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Abstract

Background: Highly variable insulin sensitivity, susceptibility to hypoglycemia and

inability to effectively communicate hypoglycemic symptoms pose significant chal-

lenges for young children with type 1 diabetes (T1D). Herein, outcomes during clini-

cal MiniMed™ 670G system use were evaluated in children aged 2–6 years

with T1D.

Methods: Participants (N = 46, aged 4.6 ± 1.4 years) at seven investigational centers

used the MiniMed™ 670G system in Manual Mode during a two-week run-in period

followed by Auto Mode during a three-month study phase. Safety events, mean A1C,

sensor glucose (SG), and percentage of time spent in (TIR, 70–180 mg/dl), below

(TBR, <70 mg/dl) and above (TAR, >180 mg/dl) range were assessed for the run-in

and study phase and compared using a paired t-test or Wilcoxon signed-rank test.

Results: From run-in to end of study (median 87.1% time in auto mode), mean A1C

and SG changed from 8.0 ± 0.9% to 7.5 ± 0.6% (p < 0.001) and from 173 ± 24 to

161 ± 16 mg/dl (p < 0.001), respectively. Overall TIR increased from 55.7 ± 13.4% to

63.8 ± 9.4% (p < 0.001), while TBR and TAR decreased from 3.3 ± 2.5% to 3.2

± 1.6% (p = 0.996) and 41.0 ± 14.7% to 33.0 ± 9.9% (p < 0.001), respectively. Over-

night TBR remained unchanged and TAR was further improved 12:00 AM–6:00 AM.

Throughout the study phase, there were no episodes of severe hypoglycemia or dia-

betic ketoacidosis (DKA) and no serious adverse device-related events.

Conclusions: At-home MiniMed™ 670G Auto Mode use by young children safely

improved glycemic outcomes compared to two-week open-loop Manual Mode use.

The improvements are similar to those observed in older children, adolescents and

adults with T1D using the same system for the same duration of time.
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1 | INTRODUCTION

The incidence and prevalence of type 1 diabetes (T1D) in children

≤6 years of age have increased,1,2 and despite continued advances in

T1D care, glycemic control remains a challenge in young children.3

Known issues for this group include their low insulin requirements,

high insulin sensitivity, limited on-body real-estate for diabetes man-

agement device placement, and inability to recognize and communi-

cate symptoms of hypoglycemia.4–6 While continuous subcutaneous

insulin infusion pumps, continuous glucose monitoring (CGM), and

sensor augmented pump technologies have been shown to improve

glycemic outcomes for young children,7–9 only a minority meet the

recommended targets set by national and international diabetes

organizations.3,10

Feasibility and pivotal trials of automated insulin delivery systems

have demonstrated their safety and efficacy across a variety of

designs and patient populations.11–17 The Medtronic MiniMed™

670G system is available in several countries and pivotal trials have

demonstrated increased time in range (71–180 mg/dl) from 68.8

± 11.9% to 73.8 ± 8.4% (p < 0.001) in adults (22–75 years),15 60.4

± 10.9% to 67.2 ± 8.2% (p < 0.001) in adolescents (14–21 years),15

and 56.2 ± 11.4% to 65.0 ± 7.7% (p < 0.001) in children (7–

13 years).16 Recently, real-world use of the system by children aged

7–18 years showed improvements in A1C and TIR, as early as

1 month after use with outcomes maintained out to 12 months.18 In

the present study, results of the pivotal MiniMed™ 670G system trial

in children aged 2–6 years are reported.

2 | METHODS

This single-arm trial conducted at seven sites in the United States

involved a staged enrollment of, at least, 20 children (ages 2 to

<7 years) with T1D for ≥3 months, an A1C <10%, prior insulin pump

therapy for ≥3 months +/� CGM experience before screening, and a

daily requirement of ≥8 units of insulin. The staged enrollment specifi-

cally required a data safety monitoring committee determination of

study participation safety (based on the data review of 10 participants

aged 5–6 years) prior to the enrollment of participants <5 years of

age. Detailed study inclusion criteria are published elsewhere.16

The study device included the MiniMed™ 670G insulin pump and

Guardian™ CGM system (i.e., Guardian™ Sensor 3 glucose sensor with

Guardian™ Link 3 transmitter). The parent(s)/guardian(s) of eligible

participants were trained on system use and diabetes management

principles (e.g., treatment of hyperglycemia and hypoglycemia), before

study devices were worn or study start. Written informed consent

was obtained from participant parent(s)/guardian(s) in accordance

with the Code of Federal Regulations (CFR) Title 21, Part 50. The

study was registered with ClinicalTrials.gov (ID: NCT02660827).

