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A second-generation inhaled insulin
for diabetes mellitus

GRACE LEDET, RICHARD A. GRAVES, LEVON A. BOSTANIAN, AND TARUN K. MANDAL

he Food and Drug Administra-

tion (FDA) recently approved

a new inhaled insulin product:
Afrezza (insulin human) Inhalation
Powder, also known as Technosphere
Insulin. Afrezza (MannKind Cor-
poration, Valencia, CA) is a novel
ultrarapid-acting insulin formula-
tion recommended for use before
meals for the management of type 1
and type 2 diabetes mellitus.

Insulin is a 5700 molecular weight
protein that has been a leading can-
didate for noninvasive delivery since
its initial use by injection in 1921
for the management of diabetes."?
However, noninvasive delivery of in-
sulin has a history of failure despite
much research effort, particularly
with oral and nasal approaches, be-
cause the nasal and gastrointestinal
epithelia are functionally imperme-
able to insulin.** The lungs, which
are naturally permeable to some
proteins, have become a target for
insulin delivery. In the early 2000s,
10 pharmaceutical companies were
developing, individually or col-
laboratively, seven different inhaled
insulin products.” Pfizer’s Exubera
was the first inhaled insulin product

Purpose. The pharmacologic properties of
a recently approved inhaled insulin prod-
uct, its unique delivery system, and the
results of clinical safety and efficacy trials
are reviewed.

Summary. Afrezza (also called Techno-
sphere Insulin, MannKind Corporation,
Valencia, CA) is a novel ultrarapid-acting
insulin formulation indicated for use in
improving glycemic control in selected
patients with type 1 or type 2 diabetes
mellitus. Afrezza is not intended as a
substitute for traditional basal therapy
with injectable long-acting insulin but
may be used to provide prandial insulin
coverage; it must be used in combination
with long-acting insulin in patients with
type 1 diabetes. Administered before
meals using a dry-powder inhalation
device, Afrezza is formulated with a novel
excipient (fumaryl diketopiperazine)
that dissolves instantly in lung fluid and

to be marketed (FDA approved its
labeling in January 2006).

First-generation inhaled insulin
Despite the long-term benefits for
patients reluctant to take multiple
insulin injections throughout the
day for blood glucose control, Pfizer

releases recombinant human insulin for
absorption. In clinical trials, rates of hypo-
glycemia in Afrezza-treated patients were
significantly lower than rates reported in
comparator groups receiving injectable
insulin products. The most commonly re-
ported adverse effect of Afrezza is cough-
ing, which tends to occur shortly after
inhalation and is typically mild. Afrezza
is not recommended for use in patients
who smoke (or have recently stopped
smoking) and those with a chronic lung
disease such as asthma or chronic ob-
structive pulmonary disease. Afrezza is
not recommended for the treatment of
diabetic ketoacidosis.

Conclusion. Afrezza is a safe and effective
treatment for selected adults with type 1
or type 2 diabetes, potentially providing an
alternative to injectable insulin for prandial
blood glucose control.
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announced the decision to withdraw
Exubera from the market after only
13 months.® From the product’s ini-
tial market introduction, the health-
care community and patients were
not very supportive of the product
because of its complicated large
delivery device and high cost. These
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two factors resulted in very disap-
pointing sales for Pfizer, especially
since the initial sales prediction was
$2 billion per year. In April 2008,
Pfizer released a warning disclos-
ing an increased risk of lung cancer
among patients who were treated
with inhaled insulin.” The warning
was issued as a consequence of a
clinical trial in which 6 out of 4740
patients treated with inhaled insulin
developed lung cancer; only 1 of the
4292 patients not treated developed
lung cancer.” A closer look at the
clinical trial study design revealed
that the group treated with inhaled
insulin included regular smokers,
who were enrolled with the goal of
studying the effect of smoking on
the safety and efficacy of inhaled in-
sulin. After the warning from Pfizer
and its huge financial loss with
Exubera, all other companies except
MannKind Corporation discontin-
ued further development of inhaled
insulin products.

