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Inhaled Insulin: Exubera

Peggy Soule Odegard and Kam L Capoccia

OBJECTIVE: To review the pharmacology, pharmacokinetics, efficacy, and safety of Exubera, a novel, dry-powder formulation of
insulin for inhalation, and describe patient satisfaction and quality-of-life data.

DATA SOURCES: A MEDLINE search (1966—November 2004) was conducted using the key words inhaled insulin and Exubera for
clinical trials limited to human research published in English. BIOSIS Previews and the American Diabetes Association Scientific
Abstracts were used for published abstract information.

STUDY SELECTION AND DATA EXTRACTION: All available human studies of Exubera were selected for review. References of identified
articles were used for additional citations.

DATA SYNTHESIS: Exubera is a rapid-acting insulin administered by oral inhalation before meals with long-acting insulin administered
subcutaneously once or twice daily for type 1 or 2 diabetes mellitus. Exubera provides similar efficacy and improved patient
satisfaction compared with standard subcutaneous insulin therapy (ie, NPH twice daily with regular insulin before meals). Efficacy
has also been demonstrated for Exubera when used as adjunctive therapy with oral medications for type 2 diabetes. The onset of
Exubera is more rapid and its duration of action is similar to that of regular insulin. To date, Exubera administered before meals with
a once-daily long-acting subcutaneous insulin (usually Ultralente) has been compared with standard subcutaneous NPH/regular
insulin regimens. Comparison of premeal Exubera plus a basal long-acting insulin analog (eg, glargine) with a regimen of premeal
subcutaneous rapid-acting insulin analog (eg, lispro or aspart) plus a basal long-acting insulin analog (eg, glargine) is needed to fully
evaluate Exubera. Pulmonary safety appears to be maintained for up to 4 years, although there are no data, as of this writing, on
the use of this agent in patients with pulmonary conditions.

CONCLUSIONS: Exubera is an effective inhaled insulin for preprandial use in type 1 or 2 diabetes. Improved patient satisfaction over
injected insulin increases its potential for use earlier in the treatment of type 2 diabetes.

KEY WORDS: Exubera, inhaled insulin.
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iabetes mellitus affects >18 million Americans.* Type
1 digbetesis diagnosed most often in children, adoles-

betes, whether occurring in adults or children, is highly
correlated with insulin resistance and relative insulin defi-

cents, or young adults and is characterized by failure of the
pancreatic idet cellsto produce insulin.? Individuals with
type 1 diabetes (~5-10% of those with digbetes) are reliant
on the administration of exogenousinsulin to replace lost
physiologic insulin production.® Type 2 diabetes, a mixed-
cause disorder affecting 90—95% of Americans with dia-
betes, is characterized by pancreatic dysfunction, insulin
resistance, and excess hepatic glycogenolysis or gluconeo-
genesis. Type 2 diabetes usually occurs in adults; however,
theincidence in children is on the rise.* Thisform of dia-
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ciency resulting from obesity and sedentary lifestyles.®
Treatment is aimed at reducing insulin resistance, modify-
ing lifestyle to improve glucose utilization through activity
and meal planning, and reducing associated risks. In type 2
diabetes, the metabolic syndrome (hypertension, obesity,
hyperlipidemia, altered glucose metabolism) is prevalent,
complicating treatment and increasing the need to reduce
cardiovascular risks in addition to the potential diabetes
complications.® The goal for patients with diabetesisto
achieve anormal or near-normal blood glucose level to
avoid microvascular and, potentially, macrovascular com-
plications associated with poor glycemic control.&°
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Based on the findings of large-scale studies, significant
reduction in these diabetes-related complications are
achieved with every 1% decrease in hemoglobin (Hb) A,
highlighting the importance of any improvement in
glycemic control.” For people with type 1 diabetes, insulin
is the foundation of trestment, and initiation at diagnosisis
mandatory to normalize glucose levels given the pending or
actua state of pancreatic insulin production failure. The
prospect of relying on an injected medication is difficult for
many patients and may present an adherence challenge due
to factors such asfear of needles. A method of insulin deliv-
ery obviating the need for injection would be favorable.

Type 2 diabetes presents a different situation given that
insulin therapy may be unnecessary or delayed because
oral agents and lifestyle modification offer effective thera-
peutic dternatives for insulin therapy. If initiated in type 2
diabetes, insulin has the ability to potentialy overcomein-
sulin resistance, normalize blood glucose levels, and inhib-
it glycogenolysis and gluconeogenesis.’® In type 2 dia-
betes, insulin may be used to augment ora therapy using 1
or 2 injections of long-acting insulin daily in an attempt to
optimize therapeutic results.™* Insulin is sometimes re-
served as a therapeutic backup when oral drugs fail rather
than introduced early in therapy to achieve control. This
delay ininsulin therapy for type 2 diabetesis of interest
and appears related to severa factorsincluding fear of nee-
dies and injections, fear of weight gain, sense of therapeu-
tic failure, and expense of supplies.? If introduced early to
treat type 2 diabetes, insulin may facilitate the ability to
gain more rapid glycemic control in patients resistant to
ora therapies, thereby minimizing or preventing the onset
of diabetes-related complications.

