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Glycemic Outcomes of Use of CLC

Versus PLGS in Type 1 Diabetes: A
Randomized Controlled Trial

Diabetes Care 2020;43:1822-1828 | https://doi.org/10.2337/dc20-0124

OBJECTIVE

Limited information is available about glycemic outcomes with a closed-loop control
(CLC) system compared with a predictive low-glucose suspend (PLGS) system.

RESEARCH DESIGN AND METHODS

After 6 months of use of a CLC system in a randomized trial, 109 participants with
type 1 diabetes (age range, 14-72 years; mean HbA,, 7.1% [54 mmol/mol]) were
randomly assigned to CLC (N = 54, Control-IQ) or PLGS (N = 55, Basal-1Q) groups for
3 months. The primary outcome was continuous glucose monitor (CGM)-measured
time in range (TIR) for 70-180 mg/dL. Baseline CGM metrics were computed from
the last 3 months of the preceding study.

RESULTS

All 109 participants completed the study. Mean = SD TIR was 71.1 *+ 11.2% at
baseline and 67.6 = 12.6% using intention-to-treat analysis (69.1 = 12.2% using
per-protocol analysis excluding periods of study-wide suspension of device use)
over 13 weeks on CLC vs. 70.0 = 13.6% and 60.4 = 17.1% on PLGS (difference =
5.9%; 95% Cl 3.6%, 8.3%; P < 0.001). Time >180 mg/dL was lower in the CLC group
than PLGS group (difference = —6.0%; 95% Cl —8.4%, —3.7%; P < 0.001) while
time <54 mg/dL was similar (0.04%; 95% Cl —0.05%, 0.13%; P = 0.41). HbA, . after
13 weeks was lower on CLC than PLGS (7.2% [55 mmol/mol] vs. 7.5% [56 mmol/
mol], difference —0.34% [—3.7 mmol/mol]; 95% Cl —0.57% [—6.2 mmol/mol],
—0.11% [1.2 mmol/mol]; P = 0.0035).

CONCLUSIONS

Following 6 months of CLC, switching to PLGS reduced TIR and increased HbA,.
toward their pre-CLC values, while hypoglycemia remained similarly reduced with
both CLC and PLGS.

Achieving glycemic goals is a challenge not often met in people with type 1 diabetes
and requires a balance between lowering glucose into target range, i.e., time in range
(TIR), while simultaneously avoiding hypoglycemia (1,2). Insulin delivery systems with
low-glucose suspend features are in clinical use to avoid hypoglycemia but, due to
their one-sided action, these systems would not be expected to improve TIR or HbA, .
(3,4).

More recently, closed-loop control (CLC) systems have been developed to improve
TIR in addition to decreasing hypoglycemia (5,6). We conducted a 6-month
randomized clinical trial (RCT) of a CLC system, Control-IQ, that was demonstrated to
safely improve glycemic control compared with sensor-augmented pump therapy (7).
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This CLC system, which consists of an
insulin pump (t:slim X2 insulin pump
with Control-IQ Technology; Tandem Di-
abetes Care, San Diego, CA) and a contin-
uous glucose monitor without required
fingerstick calibration (Dexcom G6; Dex-
com, Inc., San Diego, CA), uses an algorithm
thatis a third-generation descendant of the
University of Virginia closed-loop system,
later referred to as inControl by TypeZero
Technologies (Charlottesville, VA) (7-9). In
the trial, mean TIR for glucose of 70—
180 mg/dL increased with CLC by 2.6
h/day compared with a sensor-augmented
pump (P < 0.001). Significant reductions
were also seen in HbA;. and continuous
glucose monitor (CGM) metrics for hyper-
glycemia and hypoglycemia. There were
no severe hypoglycemic events in either
group, and one episode of diabetic ketoa-
cidosis (DKA) occurred in the CLC group.
At the conclusion of the 6-month RCT,
to compare CLC and a state-of-the-art
comparator group, participants in the
CLC group who elected to continue in
the extension study were randomly

assigned to either continue CLC or switch
to a predictive low-glucose suspend
(PLGS) system (Basal-1Q; Tandem Diabe-
tes Care) that used the same insulin
pump and CGM. Herein, we report the
results from this randomized CLC versus
PLGS comparison with further testing of
the efficacy of CLC against a comparator
group using a device in increasingly com-
mon use in type 1 diabetes.

