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OBJECTIVE

To confirm efficacy and safety of fast-acting insulin aspart (faster aspart) versus
insulin aspart (IAsp), bothwith basal insulin degludec, in a pediatric populationwith
type 1 diabetes.

RESEARCH DESIGN AND METHODS

After a 12-week run-in, this treat-to-target, 26-week, multicenter trial randomized
participants (1 to <18 years) to double-blind mealtime faster aspart (n = 260),
mealtime IAsp (n = 258), or open-label postmeal faster aspart (n = 259). The primary
end point was change from baseline in glycated hemoglobin (HbA1c) after 26weeks
of treatment. All available information regardless of treatment discontinuation was
used for the evaluation of treatment effect.

RESULTS

Atweek26,mealtimeandpostmeal faster aspartwerenoninferior to IAsp regarding
change from baseline in HbA1c (P < 0.001 for noninferiority [0.4% margin]), with a
statistically significant difference in favor of mealtime faster aspart (estimated
treatment difference 20.17% [95% CI 20.30; 20.03], 21.82 mmol/mol [23.28;
20.36]; P = 0.014). Change from baseline in 1-h postprandial glucose increment
significantly favoredmealtime faster aspart versus IAsp at breakfast, main evening
meal, and over all meals (P < 0.01 for all). No statistically significant differences in the
overall rate of severe or blood glucose–confirmed hypoglycemia were observed.
Mean total daily insulin dose was 0.92 units/kg for mealtime faster aspart, 0.92
units/kg for postmeal faster aspart, and 0.88 units/kg for mealtime IAsp.

CONCLUSIONS

In children and adolescents with type 1 diabetes, mealtime and postmeal faster
aspart with insulin degludec provided effective glycemic control with no additional
safety risks versus IAsp. Mealtime faster aspart provided superior HbA1c control
compared with IAsp.
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Type 1 diabetes is a common chronic
disease of childhood and adolescence
(1,2). In 2017, more than 1,106,500 chil-
dren were living with type 1 diabetes
globally, and this number is predicted to
rise (3). Although guidelines for manage-
ment of children and adolescents with
type 1 diabetes have lowered glycated
hemoglobin (HbA1c) targets from,7.5%
to as low as#6.5% (4–7), findings from a
clinical registry suggest that the majority
of patients are not meeting the ,7.5%
treatment target (8).
Intensive insulin regimens are recom-

mended to achieve glycemic targets in
children and adolescents with type 1
diabetes (4,5), resulting in better glyce-
mic control and reduced risk of chronic
complications (9–11). However, chal-
lenges associated with insulin therapy
in this age-group include marked post-
meal glycemic excursions (12). Although
the increased use of basal-bolus regi-
mens helps to improve HbA1c levels in
children (4), there remains an unmet
need for faster-acting mealtime insulins
that more closely mimic endogenous
prandial insulin action, as absorption kine-
tics of currently available options (insu-
lin lispro, insulin aspart [IAsp], and
insulin glulisine) are inadequate to
achieve optimal postprandial glucose
(PPG) control (5,13–15).
Fast-acting insulin aspart (faster as-

part) is a new formulation of IAsp con-
taining the added excipients niacinamide
and L-arginine. Findings in children and
adolescents demonstrated that after in-
jection, onset of appearance occurred
approximately twice as fast (5–7 minutes
earlier) and the early glucose-lowering
effect was 78–147% greater for faster
aspart compared with IAsp (16). In terms
of glycemic control in adults with type 1
diabetes, mealtime and postmeal faster
aspart, in combination with either insulin
detemir or insulin degludec, have con-
sistently been found to be noninferior to
mealtime IAsp in terms of change in
HbA1c, with significant improvements
in PPG control with mealtime adminis-
tration (17,18). Furthermore, the reduc-
tion in HbA1cwithmealtime faster aspart
in combination with insulin detemir was
statistically significantly different versus
mealtime IAsp (18).
The purpose of the onset 7 trial was to

evaluate the efficacy and safety profile
of faster aspart administered atmealtime
or postmeal compared with mealtime

IAsp, both combined with insulin deglu-
dec, in children and adolescents with
type 1 diabetes. The trial was designed
to quantify a population average effect
for participants with type 1 diabetes ir-
respective of adherence to random-
ized treatment and use of ancillary
therapies.

