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1 | INTRODUCTION

In normal healthy people the liver is exposed to 100% of insulin
released by the pancreas through the portal vein.? A significant por-
tion of insulin released in response to meal intake is taken up by the
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Abstract

Aim: To investigate whether an increased bolus: basal insulin ratio (BBR) with
liver-targeted bolus insulin (Bol) would increase Bol use and decrease hypoglycaemic
events (HEv).

Patient Population and Methods: We enrolled 52 persons (HbAlc 6.9% + 0.12%,
mean + SEM) with type 1 diabetes using multiple daily injections. Hepatic-directed
vesicle (HDV) was used to deliver 1% of peripheral injected Bol to the liver. A 90-day
run-in period was used to introduce subjects to unblinded continuous glucose moni-
toring and optimize standard basal insulin (Bal) (degludec) and Bol (lispro) dosing. At
90 days, Bol was changed to HDV-insulin lispro and subjects were randomized to an
immediate 10% or 40% decrease in Bal dose.

Results: At 90 days postrandomization, total insulin dosing was increased by ~7% in
both cohorts. The —10% and —40% Bal cohorts were on 7.7% and 13% greater Bol
with 6.9% and 30% (P = .02) increases in BBR, respectively. Compared with baseline
at randomization, nocturnal level 2 HEv were reduced by 21% and 43%, with 54%
and 59% reductions in patient-reported HEv in the —10% and —40% Bal cohorts,
respectively.

Conclusions: Our study shows that liver-targeted Bol safely decreases HEv and
symptoms without compromising glucose control. We further show that with initia-
tion of liver-targeted Bol, the BBR can be safely increased by significantly lowering

Bal dosing, leading to greater Bol usage.

KEYWORDS
clinical trial, hypoglycaemia, insulin therapy, type 1 diabetes

liver, facilitating carbohydrate uptake by the liver and enabling gener-
ation of glycogen. Physiological prevention of hypoglycaemia is the
direct result of glucagon-activated hepatic glucose release after the
conversion of hepatic glycogen to glucose through glycogenolysis.>#

It is known that peripherally administered insulin does not reach the
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liver to a physiologically appropriate degree,” resulting in impaired gly-
cogen storage after eating and an inability to mobilize an adequate
release of hepatic glucose to counteract hypoglycaemia. For these
reasons, optimization of blood glucose levels requires restoration of
prandial insulin action during therapy of type 1 diabetes (T1D),* all-
owing insulin to act both on the liver and the peripheral tissues in a
more physiologically appropriate manner to lower blood glucose levels
and to protect from hypoglycaemia.

Studies with hepato-preferential pegylated insulin,”® peritoneal
insulin delivery that results in insulin delivery to the portal vein,” and
hepatic vein islet cell transplantation have all shown that insulin deliv-
ery to the liver significantly lowers the risk of hypoglycaemia in indi-
viduals with T1D.° While each of these approaches has shown
clinical efficacy, they are challenged by side effects that have limited
their clinical use or availability.1*12

Hepatic-directed vesicle (HDV) insulin, a novel liver-targeted
drug delivery system®* comprised of biotin phosphatidylethanol-
amine in a phospholipid matrix, has been shown to target subcuta-
neously injected insulin to the liver and provides more normal
insulin biodistribution by mimicking portal vein insulin delivery.
HDV was designed to efficiently deliver insulin to the liver through
the embedded biotinylated phosphatidylethanolamine into the
HDV complex. The insulin binds to the HDV complex through
charge interaction at the surface of HDV. Because most biotin
receptors in the body are contained in the liver, the HDV-insulin
complex is targeted to the liver. The increased potency and flat
dose-response of HDV for hepatic glucose balance, along with oral
glucose tolerance results in preclinical studies,*® support low-dose,
fixed combination (1% HDV-insulin, 99% unbound insulin)
treatment.'*

In the randomized, double-blinded, 6-month phase 2b ISLE-1
study, we showed that in participants with an HbAlc of 8.5% or
higher at baseline, the use of HDV-lispro decreased both time spent
in level 2 hypoglycaemia by 53% (minutes per day when blood glucose
was <54 mg/dl; measured by blinded continuous glucose monitoring
[CGM]) and HbA1c by 0.5%. Lispro alone had the same decrease in
HbAlc at the expense of increased risk of hypoglycaemia, with a
116% increase in time spent in level 2 hypoglycaemia.'® Unexpect-
edly, participants with baseline HbA1lc less than 8.5% exhibited no
effect on either HbAlc or level 2 hypoglycaemia with the use of
HDV-insulin lispro.