RESEARCH DESIGN AND METHODS

The study was conducted at seven U.S.
diabetes centers. The protocol, which
was conducted under an investigational
device exemption from the U.S. Food and
Drug Administration, was approved by a
central institutional review board, and
written informed consent was obtained
as required including a parental consent
and assent for participants age 14 to <18
years.

The 6-month RCT preceding this exten-
sion study enrolled individuals =14 years
old with a clinical diagnosis of type 1 di-
abetes who were treated with insulin for

Table 1—Participant characteristics at time of randomization in this study by

treatment group

PLGS (N = 55) CLC (N = 54)
Age (years) 34 + 17 32 + 14
Diabetes duration (years), median (IQR) 16 (7, 31) 18 (8, 29)
BMI (kg/m?), median (IQR) 25 (23, 29) 26 (23, 30)
Sex, female 25 (45) 28 (52)
Race, white* 46 (87) 46 (87)
Hispanic or Latino ethnicity 7 (13) 6 (11)
Annual household incomet
<$50,000 5 (11) 5 (12)
$50,000 to <$100,000 13 (30) 8 (19)
=$100,000 26 (59) 29 (69)
Highest education level¥
Less than a bachelor’s degree 8 (15) 8 (15)
Bachelor’s degree 23 (42) 26 (49)
Advanced degree 24 (44) 19 (36)
Insurance, private§ 51 (94) 49 (92)
HbA;., % (mmol/mol)
Baseline of the preceding RCT 73 *08 75+ 11
(56 = 8.7) (58 + 12.0)
At randomization for this trial 71+08 70 08
(54 = 8.7) (53 = 8.7)
CGM in TIR 70-180 mg/dL in the
preceding RCT (%)
Baseline 61.8 * 16.7 59.1 = 18.3
During 26 weeks 713 * 12.7 71.6 = 10.7

Data are mean = SD or n (%) unless otherwise indicated. *Two patients in the PLGS group and one
inthe CLCdid not provide race information. tThere were 11 patientsinthe PLGS group and 12 in the
CLCgroup who did not provide income information. ¥The highest level completed by the patient or
by the primary caregiver if the patient was <18 years old. One patient in the CLC group did not
provide education information. §0ne patient in the PLGS group and one in the CLC group did not

provide insurance information.

Brown and Associates

at least 1 year by pump or multiple daily
injections. See Brown et al. (7) for a com-
plete listing of eligibility criteria.

Of the 112 participants in the CLC
group in the preceding study, 109 con-
sented to continue in the extension
phase. Each participant was randomly
assigned 1:1, using a permuted block
design stratified by clinical site, to con-
tinue CLC or to switch to PLGS. The CLC
system or PLGS system was provided to
each participant. Although fingersticks
were not required for calibration of the
CGM, participants received a blood glu-
cose meter (Roche Accu-Chek Guide;
Roche Diabetes Care, Indianapolis, IN).
Ablood ketone meter (Abbott Precision
Xtra; Abbott Diabetes Care, Alameda,
CA) was provided as well.

The primary outcome was CGM-measured
TIR during the 13 weeks of the study.
Other relevant outcomes included
CGM-measured time <70 mg/dL and
HbA,.. Phone contacts were made after
1 week and 2 weeks only for the partic-
ipants switching from CLC to PLGS, with
review of downloaded device data and
diabetes management changes made as
indicated. HbA;. was measured at ran-
domization and after 13 weeks by a
central laboratory at the University of
Minnesota Advanced Research and Di-
agnostic Laboratory. Reportable adverse
events included serious adverse events,
adverse events occurring in association
with a study device or procedure, severe
hypoglycemia (defined as hypoglycemia
requiring assistance due to altered con-
sciousness), DKA as defined by the Di-
abetes Control and Complications Trial
(10), and hyperglycemia with ketonemia
for which a health care provider was
contacted. After the 13-week visit (which
was the only visit in the trial), all partic-
ipants were given the option to use CLC
until the time that it was commercially
available (data not reported).