Comparison of Afrezza and
Exubera

Although their excipients are
different, Afrezza and Exubera have
comparable particle sizes that are
within the respirable range.®*'® One
of the most notable differences be-
tween these two products is their re-
spective delivery devices. MannKind
developed a patient-friendly device
called Dreamboat. The inhaler for
Afrezza is easier and quicker to use
(i.e., it does not require inhalation
after “standing cloud formation,” as
with Exubera), and its smaller size
allows for more discreet usage.!!
Insulin doses contained in Afrezza
cartridges are labeled in Interna-
tional Unit equivalents to doses
of subcutaneously administered
insulin to help ease the transition
from the injectable to the inhaled
product; Exubera dosages were la-
beled in milligrams, necessitating an
extra dose-conversion step in order
to determine the equivalent units of
insulin.

Inhaled insulin

Formulation

Afrezza is a microparticle formu-
lation. The proprietary name of the
particle is Technosphere, and the
proprietary name of the formulation
is Technosphere Insulin. The main
excipient in Afrezza is a novel non-
toxic proprietary compound called
fumaryl diketopiperazine (FDKP).
FDKP is water soluble at neutral to
basic pH, and FDKP molecules self-
assemble under a controlled, mildly
acidic pH environment into particles
with a high internal porosity. The
particles are often described as “mi-
crocrystalline plates” that associate to
form the microparticles.”” The final
formulation is a crystalline dry pow-
der of FDKP and 18% insulin (rDNA
origin) with residual amounts of
water and polysorbate 80. These 2- to
3-um particles (average diameter, 2.5
wm) are ideally sized to reach all ar-
eas of the lung. In the final powder, at
least 90% of the particles are within
the respirable range for deep lung
penetration (i.e., 1-5 um). FDKP is a
safe delivery vehicle, with more than
95% of intravenously administered
FDKP excreted intact through the
renal system (more than 90% within
the first 8 hours). FDKP has no oral
bioavailability.”> When inhaled, the
formulation rapidly dissolves at the
physiological pH within the lungs,
whereupon insulin is rapidly ab-
sorbed into the systemic circulation;
the emitted dose is 65% of the initial
powder within the cartridge. Of the
emitted dose, 30% is deposited in the
oropharynx, 11% is swallowed, and
59% is delivered to the lungs."” Both
insulin and FDKP are nearly com-
pletely cleared from the lungs within
12 hours of inhalation."

Delivery device

Afrezza consists of Technosphere
Insulin prefilled cartridges and the
reusable breath-powered Dreamboat
plastic inhaler (Figure 1). It is recom-
mended that the Dreamboat device
be discarded and replaced every 15
days. The small device does not re-
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quire cleaning between uses. Over
5000 devices were dispensed during
clinical trials, and 88% of patients re-
sponded favorably to the ease of use
of the device."” The prefilled cartridg-
es are labeled as containing four units
(blue) and eight units (green), have a
shelf-life of 24 months when stored
under refrigeration, and should not
be stored for more than 10 days at
room temperature.'

Clinical trials

The safety and efficacy of Afrezza
have been studied in a total of ap-
proximately 6500 healthy adult vol-
unteers and patients with type 1 and
type 2 diabetes.”” These individuals
were exposed to Afrezza for at least
2 weeks. Four Phase III clinical trials
to evaluate Afrezza’s efficacy included
a total of 883 patients with type 1
diabetes who were on a basal-bolus
insulin regimen and a total of 971 pa-
tients with type 2 diabetes who were
either insulin naive, with inadequate
glycemic control on oral antidiabetic
drugs, or had received prior insulin
therapy.”” All of these trials were
randomized controlled multicenter
trials involving 24 or 52 weeks of
treatment. All four trials compared
Afrezza with standard-of-care com-
parator agents or placebo use. All
comparator trials had an open-label
design, and the placebo-controlled
trial had a double-blind design.

The pharmacokinetic properties
of Afrezza were evaluated exten-
sively in 31 trials involving healthy
volunteers and patients with type 1
or type 2 diabetes."” Selected phar-
macokinetic and pharmacodynamic
characteristics of Afrezza relative
to those of rapid-acting insulin
analogs and recombinant human
insulin are summarized in Table 1.
Plasma concentration—time profiles
after Afrezza administration in doses
ranging from 10 to 80 units were
comparable to the observed profile
after subcutaneous administration
of 15 units of recombinant human
insulin in a pharmacokinetic trial.”



