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Abstract

Aim: To evaluate 26 weeks of liraglutide treatment in type 1 diabetes (T1D) by sub-
groups in the ADJUNCT ONE and ADJUNCT TWO trials.

Materials and Methods: ADJUNCT ONE and ADJUNCT TWO were randomized con-
trolled phase 3 trials in 1398 and 835 participants with T1D treated with liraglutide (1.8,
1.2, or 0.6 mg) or placebo (adjuncts to insulin). This post hoc analysis evaluated treatment
effects by subgroups: HbA1c (< or 28.5%), body mass index (BMI; < or 227 kg/m?), and
insulin regimen (basal bolus or continuous subcutaneous insulin infusion).

Results: In both trials at week 26, reductions in HbAlc, body weight, and daily insulin
dose did not differ significantly (P > .05) by baseline HbA1c or BMI. Risk of clinically signif-
icant hypoglycaemia or hyperglycaemia with ketosis did not differ significantly (P > .05) by
baseline HbA1c, BMI, or insulin regimen. At week 26 in ADJUNCT ONE, these risks did
not differ (P > .05) between treatment groups. Placebo-adjusted reductions in HbAlc,
body weight, and insulin dose (—0.30%-points, —5.0 kg, and —12%, respectively, with
liraglutide 1.8 mg), were significant (P < .05), greater than at week 52, and similar to those
in ADJUNCT TWO (—0.35%, —4.8 kg, and —10%, respectively, with liraglutide 1.8 mg).
Conclusions: In ADJUNCT ONE and ADJUNCT TWO, the efficacy and glycaemic
safety of liraglutide did not depend on subgroups, leaving residual beta-cell function
as the only identified variable impacting the effect of glucagon-like peptide-1 recep-
tor agonists (GLP-1 RAs) in T1D. These findings support a role for GLP-1 RAs as

adjuncts to insulin in T1D, warranting further study.
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1 | INTRODUCTION

Despite the introduction of new insulin analogues and glucose moni-
toring systems, achieving and maintaining strict glycaemic control are
difficult for most people with type 1 diabetes.® Use of insulin is asso-
ciated with risk of hypoglycaemia and weight gain.? In industrialized
parts of the world, adults with type 1 diabetes are often overweight
or obese, further complicating obtaining adequate glycaemic control
and increasing the risk of cardiovascular complications, which is mark-
edly elevated in type 1 diabetes.>® In addition, evidence suggests that
a high body mass index (BMI) may promote the hallmark pathophysio-
logical feature of type 1 diabetes, that is, immune-mediated destruc-
tion of the beta cell.”

Safe and efficacious medicines for type 1 diabetes beyond insulin
are still urgently needed. While sodium-glucose co-transporter-2
inhibitors have shown clear potential, they have not been approved
for use in type 1 diabetes in the United States and their use in Europe
is unclear. This epitomizes the lack of major therapeutical advances in
type 1 diabetes. In parallel, management of type 2 diabetes has under-
gone a paradigm shift over the past decade with the introduction of,
for example, glucagon-like peptide-1 receptor agonists (GLP-1 RAs).
GLP-1 RAs markedly reduce HbA1c, need for exogenous insulin, risk
of hypoglycaemia, and body weight, accompanied by other proven
benefits such as those on cardiovascular risk.2

The injectable GLP-1 RA liraglutide in type 1 diabetes has been eval-
uated in small-scale, open-label clinical studies and in two phase 3 trials:
ADJUNCT ONE® and ADJUNCT TWO.° The ADJUNCT trials con-
firmed that liraglutide as an adjunct to insulin improved glycaemic con-
trol, and reduced body weight and exogenous insulin requirements.
However, the benefits were accompanied by an increase in the risk of
hypoglycaemia and, very seldomly, by hyperglycaemia with ketosis but
without diabetic ketoacidosis (DKA). These findings have been confirmed
and expanded on by multiple investigations.**™* In the ADJUNCT trials,
a more pronounced placebo-adjusted effect of liraglutide on HbAlc and
a lower risk of hypoglycaemia were found for participants with residual
beta-cell function (as measured by C-peptide levels) compared with par-
ticipants without. Residual beta-cell function, a clinically fundamental
variable in the disease, remains the hitherto only identified anthropomet-
ric with significant impact on the effect of liraglutide in type 1 diabetes.

In this post hoc analysis, we investigated whether key efficacy
(glycaemic control, body weight, and insulin requirements) and safety
(hypoglycaemia and ketosis-associated hyperglycaemia) outcomes dif-
fered between subgroups of ADJUNCT ONE and ADJUNCT TWO
participants as defined by the level of glycaemic control, the type of

insulin regimen used, and presence of overweight/obesity.