RESEARCH DESIGN AND METHODS

Trial Design
This 26-week, phase 3, multicenter, ran-
domized, double-blind, parallel-group
trial (ClinicalTrials.gov, reg. no.
NCT02670915) compared the efficacy
and safety of mealtime faster aspart
versus mealtime IAsp, both in combina-
tion with insulin degludec, in children and
adolescents with type 1 diabetes. The
trial also included an open-label treat-
ment arm with participants receiving
postmeal faster aspart in combination
with insulin degludec (Supplementary
Fig. 1). The trial included 150 sites across
17 countries (Supplementary Data). Ran-
domization was stratified by age-group
($1 to ,3 years, $3 to ,6 years, $6
to ,12 years, and $12 to ,18 years)
based on participant age at randomiza-
tion. Follow-up occurred 7 and 30 days
after the end of treatment. The trial was
conducted in accordance with the Dec-
laration of Helsinki and the International
Conference on Harmonization of Good
Clinical Practice.

Study Population
Eligible participants were aged 1 to
,18 years at randomization (2 to
,18 years in Serbia) with type 1 diabetes
and receiving basal-bolus treatment
(using a basal analog or NPH insulin)
for $90 days prior to screening. Partic-
ipants were required to have an HbA1c
#9.5% (80 mmol/mol) and be willing to
not use real-time continuous glucose
monitoring (CGM) during the trial.

A subgroup of participants at selected
sites used a blinded CGM and received
two standardized meal tests during the
trial. Eligible participants were$8 years
of age at screening and had demon-
strated an ability and willingness to
use the flexible bolus dosing principles
based on carbohydrate counting, as
judged by the investigator.

Exclusion
Participants were excluded if they had
known or suspected hypersensitivity to

trial products or related products, antic-
ipated initiation or change in concomi-
tant medication for more than 14 days
known to affect weight or glucose me-
tabolism (e.g., orlistat, thyroid hor-
mones [treated hypothyroidism allowed],
or corticosteroids), had received treat-
ment with any medication for the in-
dication of diabetes or obesity other
than stated in the inclusion criteria in
the 90 days before screening, or expe-
rienced more than one episode of dia-
betic ketoacidosis requiring hospitalization
within the last 90 days prior to screening.
Females who were pregnant, planning to
become pregnant, or breastfeeding were
excluded (see Supplementary Data for
full criteria).

Treatment Interventions

Basal Insulin

After a 2-week screening period, partic-
ipants underwent a 12-week run-in, dur-
ing which time participants switched
from their previous basal insulin to in-
sulin degludec (100 units/mL, 3-mL pen
injector) with dose optimization based
on protocol-specified guidelines (Supple-
mentary Table 1). Insulin degludec was
administered once daily at any time of
day but preferably at the same time
each day. During run-in, the dose was
titrated weekly by the investigator to a
prebreakfast target of 4.0–8.0 mmol/L
(71–145 mg/dL), with any further ad-
justments made at the investigator’s
discretion.

Bolus Insulin

During run-in, all participants switched to
IAsp (with a calculated basal/bolus ratio
between 50:50 and 30:70), and the dose
was adjusted only when considered
necessary by the investigator. After
run-in, participants with HbA1c #9.5%
(#80 mmol/mol) were randomized 1:1:1
to receive double-blind mealtime faster
aspart, double-blind mealtime IAsp,
or open-label postmeal faster aspart.

Bolus insulin (faster aspart or IAsp
supplied as 100 units/mL, 3-mL pen in-
jector with 0.5-unit increments) was
administered at each of the three
main meals (i.e., breakfast, lunch, and
main evening meal). Mealtime doses
were injected 0–2 min before the meal,
whereas postmeal doses were injected
20 min after the start of the meal. Addi-
tional bolus dosing was allowed at the
investigator’s discretion.
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During the 26-week treatment
period, bolus insulin was titrated to a
preprandial target of 4.0–8.0 mmol/L
(71–145 mg/dL) and a bedtime target
of 6.7–10 mmol/L (120–180 mg/dL) in
a treat-to-target approach. Participants
(along with parents/guardians) dosed
bolus insulin using flexible dosing prin-
ciples based on carbohydrate counting
or using a predefined bolus-dosing
algorithm (Supplementary Table 2). For
participants adequately trained in the
principles of flexible bolus dosing, bolus
dose adjustment was conducted sev-
eral times daily in accordance with
insulin-to-carbohydrate ratios and a
plasma glucose correction factor. For
participants using the predefined bolus-
dosing algorithm (Supplementary Table
2), bolus dose titration was performed
once weekly based on the lowest pre-
meal and bedtime plasma glucose val-
ues measured on the 3 days prior to a
site visit/contact.