In this trial, the time to maximum
concentration (f_ ) after adminis-
tration of inhaled insulin was 12-15
minutes, in contrast to a to of 120
minutes after subcutaneous injection
of recombinant human insulin. Insu-
lin concentrations returned to base-
line within three hours of inhalation,
compared with an interval of over
six hours after subcutaneous delivery
of recombinant human insulin. The
observed ¢ was consistent through-
out the trial and independent of the
given dose.

The relative bioavailability of
inhaled versus subcutaneously ad-
ministered insulin was also evaluated
in this pharmacokinetic trial.’> The
median relative bioavailability of in-
haled insulin was 24%, with a range
of 20-27%. Relative to subcutane-
ous insulin delivery, use of inhaled
insulin resulted in a more rapid
increase in serum insulin concentra-
tions (within 15 minutes of delivery)
and a more rapid onset of action
(within approximately 25-30 min-
utes), which better mimic the normal
physiological response to glucose
absorption after meals.'>" In fact, the
rapid onset of action of inhaled insu-
lin is comparable to that of intrave-
nously administered insulin, making
it the first formulation whose effects
mimic physiological early insulin
release.’® The relative bioavailability
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of Afrezza was further evaluated in
a second trial'®; after the administra-
tion of 20 units of inhaled Afrezza,
the observed bioavailability relative
to that of 8 units of a subcutaneously
delivered rapid-acting insulin analog
was 33%. Overall, the results of phar-
macokinetic studies showed a bio-
availability of about 30% for Afrezza
in comparison with subcutaneously
administered regular human insulin
(recombinant human insulin) and
rapid-acting insulin analogs.

Inhaled insulin W
Type 1 diabetes

Two Phase III clinical trials (24
and 52 weeks) were conducted to
study the safety and efficacy of Afrezza
in the treatment of type 1 diabetes."
In both trials, the median age of par-
ticipants was 36 years (range, 18-76
years), and the median body mass
index (BMI) was 25 kg/m? diabetes
duration ranged from 1 to 64 years.
The study participants had pre-
treatment glycosylated hemoglobin
(HbA, ) values of 7.5-10.0% (in the

MannKind Corporation, Valencia, CA.

Figure 1. Dreamboat reusable inhaler device (left) and Afrezza cartridges containing
four units (blue) and eight units (green) of Technosphere Insulin. Photo courtesy of

Table 1.

Regular Human Insulin

Comparison of Inhaled Insulin, Subcutaneous Rapid-Acting Insulin Analogs, and Subcutaneous

Novolin)'82'22

Time to
Time to Peak Plasma Time to Duration
Onset of Concentration Maximum of Action Recommended Time
Product Effect (min) (min) Effect (hr) (hr) of Administration
Inhaled insulin (Afrezza)' 15-30 12-15 ~0.9 3 At the beginning of a meal
Insulin aspart (NovolLog)'"'® 12-18 40-50 1-3 3-5 Immediately (5-10 min) before
a meal
Insulin lispro (Humalog)'®™ 15-30 30-90 0.5-2.5 2-4 15 min before or immediately
after a meal
Insulin glulisine (Apidra)'82° 12-30 40-120 1.6-2.8 3-4 Within 15 min before or within
20 min after starting a meal
Regular insulin (Humulin, ~30 60-239 2.5-5.0 3-14 Approximately 30 min before