Recent research and development of insulin has taken 2
key directions. Development of products more closely able
to mimic physiologic insulin action has been pursued to
minimize insulin-related adverse effects, such as hypo-
glycemia, and optimize glycemic control. In addition, a-
ternative methods of delivery, obviating the need for par-
entera injections, are under investigation to facilitate con-
venience and use of insulin earlier in the disease process.
Physiologic subcutaneous insulin dosing employs longer-
acting insulins (eg, glargine, Lente, Ultralente, NPH) ad-
ministered to simulate the body’s daily basal insulin pro-
duction with rapid-acting (lispro or aspart) or short-acting
(regular) insulin given for prandial coverage of mealtime
glycemic excursions. Subcutaneous insulin pump systems
also offer amethod for physiologic insulin dosing without
the need for multiple injections throughout the day. Physi-
ologic insulin dosing has demonstrated excellent ability to
control diabetes.** With physiologic dosing, the potential
for accumulation of insulin may be reduced when using
short-acting or rapidly cleared insulins, potentialy limiting
related hypoglycemia

Novel methods for insulin delivery under investigation
include oral and nasal inhalation aerosols, transdermal
patches, buccally administered gels, and oral dosage
forms* This article reviews Exubera, a dry-powder, oraly
inhaled form of fast-acting insulin using the Nektar Pul-
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monary Inhder. Exuberais currently in extended Phase Il
studies to evaluate long-term pulmonary safety and effica-
cy. Prospective inhaled insulin products are an exciting de-
velopment in diabetes care with the ability to reduce or
avoid the need for parenteral injections and the ability to
mimic prandial insulin action with fast-acting products.
Longer-acting forms of inhaled human insulin arein the
initial stages of development using a polyethylene glycol
formulation to provide sustained action; these products are
not discussed in this review.®

Data Sources

A MEDLINE search (1966—November 2004) was con-
ducted using the key words inhaled insulin and Exubera
for clinical trials limited to human research published in
English. Follow-up searches were performed using key au-
thor names (Cefalu, Skyler, and Inhaled Insulin Study
Group). References of identified articles were used for ad-
ditiona citations. BIOSIS Previews and the American Dia
betes Association 2004 Scientific Abstracts were evaluated
for published abstract information.

Study Selection and Data Extraction

Clinical trials evaluating the safety and efficacy of in-
haled insulin (Exubera) for type 1 and 2 diabetes in adults
and children were selected. Studies evauating effects on
patient satisfaction or quality of life with diabetic therapy
were included. Data on Exubera recently published in ab-
stract format following presentation at scientific meetings
were included. Studies evaluating drug interactions or ad-
verse effects of any short-acting inhaled insulin formula-
tion were evaluated where data for Exuberawere limited.

Pharmacology

The investigation of inhaled insulin began in the early
1920s. In the 1970s, Wigley et a.*¢ demonstrated a hypo-
glycemic effect in rabbits using regular insulin delivered as
an inhaled aerosol via a nebulizer. Soon thereafter, they
demonstrated a hypoglycemic effect in 3 healthy volun-
teers and 4 participants with diabetes by delivering regular
pork—beef insulin as a nebulized mist. These pioneerslaid
the groundwork for today’s advances. Several devices are
being developed and show promising effects for the in-
halation of insulin vialiquid aerosols or dry-powder for-
mulations into the lungs.

The lungs provide an excellent site of absorption be-
cause of the vast surface area, highly permeable mem-
branes, and rich blood perfusion. The optimal particle size
for deposition into the alveoli is 1.5-2.5 pum. Larger parti-
cles deposit in the tracheobronchial region and smaller par-
ticles are exhaled.” Exuberais absorbed into the alveolar
capillary bloodstream viatrancytods. Theinsulin particles,
gpproximately 1-5 pm in Sze, are trangported across the cell
membranes of the dveolar epitheium by billions of vesicles.
The insulin-containing vesicles are transported through the
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alveolar capillary endothelium cells and then released into
the dveolar capillary bloodstream for asorption.*® Approxi-
mately 6—10% of theinhaed insulin is absorbed across the
respiratory mucosainto the systemic circulation. Bioavail-
ability isnot improved by bregth holding.2#2

Pharmacokinetics

Exuberais a dry-powder formulation of insulin (~60%),
mannitol, glycine, and sodium citrate.*” Dry-powder for-
mulations can deliver a higher dose per puff, are stable at
room temperature, and resist microbia growth compared
with liquid formulations.*®

