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OBJECTIVE
• To assess whether URTIs affect the safety of TI in patients with T1D and T2D.

Hyperglycemia/Ketoacidosis

• Demographic and clinical characteristics of patients.
• Discontinuation of TI due to URTI.
• Adverse events:
–– the incidence of AEs was given by the percentage of patients using TI
who experienced AEs in URTI and no-URTI groups
–– the rate of AEs was estimated by the number of events experienced by
each patient per year
–– hyperglycemia/ketoacidosis was defined by each trial investigator
–– hypoglycemia was defined as documented symptomatic hypoglycemia
and/or blood glucose levels of < 70 mg/dL
–– overall AEs excluded hyperglycemia, hypoglycemia and URTIs

• Event rates were compared using a nonlinear model with a negative binomial
distribution.

• All identified patients experienced at least 1 episode of hyperglycemia/
ketoacidosis, regardless of URTI (Figure 3).
• The annualized rate of hyperglycemia/ketoacidosis was significantly
greater in the patients with URTIs compared with those without URTIs
(Figure 4).
–– this corresponds to an estimated 4.58-fold increase in hyperglycemia/
ketoacidosis events per patient-year for patients with URTIs (95% CI:
3.71- 5.64; P = 0.01)

Figure 1. Gen2 Inhaler Device for the Delivery of TI.

Patient Characteristics
• Baseline demographic and clinical characteristics of patients are shown in
Table 2.

Discontinuation of TI
• Across the 9 studies included in this analysis, the number patients
discontinuing TI due to URTIs was low (Table 3).
–– a total of 14 (0.5%) patients with diabetes who were treated with TI
discontinued treatment due to URTIs; those values were reduced to
9 (0.3%) patients if bronchitis was excluded (Table 3)
• Discontinuation due to treatment-emergent adverse events (TEAEs) ranged
from 0.9% to 11.3% (Table 3).
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Figure 2. Pharmacokinetic/Pharmacodynamic (PK/PD) Profile of Inhaled TI Versus a
Subcutaneous Rapid-Acting Insulin.
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Study Design and Patient Selection
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Table 3. Discontinuation of TI in the 9 Studies.
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T I was delivered via the MedTone inhaler device, which has been shown to be equivalent to the marketed Gen2 inhaler in terms of efficacy
and safety.7

Table 1. PK/PD Profile of Subcutaneous Insulin Versus Inhaled TI.
Time to Maximum Insulin
Concentration, min
Regular human insulin (subcutaneous)
Insulin analogs (subcutaneous)
TI (inhaled)

Duration of Action, h

80-120

5-8

40-50

3-5

12-17

2-3

• All patients in both groups experienced at least 1 AE (n = 246 patients in
the URTI group; n = 2,595 patients in the no-URTI group) (Figure 3).
• Patients in the URTI group had significantly higher annualized rates of AEs
compared with patients in the no-URTI group (Figure 4).
–– this corresponds to an estimated 4.06-fold increase in the occurrence of
AEs per patient-year (95% CI: 3.27-5.03; P = 0.01) for patients with URTIs
Figure 3. Incidence of Safety Outcomes During URTI or No-URTI Periods in Patients
With T1D and T2D Receiving TI.
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DISCUSSION
• The incidence of hyperglycemia/ketoacidosis was comparable for patients
with URTIs (100%) and without URTIs (100%), while the annualized rate was
significantly greater in those with URTIs (12.19 events per patient-year for
the URTI group versus 2.66 events per patient-year for the no-URTI group;
estimated ratio 4.58, 95% CI:3.71-5.64; P = 0.01).
• The incidence, but not the annualized rate, of hypoglycemia was greater in
the no-URTI patient group.
• The annualized rate of overall AEs was significantly greater in patients with
URTIs.
• The increased rate of hyperglycemia/ketoacidosis and the decreased
frequency of hypoglycemia associated with URTI periods suggest that
some patients experiencing a URTI do not receive the full benefit of the
glucose-lowering effect of TI; this was expected, as URTIs of varying degrees
trigger a stress hormone response, leading to higher overall glycemia, which
is associated with a greater rate of hyperglycemia (and possibly a greater
rate of ketoacidosis).
• Additional insulin dosing may be required when patients have URTIs, whether
utilizing standard fast-acting insulin therapies or TI.
• These study findings are limited to patients with URTI; patients with lower
respiratory tract infection were not studied.
• The main limitation of this analysis was its post hoc nature; it does, however,
provide important insights into how future studies may be structured.

