. Although
there are currently no indications to suggest a cause
for concern, caution is necessary and careful longterm follow up of users will be necessary.
On the positive side, the availability of Exubera® in
the treatment arsenal may change the fate of
patients with type 2 diabetes. Indeed, having the
option of inhaled insulin available (perhaps even for
limited periods of time due to cost reasons) might

encourage more individuals over the hurdle of
initiating insulin. A study by Freemantle et al. has
clearly demonstrated that patients with type 2
diabetes would be more likely to accept insulin as
part of their treatment regimen if an agent such as
Exubera were an option.21 A shift in HbA1c levels
towards current targets by more timely use of
insulin would have a major impact on diabetesrelated complications and quality of life and should
be taken into account when discussing
reimbursement of inhaled insulin. This of course
requires integrated visions on diabetes care and
healthcare as a whole. ■

References
1. Gaensslen M, “Uber inhalation von insulin”, Klin Wochenschr (1925);4(2): pp.71.
2. Heubner W, de Jongh SE, Laquer E, “Uber inhalation von insulin”, Klin Wochenschr (1924);3(51): pp.
2,342–2,343.
3. DCCT, “The effect of intensive treatment of diabetes on the development and progression of long-term complications in
insulin-dependent diabetes mellitus. The Diabetes Control and Complications Trial Research Group”, N Engl J Med
(1993);329: pp.977–986.
4. UKPDS Group, “Intensive blood-glucose control with sulphonylureas or insulin compared with conventional treatment and
risk of complications in patients with type 2 diabetes (UKPDS 33)”, Lancet (1998);352: pp.837–853.
5. Hunt L M, Valenzuela M A, Pugh J A, “NIDDM patients’ fears and hopes about insulin therapy. The basis of patient
reluctance”, Diabetes Care (1997);20(3): pp.292–298.
6. Overman H, Heinemann L, “Injection-meal interval: Recommendations of diabetologists and how patients handle it”,
Diabetes Res Clin Pract (1999);43(2): pp.137–142.
7. Korytkowski M, “When oral agents fail: practical barriers to starting insulin”, Int J Obes (2002);26(Suppl 3):
pp.S18–S24.
8. Patton JS, Bukar JG, Eldon MA, “Clinical pharmacokinetics and pharmacodynamics of inhaled insulin”, Clin
Pharmacokinet (2004);43: pp.781–801.
9. Rave K, Bott S, Heinemann L, et al., “Time-action profile of inhaled insulin in comparison with subcutaneously injected
insulin lispro and regular human insulin”, Diabetes Care (2005);28: pp.1,077–1,082.
10. Quattrin T, Belanger A, Bohannon NJV, et al., “Efficacy and safety of inhaled insulin (Exubera®) compared with
subcutaneous insulin therapy in patients with type 1 diabetes”, Diabetes Care (2004);27: pp. 2,622–2,627.
11. Skyler JS, Weinstock RS, Raskin P, et al., “Use of inhaled insulin in a basal/bolus insulin regimen in type 1 diabetic
subjects”, Diabetes Care (2005);28: pp.1,630–1,635.
12. Hollander PA, Blonde L, Rowe R, et al., “Efficacy and safety of inhaled insulin (Exubera®) compared with subcutaneous
insulin therapy in patients with type 2 diabetes”, Diabetes Care (2004);27: pp. 2,356–2,362.
13. Rosenstock J, Zinman B, Murphy LJ, et al., “Inhaled insulin improves glycemic control when substituted for or added to
oral combination therapy in type 2 diabetes”, Ann Intern Med (2005);143: pp. 549–558.
14. Barnett AH, Dreyer M, Lange P, et al., “An open, randomized, parallel group study to compare the efficacy and safety
profile of inhaled human insulin (Exubera®) with metformin as adjunctive therapy in patients with type 2 diabetes poorly
controlled on a sulfonylurea”, Diabetes Care (2006);29: pp.1,282–1,287.
15. Barnett AH, Dreyer M, Lange P, et al., “An open, randomized, parallel group study to compare the efficacy and safety
profile of inhaled human insulin (Exubera®) with glibenclamide as adjunctive therapy in patients with type 2 diabetes poorly
controlled on metformin”, Diabetes Care (2006); 29: in press.
16. Rubino A, McQuay L, Kvasz M et al., “Population-based study of time to insulin after failure of oral antidiabetic (OA)
therapy in type 2 diabetes (T2DM) in the UK”, Diabetes (2006);(Suppl) (abstract).
17. Nichols G, Koo Y, Menditto L, “Delay in advancing treatment when glycemic control is not maintained on oral combination
therapy”, Diabetes (2006);(Suppl) (abstract).
18. Royle P, Waugh N, McAuley L, et al., “Inhaled insulin in diabetes mellitus”, Cochrane Database Syst Rev (2003);
CD003890.
19. Skyler J, for the Exubera® Phase II Study Group, “Sustained long-term efficacy and safety of inhaled insulin after 4 years
of continuous therapy”, Diabetologia 2004; 47(Suppl 1): pp.A311 (abstract).