We designed the OPTI-1 study to better ascertain the potential
benefit of HDV-insulin in T1D in individuals with a baseline HbA1lc of
less than 8.5%, using unblinded CGM, and with a protocol-mandated
increase in the bolus: basal insulin ratio, implemented by a forced
reduction in basal insulin at the time of substituting HDV-insulin lispro
for insulin lispro. This treatment paradigm was chosen based on our
interpretation of the ISLE-1 study results, which suggest that subjects
with lower baseline HbAlc (<8.5%) are unlikely to alter their bolus
insulin-dosing regiments in the setting of blinded drug and blinded
CGM. We hypothesized that lowering basal insulin dosage at the initi-
ation of HDV-lispro treatment would encourage participants to more

aggressively uptitrate bolus HDV-lispro dosing. We further

hypothesized that if participants experienced fewer symptomatic or
CGM hypoglycaemic events as basal insulin was titrated, they would
continue to use a higher bolus: basal insulin ratio compared with
baseline.

To test these hypotheses, the OPTI-1 study was designed to
emulate an optimized clinical practice setting, in that participants were
provided with unblinded insulin and unblinded CGM during a
12-week run-in period to optimize insulin dosing of current formula-
tions of basal and bolus insulins, prior to transitioning to open-labelled

HDV-insulin with lowering of the basal insulin dose.

2 | DESIGN AND METHODS

21 | Design and participants
The OPTI-1 study (clinicaltrials.gov: NCT03938740) was a 24-
week, phase 2b, multicentre (eight US sites), randomized, open-
label trial in participants with T1D treated with multiple daily injec-
tions of insulin. The protocol was approved by independent ethics
boards and was compliant with the Declaration of Helsinki. The pri-
mary objective was to determine optimum basal insulin-dosing
algorithms for T1D treated with HDV-insulin lispro. The primary
endpoints were mean and median insulin doses (basal, bolus, total
daily and basal/bolus ratio).

The main inclusion criteria were: age 18-65years at time of
informed consent, T1D for at least 12 months, HbAlc of 6.5% or
higher and 8.5% or less, body mass index of 18.0 kg/m? or higher and

33.0 kg/m? or less, and treatment with rapid-acting insulin.

Assessed for eligibility = 87

Excluded (n = 30)
* Exclusion criteria (n = 18)
e Other (n=12)

Randomized (n = 57)

Allocation

}
40% basal reduction group (n = 28)

i
10% basal reduction group (n = 29)

Discontinued intervention
(withdrew consent, n = 1)

Analysed (n = 29) Analysed (n = 27)

FIGURE 1 Consort flow diagram for screening, enrolment and
completion of the OPTI-1 study

Discontinued intervention
(n=0)
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Characteristic

Sex
Male
Female
Race
White
Black or African American
Multiple
Ethnicity
Hispanic or Latino
Non-Hispanic or Latino
Age (y)
n
Mean (SD)
Median
Min, max
Weight (kg)
n
Mean (SD)
Median
Range
Height (cm)
n
Mean (SD)
Median
Min, max
BMI (kg/m?)
n
Mean (SD)
Median
Min, max
Time since T1D diagnosis (y)
n
Mean (SD)
Median

Min, max

Overall
(N =57)

34 (59.6%)
23 (40.4%)

53 (93.0%)
3(5.3%)
1(1.8%)

4 (7.0%)
53 (93.0%)

57
42.8 (13.03%)
43.0
18.0, 65.0

57
83.1(14.30)
82.9

51.4,108.6

57
173.9 (10.76)
176.4
155.0,192.0

57
27.4 (3.46)
26.7
19.8,35.3

56
21.3 (12.00)
18.3
3.1, 50.7

Basal insulin intervention group

TABLE 1 Summary of demographic
and baseline characteristics (safety set)