Self-Measured Blood Glucose
Participants were supplied with a blood
glucose (BG) meter (Abbott Precision
Neo or Precision; Abbott Laboratories,
Chicago, IL), factory calibrated to dis-
play plasma equivalent glucose values,
and were instructed to record date, time,
and value of all self-measured blood
glucose (SMBG) measurements relating
to four- and eight-point profiles and
hypoglycemic episodes. Four-point pro-
files (before each main meal [breakfast,
lunch, and main evening meal] and bed-
time) were recorded daily for insulin
titration purposes. Eight-point profiles
were recorded on the two consecutive
days prior to visits at weeks 0, 12, and
26 (protocol described in Supplementary
Table 3).

CGM and Meal Test
Participants in the CGM subgroup used
a blinded device (Dexcom G4) for 11–
13 days before randomization and
from 11 to 13 days before the end
of the 26-week treatment period. Par-
ticipants were instructed to use the
CGM according to the manufacturer’s
guidelines regarding calibration. This
subgroup had two standardized liquid-
meal tests in connection with CGM
wearing at baseline (week 0) and at
end of treatment (week 26). Test meals
were avoided on the 1st and 7th day
after sensor insertion.

Standardized Meal Test
Participants attended the meal test in
a fasted state with a plasma glucose of
4.0–8.8 mmol/L (71–160 mg/dL). Before
randomization at baseline (week 0), a
bolus dose of IAsp was administered
(calculated by dividing carbohydrate
content by the participant’s insulin-to-
carbohydrate ratio), followed by inges-
tion of a standardized liquid meal (1.5 g
carbohydrates/kg body weight at base-
line, to a maximum of 80 g of carbo-
hydrates). Blood samples were taken
immediately before the meal test (22
min) and after 30 min, 1 h, and 2 h (0 h
defined as the start of meal consump-
tion). The liquid-meal test was repeated
at week 26 using the participant’s study
medication and the same insulin dosing
and carbohydrate consumption as at
baseline. Participants randomized to
postmeal dosing received their bolus
dose 20 min after starting the last
meal test.

End Points
The primary end point was change from
baseline in HbA1c 26 weeks after ran-
domization. Key supportive secondary
end points included change from base-
line to week 26 in the following: PPG and
PPG increment (eight-point SMBG pro-
file), mean of the eight-point SMBG pro-
file, fasting plasma glucose (FPG), and
1,5-anhydroglucitol (1,5-AG). Key sup-
portive secondary safety end points
included treatment-emergent adverse
events, treatment-emergent hypogly-
cemic episodes, change in body weight,
and insulin dose. A nonexclusive list of
predefined end points is provided in
Supplementary Table 4.

Statistical Methods
All primary and secondary efficacy end
points were summarized and analyzed
using the full analysis set, unless other-
wise stated. Safety end points were
summarized using the safety analysis
set and analyzed using the full analysis
set, unless otherwise stated. All efficacy
end points, except insulin dose, were
assessed using the in-trial observation
period and repeated using the on-
treatment observation period. Insulin
dose was only presented using the
on-treatment observation period.

The primary objective of the trial was
to confirm the effect of treatment with
mealtime faster aspart in terms of

glycemic control measured by change
from baseline in HbA1c 26 weeks after
randomization by comparing it to treat-
ment with mealtime IAsp, both in com-
bination with insulin degludec, using a
noninferiority approach in children and
adolescents with type 1 diabetes. The
trial also aimed to confirm the effect of
treatment with postmeal faster aspart
as measured by change from baseline
in HbA1c 26 weeks after randomization
and to confirm superiority of mealtime
faster aspart versus IAsp. This was done
following a stepwise hierarchical proce-
dure (Supplementary Tables 5 and 6).
Noninferiority (primary end point) was
confirmed if the upper boundary of the
two-sided 95% CI was #0.4%. The sam-
ple size was determined to ensure suf-
ficient power for the first step and the
second step in the hierarchical testing
procedure.