CONCLUSIONS
• Therapy with TI for the management of T1D and T2D was associated with
a lower incidence of hypoglycemia in patients with a URTI compared with
those without a URTI, while the incidence of hyperglycemia/ketoacidosis
was comparable between groups.
• The annualized rate of hyperglycemia/ketoacidosis was significantly
higher during URTI periods, suggesting that some patients might need to
intensify therapy to maintain normal blood glucose values at these times.
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• Patients in the URTI group were less likely to experience hypoglycemia
compared with those in the no-URTI group (Figure 3).
–– this corresponds to an estimated decrease of 19.1% in the incidence of
hypoglycemia in patients with URTIs compared with those without URTIs
(95% CI: 13.1-25.0; P = 0.0001)
• The annualized rates of hypoglycemia were comparable between groups
(Figure 4).

Phase Safety Population Diabetes Patients who discontinued Patients who discontinued
Total (N)
Type
due to any TEAE, n (%)
due to URTI, n (%)
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Subcutaneous Insulin Lispro 10 U

Female, n (%)

Hypoglycemia

All AEs Excluding URTIs and Hypoglycemia

Table 2. Demographic and Clinical Characteristics of Patients at Baseline.

METHODS
• A post hoc analysis of the TI arms of 9 clinical studies (two phase 2b,
seven phase 3 randomized clinical trials) in patients with T1D or T2D who
developed a symptomatic URTI while being treated with TI.
–– URTI was defined as ≥ 3 URTI symptoms from a questionnaire with a
list of symptoms (runny nose, nasal stuffiness, sneezing, sore throat,
scratchy throat, hoarseness, new-onset cough, sinus pain/pressure, head
congestion/headache, and plugged ears/ear discomfort) in the 24 hours
prior to and/or on the day of a clinic visit; symptoms were documented
by each trial investigator
• Patient-level data from the safety population in the TI arms were grouped
and compared based on whether patients experienced a URTI versus did
not experience a URTI:
–– patients on TI who did not experience any episodes of URTI were identified,
and any adverse events (AEs) they experienced were included in the
no-URTI group
–– patients on TI who experienced ≥ 1 URTI were identified:
¡
any AEs that occurred during a period of URTI were included in the
URTI group
¡
if the same patients had periods during which they were not experiencing
a URTI, any AEs that occurred during these periods were included in the
no-URTI group
¡
patients not using TI were not included in this study

RESULTS

Incidence of AEs (% of Patients)

• Afrezza® (human insulin) inhalation powder, commonly cited as Technosphere®
inhaled insulin (TI), is a dry-powder formulation of recombinant human
insulin developed for treatment of patients with type 1 diabetes (T1D) or
type 2 diabetes (T2D).1
• TI consists of microparticles of fumaryl diketopiperazine to which insulin
is adsorbed; the resulting powder is filled into unit dose cartridges and
administered via the Gen2 inhaler device (Figure 1).1,2
• Compared with subcutaneous regular human insulin, and contemporary
rapid-acting insulin analogs, TI has been shown to have a more rapid
absorption, reaching maximum blood concentration within 15 minutes,
with a short duration of action of 2–3 hours due to its elimination profile
(Figure 2 and Table 1).3,4
• The PK/PD profile of TI is more similar to the physiological profile of insulin
than currently available standard rapid-acting insulins.2
• Upper respiratory tract infections (URTIs) occur in patients with diabetes at
5
a similar frequency to the general population.
• It has recently been shown that URTIs have no impact upon the PK/PD
properties of TI;6 however, concerns remain regarding the safety of TI during
URTIs.
• There is particular concern regarding the impact of illness, such as
uncomplicated URTIs, on safety, in particular the risk of hyperglycemia,
ketoacidosis, and hypoglycemia in patients with diabetes receiving TI.

Statistical Analysis

Figure 4. Annualized Rates of Safety Outcomes During URTI or No-URTI Periods in
Patients With T1D and T2D Receiving TI.
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