The onset of action of Exuberareflects prandia physio-
logic insulin release. Using a euglycemic glucose clamp (a
technique to evaluate the impact of insulin treatment on
glucose and serum insulin concentrations), Heinemann et
al.** compared inhaled insulin (delivered as an aerosol of
solid insulin particles), regular subcutaneous insulin, and
intravenous insulin in matched healthy nonsmoking men
(N =11). The onset of action of inhaed insulin was signif-
icantly faster than subcutaneous regular insulin (31 vs 54
min; p < 0.00001). Maximal metabolic effect was achieved
in 108 minutes with inhaled insulin compared with 147
minutes with subcutaneous regular insulin (p < 0.0001).
Maximum insulin serum concentrations were achieved in
24 versus 106 minutes, respectively. A more recent study
compared a dry-powder inhded insulin with subcutaneous
lispro and subcutaneous regular insulin in 18 healthy, non-
smoking men using the euglycemic glucose clamp tech-
nique.® Inhaled insulin had afaster onset of action at 28
minutes versus subcutaneous regular insulin (48 min; p =
0.0011) and subcutaneous lispro insulin (40 min; p =
0.0704). The maximal metabolic action of inhaled insulin
was comparable to that of regular insulin, but statistically
significantly ower than lispro insulin (p = 0.011).

Studies have demonstrated a duration of approximately
6 hours with inhaled insulin, longer than that of subcuta-
neous lispro insulin but comparable to subcutaneous regu-
lar insulin.*° These pharmacokinetic results demonstrate
afavorable prandia insulin profile due to a more rapid on-
set than subcutaneous injection and sustained action over 3
hours. Despite asimilar duration of action, inhaled insulin
has demonstrated lower rates of hypoglycemiathan subcu-
taneous regular insulin.?*2 The mechanism of action for
the lower incidence of hypoglycemia is unknown (p =
0.012).

For optimal glycemic contral, it is critica to have are-
producible pharmacokinetic response after inhal ation of
Exubera. Gelfand et al . treated 16 insulin-naive patients
in a4-way, randomized-sequence crossover study involv-
ing 2 inhalations of Exubera and 2 subcutaneous injections
of regular insulin. The patients received 5 standardized test
meals (Sustacal), first with no therapy and then during the
crossover period. Postprandial glucose levelsand AUC at
various time points were measured for all treatment
groups. There were no significant intrasubject differences
between the 2 same-dose route sessionsin al 16 subjects.
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At comparable doses, the reproducibility of the pharma-
cokinetics of Exuberain insulin-naive patients was equiva:
lent to that of subcutaneous regular insulin.

Another pharmacokinetic study demonstrated similar
results in elderly obese patients with type 2 diabetes.
Twenty patients (10 men) were given 2 inhalations of in-
sulin (4 mg each) and 2 subcutaneous injections (12 units
each) of regular insulin in a randomized crossover se-
quence.® After an overnight fast, subjects received 1 of the
4 doses, and serum unbound insulin and fasting plasma
glucose levels were measured at baseline, 2 hours, and 6
hours after administration. The insulin pharmacokinetics
and postdose glucose pharmacodynamics demonstrated lit-
tle within-subject variability.

The pharmacokinetics of Exubera have not been studied
in individuals with pulmonary illnesses such as asthma or
chronic obstructive lung disease. The use of another oraly
inhaled insulin solution (vs adry powder) has been studied
in non-diabetic individuas (mean age 31.0 y, hedlthy; 27.9
y, asthma) with mild to moderate severity asthma demon-
strating reduced AUC (p = 0.013) and no significant differ-
ence (p = 0.094) in peak concentration (C,,,), athough
subjects with asthma consistently absorbed less insulin.?
This study found increased intrasubject variability for
AUC and C,,, for subjects with asthma compared with
healthy subjects, with less reduction in blood glucose lev-
elsfor the asthmagroup (p = 0.007). To date, there are no
published trials evaluating Exubera, a dry-powder formu-
lation, in subjects with pulmonary conditions, precluding
its use in this population until further information is avail-
able.

Clinical Trials

Two Phase I proof-of-concept studies evaluating the
use of Exubera for glycemic control, one in type 1
diabetes’* and one in type 2 diabetes,? followed by 3 ran-
domized clinica trials evaluating efficacy?-?° have been
published. Long-term extension studies evaluating safety
and efficacy were available in recent abstract form for re-
view.®3t Four clinical trials comparing oral and injectable
treatments with Exubera were available in abstract for-
mat.**%23 Three randomized, open-label studies evauating
patient satisfaction with Exubera versus standard subcuta-
neous insulin therapy were available for review®*" aong
with 3 abstracts® % A summary of the information support-
ing short- and long-term efficacy and safety is presented in
Table 1 (published trids) and Table 2 (published abgracts).