Change in HbA1c from baseline to
26 weeks was analyzed with a statistical
model using multiple imputations where
participants with missing data at sched-
uled visits had their HbA1c values im-
puted using available information from
the treatment arm to which the partic-
ipant had been randomized. A similar
statistical model, but with the corre-
sponding baseline value as covariate,
was used to analyze change from base-
line to 26 weeks in PPG and PPG incre-
ments and mean of the eight-point
profile. The multiple imputation model
was also used to analyze FPG and 1,5-AG,
except with baseline FPG and baseline
1,5-AG as covariates, respectively. End
points related to the meal test and CGM
were analyzed using an ANOVA model,
including treatment, region, and strata
(age-group at randomization [$1 to ,3
years,$3 to,6 years,$6 to,12 years,
and $12 to ,18 years]) as factors and
the corresponding baseline values as
covariate. The number of treatment-
emergent severe or BG-confirmed hy-
poglycemic episodes (all, daytime,
and nocturnal), as well as treatment-
emergent severe or BG-confirmed hy-
poglycemic episodes in relation to time
since start of meal with time intervals
up to 4 h was analyzed using a negative
binomial regression model.

For end points summarized by age
subgroup, the $1 to ,3 and $3 to
,6 years age-groups were merged be-
fore database lock due to the small
number of participants ,3 years of
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age. Further details on the statistical
methods for the primary and secondary
end points, the observation periods, and
the sample size calculation are provided
in the Supplementary Data.

RESULTS

Trial Participants
Participants (n = 777) were randomized
to mealtime faster aspart (n = 260),
mealtime IAsp (n = 258), or postmeal
faster aspart (n = 259), and all were
exposed to study medication. A total
of 760 participants (97.8%) completed
the trial, and 756 participants (97.3%)
completed the 26-week treatment pe-
riod without premature discontinuation
of randomized treatment (Supplementary
Fig. 2). The number of participants who
withdrew from the trial or discontin-
ued randomized treatment was dis-
tributed similarly across treatment
arms (Supplementary Fig. 2). Baseline
demographic and disease characteris-
tics were similar between the three
treatment arms (Table 1). In total,
464 participants (60.0%) used flexible
dosing principles based on carbohy-
drate counting at baseline, with a sim-
ilar number of participants in each
treatment arm.

Efficacy
Change in HbA1c during run-in and treat-
ment periods is described in Fig. 1.
Mealtime and postmeal faster aspart
were both noninferior to mealtime
IAsp with regard to change from base-
line in HbA1c 26 weeks after random-
ization (estimated treatment difference
[ETD] mealtime 20.17% [95% CI 20.30;
20.03], 21.82 mmol/mol [23.28;

20.36]; postmeal 0.13% [20.01; 0.26],
1.40 mmol/mol [20.06; 2.86]; one-sided
P , 0.001 for noninferiority). Change
from baseline in HbA1c with mealtime
faster aspart was superior to mealtime
IAsp (P = 0.007).

No considerable differences in change
from baseline in HbA1c were observed
between treatment armsacrossdifferent
age subgroups (Supplementary Fig. 3). In
an exploratory post hoc analysis, the
change from baseline in HbA1c was in-
dependent of age across treatments
(Supplementary Fig. 4).

The odds of achieving HbA1c ,7.5%
(58.5 mmol/mol) were not statistically
significantly different with mealtime or
postmeal faster aspart compared with
mealtime IAsp (Supplementary Table 7).

SMBG
The eight-point SMBG profiles at baseline
and week 26 are shown in Fig. 2A. No
statistically significant difference in mean
SMBG was observed with mealtime or
postmeal faster aspart compared with
mealtime IAsp (Supplementary Table 7).
Change from baseline in 1-h PPG at
breakfast, lunch, and over all meals
was statistically significantly in favor of
mealtime faster aspart versus mealtime
IAsp (Supplementary Table 7). Change
from baseline in 1-h PPG at lunch, main
evening meal, and over all meals was
statistically significantly in favor of meal-
time IAsp versus postmeal faster aspart
(Supplementary Table 7). With regard to
change from baseline in 1-h PPG incre-
ment, the ETDs (95% CI) were statisti-
cally in favor of mealtime faster aspart at
breakfast, main evening meal, and over
all meals versus mealtime IAsp, and

statistically in favor of mealtime IAsp
only over all meals (and not for any
individualmeals) versus postmeal faster
aspart (Supplementary Table 7).