Reduced 10%
(N =29)

18 (62.1%)
11 (37.9%)

27 (93.1%)
1 (3.4%)
1(3.4%)

2 (6.9%)
27 (93.1%)

29
41.3 (12.00%)
42.0
20.0, 60.0

29
82.9 (14.58)
82.1
59.8,107.6

29
173.3(10.01)
176.4
157.0,191.0

29
27.6 (3.95)
26.7
20.8,35.3

28°
22.6 (10.67)
20.1
6.2,45.6

Reduced 40%
(N = 28)

16 (57.1%)
12 (42.9%)

26 (92.9%)
2(7.1%)
0

2(7.1%)
26 (92.9%)

28
44.4 (14.05%)
45.0
18.0, 65.0

28
83.4 (14.26)
83.4
51.4,108.6

28
174.5 (11.63)
176.6
155.0, 192.0

28
27.3(2.93)
27.0

19.8,31.8

28
20.0 (13.26)
151
3.1,50.7

Abbreviations: BMI, body mass index; Max, maximum; Min, minimum; SD, standard deviation; T1D,

type 1 diabetes.

2One participant did not have a reported start date for their T1D.

The notable exclusion criteria were: uncontrolled hypertension,

use of an insulin pump delivery system within 2 months prior to

screening, and nicotine use.

2.2 | Procedures

During the run-in period (the first 12 weeks of the study), participants
were provided with insulin lispro (prandial) and insulin degludec (basal,

morning injection), and an intensive insulin treatment plan was
reviewed. The last 6 weeks of the run-in period were considered to
represent ‘optimized standard of care’.

Following the run-in period, optimized bolus and basal doses
were recorded, and participants were randomized 1:1 into two groups
based on two stratification criteria: total daily insulin dose (<50
vs. 250 units/d) and the % of mean daily time for CGM-measured glu-
cose below 70 mg/dl during the 2 weeks prior to randomization
(<4.0% vs. 24.0%). Having optimized insulin dosing in the run-in
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period, all participants were switched from insulin lispro to HDV-
insulin lispro for all prandial dosing, and basal insulin dosing was
reduced by either 10% or 40% from the last recorded dose from the
run-in period prior to randomization. The first 6 weeks pos-
trandomization were considered to be the ‘HDV-insulin dosing opti-
mization period’, and the last 6 weeks of the period were considered
to represent ‘optimized HDV-insulin treatment’.

HDV-lispro was formulated by mixing 0.8 ml of HDV solution into
a 10-ml vial of commercial Humalog (Eli Lilly and Co.). Throughout the
study, basal dosing was titrated on a weekly basis to achieve a target
fasting blood glucose of 80-100 mg/dl. Participants wore unblinded
CGM devices (Dexcom G6 CGM along with a smart phone-based
application) for the entirety of the study period.

Vital signs, HbA1c, lipids, liver enzymes and C-peptide were mea-
sured at 12-week intervals (at screening, at randomization and at last
visit). Hypoglycaemia was assessed using CGM data and participant-
recorded (diary) events. Level 2 hypoglycaemic events were derived
from CGM records, as previously described.’” Briefly, the beginning of a
level 2 event was defined by three consecutive measures (15 minutes)
of blood glucose less than 54 mg/dl. The end of an event was defined
as three consecutive measures (15 minutes) of blood glucose more than
70 mg/dl. Participants presented every 3 weeks during the run-in period
and every 2 weeks during the treatment period, and were assessed by
site professionals via telephone between in-person visits to ensure that
dosing titrations were implemented and manageable.

2.3 | Statistical analysis

The full analysis set (FAS) includes all safety set participants
(defined as all enrolled participants who randomized, received any
HDV-insulin lispro treatment, who did not violate any exclusion cri-
terion, did not take a prohibited concomitant medication during the
study, and had at least one non-missing treatment period assess-
ment after visit 5). The FAS was used for all metrics reported
except for the safety analysis, which used the safety set (all
enrolled participants who were randomized and received any HDV-
insulin lispro). Statistical analyses were performed using t-test and

paired t-test where appropriate.