Statistical Methods

As noted in the report on the main RCT
results (7), Control-IQ use was tempo-
rarily suspended for about 4 weeks dur-
ing the extension study, which affected
50 of 54 participants in the CLC group.
Intention-to-treat analyses were con-
ducted without exclusion of the data
fromthis period, and per-protocol anal-
yses for primary and closed-loop use
outcomes were performed with the data
from this suspension period excluded.
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(C).

Baseline CGM metrics were com-
puted using the last 13 weeks of the
main RCT. The primary outcome, CGM-
measured TIR 70-180 mg/dL, was com-
pared between groups using a linear
mixed effects regression model. Similar
analyses were conducted for other
CGM and HbA;. metrics. Modification
of the treatment effect by baseline var-
iables was assessed by including an in-
teraction term in the models described
above. All models and reported treatment
group differences included adjustment for
the baseline level of the dependent vari-
able, age, and clinical center (random
effect).

At the End of Preceding RCT
(Baseline) - both groups on CLC

At 13-week Follow-up —
Randomly assigned CLC or PLGS

Figure 1—CGM % TIR 70-180 mg/dL (A) and % time <54 mg/dL (B) prior to preceding RCT, during
last 13 weeks of preceding RCT, and during 13 weeks of current RCT. Corresponding HbA values

Descriptive statistics include mean
with SD and median with interquartile
range (IQR) depending on the distribu-
tion of data. All Pvalues are two-tailed.
There was no formal adjustment for
multiplicity. Analyses were performed
using SAS 9.4.

RESULTS

Between 17 January 2019 and 9 April
2019, 109 participants were randomly
assigned to continue CLC (N = 54) or to
switch to PLGS (N = 55). Mean age was
33 £ 16 years (range 14-72 years), and
mean HbA;. was 7.1% *= 0.8% (54 =*
8.7 mmol/mol) (range, 5.5-9.9% [37—

85 mmol/mol]). The groups appeared
balanced on baseline characteristics
(Table 1). The 13-week primary out-
come was completed by all 109 partic-
ipants (Supplementary Fig. 1).

Median CGM use was 97% (IQR 95%,
98%) in the CLC group and 97% (94%,
98%) in the PLGS group. Median closed-
loop use in the CLC group was 67% (60%,
79%) overall but 88% (83%, 91%) when
excluding the 4-week period in which use
of CLC was suspended. Aside from the CLC
suspension period, the main reason for CLC
being inactive while CGM was in use was
related to connectivity issues between the
CGM and pump. Mean number of finger-
sticks per day was 0.8 = 1.2 in the CLC
group and 1.0 = 1.3 in the PLGS group
(median, 0 and 1, respectively).

Overall, TIR 70-180 mg/dL was 59.1
+ 18.3% prior to the preceding RCT,
71.1 = 11.2% during the last 13 weeks
of the preceding RCT, and 67.6 = 12.6%
during the 13 weeks of this study in the
CLC group; and it was 61.8 = 16.7%,
70.0 £ 13.6%, and 60.4 * 17.1%, respec-
tively, in the PLGS group (risk-adjusted dif-
ference during 13 weeks of study = 5.9%;
95% Cl 3.6%, 8.3%; P < 0.001) (Table 2,
Fig. 1A, Fig. 2A, and Supplementary Figs.
2 and 3). In a per-protocol analysis ex-
cluding the 4-week period of Control-IQ
suspension, the TIR 70-180 mg/dL in the
CLC group during this study was 69.1 =
12.2%, and the risk-adjusted treatment
group difference compared with the
PLGS group was 7.5% (95% Cl| 5.3%,
9.8%; P < 0.001). CGM hyperglycemia
metrics were lower with CLC than PLGS
while hypoglycemia metrics were similar
in the two groups (Table 2, Fig. 1B, and
Fig. 2B). Similar results were seen for
daytime and nighttime (Supplementary
Tables 1A and 1B). TIR 70-180 mg/dL
outcomes in subgroups are provided in
Supplementary Table 2.