The early Phase |1 studies demonstrated the efficacy of
Exuberain both type 1 and 2 diabetes using preprandid in-
halations in addition to long-acting injected insulin (Ultra-
lente). Efficacy of inhaled insulin plus subcutaneous bed-
time Ultralente versus standard subcutaneous insulin (hu-
man-soluble insulin prior to meals and isophane insulin at
breakfast and bedtime) was demonstrated for 72 subjects
with type 1 diabetes (baseline mean HbA .. 8.5%) by the
Inhaled Insulin Phase |1 Study Group using an open-labdl,
parallel-group, randomized design.?” In thistrial, glycemic
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control for subjects (n = 35) randomized to receive
preprandid Exubera plus Ultraente at bedtime was similar
to that for the control group receiving standard subcuta-
neousinsulin a 12 weeks.

The same group randomized 26 patients with type 2 dia-
betes, aged 35—65 years, to receive 1-2 inhalations (open
label) of Exubera before meals along with bedtime subcu-
taneous Ultralente.® This 12-week treatment phase fol-
lowed a 4-week baseline phase involving 2—3 subcuta-
neous injections of insulin daily (formulations not speci-
fied), meal studies, standardized glucose monitoring,
pulmonary function testing, and weight education. The
HbA . decreased from a basdine mean of 8.67% by 0.71%
(y 0.72%), with patients requiring less insulin than that in-
jected (regular plus long-acting) prior to study entry. The
design and adequacy of controlsin thistrial were unclear
inthisinitia report. In aletter to the editor addressing this
concern, Cefalu* explained the use of arandomized con-
trol group, not described in the initial study publication,
maintained on standard subcutaneous insulin (described as
“continued subcutaneous insulin” to imply the pt.’s usual
2-3-times-daily regimen) with no differencein HbA . con-
trol between groups. This information helped to clarify the
initid study report and further emphasized the comparative
efficacy of inhaled insulin versus standard subcutaneous
therapy. It is difficult, however, to interpret the findings of
this study given the failure of the authors to fully describe
the design, and confidence intervals were not clear for the
changein HbA . reported.

In arandomized controlled study, Exubera was effica-
cious in combination with ord diabetes therapiesin 68 pa-
tients with type 2 diabetes not controlled with either a sul-
fonylurea and/or metformin.?® After 12 weeks of treatment
with preprandial Exubera plus preexisting oral hypo-
glycemic agents, the study group had a significantly
greater reduction in HbA . compared with the control
group using ord hypoglycemic therapy only (mean —2.3%
Exuberavs—0.1% control; p < 0.001). Two randomized,
open-label, contralled trials of 6 months' duration compar-
ing Exubera plus bedtime subcutaneous Ultralente with
2-3 daily injections of standard regular/NPH subcutaneous
insulin therapy have recently been published, further
demongtrating the efficacy of inhaled insulin.?? |n the tri-
al evaluating insulin use in adults with type 1 diabetes,
HbA . was reduced comparably for both the inhaled in-
sulin trestment group and the subcutaneous insulin control
(NPH and regular insulin before breakfast, regular insulin
before dinner, and a second NPH insulin injection either
before dinner or at bedtime) with an adjusted treatment
group difference in HbA . of 0.16% (95% CI —0.01 to
0.32).2 A smilar reduction in HbA . was demonstrated be-
tween groups when these same regimens were compared
for subjects with type 2 diabetes (adjusted treatment group
difference in HbA . —0.07%; 95% CI —0.32 t0 0.17). In
this study, control subjects continued the NPH and regular
insulin regimen before breakfast and supper that they were
on prior to the study or were placed on a 2-dose regimen
(not specifically described) based on glycemic control.?
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The open-label design used for the available trials of Exu-
bera limits the ability to make conclusions beyond the
comparability of Exubera given with long-acting subcuta-
neous insulin versus standard insulin therapy assuming
similar adherence in both groups. Although comparison
regimens consisted of 2—3 injections of standard insulin
therapy or regular/NPH mix, trials comparing subcuta-
neous rapid-acting insulin analogs (eg, lispro) with basa
insulin versus Exuberawith basd insulin are needed to ful-
ly evaluate the inhded insulin product.

