Comparative Efficacy and Safety of Technosphere® Insulin and a Rapid-Acting Analog
Both Given with Glargine in Subjects with T1 DM in a 52-Week Study
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ABSTRACT MATERIALS AND METHODS (conT’D) RESULTS (cont’D) RESULTS (cont'D)

Background and aims: Technosphere® Insulin (Tl) is a rapid-acting inhaled insulin with pharmacokinetics Meal challenge venous blood sampling times were: =30, 0, 30, 60, 90, 105, 120, 180, 240, 300, and * The mean within-group FPG change from Baseline at Week 52 was statistically significant for both treatment Treatment Difference in Hypoglycemia

well svited for control of postprandial plasma glucose (PPG). This study compared the efficacy and 360 minutes. A standardized liquid meal (12 ounces Boost Plus®, Novartis) was used for the meal groups: p <0.0001 for the Tl group, p = 0.0018 for the RAA group. Fewer Tl + LAl-treated subjects

safety of Tl and a rapid-acting analog (RAA) both given at meals with insulin glargine, a long-acting challenge. Within 90 seconds of inhalation of T, subjects immediately began ingesting the liquid meal. « The difference in FPG between freatments cannot be attributed to basal insulin because the overall experienced hypoglycemic events
analog (LAA). Material and methods: Subjects with type 1 diabetes mellitus and HbAlc > 7.0% and In the RAA arm, subjects were instructed to inject the insulin 15 minutes prior fo ingesting the liquid meal. mean daily insulin glargine dose was similar between groups: 32.4 1U and 29.8 U for the Tl and RAA during the trial, with a statistically | Insulin
< 11.0% were randomized to a 52-week course of basal LAA plus prandial Tl (n = 301) or prandial Insulin glargine was used as basal insulin in this trial. groups, respectively. significant difference in the number of --
RAA (n = 288). Prespecified efficacy endpoints included change in HbAlc, 1-h PPG, 2-h PPG, and TI+LAl-treated subjects reporting all 95% Cl | p Value

TI+LAI provided a statistically significant lower FPG than RAA+LAI over 52 weeks.

fasting plasma glucose (FPG) following a standard meal challenge. Adverse events were monitored to R ESULTS hypoglycemic events compared to All hypoglycemia events 252 (86.0) | 252 (92.7) | 0.488 ((?557% 0.0124
compare safety profiles. Results: At the end of the 52-week treatment period, both groups P . RAA + LAl-treated subjects (Table 4). | Mild/moderate (0271
) R . ostprandial Glucose Control after a Meal Challenge at Week 52 i 251 (85.7)| 252 (92.7) | 0.474 ;| 0.0091
experienced comparable reductions in HbA1lc, and there were no significant differences in LAA doses At Baseline, both groups were similar with respect to age, gender, BMI, HbAlc, FPG, and duration P 9 « Event rates in each category of :yp°9'|y°em'_a . (%i‘zl)
S . N i ypoglycemia wi 404,
between treatment groups. FPG levels and 1-h PPG values were significantly lower with Tl than with of T1 DM. Equy'po:sf.prcndlcl glucc'>se control Figure 4. Postprandial Plasma Glucose (mmol/L) at a hypoglycemia were similar between plasma glucose € 2.7 mmoliL | 22> (761|228 (83.8) | 0615 | g3y | 00232
RAA, and 2-h PPG levels were similar between both groups. The Tl group had weight loss, whereas the Pri Endoo ch F B line in HbA Week was significantly better in the TI Meal Challenge, Week 52 (ITT Populatiol treatments (Table 5). Severe hypoglycemia 96 (32.8) | 102 (37.5) | 0.812 (?-15475, 0.2387
RAA group gained weight, with the difference statistically significant. Finally, the Tl group had a rimary Endpoint: ange From baseline in 1c at Week 52 group with a slower rise in mean . - :

Y 2 . . R 14 «H I . t rat high Hypoglycemia requiring 16 (5.4 13 (4.8 1151 (0.543, | 7140
statistically significant reduction in the Tl was noninferior to RAA: the 95% ClI for the difference in change from Baseline was 0.11 to 0.38 in PPG and I?wer mean 1-h PPG inybp;ﬁ :::;::e::e;rozile‘:::; dlogseer assistance 64 “8) 2.439)
incidence of mild/moderate (odds nd of Study Efficacy (ITT) and Safety En the ITT Population in a prespecified Mixed Model Repeated Measures (MMRM) analysis. cRc/;nAcenfrqho(n; as co:)lpared to the 12 titration at the beginning of the study ?ggﬁﬁi'\’fecen?&ar&'}'ggic 22(75) | 12(44) | 1759 g’gf% 01262
ratio [OR: 0.474; confidence [Porsmater [ +La [Rar+L ] group (Figure 4). 2 ; symptoms -