During the 2-week run-in period, open-loop Manual Mode was

used without low glucose management and the active insulin time,

carbohydrate-to-insulin ratios, glucose targets, basal rates and sensi-

tivity factors were set by investigators. During the 3-month study

phase, Manual Mode was used for 6 days before Auto Mode was

enabled. Analyses were exploratory and p-values were determined

without multiplicity adjustment, as previously reported elsewhere.16

The primary glycemic endpoint was change in A1C from baseline

run-in to the end of study. Secondary descriptive endpoints included

comparisons of the following run-in and study phase metrics: mean

percentage of time at sensor glucose (SG) ranges (i.e., <50, <54, <70,

70–180, >180, >250, and >300 mg/dl), SG, SD of SG, coefficient of

variation (CV) of SG, total daily insulin dose (TDD), total basal and

bolus insulin, basal and bolus percentage, number of user-initiated

insulin boluses delivered, and body weight. Metrics were assessed for

the overall (24-h day) and overnight periods (i.e., 9:00 PM–12:00 AM,

12:00 AM–3:00 AM, and 3:00 AM–6:00 AM), where applicable.

Safety endpoints included the number of serious adverse events,

severe hypoglycemic and diabetic ketoacidosis events, serious

adverse device effects (SADEs) and unanticipated adverse device

effects (UADEs). Data values were analyzed using a paired t-test or

Wilcoxon signed-rank test where indicated, and analyses were per-

formed using SAS™ 9.4 (SAS Institute, Cary, NC).

3 | RESULTS

Of the 52 children enrolled, there were five screen failures, one

withdrawal during run-in, and a total of 46 (N = 20 female) who

entered the study phase. During the study phase, there was one

withdrawal. At baseline, study participants were 4.6 ± 1.4 years of

age with 2.9 ± 1.4 years T1D duration and an A1C of 8.0 ± 0.9%

(min-max, 6.0%–9.9%). Their weight, BMI (z-score) and TDD were

20.6 ± 4.0 kg, 16.7 ± 1.7 kg/m2 (0.6 ± 1.0) and 0.75 ± 0.13 units/kg/day,

respectively.

The median percentage of study phase CGM use and time spent

in Auto Mode was 92.9% and 87.1%, respectively, and Auto Mode

exits averaged 0.9/day. From run-in to end of study, A1C and 24-

h day SG, TIR and time in hyperglycemia were improved (p < 0.001,

for all), while time spent in hypoglycemia remained unchanged

(Table 1). The SD of SG was reduced from 65.3 to 63.3 mg/dl

(p = 0.024) and CV of SG was increased (p = 0.002), in part, due to

lowered SG. Study phase-enabled Auto Mode further increased TIR,

lowered SG and reduced the time spent in hyperglycemia during the

12:00 AM–6:00 AM aspect of the overnight period. These early morning

improvements were evident in the 24-h SG profile (Figure 1), where

run-in versus study phase SG quartile ranges varied most, with lower-

ing of the median study phase SG and an improved time in range from

midnight to 6:00 AM.

The 24-h day TDD and number of boluses administered did not

change during Auto Mode use (Table 1). However, the daily boluses

reduced from 0.5 ± 0.3/day to 0.3 ± 0.2/day (p = 0.008) and from

0.3 ± 0.3/day to 0.2 ± 0.1/day (p < 0.001), for the 12:00 AM–3:00 AM

and 3:00 AM–6:00 AM periods, respectively. While 24-h day basal insu-

lin delivery during study phase also remained unchanged (Table 1), it

increased during the 9:00 PM-3:00 AM overnight period and appeared

more comparable to that of run-in by 5:00 AM (Figure 1).
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F IGURE 1 The median and 10th through 90th percentile ranges for sensor glucose (top) and basal insulin delivered (bottom) are shown for
the 24-h day of the baseline run-in (gray band and dashed lines) and the Auto Mode-enabled study phase (pink band and solid lines), for the
intention to treat group (N = 46). Visually, and most notably during the overnight period (i.e., 9:00 PM–6:00 AM), study phase automated basal
insulin delivery is increased relative to preset basal insulin delivery during run-in open loop. The more variable and increased insulin delivery with
Auto Mode appear to partly underlie all percentile ranges of SG remaining within target range between approximately 5:00 AM–8:00 AM (i.e.,
waking hours). “R” is run-in and “S” is study phase
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3.1 | Safety

There was no serious adverse event during run-in or study phase.