3 | RESULTS

Participants were randomly assigned to either treatment arm of the
study (n = 29, 10% basal insulin reduction; n = 28, 40% basal insulin
reduction; Figure 1). The baseline demographic data are listed in
Table 1. There were no significant differences between the —10%
basal and —40% basal cohorts for any of the baseline characteristics.

3.1 | Blood glucose control

Mean daily glucose (MDG) values (measured by CGM) during opti-
mized standard of care (visits 4-5), HDV-insulin lispro dosing

optimization (visits 6-8) and optimized HDV-lispro treatment (visits
9-11) for daytime and night-time are shown in Figure 2A. Comparing
MDG during HDV-lispro dosing optimization to optimized standard of
care revealed that decreasing basal insulin by 10% and 40% at ran-
domization resulted in mean increases in MDG of 5.6% and 9.5% over
the next 6 weeks, respectively. However, following titration of insulin
doses (both basal and bolus) during the HDV-insulin dosing optimiza-
tion period, no significant MDG differences (2.0% and 3.7% for the
10% and 40% basal insulin decrease groups, respectively) were found
between the optimized HDV-insulin treatment period (visits 9-11) and
the optimized standard of care period (visits 4-5).

HbA1c levels at baseline, randomization and at the end of the trial
are shown in Figure 2B. These data show that, on average, the popu-
lation studied achieved American Diabetes Association (ADA) goals of
HbA1c less than 7.0%.28 HbAlc was not part of the stratification for
randomization, and we observed a baseline imbalance for HbA1lc.
HbA1c levels for the —10% and —40% basal reduction cohorts were

(A)

180
170

160

150

Daytime: =Q=--10% basal =O=-40% basal

Mean daily gucose (mean + SD)

Night-time: - @-.-10% basal —@—-40% basal

140

Visit 4,5 Visit 6-8 Visit 9-11

(B)

75 ¢

—0—-10% basal

HbAlc (mean *SD)

—@—-40% basal

6.0

Visit 1 Visit 5 Visit 11

FIGURE 2 A, Mean daily glucose during the daytime (open
circles) and night-time (grey filled circles) at randomization (visits
4-5, last 45 days of run-in), during titration of basal dose (visits 6-8,
first 45 days of hepatic-directed vesicle [HDV] treatment) and
during optimized HDV treatment (visits 9-11, last 45 days of HDV
treatment) for subjects who decreased their basal insulin dose by
10% (dotted line) or 40% (solid line), and B, HbA1c at baseline (visit
1, baseline), randomization (visit 5, end of run-in) and study
completion (visit 11, end of HDV treatment) for subjects who
decreased their basal insulin dose by 10% (grey symbol) or 40%
(black symbol) at randomization (visit 5). Data represent

mean + SEM
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7.2% and 6.6%, respectively (average baseline HbAlc 6.9%), and
HbA1c levels did not change significantly from enrolment to randomi-

zation or at the end of the trial.

3.2 | |Insulin dosing

The data in Figure 3A-C show basal, bolus and total insulin dosing by
visit for participants who were randomized to either a 10% or 40%
decrease in basal dosing at visit 5. Also included in Figure 3D-F are
the % changes from baseline at visit 5 in insulin dosing by visit. The
baseline insulin values at visit 5 represent the optimized insulin dos-
ages achieved using unblinded CGM during intensive standard of care
insulin management with a basal dose titration goal of fasting blood
glucose of 80-100 mg/dl prior to randomization.