CGM and Meal-Test Subgroup Results
The baseline characteristics of this sub-
group (n = 135) were similar across
treatment arms (Supplementary Table
8). Mean prandial interstitial glucose
(IG) profiles by individual meal at base-
line and week 26 are shown in Fig. 2B.
Results of the statistical analysis of
the mean IG increments are shown in
Supplementary Fig. 5. Change from base-
line in 1-h and 2-h IG increment 26 weeks
after randomization was statistically sig-
nificantly in favor of mealtime faster
aspart versus mealtime IAsp at breakfast,
main evening meal, and over all meals
(Supplementary Table 7), similar to the
findings of the 1-h postprandial SMBG
profiles. Change from baseline in 1-h IG
increment was statistically significantly in
favor of mealtime IAsp versus postmeal
faster aspart over all meals (but not for
any individual meal). Change in 2-h IG
increment was statistically significantly in
favor of mealtime IAsp versus postmeal
faster aspart for breakfast, lunch, and
over all meals (Supplementary Table 7).

There was a statistically significantly
greater reduction from baseline in mean
IG peak after start ofmeal withmealtime
faster aspart versus mealtime IAsp at
breakfast (ETD 21.29 mmol/L [95% CI
22.22;20.35],223.19 mg/dL [240.02;
26.36]; P = 0.007) and lunch (21.00
mmol/L [21.91; 20.08], 217.96 mg/dL
[234.43; 21.49]; P = 0.033), but no
statistically significant changes were ob-
served after the main evening meal or

Table 1—Baseline characteristics

Faster aspart (mealtime),
n = 260

Faster aspart (postmeal),
n = 259

IAsp (mealtime),
n = 258

Sex, male, n (%) 134 (51.5) 137 (52.9) 148 (57.4)

Age, n (%) 11.7 (3.7) 11.6 (3.7) 11.7 (3.4)
$1 and ,6 years 16 (6.2) 16 (6.2) 14 (5.4)
$6 and ,12 years 100 (38.5) 100 (38.6) 101 (39.1)
$12 and ,18 years 144 (55.4) 143 (55.2) 143 (55.4)

BMI (kg/m2) 19.7 (3.8) 19.7 (4.0) 19.6 (3.8)

Diabetes duration (years) 4.5 (3.5) 4.4 (3.2) 4.3 (3.1)

HbA1c (%) 7.6 (0.8) 7.6 (0.8) 7.5 (0.8)
mmol/mol 59.3 (8.7) 59.4 (9.1) 58.8 (9.1)

FPG central lab (mmol/L) 7.6 (3.6) 8.0 (3.4) 7.8 (3.5)
mg/dL 136.7 (64.2) 144.6 (60.3) 140.4 (62.7)

Carbohydrate counting, n (%) 152 (58.5) 156 (60.2) 156 (60.5)

Results are presented as arithmetic means (SD) unless otherwise stated.
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across the mean of all meals; no statis-
tical differences were reported between
postmeal faster aspart and mealtime
IAsp (Supplementary Table 7). At week
26, the percentage of time spent in target
IG range (4.0–10.0 mmol/L [71–180
mg/dL]) was 53% with mealtime and
postmeal faster aspart and 51% with
mealtime IAsp, whereas time spent in
low IG (#3.9 mmol/L [#70 mg/dL]) was
;6.0% in all treatment arms. The mean of
the coefficient of variation in the IG profile
was similar from baseline to week 26 for
all treatments (Supplementary Table 7).
PPG increment results at baseline and

26 weeks after randomization are pre-
sented in Supplementary Fig. 6. There
was no statistically significant difference
between mealtime faster aspart and
mealtime IAsp in change from baseline
after 26 weeks in 30-min, 1-h, or 2-h PPG
increment (Supplementary Fig. 6). A sta-
tistically significant difference in favor
of mealtime IAsp versus postmeal faster
aspart was reported at 30 min (ETD
1.64 mmol/L [95% CI 0.72; 2.56],
29.6 mg/dL [13.1; 46.1]; P = 0.001), 1 h
(2.77 mmol/L [1.32; 4.22], 49.9 mg/dL
[23.8; 76.0]; P , 0.001), and 2 h
(2.59 mmol/L [0.56; 4.62], 46.7 mg/dL
[10.1; 83.3]; P = 0.013). Similar results
were obtained with regard to changes
in PPG (data not shown).