Mean HbA,. was 7.48 = 1.10% (58 *
12 mmol/mol) prior to the start of the
preceding RCT, 7.05 = 0.78% (54 =*
8.5 mmol/mol) at the start of this study,
and 7.18 = 0.80% (55 * 8.7 mmol/mol)
at 13 weeks in the CLC group and 7.35 *+
0.83% (57 = 9.1 mmol/mol), 7.06 == 0.77%
(54 = 8.4 mmol/mol) and 7.53 = 1.14%
(59 * 12.5 mmol/mol), respectively, in
the PLGS group (adjusted treatment
group difference —0.34% (95% ClI —0.57%,
—0.11%; P = 0.0035) (Fig. 1C and
Supplementary Table 3). There was no
difference between groups in daily
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‘ Figure 2—Envelope plots during current RCT. CGM % TIR 70-180 mg/dL (A) and % time <54 mg/dL

(B).

insulin amount (P = 0.25) or weight
change (P = 0.39) (Supplementary
Table 4).

There were no severe hypoglycemia or
DKA events in either group. Three reportable
episodes of hyperglycemia with ketosis
occurred in the PLGS group, with two
being due to infusion set failure and one
being associated with illness (kidney
stone), and none occurred in the CLC
group (Supplementary Table 5).

CONCLUSIONS

This multicenter randomized trial in peo-
ple with type 1 diabetes is the first large
randomized trial comparing PLGS versus
CLC, with both systems using the same
sensor and insulin pump. Thus, the only
difference between the two systems was
the control strategy (predictive PLGS vs.
CLC). The trial found that participants who
continued using CLC for an additional
3 months, on average, generally main-
tained the TIR improvement seen during
the prior RCT, while participants who
transitioned to use of PLGS for 3 months
had, on average, approximately a 10%
reduction in their TIR to levels similar to
their pre-CLC levels. There were no differ-
ences in hypoglycemia between the two

systems; thus, the TIR improvement on CLC
was primarily due to reduction in hyper-
glycemia via active control of insulin de-
livery compared with passive PLGS. The
improved TIR in the continued CLC group
was accompanied by lower HbA;. levels
compared with the PLGS group. Therefore,
this multicenter study provides further
evidence of efficacy and safety of this
CLC system versus a state-of-the art com-
parator group.

Studies using PLGS report similar hy-
poglycemia reduction, and most (11,12)
but not all studies (3) report no sub-
stantial increase in hyperglycemia. CLCin
contrast has the potential to further
improve TIR and reduce hyperglycemia,
and these results are consistent with
prior studies using the same CLC (7).
In addition, the specific CLC algorithm
has a design feature of tightening over-
night control by lowering the target to
112.5-120 mg/dL in the morning and, as
such, has more pronounced improve-
mentsin glycemic control overnight com-
pared with PLGS. These results are
consistent with a prior study of evening
versus daytime use of CLC (13), and they
show that there is a significant oppor-
tunity for daytime CLC improvement via
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more aggressive postprandial strategies
as long as hypoglycemia reduction is
maintained.

Similar to the main RCT, CLC was active
close to a median of 90% of the time
(when the CLC suspension period dueto a
software issue was excluded), and me-
dian CGM use was more than 95% of the
time. The results were achieved with per-
formance of very few blood glucose meter
measurements. Given users’ concerns over
the complexity of CLC systems, these re-
sults are relevant and may reflect the ease
of use of the system.

Strengths of the study included a pro-
tocol that mirrored the amount of con-
tact that might occur in real-world use
of a CLC system, i.e., a single visit after
3 months, no remote monitoring, a high
participant retention rate, and a high
degree of adherence to the treatment
assignment. In addition, no other large
studies have compared CLC to PLGS
systems that are in clinical use and
none to our knowledge that are using
the same platforms. As noted in report-
ing the results of the RCT preceding this
study, the interpretation of the results
must be viewed in the context of the
participant characteristics and the set-
ting of a university-based diabetes centers,
as well as the fact that all participants were
experienced with the use of a CGM and
this specific CLC system, having com-
pleted the prior RCT.

In conclusion, the results of this study
demonstrate that switching to PLGS fol-
lowing 6-months of CLC reduced TIR and
increased HbA,. toward their pre-CLC val-
ues, while hypoglycemia remained simi-
larly reduced with both CLC and PLGS.
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