During HDV-insulin optimization following randomization,
basal dosing in the 40% decrease group was markedly decreased
and bolus dosing was increased. Basal dosing in the 10% decrease
basal group was increased above baseline within 2 weeks following

Basal insulin

(D)

randomization (visit 5 to visit 6), as was the bolus HDV-insulin
lispro dosing in this group. Over the course of the 12-week period
after randomization, basal dosing was titrated and ended the study
at 0.37 and 0.34 units/kg/d in the 10% and 40% basal reduction
cohorts, respectively, representing net 8.8% and 3.0% increases
compared with the end of the standard of care optimization phase
(Figure 3A,D). Bolus HDV-insulin lispro dosing was increased to a
greater extent over baseline in the 40% decrease basal cohort early
after randomization compared with the 10% decrease basal cohort
(Figure 3B,E). Participants in both groups continued to titrate their
bolus HDV-insulin lispro at a greater dosing level than baseline
lispro at visit 5. HDV-lispro bolus dosing at the end of the study
was 0.28 and 0.26 units/kg/d in the 10% and 40% basal reduction
cohorts, respectively, representing 7.7% and 13% increases above
insulin lispro doses at the end of optimized standard of care (Figure
3C,F).

The final total insulin dosing was 0.62 and 0.58 units/kg/d in the
10% and 40% basal reduction cohorts, respectively, representing
6.9% and 7.4% increases (Figure 3C,F) compared with the end of the

Basal insulin

-0--10 -@~-40

—@—-10% basal
—@—-40% basal

01 | I N N R E— |
5 6 7 8 9 10 11 5 6

Bolus insulin

Bolus insulin

FIGURE 3 A, Basal, B, Bolus,

Insulin dose (units/d/kg), mean = SEM
% change from randomization

and C, Total insulin dose (units/kg/d)
at visits 5 through 11 for subjects who
decreased their basal insulin dose by
10% (grey symbol) or 40% (black
symbol) at randomization (visit 5). Data
represent mean + SEM. Percentage
change in D, Basal, E, Bolus, and F,
Total insulin dose at visits 5 through
11 relative to dose at randomization
(visit 5). Data are for subjects who
decreased their basal insulin dose by

Total insulin

10% (grey symbol) or 40% (black

(©) Total insulin (F)
0.7 ¢
0.6 k
0.5
0.4 . . . . . )
5 6 7 8 9 10 11

Visit number

6 7 8 9 10

Visit number

11

symbol) at randomization (visit 5). Data
represent mean % change per cohort
at designated time point
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standard of care optimization phase (visit 5). Participants in the 40%
basal reduction cohort had a 30% increase in bolus: basal ratio from
visits 4-5 to visits 9-11 from 0.50 + 0.76 to 0.65 + 1.02 (P = .04),
whereas the 10% basal reduction cohort had a 6.9% increase in bolus:
basal ratio from 0.43 + 0.62 to 0.46 + 0.70.

At the end of the study compared with visit 5, there was a signifi-
cant (P = .02) decrease in weight in participants in the 40% basal
reduction (mean + SD, —0.6 + 2.4 kg) compared with the 10% basal
reduction cohort (0.5 + 2.8 kg).

3.3 | Episodes of level 2 hypoglycaemia

The data in Figure 4 depict the rate of level 2 hypoglycaemic events per
week for daytime (Figure 4A) and night-time (Figure 4B) measured by
CGM as a function of phase of the trial and the % change relative to the
rate of level 2 hypoglycaemia at the time of randomization (Figure 4C,D).
It should be noted that the groups were treated as a single group prior to
randomization. It is noteworthy that both groups had very similar levels
of level 2 hypoglycaemia at randomization (Figure 4A,B).

Immediately following the decrease in basal dosing, there was a
50% decrease in level 2 hypoglycaemic events in the 40% basal insulin
reduction cohort at both daytime and night-time (Figure 4C,D). While
this decrease could be a result of the reduction in basal insulin, it is
more probably attributable to the introduction of HDV-lispro, because
subjects increased their bolus insulin such that at all times subjects
were taking more total insulin compared with randomization
(Figure 3C,F). Importantly, despite increasing basal, bolus and total
insulin levels (Figure 3), in the presence of HDV-insulin lispro, the
level 2 nocturnal hypoglycaemia rate was maintained as markedly
lower at the end of the trial than it was at randomization (21% and

43% [P = .11] less for the 10% and 40% basal reduction cohorts,
respectively). The effects of HDV-lispro on daytime reductions of
level 2 hypoglycaemic events were 0% and 17% decreases for the
10% and 40% basal reduction cohorts, respectively.