a meal
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24-week trial) and 7-11% (in the 52-
week trial) and baseline fasting plas-
ma glucose (FPG) concentrations of
<180 mg/dL. Both of these trials were
active-control trials conducted with
the goal of demonstrating the non-
inferiority of Afrezza to comparator
insulin therapies. A standard basal
insulin regimen (isophane insulin
human, insulin glargine, or insulin
detemir) was used in the 24-week
trial, and insulin glargine was used
in the 52-week trial. In the 24-week
trial, patients in each treatment
group received basal insulin and
were randomly assigned to receive
either prandial Afrezza therapy or
prandial subcutaneous injections
of the rapid-acting analog insulin
aspart; in the 52-week trial, patients
in each treatment group received
insulin glargine and were randomly
assigned to receive either prandial
Afrezza or prandial insulin aspart.
The primary efficacy endpoint in
both trials was the mean change from
baseline in HbA,_concentration, and
the secondary efficacy endpoint was
the mean change in FPG concentra-
tion from baseline to the end of the
trial period. Statistical analysis of
the efficacy data was performed us-
ing mixed-model repeated measures
in the 24-week trial, and analysis of
covariance (ANCOVA) was used in
the 52-week trial. In both trials, the
prespecified noninferiority margin
was 0.4%; thus, for demonstration of
noninferiority, the upper limit of the
95% confidence interval (CI) for the
between-group difference had to be
below that threshold value. In the 24-
week trial, HbAlc reductions from the
mean baseline value of 7.9% were,
on average, comparable between the
Afrezza group and the compara-
tor group, with a mean change of
—0.21% (i.e., —0.21 percentage point)
(95% CI, —-0.33% to —0.09%) versus
a mean change of —0.40% (95% CI,
-0.52% to —0.28%). In the 52-week
trial, average HbAlc reductions from
the mean baseline of 8.4% were
also comparable in the Afrezza and

Inhaled insulin

comparator groups (mean change,
—0.13% [95% CI,-0.24% to —0.01%)]
versus —0.37% [95% CI, —0.49%
to —0.25%]). In the 24-week trial,
the mean changes from baseline in
FPG levels were —25.27 mg/dL in
the Afrezza group and —-10.15 mg/
mL in the comparator group. In the
52-week trial, the mean FPG changes
from baseline in the Afrezza and
comparator groups were —35.5 and
—20.6 mg/mL, respectively.

Type 2 diabetes

The safety and efficacy of Afrezza
in the treatment of type 2 diabetes
were studied in two Phase III clini-
cal trials lasting 24 and 52 weeks."
The 24-week study was a placebo-
controlled superiority trial, while
the longer study was a comparator
trial. The participants in the 24-week
trial were 26-75 years of age, with
diabetes durations ranging from 2 to
12 years.” A total of 328 participants
were enrolled in this trial; all were
insulin naive, had been previously
treated with either metformin mono-
therapy or a combination of two or
more oral antidiabetic drugs, and
were on a stable regimen for at least
three months before enrollment. All
participants had a BMI of <45 kg/
m? and an HbA _value of 7.5-10.0%.
The patients were randomly assigned
to receive cartridges containing either
10 units of inhaled insulin (assumed
bioavailability, 26%) or non-insulin-
containing Technosphere powder (as
a placebo) for mealtime administra-
tion. The primary efficacy endpoint
was the change in HbA_from base-
line to study end (24 weeks). The
secondary efficacy endpoints were
HbA,_goal attainment and changes
from baseline in FPG and weight.
Statistical analyses of primary and
secondary efficacy endpoints were
performed using a one-sided, one-
sample t test for within-group varia-
tions and a one-sided, two-sample ¢
test for between-group variations. At
randomization, the adjusted mean
baseline HbA _levels were compa-
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rable in the two groups (8.25% in
the Afrezza group and 8.27% in the
placebo group). The primary efficacy
comparison showed that Afrezza was
superior to the placebo in lower-
ing the mean HbAlc concentration,
with a between-group difference of
—0.40% (95% CI, —0.57% to —0.23%;
p <0.001). Comparative data on the
secondary efficacy endpoints showed
that Afrezza-treated patients were
more likely than placebo recipients
to reach one or both of the prespeci-
fied HbA _goals. Almost 38% of pa-
tients in the Afrezza group achieved
an HbAlc of <7%, and four times as
many Afrezza-treated patients as pla-
cebo users had an HbA _value below
6.5% by the end of the 24-week tri-
al.’” A modest weight gain (0.49 kg)
was reported in the Afrezza group
over the 24-week study duration,
whereas the mean weight change
in the placebo group was —1.13 kg
(95% CI,-2.34 to —0.90 kg). A greater
mean FPG reduction was reported in
the Afrezza group (-11.20 mg/dL)
compared with the placebo group
(-3.78 mg/dL) at the end of the trial.