. I . ) o and declined after doses began to
interval [CI]: 0.0271, 0.831; AHbA1c from Baseline (%) 2013+0.06 | -0.37£0.06 | 0.08, 0.40 (ANCOVA) HbAlc was significantly reduced in  SETIEES Baseline Characteristics (ITT Population) . ) 310 o
p = 0.0091) and total hypoglycemia | sfpg from Baseline (mmollL) | 2.0:02 = 11£02 | p=00012 (MMRM) ) . Category/ TI+LAI | RAA+LAI change from Time O was 1.2 PO able ypoglvesmialEventRateslOversaWeeksliSafatviBopiiation)
(OR: 0.488; Cl: 0.278, 0.856; reduction was sustained over e Statistic (n1=277) __(n=262) 0.3. mmol,L in the Tl group = p=0.0022 * The mild/moderate hypoglycemic Insulin

Ny re T e ! A-h PPG from Time 0 (mmol/L, 12+03 | 23:03 0.0022 (ANCOVA 52 weeks (Figure 2). " R = ‘ ; : Tl Aspart
p = 0.0124). Conclusion: Compared ( ) (¢ ) (Fig ) Gender, number of subjects (%) | Male 146 (52.7) 136 (51.9) compared 10 2.3 + 0.3 mmol/Linthe | B 6 event rate wos‘hlghest during the 03) | (n=572)
with RAA in subjects with type 1 AWeight from Baseline (kg) -05+0.3 | +14+03 |p<0.0001 (ANCOVA) * HbAlc values in the Tl arm fell to Female 131 (47.3) 126 (48.1) RAA group, p = 0.0022 (ANCOVA). E ~ T Month 0-3 pe.rlod for both Tl and RAA  =wen Hypoglycemia EventRates
diabetes mellitus, Tl in combination | Total hypoglycemia (%) 86.01 9265 p=001242 8.21 £ 1.15% at Week 14 froma | age (years) Mean (:SD) | 379(131) | 382(133) The absolute PPG concentrations at | & o Insulin Aspart (n2) 2258; per 51‘?'“1"'"“:1“ e | subects with evets, n &2 | &2