The safety of Exubera appears similar to that of standard
subcutaneous insulin based on the findings of these prelim-
inary investigations. Rates of severe (ie, requiring assis-
tance of another person, coma, or seizure) and mild to
moderate hypoglycemia (episodes other than those defined
as severe) were not different for the treatment and control
groups, with event rates for severe hypoglycemia up to
0.08 events per patient-month for inhaled insulin.?* Weight
gain was similar for both inhaled and subcutaneous insulin
in early clinical trials, although this was not a primary
study endpoint.?’%

Data recently presented at the 2004 American Diabetes
Association Scientific Sessions, continue to support the ef-
ficacy of Exuberafor control of both type 1 and 2 diabetes.
Therapy extension for 1 and 4 years demonstrated sus-
tained efficacy as well as pulmonary safety based on lack
of significant change in forced expiratory volumein 1 sec-
ond (FEV,) and lung diffusion capacity. The investigators
reported sustained efficacy (HbA . 7.4% at 24 wk, 7.6% at
52 wk) at one year for Exubera given with metformin or
glyburide in type 2 diabetes compared with the addition of
asecond oral agent (HbA . 7.8% at 52 wk).® In another re-
port, ongoing efficacy at 4 years was evaluated for subjects
from any of the 3-month initia studies electing to continue
therapy (n = 89 of 204 decting continuation).3* Mean + SD
HbA . was 8.23% + 1.21% at 4 years compared with 8.71%
+ 1.49% a basdline, with theinhaled insulin dose increasing
dightly from 0.15 to 0.18 mg/kg over the 4 years.

Patient satisfaction data with Exubera are better than
those of subcutaneous insulin in repeated studies. Satisfac-
tion was assessed at basdine and 12 weeks for parent clini-
cal studies and at one year for subjects electing extension
of either inhaled or subcutanous insulin. In onetrial, sub-
ject preference for inhaled insulin extension treatment
highlighted the desire for this therapy.® The mgjority
(75.4%) of subjects who were randomized to receive sub-
cutaneous insulin in the parent study elected to switch to
inhaled insulin for the extension study, with 85% of sub-
jectsinitially on the inhaled formulation preferring to con-
tinue this therapy. Efficacy was sustained at one year re-
gardless of treatment group (reduction of 0.8% HbA ), a-
though there was much greater satisfaction (37.9% vs
3.1%; p < 0.01) and ease of use (43.2% vs —0.9%; p <
0.01) reported for all subjects using inhaled insulin at one
year. In subgroup analyses, participants who switched
from initial inhaled insulin to subcutaneous insulin exten-
sion therapy (n = 8) had reduced satisfaction from their 12-
week assessment following inhaed therapy. In contrast,
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the cohort switching from subcutaneous to inhaled therapy
(n=40) had marked improvement in satisfaction.

Satisfaction for 51 subjects participating in a 12-week
parent study was excellent for Exubera plus subcutaneous
long-acting insulin (satisfaction improvement from base-
line 31%; p < 0.05) over standard subcutaneous insulin
therapy (13%; 95% CI 7 to 19).5” Satisfaction, convenience
or ease of use, and social comfort with therapy were all
improved for Exubera over subcutaneous insulin (25%,
30%, and 10% differences in satisfaction improvement be-
tween therapies, respectively) in an analysis reported by
Gerber et d.% Some data presented in aostract form continue
to reflect improved satisfaction with Exubera therapy for pa
tientswith first exposure to any insulin following failure of
oral hypoglycemic agents, athough this was not a primary
study endpoint.® Satisfaction continues to be improved and
sustained for Exubera compared with standard subcutaneous
insulinin short- and long-term studies®%°

A limited number of randomized clinical trials have
demongtrated the efficacy, relative safety, and satisfaction
with therapy for Exuberain combination with other thera-
pies (for type 2 diabetes) or with long-acting subcutaneous
insulin (for type 1 and 2 diabetes). The efficacy of Exu-
bera, based on these trid's, appears comparable to that of
regular insulin when used for prandial blood glucose con-
trol. Although abstract information is available to further
support the efficacy, safety, and satisfaction with Exubera,
thisinformation is limited by the inability to fully assess
study quality and design until these studies have been pub-
lished. Asof thiswriting, trids of monotherapy using Exu-
bera have not been conducted, athough the use of prepran-
dia inhaationsislogica and may provide for early use of
insulin in type 2 diabetes controlled inadequately on diet
and exercise done.