The second Phase III trial of
Afrezza in patients with type 2 dia-
betes was a 52-week comparator trial
involving participants previously
treated with insulin."” This trial com-
pared the effects of Afrezza plus sub-
cutaneous basal insulin with those
of subcutaneous injections of a pre-
mixed biphasic rapid-acting (BPR)
insulin analog composed of 70%
insulin aspart protamine suspen-
sion and 30% insulin aspart (“BPR
70/30”) given twice daily. The ages
of the participants were between 19
and 79 years; the duration of diabetes
ranged from 1 to 52 years. A total
of 618 participants were enrolled
in this trial. Similar to the 24-week
trial, participants were included if
they had a BMI greater than 45 kg/
m’ and an HbA_of 7.0-11.0%. The
treatment group participants were
randomly assigned to receive either
prandial Afrezza plus subcutaneous
basal insulin (insulin glargine) or



prandial BPR 70/30. The primary
efficacy endpoint was the change in
HbA, from baseline to study end (52
weeks). The secondary efficacy end-
points were HbA goal attainment,
FPG change, and weight change.
Statistical analyses of primary and
secondary efficacy endpoints were
performed using ANCOVA. At ran-
domization, the adjusted mean
HbA, levels were comparable in
the two groups. Analysis of data on
the primary efficacy endpoints at
52 weeks showed that Afrezza was
noninferior to BPR 70/30 with re-
gard to the mean HbA, _change from
baseline, with a between-group dif-
ference of 0.12% (95% CI, —0.05%
to 0.29%). In the Afrezza group, the
baseline HbAlc value was 8.69%, and
the mean change was —0.59%; in the
BPR 70/30 group, the baseline HbA
was 8.68%, and the mean change was
—0.71%. Comparative data on the
secondary efficacy endpoints showed
that approximately the same per-
centages of patients in both groups
reached the HbA goal of <7%
(22.1% in the Afrezza group and
26.8% in the BPR 70/30 group). At
the end of the 52-week trial, a greater
mean FPG change was observed
in the Afrezza group (-26.7 mg/dL
versus —12.9 mg/dL in the BPR 70/30
group). Significantly less weight gain
was reported in the Afrezza group
(0.9 kg; 95% CI, 0.3-1.5 kg) com-
pared with the BPR 70/30 group (2.5
kg; 95% CI, 1.9-3.0 kg).

Adverse effects

Cough. In a 52-week trial of
Afrezza involving patients with
type 2 diabetes, the most common
treatment-emergent adverse effect
was cough.” Approximately 32% of
patients administered Afrezza ex-
perienced cough, which was gener-
ally mild and dry, and the number of
events declined over time. The events
of cough rarely led to trial discon-
tinuation. Cough is an anticipated
adverse effect of any inhaled dry-
powder formulation.?**

CLINICAL REVIEW

Hypoglycemia. Managing hypo-
glycemia is always a challenge when
managing antidiabetic medication
therapy that includes insulin.?® The
rate of hypoglycemia in patients with
type 2 diabetes treated with Afrezza
was significantly lower than in those
on an insulin comparator. The results
of Phase III trials clearly showed a
reduction of severe hypoglycemia af-
ter Afrezza administration compared
with insulin aspart treatment (31%
versus 49%).° A similar observation
was also reported in patients with
type 1 diabetes treated with Afrezza
compared with lispro insulin. Afrezza
significantly reduced rates of mild-
to-moderate hypoglycemia events
(5.97 events per patient-month for
the Afrezza group versus 8.01 events
per patient-month for the compara-
tor group).”

Diabetic ketoacidosis. Diabetic
ketoacidosis (DKA) is a potentially
life-threatening complication re-
sulting from a shortage of insulin
in patients with diabetes. During
the 52-week type 1 diabetes trial, a
slightly higher rate of DKA events
was reported in patients with type
1 diabetes who were treated with
Afrezza, as compared with the com-
parator group.'> However, most DKA
events were related to concurrent
infection, treatment interruption, or
reduced dosing; these events were lat-
er deemed to be manageable through
investigative-site educational initia-
tives. The overall rates of DKA were
0.46% in the Afrezza group and
0.23% in the comparator group."