EUROPEAN ENDOCRINE DISEASE 2006

35

Mathieu_Edit.qxp

13/7/06

6:20 pm

Page 36

Inhaled Insulin

20. Dreyer M, for the Exubera® Phase III Study Group, “Efficacy and two-year pulmonary safety of inhaled insulin as
adjunctive therapy with metformin or glibenclamide in type 2 diabetes patients poorly controlled with oral monotherapy”,
Diabetologia 2004; 47(Suppl 1): pp.A44 (abstract).
21. Freemantle N, Blonde L, Duhot D, et al., “Availability of inhaled insulin promotes greater perceived acceptance of
insulin therapy in patients with type 2 diabetes”, Diabetes Care (2005);28: pp.427–428.

The following papers relating to Diabetes can be found in our sister
edition, US Endocrine Disease 2006 and on the website supporting the
Touch Briefings Healthcare Series – www.touchbriefings.com

Medical Nutrition Therapy and Prevention of Diabetes
Claude K. Lardinois, MD
Professor of Medicine, University of Nevada School of Medicine
Founder, Chief Operating Officer, and Medical Director, Nevada Diabetes Association for Children
and Adults
Hypoglycemia, the Major Barrier to Good Glycemic Control
Stephen N. Davis, MD, FRCP & Julia P. Dunn, MD
Division of Diabetes, Endocrinology and Metabolism,
Vanderbilt University Medical Center
Inhaled Insulin
Laura Zemany, MD & Martin J. Abrahamson, MD
Clinical Fellow and Medical Director
Joslin Diabetes Center
Inhaled Insulin – A New Development in Glycemic Control for Patients with Diabetes
Pricisila Hollander, MD
Baylor-Ruth Collins Diabetes Center,
Baylor University Medical Center, Baylor Health Care System
Basal Insulin - Myths and Realties
Jaime A. Davidson, MD
Endocrinologist, Medical City Dallas Hospital and Clinical Associate Professor of Internal Medicine,
University of Texas Southwestern Medical School
The Use and Abuse of Self Monitoring of Blood Glucose
Mayer B. Davidson, MD
Professor of Medicine, Charles R. Drew University, UCLA School of Medicine
Mechanisms for B-Cell Formation in Response to Insulin Resistance
Tomoaki Morioka, MD, PhD and Rohit N. Kulkarni, MD, PhD
Joslin Diabetes Center and Department of Medicine,
Harvard Medical School
Diabetic Nephropathy and Oxidative Stress
Robert C. Stanton, MD
Chief, Renal Section, Joslin Diabetes Center
Assistant Professor of Medicine, Harvard Medical School
High Triglycerides as a Sometimes Cardiovascular Risk Factor
Sander J Robins, MD
Professor of Medicine, Boston University School of Medicine

36

EUROPEAN ENDOCRINE DISEASE 2006