i % ) ) . er subject-month, respectively). : :
with LAA resulted in comparable Mild/moderate hypoglycemia (%) |  85.67 92.65 p =0.00912 Bajel':e of 8.41 ‘tt0:92d/o, :h\:/ " BMI (kg/m?) Mean (+ SD) | 26.07(3.96) | 26.17 (3.64) 60 minutes were 9.2 mmol/L in “}e LS During the M:)nth 10-1 '2 pe':iod thz Event rate (number of events/subject-month) 1.81 1.85 | 01094
HbA1c reductions; more favorable | govere h o _ reduction was maintained ar Vvee HbATc (%) Mean (+SD) | 8.4 (0.9) 8.5 (1.0) group compared to 11.2 mmmol/L in - Severe Hypoglycemia Event Rates
ypoglycemia (%) 32.76 37.50 p=0.23872 52 (8.20 + 1.22%), p = 0.0281 event rates were 1.52 per subject-
T 3 T 1. P . . . the RAA group. . . o 96 102
1 -h. PPG Cjnd FPG,- 5|g.r3|f|cc1n'f|y less Hypoglycemia with s s oom ] Fasting plasma glucose (mmol/L) | Mean (+ SD) 10.4 4.7) 10.0 4.8) group 0 . “ “ w e m w m w month and 1.38 per subject-month for Subjects with events, n (%) . (3276) | (3750)
weight gain; and significantly less plasma glucose < 2.7 mmol/L (%) : : p=0 * HbATc values in the RAA arm fell to | pyration of diabetes (years) Mean (SD) | 181(115) | 187 (116) * At 120 minutes after dosing, mean R R B R B e 7 the Tl and RAA groups, respectively. Event rate (number of events/subject-month) 008 | 010 |01839
risk of hypoglycemia. - — - - 8.07 + 1.09% at Week 14 from PPG concentrations were similar Mean « SEM Time (minutes Nonsevere Hypoglycemia Event Rates
a Treatment comparison statistics (p values) are from a logistic regression N 251 252
s P gete res i a Baseline of 8.48 + 0.97%; the [MILTITEIA Mean Change from Baseline in HbAlc (%) between the Tl group (12.5 mmol/L) * In the Tl group, the ‘evef.“ m*es‘f"' Subjects with events, n (%) #5.67) | (92.65)
reduction was maintained at Over 52 Weeks (ITT Population) and the RAA group (12.4 mmol/L). severe hypoglycemlla d'd. not rise OVEr  ['Eyent rate (number of events/subject-month) 172 175 | 01424
BAC KGROUND AND A| MS Week 52 (7.99 + 1.07%), — 04 ™ ¢ PPG val ’ the course of the trial while the mean Hypoglycemia: < 63 mg/dL (3.5 mmol/L) or relevant symptoms alleviated by caloric intake
2 ¢ The range o values after daily Tl dose increased over 52 weeks. | Severe Hypoglycemia: Required glucagon injection, glucose infusion or assistance from another person
Providing physiologic mealtime insulin levels with respect to rapid onset and limited duration of action is « The overall mean daily dose of b 00 = 0.0281 P * The severe hypoglycemic event rate was highest for both groups in the Month 0-3 time period (0.15 per
needed for patients with type 1 diabetes. MannKind Corporation is currently developing the largine was com Gmyb|e in the £ 01 e he RAA groue, o e fhe meen TIvLAl | Total Bvents ° o 208 subject-month for Tl and 0.23 per subject-month for RAA) and declined thereafter. In the Month 10-12 period,
Tech here® Insulin Inhalation System for th trol of h | i in adults with diabetes. Tl i glarg P i change from Baseline, consistent with > 0-120 minutes 5 34 123 i i .
echnosphere™ Insulin Inhalation System tor the control ot hyperglycemia in adults wi labetes. 1lis + = N severe hypoglycemia event rates were 0.05 and 0.04 in the Tl and RAA groups, respectively.
2 treatment groups, 32.4 £ © the higher number of overall and
composed of recombinant human insulin adsorbed onto Technosphere® particles made from fumaryl 22.21U and 29.8 + 12.8 IU for £ 02 X . > 120-360 minutes 5 30 85 L L . -
diketopiperazine powder. Ti particles are ideally sized for inhalation info the deep lung. Once inhaled " . T and RAR S g severe hypoglycemic events in that A+ LAl ol Evert I 5 250 * At Week 52, the event rates for hypoglycemia with cognitive impairment were identical between treatments:
. . ' e [l an groups, T 03 time period for RAA-treated subjects otal Events 0.01 per 100 subject-months.
Tl dissolves immediately upon contact with the lung surface and the insulin is rapidly absorbed into the respectively. 2 at all of the meal challenges (Table 3) 0120 mimtes . 18 P P |
- . . . . . . . " <0.0001 :
systemic circulation with a t,,, of approximately 14 minutes in subjects with type 1 diabetes. S 04 P _ Pulmonary Safety Profil
+ E : > 120-360 minut 13 65 161 Yy y Frorile
Consequently, the metabolic effects of Tl achieve maximum effect substantially earlier than has been :_I LAIIJ'M W";s c?mp:l;th;lelfo RIAA o Early postprandial glucose control minutes Pulmonary safety monitoring was performed throuahout the rial and at follow-up. There were no
reported for other insulins. In clinical studies, the majority of the glucose-lowering effect of Tl is In reducing clevels = 08 ' was significantly better in the An event of hypoglycemia < 36 mg/dL is also included in < 49 mg/dL and < 63 mg/dL . Y N Y 9 P 9 . . p-
. . . . . L . over 52 weeks of freatment. 2 =T ~= Insulin Aspart Tl differences in the observed mean changes from Baseline to Week 52 in FEV,, FVC, and TLC between
delivered in the first 3 hours postdose, thereby reducing the risk for and the incidence of hypoglycemia. O 06 group. N X
I ; 1 Diff . Baseline 14 2 38 52 the Tl and RAA groups. Overall, observed mean changes from Baseline to Week 52 in tested
reatment Difference in (n1 =277, (n1=272, (n1 =224, (n1 =210, (n1 =202, . . . R .
M ATERIALS AND M ETHODS ! e e o S A U Treatment Difference in Body Weight pulmonary parameters for either treatment group were small
Fasting Plasma Glucose Mean + SEM Time (weeks) Subjects in the Tl group lost an average Figure 5. Mean Change from Baseline in Body Weight (kg)
This was a prospective, multi-country, multicenter, open-l.cbel, randomized, comrolled. clinical trial Mean FPG concentrations of 0.5 * 0.3 kg over the 52-week at Week 52 (ITT Population)
comparing glycemic control in subjects with T1 DM receiving basal insulin and prandial Tl with subjects decreased significantly in the TI Figure 3 e e (e Beralie (0 2 e treatment period, compared to an CONCLUS|ONS
receiving basal insulin and Fi g Srody Dest group compared to the RAA Over 52 Weeks (ITT Population) average gain of 1.4 £ 0.3 kg in the B 28 -7
subcutaneous (sc) RAA. Subijects igure 1. tudy Design group, p = 0.0012 (ITT RAA group (ITT Population) (Figure 5). :E' 24 = Insulin Aspart e Tl + LAl was comparable to RAA + LAl in reducing HbAlc levels over 52 weeks of treatment.
. - . © 00
in;egg/g thzt:q]l ]hgzi/on :bhALIC TI + Basal Insulin Follow-up Population) over the 52-week % T (o) * The treatment difference was -1.8 kg § 2.0 e Tl + LAl provided a statistically significant lower FPG and 1-h PPG and significantly less total