Safety

Antiinsulin antibody develop-
ment. Development of antiinsu-
lin antibodies is a concern during
insulin therapy, and it occurs to a
greater extent during inhaled versus
subcutaneous insulin therapy.” In a
24-week study of patients with type
1 diabetes, levels of antiinsulin anti-
bodies increased threefold to fivefold
in the Afrezza-treated group (from a
median of 9.30 Kronus units/mL at

Inhaled insulin W

baseline to a median of 30.85 Kronus
units/mL at week 24); antibody levels
remained practically unchanged in
the group treated with subcutaneous
insulin.” However, higher antibody
levels were not correlated with any
adverse effects. After discontinua-
tion of treatment, antibody levels
returned to normal. In a placebo-
controlled 24-week study of patients
with type 2 diabetes, the median
antiinsulin antibody level did not
change in the placebo group but
was slightly increased in the Afrezza
group (from 5.80 Kronus units/mL
at baseline to 7.40 Kronus units/mL
at week 24).

Pulmonary safety. Lung function.
Lung function was evaluated in a
24-month prospective study in pa-
tients with type 1 or type 2 diabetes
receiving Afrezza (n = 730) or usual
diabetes care (n = 824) and a cohort
without diabetes who did not receive
any specific treatment (n = 145).%!
The evaluation was performed by
measuring forced expiratory volume
in one second (FEV ), which is the
volume of air that can forcibly be
blown out in one second after full
inspiration. A slight change in FEV,
values was observed with Afrezza use
at the beginning of the study (mean
decline, 0.037 L; 95% CI, 0.014-0.060
L), but FEV, values subsequently sta-
bilized for the rest of the trial period.
The difference in the mean FEV,
values in the Afrezza and comparator
groups disappeared within 1 month
of Afrezza discontinuation. Similar
observations were reported in trials
involving smokers.'®

Cancer. Two cases of lung can-
cer have been reported in trials of
Afrezza, but both participants were
ex-smokers. Overall, rates of lung
cancers (and other cancers) reported
among Afrezza-treated patients in
clinical trials have been consistent
with rates observed in the general
U.S. population.”” A postmarketing
observational cohort trial is planned
to further evaluate the long-term risk
of lung cancer with Afrezza use.
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Safety in patients with lung dis-
ease. The safety of Afrezza in diabetic
patients with lung diseases has not
been studied. However, based on
the observation of adverse events in
small clinical pharmacology studies
in nondiabetic patients with asthma
and chronic obstructive pulmonary
disease, Afrezza is not recommended
for patients with lung diseases."

Administration and dosage

Afrezza is administered via oral
inhalation at the beginning of a meal
to control postprandial glucose levels
in type 1 and type 2 diabetes.” The
patient is still required to use a long-
acting insulin product to maintain
his or her glucose level through-
out the day. Afrezza is available in
four- and eight-unit cartridges.
The cartridges are labeled with the
equivalent subcutaneous dose to help
patients and prescribers compare
the Afrezza dose with the traditional
subcutaneous insulin dose. A four-
unit cartridge delivers the equivalent
of four units of subcutaneously
delivered insulin, and an eight-unit
cartridge delivers the equivalent of
eight units of subcutaneous insulin.
Thus, in the prescribing information,
the conversion factor for convert-
ing the smallest possible dose of
Afrezza to a dose of subcutaneous
insulin is 4; this value is based on the
medication’s documented 25-30%
bioavailability relative to subcutane-
ous formulations of recombinant
human insulin and rapid-acting
insulin analogs."

Recommended dose conversion
guidelines

Patients using insulin for the
first time for blood glucose control
should start with 4 units of Afrezza
at each meal.” For patients already
using mealtime subcutaneous in-
sulin, dose conversion should be
performed as follows: up to 4 units
of subcutaneous insulin = 4 units
of Afrezza, 5-8 units of subcutane-
ous insulin = 8 units of Afrezza,

Inhaled insulin

9-12 units of subcutaneous insulin
= 12 units of Afrezza, 13—16 units of
subcutaneous insulin = 16 units of
Afrezza, 17-20 units of subcutane-
ous insulin = 20 units of Afrezza, and
21-24 units of subcutaneous insulin
=~ 24 units of Afrezza.