Safety and Tolerability
ADVERSE EFFECTS

Hypoglycemia, cough, and bitter taste were reported in
the clinical trials of Exubera. Withdrawd from clinicd tri-
als due to adverse effects was limited to only 5 of 354 sub-
jects experiencing a problem studied in the 3 primary,
open-label clinical trias (reported as cough for 1 subject,
hypoglycemiafor 2 subjects by Quattrin et al.?*; not specif-
ically reported by other investigators?”). Hypoglycemiais
the primary adverse effect with insulin use and is expected
with inhaled insulin. The risk for hypoglycemia should
theoretically be lower when fast-acting, short-duration in-
sulin is dosed appropriately to cover mealtime glucose
loads and dose accumulation due to overlapping durations
of action is not an issue. The overal risk of hypoglycemia
for inhaled insulin appears smilar to or lower than that for
subcutaneous insulin, dthough it is difficult to evaluate this
effect given the different time—action profiles of the com-
parator regimens (eg, Ultralente vs NPH). A recent open-
labd tria in patients with type 1 diabetes comparing Smi-
lar doses of inhaled insulin before meals plus bedtime Ul-
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tralente insulin versus NPH insulin twice daily with regu-
lar insulin before breakfast and dinner found alower rate
of hypoglycemiafor the inhaled insulin group (8.6 vs 9.0
events/subject mo) with a hypoglycemia risk ratio of
0.96.2* In another trial comparing the same treatment, but
in type 2 diabetes, alower risk of hypoglycemiawas aso
reported for inhaled insulin users (1.4 vs 1.6 events/subject
mo).% In this study, doses of insulin used by each group
appeared similar (23.17 vs 23.79 units short-acting insulin
and 41.27 vs 41.66 units long-/intermediate-acting insulin,
inhaled vs subcutaneous groups, respectively). The Exu-
bera Phase Il Study Group found the rate of hypo-
glycemiato be lower for Exuberathan for injected insulin
(1.4 events/subject mo vs 1.6 for subcutaneous insulin), al-
though the actual doses of inhaled or injected insulin re-
quired were not reported.?

The absorption rate of Exubera delivered through the
pulmonary vasculature is similar to that of subcutaneoudy
injected short-acting insulin analogs with duration of ac-
tion similar to regular insulin.’*2° These mutual pharma-
cokinetic qualities may explain the smilarity in prevalence
of hypoglycemia between subcutaneous short-acting in-
sulin and Exubera, an adverse effect related to peak action
and duration of effect. In contrast, the risk for hypo-
glycemiawith Exubera appears greater than for ora hypo-
glycemic diabetes therapies. Weiss et al.® identified 69%
of treatment subjects reporting hypoglycemic events ver-
sus 17% of control subjects using oral hypoglycemic
agents, however, the mgjority (56/57) of these events were
mild to moderate, as opposed to severe and requiring the
assistance of another person. Cefalu et a.* reported a
higher rate of hypoglycemiawith Exuberathan with ora
therapy, although only one severe hypoglycemia event (ie,
required assistance) occurred. In a3-month trial of Exu-
bera versus rosiglitazone, the rate of hypoglycemiawas
higher for the inhaled insulin group (0.7 vs 0.05
events/subject mo) with no cases of severe hypoglycemia
reported.® This higher risk to patients for hypoglycemia
when inhaled insulin is added to an oral diabetes regimen
should be expected given the reliable hypoglycemic effect
demonstrated in clinical studies. Patient education when
initiating inhaled insulin should highlight the prevention
and management of hypoglycemia, especialy for those
naive to standard subcutaneous insulin therapy.

Other adverse effect concerns for Exuberainclude the
potential formation of insulin antibodies and effects on
lung health with ongoing delivery of insulin to the pul-
monary tissue and vasculature. Insulin antibody formation
was initially reported to be increased with inhaled insulin
possibly due to immunologic sensitivity of the pulmonary
system, although thisis not clear.®> The primary concern
with increased antibody formation is the potential for ef-
fects on insulin resistance. There is also the concern for
circulating insulin antibody complexes able to release in-
sulinin atime-delayed fashion, potentiating hypoglycemia
and complicating dosing. Although limited studies have
demonstrated increased insulin antibody formation with
inhaled insulin compared with parenterally administered
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insulin, increased adverse effects in these short-term trials
have not been demongtrated.®*

Initial effects on pulmonary function appear limited;
however, the drug is not currently recommended in pa-
tients with pulmonary disorders due to unclear influences
of inflammation or disease on insulin absorption. In 2002,
Pfizer completed initid Phase |l studiesfor Exuberaand has
extended the clinical trial phaseto allow for evaluation of
longer-term use on pulmonary function and health. Recent
data (Table 2) indicate continued safety to the lungs based on
FEV, and carbon monoxide lung diffusion capacity with use
at 1 year® and up to 4 years.® Thisis consistent with lung
function response in short-term udies at 3 and 6 months.

Precautions and Contraindications

The use of Exuberain individuals with pulmonary ill-
nesses has not been studied and cannot be recommended at
thistime. Initial dataat 4 years are demonstrating safety in
pulmonary function in patients with no apparent pul-
monary illness. Attempts to avoid hypoglycemia through
counseling, education, appropriate dosing, and follow-up
should be made to minimize the risk of severe events. Use
of Exuberais not recommended in patients who smoke
due to variable effects of the smoking on drug absorption.
Treatment of children <18 years of age is not recommend-
ed dueto lack of studies. There are no data currently avail-
able on the use of inhaled insulin in pregnant women.

