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An Unmet Need
• “An unmet need remains for a mealtime insulin that can faithfully reproduce the 

metabolic profile that ensues following meal ingestion in healthy persons.” 1

• Despite advances in technology, including automated insulin delivery (AID) 
systems, a significant proportion of individuals with T1D are not achieving 
glycemic targets2

1. Muchmore DB. The Need for Faster Insulin. J Diabetes Sci Technol. 2017;11(1):157-159.

2. Foster NC, et al. Diabetes Technol Ther. 2019;21(2):66-72.
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Technosphere Insulin Inhaled Delivery

Pfützner A, et al. Expert Opin Drug Deliv. 2005;2(6):1097-1106. 

Technosphere
Microparticles (FDKP) Technosphere Insulin (TI)

Water

+
Human Regular Insulin

=

pH >6 (physiologic pH)
• Inhaled particles dissolve rapidly and 

separate
• FDKP and insulin are then quickly absorbed 

across the lung membrane
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Bis-3,6(4-fumarylaminobutyl)-2,5-diketopiperazine (FDKP)



Inhaled Insulin Pharmacodynamics
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Adapted from Heinemann L, et al. J Diabetes Res. 2018;2018:4568903. 



Study Background

• Limited published data on inhaled insulin with insulin pump and AID systems1,2 and no 
published data on converting patients from pump systems to inhaled insulin

• A recently published study showed a higher dose of inhaled insulin is safe and effective,
compared to the current prescribing information3

• This proof-of-concept study was done to evaluate adding inhaled insulin to an AID system 
or converting from an AID system to inhaled insulin with injectable daily basal

• We are presenting an analysis of the first in-clinic challenge comparing a meal bolus 
with inhaled insulin or subcutaneous insulin delivered through an AID system

1. Zisser H, et al. J Diabetes Sci Technol. 2015;9(3):564-572.

2. Galderisi A, et al. Diabetes Care. 2020;43(9):2146-2152. 

3. Kaiserman KB, et al. J Diabetes Sci Technol. 2022;19322968221110622.



Demographics & Methods

• Twenty-six participants using AID systems were randomized to take inhaled TI to cover a 
standardized meal or use AID administered rapid-acting insulin analogues (RAA)

• Participants fasted for ≥6 hours with no bolus insulin 4 hours before the meal challenge

• Each participant consumed 37g of a nutritional shake (1 can of Boost®) and glucose was 
measured by self-monitored blood glucose (SMBG) at 15-30 minute intervals over 2 hours

• Two additional participants were not included in this analysis due to blood glucose 
>300 mg/dL at the start of the meal

Characteristic Inhaled TI (N=21) AID Control (N=5)
Age, mean ± SD (years) 46 ± 13 41 ± 15
Time using AID, mean ± SD (years) 3 ± 2 3 ± 1
A1c, mean ± SD (%) 7.7 ± 0.7 8.0 ± 0.9
Sex, Female(%) 71% 80%



Methods: Inhaled TI Dose Conversion

• Evaluated the safety and efficacy of a simplified (~2X) initial TI dose1 which is higher than 
the current prescribing information (USPI)2

• TI dose calculated by converting the subject’s RAA dose based on their carbohydrate ratio, 
doubling, and rounding down to the nearest four-unit cartridge

Injected Mealtime 

Insulin Dose (RAA)

2X Inhaled

Insulin (TI)
up to 3 units 4 units

4-5 units 8 units
6-7 units 12 units
8-9 units 16 units

10-11 units 20 units
12+ units 24 units

1. Kaiserman KB, et al. J Diabetes Sci Technol. 2022;19322968221110622 

2. Afrezza® (insulin human) Inhalation Powder Prescribing Information. MannKind Corporation.



Methods: Dose Timing

• Participants in the Inhaled TI arm dosed with the meal (T=0)

• Participants in the AID Control arm dosed 5-15 minutes before the start of the meal per 
typical RAA standard of care

• Amount of insulin was calculated via the AID pump by entering the 37g of carbs for the 
standardized meal with their existing carbohydrate ratios

• Participants in the AID Control arm were using the following RAA insulins:
• N=2 insulin lispro
• N=1 insulin aspart
• N=1 insulin “faster” aspart
• N=1 insulin lisp-aabc

Standard RAA formulations

Newer RAA formulations



Post-Prandial Glucose (PPG) Mean (±SE)
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Group
Mean Peak 

PPG (mg/dL)

Difference at 

Peak (mg/dL)

Inhaled TI
200

60 min
55

AID Control
264

90 min
65

Inhaled TI (n=21)



PPG Excursion (PPGE) Mean (±SE)
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Group
Mean Peak 

PPG (mg/dL)

Difference at 

Peak (mg/dL)

Inhaled TI
58

60 min
44

AID Control
111

90 min
57

Inhaled TI (n=21)



Summary

This proof-of-concept sub-study demonstrated that the ~2X TI dose showed 
improved glucose control with no new safety concerns compared to AID alone 
in the 2-hour postprandial period. Complete study (90 day) results will be 
presented at a future meeting.

• Efficacy of Inhaled TI compared to AID:

• Significant reductions in PPG and PPGE observed from 45-120 minutes

• PPGE reduced by 44 mg/dL at 60 minutes; 57 mg/dL at 90 minutes

• Safety:

• One event of asymptomatic level 1 hypoglycemia (65 mg/dL) was reported at 120 
minutes following the meal for one Inhaled TI participant

• No serious adverse events or adverse events of special interest observed during the 
meal challenge