2 | MATERIALS AND METHODS

21 | Trial designs

The ADJUNCT trials were randomized placebo-controlled, double-
blind, parallel-group, phase 3 trials. In the 52-week ADJUNCT ONE

trial (177 centres in 17 countries; 1398 participants; NCT01836523),
once-daily subcutaneous injections of liraglutide were added to insu-
lin, which was continued and titrated on a treat-to-target basis. In the
26-week ADJUNCT TWO trial (59 centres in 12 countries; 835 partici-
pants; NCT02098395), subcutaneous liraglutide was used as an
adjunct to insulin, which was capped for each participant as the
prerandomization 7-day average total daily dose. Results for the full
trial populations have previously been reported for week 52 in
ADJUNCT ONE? and for week 26 in ADJUNCT TWO.® In both trials,
liraglutide was introduced at 0.6 mg then escalated as applicable every
other week until the target dose (0.6, 1.2, or 1.8 mg once daily) was
reached; thereafter, the dose could not be reduced. Volume-matched
placebo injections followed the same regimen. At randomization
(week 0), the pretrial total daily insulin dose was decreased by 25%,
and further 10% reductions were implemented for a minimum of
24 hours on each dose-escalation day. Further details on the trial
designs, including a list of the ethics committees that approved the
study, are available in the primary publications.”'° Both trials were
conducted in accordance with the Declaration of Helsinki.

2.2 | Trial populations

The key inclusion criteria were: type 1 diabetes diagnosed 12 months
or longer prior to enrolment; BMI of 20 kg/m? or higher; and HbA1c
range of 7.0%-10% (53-86 mmol/mol). Further, pretrial treatment for
6 months or longer (stable for 23 months) with continuous subcutane-
ous insulin infusion (CSIl) or basal bolus insulin in ADJUNCT ONE and
basal bolus insulin in ADJUNCT TWO, was required. Individuals with a
history of severe hypoglycaemia or hypoglycaemia unawareness were
not excluded, nor were those with a history of ketoacidosis. Key exclu-
sion criteria were: prior use of GLP-1 RAs or dipeptidyl peptidase-4
inhibitors; use of medication that interfered with glycaemic control
(except insulins), including all antihyperglycaemic agents or steroids; a
history of acute or chronic pancreatitis; severely decreased renal func-
tion (estimated glomerular filtration rate <30 mL/min/1.73m?); calcito-
nin level more than 50 ng/L at screening; personal/family history of
medullary thyroid carcinoma or multiple endocrine neoplasia syndrome
type 2; and severe neuropathy. All participants gave their informed

consent before participating in either of the trials.

2.3 | Outcomes measures

In the trials, the primary endpoint was the change from baseline in
HbA1c to end-of-treatment, which was week 52 in ADJUNCT ONE
and week 26 in ADJUNCT TWO. Change from baseline in body
weight was a secondary endpoint. Safety endpoints evaluated the
occurrence of various categories of hypoglycaemic episodes, including
clinically significant episodes (symptomatic hypoglycaemic episodes as
defined by Novo Nordisk as severe, according to the American Diabe-
tes Association, and a plasma glucose value <3.1 mmol/L [<56 mg/dL]

with symptoms consistent with hypoglycaemia®®), as well as the
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occurrence of episodes of hyperglycaemia with ketosis (plasma glucose
>16.7 mmol/L [>301 mg/dL] and plasma ketone >1.5 mmol/L). In the
current report, for each of the two ADJUNCT trials separately, we pre-
sent results for these selected endpoints analysed post hoc by the fol-
lowing subgroups (censored at baseline [week 0]): HbA1lc (< or 28.5%
[69 mmol/mol]); BMI (< or 227 kg/m?); and, for hypoglycaemia and
hyperglycaemia, also the type of insulin regimen used (basal bolus or
CSll). Results for additional efficacy and safety endpoints were
reported previously.”*°

Of importance, ADJUNCT ONE and ADJUNCT TWO were
powered to document non-inferiority and superiority, respectively, on
the primary endpoint.

2.4 | Statistical analyses

The statistical subgroup analyses were performed post hoc and were
not controlled for multiplicity. For continuous endpoints (HbAlc, body
weight, and insulin dose), estimates were derived from a mixed model
for repeated measurements with treatment, subgroup, stratification,
visit, and country as fixed factors, and baseline value as a fixed covari-
ate; the model also included the interaction between subgroup and

treatment group, and the interactions between each model term and

(A) ADJUNCT ONE (B) ADJUNCT TWO
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oL N =204 — g N=123 —_— \
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$ BMI27 kg i 5 N=112
2 N =199
T Bl <27 kgim? i seTig
oE 21094 — | - R
2 N =109 B N=71 5
R & z
£3S  BMI=27 kg/m? ——— N=115{ ——=— g
g N =203
o BMI <27 kg/m? 27 227 kg 2k w27
2 N =113 —_— ] N=70 B —
& S He g
g g g
© BMI <227 kg/m? - —_— N=124{ — l? ElL )
N =221 7
-05 0.0 05 -05 0.0 05