DRUG INTERACTIONS

Cigarette smoking has been shown to have significant
effects on total exposure (AUC) and C,,,, for inhaled in-
sulin#“ Anincreasein the AUC and C,.,, appears related
both to the inhal ation effects of the smoke, aswell asto the
acute bronchoconstrictive effects of nicotine causing in-
creased alveolar—capillary permeability. Smoking cessa-
tion a so changes the pharmacokinetics of inhaed insulin.
Three weeks following smoking cessation, inhded insulin
Cax decreased to 49% and AUC decreased to 59% of the
active smoking levels, with effects not completely reversed
by 13 weeks' cessation. Incidence of hypoglycemic events
decreased with time after smoking cessation corresponding
to the reduction in C,,, and AUC.* The effects of other
smoked products or second-hand smoke inhdation have not
been studied; therefore, caution should be exercised due to
the potential dteration of lung health and potentia influence
on insulin absorption. Exuberause in smokers or thoseinthe
early phases of smoking cessation cannot be recommended
at thistime due to unpredictable influences on the pharma:
cokinetics of inhaed inulin.

Asof March 22, 2005, there are no data.on the use of in-
sulin with other inhaled medications such as albuterol or
corticosteroids. Data are lacking, in part, due to the poten-
tial concern of lung diseases on insulin absorption result-
ing in contraindications to use of inhaled insulin in patients
with pulmonary illnesses at thistime.
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Dosing and Administration

Exuberais packaged in single-dose blister packsof 1 or 3
mg (equivaent to 3 or 9 units of subcutaneous short-acting
insulin, respectively). Each milligram of inhaled insulin de-
livers approximately 2-3 units of subcutaneousinsulin. The
dose should betitrated based on glucose response®

An individua blister pack is placed into the Nektar Pul-
monary Inhaer (Figure 1). This device disperses the pow-
der as an aerosol cloud into a holding chamber. The patient
inhales the aerosolized powder oraly by taking a slow,
deep breath. Bioavailability is not improved by breath
holding after inhalation of the dose.*® As of March 22,
2005, it is unclear whether multiple doses can be dispersed
into the holding chamber or whether the individua blister
packs must be inhaled separately. In the available pub-
lished trials, the maximum daily dose evaluated was 92
units, potentially requiring multiple inhalations.®

Cost

The cost of Exuberais unknown as of March 22, 2005.
Pfizer and Aventis have submitted a request for marketing
approval to the European Medicines Agency, the European
equivalent of the Food and Drug Administration. On
March 2, 2005, Pfizer and Sanofi-Aventis announced that
the Food and Drug Administration had accepted for filing
anew drug application to market Exuberain the US.#

Figure 1. Nektar Pulmonary Inhaler. Reprinted with permission from Nektar
Therapeutics.
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Summary

Exuberaisanove diabetes therapy. It provides compa
rable prandia glucose control in combination with long-
acting subcutaneous insulin for type 1 or 2 diabetes com-
pared with standard subcutaneous insulin therapy with
NPH and regular insulin. Efficacy has aso been proven as
adjunctive therapy with oral medications for type 2 dia-
betes. It issimilar to other available prandial insulin for-
mulations, with onset more rapid and duration of action
similar to that of regular insulin. Reported pulmonary safe-
ty appears to be maintained for up to 4 yearsin clinical tri-
als. The lack of data on the use of this agent in patients
with pulmonary conditions or using other inhaled medica-
tions precluded its use in these populations.

The pulmonary route of delivery for insulin Exubera of-
fers an advantage for patients preferring an aternative to
injections and is supported by positive patient satisfaction
data. Exuberais an exciting addition to the treetment arma:
mentarium for patients with diabetes reliant on standard
subcutaneous insulin therapy throughout the day. Addi-
tionally, it appears to provide a safe and effective option
for patients with type 2 diabetes to gain improved
glycemic control while minimizing the discomfort associ-
ated with multiple daily insulin injections.
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EXTRACTO

osJeTivo: Andlizar lafarmacologia, farmacocinética, eficacia, y
seguridad de Exubera, una nueva formulacion de insulina en polvo seco
parainhalacion pulmonar, y describir lasatisfaccion del pacientey los
datos sobre calidad de vida.

FUENTESDE DATOS: Seredliz0 unabisquedaen MEDLINE
(2966—n0viembre 2004) con las paabras clave insulinainhaaday
Exubera para ensayos clinicos publicados en inglés limitados a
investigaciones en humanos. Se usaron BIOSIS Previewsy Extractos
Cientificos de la Sociedad Americana de Diabetes (American Diabetes
Association Scientific Abstracts) paralainformacion publicadaen
forma de extractos.

SELECCION DE FUENTESY METODO DE OBTENCION DE LA INFORMACION: Se
seleccionaron todos | os estudios de Exubera en humanos disponibles
parasu andlisis. Se usaron referencias de los articul os identificados para
obtener citas adicionales.