Other Secondary End Points
Mean FPG was relatively stable across
the three treatment arms from baseline
to week 12 and to week 26; however, a

large variation in the results was ob-
served due to participant difficulty in
handling the FPG home blood sampling
kit. No significant difference was re-
ported for mealtime faster aspart or
postmeal faster aspart versus mealtime
IAsp in change from baseline to week
26 in FPG (Supplementary Table 7).

After 26 weeks, change from baseline
in 1,5-AG was statistically significantly
in favor of mealtime faster aspart
compared with mealtime IAsp (ETD
0.52 mg/mL [95% CI 0.09; 0.95], P =
0.018). There was no statistically signif-
icant difference in 1,5-AG between the
postmeal faster aspart and mealtime
IAsp arms (Supplementary Table 7).

Safety
Hypoglycemia rates are presented in
Table 2. The overall rate of severe or
BG-confirmed hypoglycemic episodes
was comparable between mealtime
faster aspart and mealtime IAsp, and
also between postmeal faster aspart
and mealtime IAsp (estimated rate ratio
for both comparisons 1.11 [95% CI
0.90; 1.37]). There was no statistically
significant difference in daytime or noc-
turnal (2300–0700 h, inclusive) severe or
BG-confirmed hypoglycemia with meal-
time faster aspart versus mealtime IAsp
(estimated rate ratios 1.10 [95% CI 0.89;
1.35] and 1.29 [0.93; 1.79], respectively).
Daytime severe or BG-confirmed hypo-
glycemia was not statistically different
between postmeal faster aspart and
mealtime IAsp (estimated rate ratio

1.07 [95% CI 0.86; 1.32]), although noc-
turnal severe or BG-confirmed hypo-
glycemia was statistically significantly
different in favor of mealtime IAsp (esti-
mated rate ratio 1.50 [95% CI 1.09; 2.08],
P = 0.014). Meal-related hypoglycemia
rates are also shown in Table 2.

After 26 weeks of treatment, esti-
mated change in body weight was
+2.2, +1.9, and +2.2 kg with mealtime
faster aspart, postmeal faster aspart, and
mealtime IAsp, respectively, with no
statistical differences between treat-
ment arms (Supplementary Table 9).
Mean and median daily bolus insulin
doses increased as expected in childhood
over the study by similar amounts across
all treatment arms (Supplementary Table
9), with no major change in the basal/
bolus ratio 26 weeks after randomization
(Supplementary Table 9).

No clinically relevant differences were
observed in the adverse event profiles
across treatment groups during the
26-week treatment period (Supplemen-
tary Table 10) or with regard to vital
signs, antibody measurements, injection
site reactions, bodymeasurements (BMI,
body weight, and height), physical ex-
amination, Tanner staging, and safety
laboratory assessments (biochemistry,
hematology, lipids, and urinalysis).

CONCLUSIONS

The primary objective of this trial was
confirmed, demonstrating that mealtime
faster aspart was noninferior to meal-
time IAsp in terms of change in HbA1c
26 weeks after randomization in children
and adolescents with type 1 diabetes.
Furthermore, for the same end point,
mealtime faster aspart was confirmed to
be superior to IAsp, and postmeal faster
aspart noninferior to IAsp. Glycemic con-
trol, assessed by eight-point SMBG and
CGM IG profiles 26 weeks after random-
ization, demonstrated a significant im-
provement in 1-h PPG and IG increment
over the mean of all meals with meal-
time faster aspart compared with IAsp,
although this was not demonstrated
in a subgroup of patients following a
standardized liquid-meal test. Compared
with faster aspart administered 20 min
after a meal, changes in SMBG and IG
increments were found to be generally in
favor of mealtime IAsp. The change from
baseline in 1,5-AG also significantly fa-
vored mealtime faster aspart over IAsp,
supporting a reduction in postprandial