N for placebo: <27 kg/m? = 118; 227 kg/m? = 206 N for placebo: <27 kg/m? = 80; 227 kg/m* = 112
Estimated treatment difference versus placebo (%-points)
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FIGURE 1

Estimated treatment difference versus placebo (%-points)

visit, and group mean estimates were adjusted according to the
observed baseline distribution in each subgroup. Postbaseline on-
treatment data (data collected on or after the first day on treatment
and no later than the day after the last day on treatment) were
included in the analysis. Statistically significant differences within a
subgroup were determined on the P value of the test of interaction
with a cut-off value of .05; for transparency, we describe only such
statistically significant differences.

Rate estimates for treatment-emergent hypoglycaemic and
hyperglycaemic episodes (onset on or after the first day of treatment
and no later than the last day on treatment) were derived from a neg-
ative binomial regression model with a log-link, and with treatment,
subgroup, country, stratification factor, the interaction between treat-
ment and subgroup as factors, baseline HbA1lc as a covariate, and the

logarithm of the exposure time as offset.

3 | RESULTS

In both ADJUNCT ONE and ADJUNCT TWO and across treatment
groups, baseline demographics were in general balanced within sub-
groups with no consistent patterns of difference (Table 1). In the sub-

group of participants who at baseline were on CSIl compared with the
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HbA1c and insulin use: week 26. Data are estimated mean changes from baseline (bars) and estimated treatment differences

versus placebo with 95% confidence intervals at week 26 in ADJUNCT ONE (left panels) and in ADJUNCT TWO (right panels). Estimates are
shown for change in HbA1c (panels A-D) and total daily insulin dose (panels E-H) by subgroups by baseline HbA1c level (HbAlc < or 28.5% [69
mmol/mol]) and by baseline BMI (< or 227 kg/m?). Estimates were derived from a mixed model for repeated measurements with treatment,
subgroup, stratification, visit, and country as fixed factors, and baseline value as a fixed covariate; the model also included the interaction
between subgroup and treatment group, and the interactions between each model term and visit, and group mean estimates were adjusted
according to the observed baseline distribution in each subgroup. Postbaseline on-treatment data (data collected on or after the first day on
treatment and no later than the day after the last day on treatment) were included in the analysis. Unless indicated (*), the estimated

placebo-adjusted treatment effect did not differ statistically significantly within subgroups for all liraglutide dose levels (all tests for interaction
between treatment and group were not statistically significant). *Indicates a statistically significant test for interaction between treatment and
group. BMI, body mass index; N, number of participants
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subgroup who used basal bolus insulin, the mean duration of diabetes
was longer and the mean baseline fasting plasma glucose was lower;
however, HbA1c did not differ.

Across subgroups in both ADJUNCT ONE and ADJUNCT TWO,
HbA1c (Figure 1A-D), total daily insulin dose (Figure 1E-H), and body
weight (Figure 2A-D) had all decreased by week 26 with liraglutide
1.8, 1.2, and 0.6 mg. The one exception was that in ADJUNCT ONE,
the total daily insulin dose slightly increased for liraglutide 1.2 and
0.6 mg in participants with a baseline HbA1c level of 8.5% or higher
(269 mmol/mol). With placebo, smaller decreases or even increases
were seen for all three outcomes. The placebo-adjusted estimated
treatment effects at week 26 did not appear to differ systematically

between subgroups; the one exception was that with liraglutide
0.6 mg in ADJUNCT TWO, the placebo-adjusted decrease in HbAlc
was statistically significantly greater in participants with a baseline
HbA1c level of 8.5% or higher (269 mmol/mol) compared with those
with an HbA1c level of less than 8.5% (P = .0443). At week 52 in
ADJUNCT ONE, the treatment effects on all three outcomes were in
general lower than at week 26 across subgroups (Figure S1).

For the full trial population in ADJUNCT ONE at week 26, HbA1lc,
body weight, and total daily insulin dose decreased statistically signifi-
cantly more with liraglutide (change from baseline of —0.78%-points
to —0.59%-points [-8.5 to —6.4 mmol/mol] in HbAlc, —4.7 to —2 kg,
and —10% to —2% in insulin dose) than with placebo (—0.48%-points
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FIGURE 2 Body weight: week 26. Data are estimated mean changes from baseline (bars) and estimated treatment differences versus placebo
with 95% confidence intervals at week 26 in ADJUNCT ONE (left panels) and in ADJUNCT TWO (right panels). Panels A-D, estimates are shown
for change in body weight, by subgroups, by baseline HbA1c level (< or 28.5% [69 mmol/mol]), and by baseline BMI (< or 227 kg/m?). Estimates
were derived from a mixed model for repeated measurements with treatment, subgroup, stratification, visit, and country as fixed factors, and
baseline value as a fixed covariate; the model also included the interaction between subgroup and treatment group, and the interactions between
each model term and visit, and group mean estimates were adjusted according to the observed baseline distribution in each subgroup.
Postbaseline on-treatment data (data collected on or after the first day on treatment and no later than the day after the last day on treatment)
were included in the analysis. The estimated placebo-adjusted treatment effect did not differ statistically significantly within subgroups for all
liraglutide dose levels (all tests for interaction between treatment group and subgroup were not statistically significant). BMI, body mass index; N,