SINTESISDE DATOS: Exubera, unainsulina de accidn répida, administrada
por inhalacion ora antes de las comidas (preprandial) con insulinade

accion prolongada administrada de forma subcutanea (sc), 1 0 2 veces d
diaparaladiabetes mellitus detipo 1 0 2, proporcionaniveles similares
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de eficaciay mayor satisfaccion por parte del paciente en comparacion
con € tratamiento tradicional con insulinasc (esdecir, NPH 2 veces @
dia con insulina ordinaria antes de las comidas). También seha
demostrado |a eficacia de Exubera cuando se usa como tratamiento
complementario de farmacos orales para diabetes de tipo 2. El comienzo
de accion de Exuberaes més rapido y laduracion de laaccion similar a
ladelainsulinaordinaria Hastalafecha, Exubera administrada antes de
las comidas junto con unainsulina de accién prolongada sc, administrada
unavez d dia (normalmente Ultralente), se hacomparado con los
regimenes estdndar con insulinasc NPH/ordinaria. Pararedlizar una
evauacion completa de Exubera, es necesario comparar € farmaco
junto con un andlogo de insulinabasa de accién prolongada (p.g .,
glarging) con una pauta preprandia de un andogo de insulina de accion
rgpidasc (p.g., lispro o aspart) més un andlogo de insulinabasal de
accion prologada (p.g ., glarging). La seguridad pulmonar parece
mantenerse durante 4 afios, aungue no existen datos sobre su uso en
pacientes con enfermedades pulmonares.

CONCLUSIONES: Exubera es unainsulinainhadada eficaz para uso
preprandia en diabetes detipo 1 0 2. Lamejorada satisfaccion delos
pacientes con respecto alainsulinainyectadaincrementa su potencial de
uso en € tratamiento temprano de |la diabetes detipo 2.

Violeta Lopez Sanchez

RESUME

oBJECTIF: Ré&viser la pharmacologie, les données pharmacocinétiques,
I"efficacité, et lasécurité de |’ Exubera, une nouvelle formulation
d'insuline en poudre seche pour inhalaion pulmonaire et décrire les
données disponibles concernant la satisfaction des patients et la qualité
devie.

REVUE DE LITTERATURE: Une recherche MEDLINE (1966—novembre
2004) a été effectuée en utilisant les mots clésinhaled insulin et Exebura
et en limitant larecherche aux essais cliniques réalisés chez les humains
et publiésen langue anglaise. On aauss utilisé lesinformations publiées

wwwi.theannal s.com

Inhaled I nsulin: Exubera

sous forme de résumé dansle BIOSIS Previews et I' American Diabetes
Association Scientific Abstracts. On arévisé toutes les &udes
disponibles rédlisées avec |’ Exubera chez les humains. Des informations
additionnelles ont aussi été obtenues a partir des références des articles
sélectionnés.

RESUME: En comparaison avec une thérapie standard al’insuline par voie
sous-cutanée (sc) (ie, NPH 2 fois par jour et insuline réguliére avant les
repas), | utilisation de I’ Exubera, uneinsuline a action rapide,
administrée par inhalation orale avant les repas en association avec une
insuline d' action intermédiaire administrée par vois sc 1 ou 2 fois par
jour, apermis d' obtenir une efficacité similaire et une andlioration dela
satisfaction des patients pour traiter le digbéte de type 1 ou 2. L efficacité
del’Exuberaaauss éé démontrée en association avec les médications
utilisées par voie orde pour traiter le diabéte de type 2. Le début
d'action de |’ Exubera est plus rapide que celui deI’insuline réguliere et
sadurée d action est smilaire. Jusqu' a maintenant, I’ administration de

|” Exubera avant les repas en association avec une insuline de longue
action (Ultralente) injectée sc une fois par jour aauss éé comparée aux
régimes standards d’ insuline NPH/réguliére par voie sc. Pour compl éter
I"évaluation de I Exubera, il sera nécessaire de comparer son utilisation
avant les repas en association avec une insuline analogue de longue
action (ex, glargine) avec un régime prévoyant I’ utilisation d' insuline
ana ogue de courte action (lispro ou aspart) sc avant lesrepasen
associaion avec une insuline anaogue de longue action (ex, glargine).
Lasécurité pulmonaire semble étre maintenue jusgu’ a4 ans, bien qu'il
n'y apas de donnée sur I’ utilisation de cet agent chez les patients
souffrant de problémes pulmonaires.

coNcLUsIONs: L' Exubera, une insuline en inhalation avant les repas, est
efficace pour traiter le diabéte detype 1 et 2. La plus grande satisfaction
des patients par rapport &1’ insuline injectée par voie sc pourrait favoriser
I utilisation plus hétive de I'insuline dans le traitement du digbéte de
type2.

Marie Larouche
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