Patients already using subcu-
taneous premixed insulin should
administer half of their total daily
subcutaneous dose as premixed basal
insulin, divide the remainder of the
total daily subcutaneous dose by
three, and convert each of the three
calculated doses to Afrezza doses as
shown above.

Future perspective

The results of multiple interna-
tional clinical trials established the
safety and efficacy of Afrezza, leading
to its approval by FDA. However, the
product is approved only for adults;
further studies are needed to estab-
lish its safety and efficacy in children.
Despite the availability of numerous
needle-free injector pens, many pa-
tients may benefit from the inhaled
insulin product. Afrezza’s dry-powder
inhaler and ultrarapid release profile
support the prediction that Afrezza
will fare much better than Exubera,
especially in those patients who are
reluctant to take multiple daily insu-
lin injections.

Conclusion

Afrezza is a safe and effective
treatment for selected adults with
type 1 or type 2 diabetes, potentially
providing an alternative to insulin
injections for prandial blood glucose
control.

References

1. Quianzon CC, Cheikh I. History of
insulin. J Community Hosp Intern Med
Perspect.2012;2(2):18701.

2. Banting FG, Best CH, Collip JB et al.
Pancreatic extracts in the treatment of
diabetes mellitus: preliminary report.
1922. CMA]J. 1991; 145:1281-6.

3. Heinemann L. Variability of insulin
absorption and insulin action. Diabetes
Technol Ther. 2002; 4:673-82.

4. Lee VH. Changing needs in drug delivery
in the era of peptide and protein drugs.

1186

Am J Health-Syst Pharm—Vol 72 Jul 15,2015

10.

11.

13.

14.

15.

16.

17.

18.

19.

In: Lee VH, ed. Peptide and protein
drug delivery. New York: Marcel Dekker;
1991:1-56.

Mandal TK. Inhaled insulin for diabetes
mellitus. Am J Health-Syst Pharm. 2005;
62:1359-64.

Mack GS. Pfizer dumps Exubera. Nat
Biotechnol. 2007; 25:1331-2.

Pfizer Inc. Pfizer statement on Exu-
bera labeling update in the United
States (April 8, 2008). www.pfizer.com/
news/press-release/press-release-archive-
detail/pfizer_statement_on_exubera_
labeling update_in_the_united_states
(accessed 2014 Sep 30).

Leone-Bay A, Grant M. Technosphere/
insulin: mimicking endogenous insulin
release. In: Rathbone M, Hadgraft J,
Roberts M, Lane M, eds. Modified-release
drug delivery technology. 2nd ed., vol.
2. New York: Informa Healthcare USA;
2008:673-9.

Richardson PC, Boss AH. Technosphere
insulin technology. Diabetes Technol Ther.
2007; 9(suppl 1):565-72.

Bindra S, Cefalu WT. Exubera. Inhale
therapeutic systems. Curr Opin Investig
Drugs. 2002; 3:758-62.

MannKind Corporation. MannKind re-
ports positive data from a phase 3 clinical
study of Afrezza in patients with type 2
diabetes. www.news.mannkindcorp.com/
phoenix.zhtml?c=147953&p=irol-news
Article_print&ID=1847440&highlight=
(accessed 2014 Sep 30).

. Potocka E, Cassidy JP, Haworth P et al.

Pharmacokinetic characterization of
the novel pulmonary delivery excipient
fumaryl diketopiperazine. J Diabetes Sci
Technol. 2010; 4:1164-73.

Cassidy JP, Amin N, Marino M et al.
Insulin lung deposition and clearance fol-
lowing Technosphere insulin inhalation
powder administration. Pharm Res. 2011;
28:2157-64.

Rosenstock J, Lorber DL, Gnudi L et al.
Prandial inhaled insulin plus basal insu-
lin glargine versus twice daily biaspart
insulin for type 2 diabetes: a multicentre
randomized trial. Lancet. 2010; 375:2244-
53.