Figure 1—Mean HbA1c over time. During run-in, observed mean HbA1c was reduced from 7.8%
(61.3 mmol/mol) to 7.6% (59.3 mmol/mol) for participants subsequently randomized to mealtime
faster aspart, from 7.7% (60.4 mmol/mol) to 7.5% (58.8 mmol/mol) for those randomized
tomealtime IAsp, and from7.7% (60.8mmol/mol) to 7.6% (59.4mmol/mol) for those randomized
to postmeal faster aspart. At the end of the 26-week treatment period, mean HbA1c was 7.6%
(59.9mmol/mol), 7.8% (61.3mmol/mol), and7.9% (63.0mmol/mol) in themealtime faster aspart,
mealtime IAsp, and postmeal faster aspart arms, respectively. Faster aspart (mealtime): IAsp
(mealtime) ETD at week 26 –0.17% (95% CI20.30;20.03), *P = 0.014. Faster aspart (postmeal):
IAsp (mealtime) ETD at week 26 0.13% (95% CI –0.01; 0.26), P = 0.061. Noninferiority of mealtime
and postmeal faster aspart versus mealtime IAsp confirmed (P value from the one-sided test for
noninferiority with 0.4% margin evaluated at the 2.5% level: P , 0.001). Error bars: 6SE. All
available information regardless of treatment discontinuation was used.
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hyperglycemic excursions with mealtime
faster aspart. Over the course of the
study, the incidence of overall hypogly-
cemia was similar between treatments.

There were no differences in timing of
hypoglycemia (daytime or nocturnal) be-
tween mealtime faster aspart and IAsp,
although nocturnal hypoglycemia was

reportedmore often with postmeal faster
aspart versus IAsp.We observed nomajor
difference in insulin dosing across the
three groups.

Table 2—Treatment-emergent hypoglycemic events

Faster aspart (mealtime) Faster aspart (postmeal) IAsp (mealtime)

n % E R n % E R n % E R

Treatment-emergent hypoglycemia
Severe* 3 1.1 3 0.02 8 3.1 8 0.06 4 1.6 4 0.03
Severe or BG confirmed 228 87.4 3,583 27.91 227 88.0 3,594 28.15 217 84.1 3,276 25.66
Daytime 226 86.6 3,187 24.82 224 86.8 3,117 24.42 217 84.1 2,963 23.21
Nocturnal† 112 42.9 396 3.08 125 48.4 477 3.74 104 40.3 313 2.45

Meal-related severe or BG-confirmed hypoglycemia
Within 1 h after a meal 64 24.5 119 0.93 46 17.8 66 0.52 62 24.0 105 0.82
Within 2 h after a meal 161 61.7 717 5.58 136 52.7 505 3.96 147 57.0 601 4.71
Within 4 h after a meal 200 76.6 1,777 13.84 201 77.9 1,782 13.96 191 74.0 1,668 13.07

Safety analysis set. %, percentage of participants; E, number of events; R, event rate per patient-year of exposure. Treatment emergent was defined as an
event that had onset up to 1 day after the last day of randomized treatment and excluding the events occurring in the run-in period. BG-confirmed
hypoglycemia was defined as an episode with a plasma glucose value of ,3.1 mmol/L (,56 mg/dL) with or without symptoms consistent with
hypoglycemia. *Severe according to ISPAD 2014. †Nocturnal severe or BG-confirmed hypoglycemia was statistically significantly different in favor
of mealtime IAsp vs. postmeal faster aspart (estimated rate ratio 1.50 [95% CI 1.09; 2.08], P = 0.014).

Figure 2—Glucose profiles at baseline and 26 weeks after randomization with SMBG (A) and CGM (B). Error bars: 6SE in A. SMBG profiles are
plasma equivalent glucose values.
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These findings are in general align-
ment with similar studies in adults with
type 1 diabetes (17,18). When adminis-
tered as part of a basal-bolus regimen
with insulin detemir (onset 1), meal-
time faster aspart was associated with
a statistically significant improvement
in HbA1c with IAsp after 26 weeks of
treatment (ETD20.15% [95%CI20.23;
20.07], 21.62 mmol/mol [22.50;
20.73]; P = 0.0003) and a superior re-
duction in 2-h PPG increment (meal test)
(20.67 mmol/L [21.29;20.04],212.01
mg/dL [223.33;20.70]; P = 0.0375) (18).
In participants receiving insulin degludec
(onset 8), noninferiority was demon-
strated for change from baseline in
HbA1c withmealtime and postmeal faster
aspart versus IAsp, and mealtime faster
aspart was superior to IAsp for 1-h
PPG increment (meal test) (ETD 20.90
mmol/L [21.36; 20.45], 216.24 mg/dL
[224.42;28.05]; P, 0.001) (17). Rates
of overall severe or BG-confirmed hy-
poglycemia were comparable between
treatments across both previous trials,
although differences in meal-related hy-
poglycemia were reported (17,18).
The findings reported here with faster