There was no SADE, UADE, or episode of severe hypoglycemia or

DKA, during Auto Mode use. There were 10 episodes of device-

related severe hyperglycemia (blood glucose >300 mg/dl with ketones

>0.6 mmol/L or symptoms of nausea, vomiting or abdominal pain)

during run-in (0.824/100 user-days) and 39 during study phase

(0.841/100 user-days).

4 | DISCUSSION

This study demonstrated that 3-month at-home MiniMed™ 670G

system use was safe with no DKA or severe hypoglycemia, in a chal-

lenging and vulnerable population of very young children with T1D.

These findings build upon the safety profile demonstrated in the pre-

vious pivotal trials conducted in adults, adolescents, and children.15,16

Median CGM system use was high (92.9%, 22.3 h/day) and similar

to that observed in the 7–13 years cohort (90.9%, 21.8 h/day),16

while time spent in Auto Mode was higher (87.1% vs. 80.6%). Auto

Mode use improved glycemia when compared to run-in Manual

Mode use, as demonstrated by TIR that increased from 55.7 ± 13.4%

to 63.8 ± 9.4% and an associated decrease in A1C from 8.0 ± 0.9%

to 7.5 ± 0.6%, without change in hypoglycemia. Interestingly, a small

real-world analysis of long-term (6.3 ± 2.9 months) MiniMed™ 670G

system Auto Mode use by children (N = 16, aged 2–6 years) also

showed A1C improvement from 7.9 ± 1.1% to 7.4 ± 0.8% (p = 0.01)

and TIR improvement from 42.8 ± 15.3% to 56.2 ± 12.8%

(p < 0.001), although TBR increased from 1.3 ± 1.3% to 2.4 ± 2.1%

(p = 0.04).19

Auto Mode use revealed an increased and more variable insulin

delivery during the overnight period, which corresponded with reduc-

tions in SG from midnight to 6:00 AM. This difference in the extent of

insulin delivery, contrasted by less glucose variability (GV), was most

evident when viewed alongside Manual Mode use during run-in (Fig-

ure 1). A similar situation in overnight insulin delivery variability and

commensurate SG reduction was observed in the 7–13 years cohort

using the system, where insulin delivery ranged from “suspended” for
1.3 h up to the maximum allowed for an average of 3.6 h.20 This algo-

rithm-driven insulin delivery that addressed GV, an increasingly impor-

tant clinical marker associated with complications risk,21 appeared to

lower diabetes burden by reducing user-initiated boluses. It may, more

importantly, help reduce complications risk in youth who must man-

age diabetes for years to come.

Pilot safety and effectiveness studies in young children have

been performed on the t:slim X2™ with Control-IQ (Tandem, Diabe-

tes Care, San Diego, CA)17 and Omnipod™ Horizon (Insulet Corpora-

tion, Acton, MA) systems.22 The former studied 12 children (4.7

± 1.0 years with baseline A1C 7.3 ± 0.8%) during 48 h of supervised

hotel use followed by 72 h of at-home use and reported an improve-

ment in TIR from 61.7% to 76.5% (hotel) and 68.0% (at home). Hypo-

glycemia increased from 3.7% during run-in to 5.0% during the hotel

and then reduced to 1.5% at home. The Omnipod™ Horizon study

looked at 14 children (4.2 ± 0.9 years with baseline A1C 7.4 ± 1.0%)

during 48–72 h of supervised hotel use and reported TIR improve-

ment from 55.2% to 72.6%, and hypoglycemia that reduced from

5.1% to 2.9%.

The current study limitations include its open-label and non-ran-

domized design and shorter-duration run-in. Direct comparisons

between the present trial and the brief automated insulin delivery

pilot studies are difficult due to different study durations and levels of

supervision, and the better baseline glycemic control of participants in

the pilot studies. However, noteworthy trends within the challenging

young study populations include improvement in daily hypoglycemic

exposure to <4% and clinically significant increases in TIR. Further

analyses are warranted when more automated insulin delivery sys-

tems become available.

5 | CONCLUSION

MiniMed™ 670G system Auto Mode use for 3 months by children 2–

6 years of age versus open-loop therapy for 2 weeks was safe and

helped to improve glycemic control, similar to use observed in older

cohorts with T1D.
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