MannKind Corporation. Briefing docu-
ment: Endocrinologic and Metabolic
Drugs Advisory Committee, April 01,
2014. www.fda.gov/downloads/Advisory
Committees/CommitteesMeeting
Materials/Drugs/Endocrinologicand
MetabolicDrugsAdvisoryCommittee/
UCM390865.pdf (accessed 2014 Oct 28).
MannKind Corporation. Device technol-
ogy patient-focused dry powder inhalers.
www.mannkindcorp.com/our-technology
-inhalers.htm (accessed 2014 Oct 1).
NovoLog (insulin aspart [rDNA origin]
injection) package insert. Princeton, NJ:
Novo Nordisk Inc.; 2013.

McAuley D. Rapid-acting analogues.
www.globalrph.com/rapid-acting-
analogues.htm (accessed 2014 Nov 6).
Humalog (insulin lispro injection, USP
[rDNA origin]) package insert. India-
napolis, IN: Lilly USA, LLC; 2013.



20.

21.

22.

23.

24.

25.

Apidra (insulin glulisine [rDNA origin]
injection) package insert. Bridgewater,
NJ: sanofi-aventis U.S.; 2009.

Humulin R (insulin human injection,
USP [rDNA origin]) package insert. In-
dianapolis, IN: Lilly USA, LLC; 2011.
Novolin R (regular, human insulin
[rDNA origin] USP) package insert.
Princeton, NJ: Novo Nordisk Inc.; 2012.
Pfiitzner A, Mann AE, Steiner SS.
Technosphere/Insulin—a new approach
for effective delivery of human insulin via
the pulmonary route. Diabetes Technol
Ther. 2002; 4:589-94.

Rave K, Heise T, Pfiitzner A et al. Coverage
of postprandial blood glucose excursions
with inhaled Technosphere Insulin in
comparison to subcutaneously injected
regular human insulin in subjects with type
2 diabetes. Diabetes Care. 2007; 30:2307-8.
Rosenstock J, Bergenstal R, DeFronzo RA
et al. Efficacy and safety of Technosphere
inhaled insulin compared with Techno-

26.

27.

28.

29.

CLINICAL REVIEW

sphere powder placebo in insulin-naive
type 2 diabetes suboptimally controlled
with oral agents. Diabetes Care. 2008;
31:2177-82.

Kamimura M, Izumi S, Hamamoto Y et
al. Superiority of nebulized corticoste-
roids over dry powder inhalers in certain
patients with cough variant asthma or
cough-predominant asthma. Allergol Int.
2012; 61:411-7.

Neumiller JJ, Mai YL, Setter SM et al.
Inhaled, dry powder insulin. U.S. Pharm.
2007; 32(10):3-8.

Aldasouqi S, Sheikh A, Klosterman P et al.
Hypoglycemia in patients with diabetes
on antidiabetic medications who fast
for laboratory tests. Diabetes Care. 2011;
34:e52.

Garg SK, McGill JB, Rosenstock J et al.
Technosphere Insulin vs insulin lispro in
patients with type 1 diabetes using mul-
tiple daily injections. Presentation at 71st
Annual Scientific Sessions of the Ameri-

30.

31.

33.

Inhaled insulin W

can Diabetes Association. San Diego, CA;
2011 Jun 24-28.

Skyler JS, Weinstock RS, Raskin P et al.,
for the Inhaled Insulin Phase III Type 1
Diabetes Study Group. Use of inhaled
insulin in a basal/bolus insulin regimen
in type 1 diabetic subjects: a 6-month,
randomized, comparative trial. Diabetes
Care. 2005; 28:1630-5.

Raskin P, Heller S, Honka M et al. Pul-
monary function over 2 years in diabetic
patients treated with prandial inhaled
Technosphere insulin or usual antidiabe-
tes treatment: a randomized trial. Diabe-
tes Obes Metab. 2012; 14:163-73.

. National Cancer Institute. Surveillance

Epidemiology and End Results: SEER stat
fact sheets: lung and bronchus. http://
seer.cancer.gov/statfacts/html/lungb.
html (accessed 2014 Oct 28).

Afrezza (insulin human) package insert.
Danbury, CT: MannKind Corporation;
2014.

Am J Health-Syst Pharm—Vol 72 Jul 15,2015

1187



Copyright of American Journal of Health-System Pharmacy is the property of American
Society of Health System Pharmacists and its content may not be copied or emailed to
multiple sites or posted to alistserv without the copyright holder's express written permission.
However, users may print, download, or email articles for individual use.