aspart in combination with insulin de-
gludec are clinically important given the
need for exogenous insulin replacement
to mimic physiology as closely as possible
in children and adolescents (5). Inter-
national Society for Pediatric and Ado-
lescent Diabetes (ISPAD) guidelines
recommend bolus insulin administration
before meals (5), and the current study
shows glycemic control to be significantly
improved with mealtime faster aspart
compared with IAsp. Previous studies
suggest that postprandial administration
of bolus insulin can be a safe, effective
alternative in children and adolescents
(19). The current trial shows that post-
meal faster aspart is noninferior to IAsp in
terms of HbA1c control, with a compa-
rable risk of overall hypoglycemia, which
supports user flexibility without compro-
mising overall HbA1c control. However,
there were higher postprandial BG levels
during the meal test with postmeal faster
aspart compared with mealtime IAsp,
indicating that flexibility of postmeal ad-
ministration comes at the cost of less
tight postprandial glycemic control and
that mealtime dosing is generally pref-
erable with high-carbohydrate meals
(such as the liquid meal used in the
meal test).

The rate of nocturnal severe or BG-
confirmed hypoglycemic episodes was
also higher with postmeal faster aspart
versus mealtime IAsp. These episodes
occurred predominantly from 2200 to
0100 h and 0600 to 0700 h, with no
noticeable differences at other times
during the night.

This is the first study to evaluate
efficacy and safety of an ultra–fast-acting
insulin analog in children and adoles-
cents. Strengths of the study include
the large patient sample and high re-
tention rate. Insulin degludec was opti-
mized during a 12-week run-in period to
enable assessment of the study bolus
insulin, and a double-blind design (open-
label for postmeal faster aspart) and use
of several glycemic measures, including
SMBG and CGM, allowed a thorough
efficacy assessment.

During the run-in, a reduction in mean
HbA1c was observed for participants
subsequently randomized to each of
the three treatment groups, and
HbA1c was close to the treatment target
of 7.5% (58 mmol/mol) at baseline. Dur-
ing the treatment period, HbA1c re-
mained stable in the mealtime faster
aspart group and increased in the IAsp
and postmeal faster aspart groups.
The lack of further HbA1c reduction
may be partly due to a reluctance to
intensively titrate insulin dose in this
relatively well-controlled population
due to fear of hypoglycemia. A similar
initial reduction followed by a flat or
increasing HbA1c level has been observed
in other pediatric trials (20,21), whichmay
reflect the challenges of diabetes man-
agement and insulin therapy in children
and adolescents with type 1 diabetes
(12,22,23).

Limitations of the study include the
use of a home-sampling kit to measure
FPG, which participants found challeng-
ing and may have led to variation in
the results, and the small sample of
trial participants for some assessments
(liquid-meal test and CGM end points).
In addition, the prespecified identical
dosing of insulin during the liquid-meal
test at week 0 (baseline) and 26may have
obviated the opportunity to identify dif-
ferences in PPG excursions at week 26.
Nonetheless, the CGM IG values are likely
more reflective of real-life experiences
than the liquid-meal test and demon-
strated lower excursions with mealtime
faster aspart compared with IAsp.

Conclusion
The continuous improvement in long-
term glycemic control, management of
hypoglycemia risk, and dosing flexibility
with intensified insulin therapy is imper-
ative in children and adolescents. The
onset 7 trial demonstrated a significant
improvement in change in HbA1c from
baseline with mealtime faster aspart
versus mealtime IAsp and noninferior
HbA1c control with postmeal administra-
tion of faster aspart compared with
mealtime IAsp in children and adoles-
cents with type 1 diabetes. Furthermore,
postprandial hyperglycemia was signifi-
cantly reduced with mealtime faster
aspart versus IAsp, and overall hypogly-
cemia and safety profiles were compa-
rable across all treatments.
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