Figure 5A depicts the % change in diary-recorded hypoglycaemic
events based on symptoms relative to baseline at visit 5, just before
randomization. The baseline number of events at randomization was
1.6 events per week across all participants. Hypoglycaemic symptoms
rapidly decreased following decreasing basal insulin levels, but symp-
tomatic hypoglycaemia continued to decrease throughout the trial
despite titration of basal and bolus insulin that resulted in an increase
in total insulin at the end of the trial (Figure 3).

The data in Figure 5B show that for all participants in the trial,
25 participants at randomization had no level 2 hypoglycaemic events
and that this number increased by 24% to 31 participants at the end
of the trial despite participants being on a greater amount of insulin
(Figure 3) and with no increase in mean daily glucose or HbAlc
(Figure 2). The number of participants with one to three events a
week decreased by 41% from 22 to 13.

Safety monitoring during the trial disclosed no safety signals with
specific reference to liver function testing, cholesterol and triglyceride
levels (Table 2).

4 | DISCUSSION

In the current study we show that the addition of HDV to mealtime
insulin lispro at a concentration that binds 1% of the insulin in the vial
resulted in a clinically meaningful decrease, especially at night-time, in
both level 2 hypoglycaemic events measured by CGM and symptom-
atic hypoglycaemic events in individuals with T1D. This study follows

(A) Daytime (€) Daytime
20 ¢ 10
FIGURE 4 Number of S —0—-10% basal 0 :
level 2 hypoglycaemic events per % 15 } —@—-40% basal -10 |
week during A, Daytime and B, Night- + 20 |
time for subjects who decreased their Aqﬁ) 1.0 f 30 |
basal insulin dose by 10% (grey () g
symbol) or 40% (black symbol) at E 05 F 5 -40
randomization (visit 5). Measures are 2 b -0
at randomization (visit 5), during g 00 — — — ' Q -60
titration of basal dose (visits 6-8) and q>) Visits4,5  Visits6-8  Visits 9-11 e Visits4,5  Visits6-8  Visits 9-11
during optimized hepatic-directed :’ ,_g
vesicle (HDV) treatment (visits 9-11). é (B) gJD
Data represent mean + SEM. % Night—time %
Percentage change in C, Daytime O 20 - < 10
. . > o
and D, Night-time level 0 © 0 |
2 hypoglcyemic events relative to 8_ 15 F ° -10
event rate at randomization (visits > -20
4-5). Data are for subjects who < 10 }
(o] -30
decreased their basal insulin dose by <
10% (grey symbol) or 40% (black > 05 } -40
symbol) at randomization (visit 5). Data 2 -50
represent mean % change per cohort 0.0 T T " -60 L
at designated time point Visits 4,5 Visits 6-8  Visits 9-11 Visits 4,5 Visits 6-8  Visits 9-11
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the ISLE-1 study,® in which we showed a significant reduction in level
2 hypoglycaemia with HDV-lispro compared with lispro in subjects
with a baseline HbA1c of 8.5% or higher, but no significant change in
hypoglycaemia in participants with a baseline HbA1c of less than 8.5%.
The insulin usage data in ISLE-1 showed that well-controlled partici-
pants, without the use of unblinded CGM and specific directives to
forcibly reduce their basal dosage, did not meaningfully change their
insulin-dosing regimen in the setting of a blinded trial.

(A)
_ 0
-
&
2 -@--10% basal -@--40% basal
2
[
g
28
[}
g —40 |
9 w
o c
z8g
o
2R
g -60
2 5 6 7 8 9 10 11
> . e
@ ) Visit number
35 - =End of CGM - visits 4-5
e EN Of HDV - visits 9-11
30
%]
o
c
2 25
=1
©
o
G 20 |
s
2
c 15
>
=
10
5
0 . . : : :
0 1 2 3 4 5 6 7 8
Level 2 hypoglycaemia (events/week)
FIGURE 5 A, Percentage change in subject-recorded

hypoglycaemic events (events per week) from baseline at randomization
(visit 5). Data are for subjects who decreased their basal insulin dose by
10% (grey symbol) or 40% (black symbol) at randomization (visit 5). Data
represent mean % change per cohort at each visit. B, Histogram of
number of subjects with the specified number of level 2 hypoglycaemic
events per week. Data are from all subjects in the trial and show the
histogram at randomization (dashed line, visits 4-5) and during stable
hepatic-directed vesicle (HDV) treatment (solid line, visits 9-11).