.0% and < 11.0% and ha ) ; ; : L . R

been mocximoining a troecxtment Screening and 4 ireamment Zel::wd (Figure Sf) q;d g 0.5 - Insulin Aspart (n2) and was statistically significant by a - 16 hypoglycemia in the context of weight neutrality.

Randomization as assesse a prespecitie e . -
regimen of insulin < 1.4 IU/kg/day. Mixed ModerRequte'zl E 10 prespecified ANCOVA analysis 2 12 * Total and severe hypoglycemia event rates decreased over the course of the trial in Tl + LAI-
Prandial RAA in Prandial RAA in R Measure analysis. «E - (p <0.0001). § 038 treated subjects despite a concurrent increase in daily Tl doses.
combination with once-daily basal Insulin Aspart + Basal Insulin  Follow-up g o * The mean body weight loss in the Tl 2 o4y S ¥ p<0.0001 * Body weight difference between groups was statistically significant (p <0.0001) with a
insulin is considered standard of S * The LS Means change from 5 -20 p=0.0012 group was not statistically significant £ oo treatment difference of -1.8 kg.
care for management of T1 DM week| 3 2 [-1 o1 2 310 52 56 Baseline was -2.0 *+ 0.18 mmol/L 5 (p = 0.1102), but the mean body weight 5
and served as the internal control in the Tl group and -1.1 * 3 25 gain in the RAA group was significant % 04 * Mean change from Baseline (Week 0) in body weight was not statistically significant for the

Visit  Visit Visit Visit Visit Visit Visit Vst 0.18 mmol/L in the RAA group. £ (p <0.0001) £ 08 Tl arm (p = 0.1102), while mean body weight gain for the insulin aspart arm was significant
for this study. The trial was 1 23 4 7 9 12 13 £ : . &) . r
£ 30

conducted in an open-label fashion - - * Both treatment groups showed a O) Tl + LAl was weight neutral while RAA -1.2 (p <0.0001).

Screening @y Treatment Period Follow-up . . o 0 14 26 38 52 . . ; . . . .
because of the visibly different Titration Period  Weeks 0-52 Weeks 52-56 continuous FPG reduction from L 35 Baseline 4 % 5 + LAl was associated with weight gain. — Time (weeks) * Based on the results from this trial, subjects with T1 DM treated with sc insulin can be safely

H lean £

routes of treatment administration: Randomization Bassine Yook d | | Voek 20 ook 52 Baseline over 52 weeks. o f226727j 1= 2252), (o= 223137) o f:gg)v and effectively transferred to Tl in combination with basal insulin, achieving clinical benefits in
inhalation for Tl and sc injection Challenge| [Challenge Challenge Voo s SEM Time (weeks) FPG and weight.

for RAA.
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