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History of Technosphere Insulin 

•1997 - Al Mann - Dry powder insulin to achieve 

more rapid absorption than possible with SQ 

injections

•20+ years… Technosphere Insulin (Afrezza®) to 

market

•FDA approved in 2014

•Licensed to Sanofi in 2014 and returned to 

MannKind in 2016



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

Blood Vessel

Insulin   |   FDKP

pH <6
Technosphere Insulin: 

Insulin adsorption onto 

FDKP particle

Bis-3,6(4-fumarylaminobutyl)-2,5-diketopiperazine (FDKP)

Technosphere Insulin Inhaled Delivery



• TI maximum serum insulin concentration in 12-15min vs 45-60min for RAA

• TI effect dissipates faster than RAA potentially reducing post-meal hypoglycemia

PD: Technosphere Insulin vs Rapid Analogue



Technosphere Insulin Clinical Studies 



Pivotal T1D Trial – Noninferiority 



Dose Optimization – 2x….3x



Dose Optimization – 2x….3x



Inhaled Technosphere insulin (TI) 

has been shown to reduce post-

prandial glucose excursions in 

adults with type 1 diabetes (T1D). 

Randomized Trial Comparing Inhaled Insulin Plus Basal Insulin Versus 
Usual Care in Adults With Type 1 Diabetes. Diabetes Care. 2024

INHALE-3 -Adults



Pediatric Study Part 1
A Phase 2, open-label, single-arm, multiple-dose safety, titration, and 

pharmacokinetic (PK) study of AFREZZA in pediatric subjects ages 4 to 17 

years with type 1 diabetes mellitus (T1DM)



Pilot PK/PD/Safety - Pediatrics

•PK data - 27 subjects

•Mean age, BMI, and duration of T1D were 

13.32.9 yrs, 20.83.6 kg/m2, and 4.53.2 yrs 

Sixteen subjects (59.3%) were female

• .

•Twenty-two (81.5%) were White, 2 were Black 

and 2 were Other Race. 

•1 Level 1 hypo in 3 subjects, 1 Level 2 in 1, No 

severe hypo



Pediatric Study Part 1: Dosing

• Afrezza dose at end of 

trial was 1.75x SQ dose

• 87% of subjects received 

at least one post-meal 

correction dose
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Pediatric Study Part 1: Safety
• Most common adverse events: hypoglycemia, cough, and URI

• 93% of TEAEs were considered mild or moderate (43/46 events)

• Other TEAE’s related to study drug (n):

• Throat irritation (1), tonsillar hypertrophy (1), vomiting (1), dizziness (1), HA (2), 
asthenia (1)



Pediatric Study Part 1: Safety
Severe Adverse Events

AE leading to drug discontinuation 



Afrezza: Effect on FEV1
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A clinically significant difference is 
≥20% decline, or ~600mL for adults

• After age 25, FEV1 decreases at about 35-40 mL/yr in healthy subjects2

• Diabetes is associated with a further decline in FEV1 of 25 mL/yr compared to healthy subjects3

Diabetes and Lung Function



Pediatric Pivotal Study

OR

230 youth 4 to 17 years old with insulin-requiring diabetes were assigned to 
either TI or RAA with basal insulin for 26 weeks, plus CGM. 



Pediatric Pivotal Study



Pediatric Pivotal Study



Baseline Characteristics



Baseline Characteristics



ADA 2025 – Primary End Point – Non=Inferiority

Saturday 1130 - D2 - First dose Inhale-1 vs SQ
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