CGM, continuous glucose monitoring

Basal insulin intervention group

Using the OPTI-1 protocol, both randomized groups were using ~8%
more total insulin at the end of the trial. This is a notable increase in insulin
dosing in participants who started the study with a baseline HbA1lc of
7.2% and 6.7% in the —10% and —40% basal cohorts, respectively. The
—10% basal cohort increased total insulin because of balanced increases
in basal (8.8%) and bolus (7.7%) insulins, while the —40% basal cohort
achieved greater total insulin as a result of greater increases in bolus
(13.0%) than basal (3%) insulin. These changes resulted in a 30.0% increase
in the bolus: basal ratio in the —40% basal cohort and a 6.9% increase in
the bolus: basal ratio in the —10% basal cohort. The insulin bolus/basal
ratio changes and total insulin dose increases that were observed did not
meaningfully alter HbAlc outcomes, but, as noted above, were associated
with meaningful improvements in hypoglycaemia risks. Subjects who had
the largest increase in bolus to basal insulin ratio (the —40% basal group)
experienced the largest decrease in CGM-recorded level 2 hypoglycaemic
events, despite having the lowest HbA1c.

It is noteworthy that there was a significant baseline HbA1c differ-
ence between the 10% and 40% basal reduction groups. Probably contrib-
uting to this imbalance was that the stratification of subjects into each
group was based on risk of hypoglycaemia and total insulin dose, not base-
line HbA1c. Despite this imbalance, both groups showed good HbAlc
control at baseline and at the end of the trial, with the 40% basal reduction
group achieving an HbA1c of 6.7%, substantially less than the ADA HbA1c
goal of less than 7%. It is remarkable to note that a cohort of participants
with an HbA1c of 6.7% was administered 8% more total insulin (13% more
bolus insulin) and achieved a near 50% reduction in night-time level 2 hyp-
oglycaemic events by better insulinization of the liver.

Our data show that by better insulinization of the liver, the risk of
hypoglycaemia can be reduced, even in the setting of increasing doses of
subcutaneous insulin. By liver-targeting a fraction of the bolus insulin dose,
mealtime insulin can be safely increased, leading to a clinically meaningful
increase in the bolus: basal ratio, with a resultant decrease in hyp-
oglycaemic events and symptoms. This improvement occurred even
though the basal insulin dosage at the end of the trial had returned to the
level achieved after a prolonged run-in. We attribute this somewhat para-
doxical finding to the benefit of HDV-insulin to enhance hepatic glucose
uptake and storage following meals, providing a readily available store of
releasable glucose to counteract the risk of hypoglycaemia. Whether the
increased use of insulin over time will result in greater improvement in
blood glucose control needs to be assessed in a study of longer duration.

A notable strength of the current study was the 12-week insulin-
dose optimization run-in period, allowing for a sustained, stable base-
line to be established. The postrandomization treatment period was

TABLE 2
safety data

Liver-associated

Reduced 10% (N = 29)

Reduced 40% (N = 28)

Measure Visit 5 Visit 11
Cholesterol (mg/dl) 169 + 27 170 + 31
Triglycerides (mg/dl) 82+ 30 76 £ 22
Alanine amino transferase (ALT, U/L) 217 22+ 6
Aspartate amino transferase (AST, U/L) 21+5 22+ 6

Visit 5 Visit 11

175+ 31 177 + 36
79 £ 36 76 £ 25
2827 28+ 25
26+12 25+8
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also of sufficient duration to allow for a stable postintervention period
of data collection. The limitations of the current study include its com-
paratively small number of participants.

In summary, the OPTI-1 study results show that the addition of
liver-targeted mealtime insulin can safely decrease hypoglycaemic
events and symptoms without compromising overall glucose control

in individuals with T1D using multiple daily injections.
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