number of participants
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[-5.2 mmol/mol], +0.3 kg, and +2%, respectively) (Table S1). The
estimated placebo-adjusted treatment effects at week 26 for
liraglutide 1.8, 1.2, and 0.6 mg, respectively, were all statistically
significant (P < .0001 unless noted): —0.30%-points (—3.3 mmol/mol),
—0.24%-points (—2.6 mmol/mol), —0.11%-points (—1.2 mmol/mol)
(95% Cl: —0.22% to —0.01%-points [-2.4 to —0.1 mmol/mol];
P =.0380) for HbAlc; —12%, —8%, and —4% for total daily insulin
dose (95% ClI: —12% to 0%; P = .0470), and —5.0, —3.6, and —2.2 kg
for body weight. As previously reported,'® in ADJUNCT TWO, the
corresponding estimated placebo-adjusted treatment effects with
liraglutide 1.8 mg at week 26 were —0.35%-points (—3.8 mmol/mol)
in HbAlc, —4.8 kg in body weight, and —10% in insulin dose (all
P < .0001).

In both ADJUNCT ONE and ADJUNCT TWO at week 26, the
estimated differences between liraglutide (all doses) and placebo in

the incidences of hyperglycaemia with ketosis (Figure 3A-F) and
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clinically significant hypoglycaemia (Figure 3G-L) did, in general, not
appear to differ between subgroups. There were two exceptions: the
placebo-adjusted incidence of hyperglycaemia with ketosis in
ADJUNCT ONE appeared to differ (P = .0350) between participants
in the liraglutide 1.2 mg group according to the type of insulin used at
baseline (basal bolus insulin or on CSIl); further, the placebo-adjusted
incidence of clinically significant hypoglycaemia appeared to differ in
ADJUNCT TWO according to the baseline level of HbA1c (< or 28.5%
[69 mmol/mol]) in participants in the liraglutide 1.8 and 0.6 mg groups
(P =.0494 and P = .0187, respectively). At week 52 in ADJUNCT
ONE, the placebo-adjusted incidence of either type of episode did not
appear to differ between subgroups (Figure S2).

For the full trial population in ADJUNCT ONE at week
26 (Table S2), the number of episodes of hyperglycaemia with ketosis
was higher with liraglutide 1.8 and 0.6 mg than with placebo; how-

ever, the incidence did not differ statistically significantly between
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FIGURE 3 Hyperglycaemia with ketosis and hypoglycaemia (clinically significant): week 26. Data are estimated mean rate ratios versus
placebo with 95% confidence intervals at week 26 in ADJUNCT ONE (left panels) and in ADJUNCT TWO (right panels). Estimates are shown for
hyperglycaemic episodes with ketosis (episodes with plasma glucose >16.7 mmol/L and plasma ketone >1.5 mmol/L) (panels A-F), and clinically
significant hypoglycaemic episodes (symptomatic hypoglycaemic episodes as defined by Novo Nordisk as severe according to the American
Diabetes Association and a plasma glucose value <3.1 mmol/L [<56 mg/dL] with symptoms consistent with hypoglycaemia®®) (panels G-L), by
subgroups, by baseline HbA1c level (< or 28.5% [69 mmol/mol]), by baseline BMI (< or 227 kg/m?), and by type of insulin treatment used at

baseline (basal bolus or CSI). Episodes are treatment-emergent (onset on or after the first day on treatment and no later than the day after the
last day on treatment). Estimates were derived from a negative binomial regression model with a log-link and with treatment, subgroup, country,
stratification factor, and the interaction between treatment and subgroup as factors, baseline HbA1c as a covariate, and the logarithm of the
exposure time as offset. Unless indicated (*), the episode rate ratio did not differ statistically significantly within subgroups for all liraglutide dose
levels. *Indicates a statistically significant test for interaction between treatment and group. BMI, body mass index; CSlI, continuous
subcutaneous insulin infusion
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any of the individual liraglutide doses and placebo (estimated episode
rate ratio vs. placebo [95% ClI] for liraglutide 1.8, 1.2, and 0.6 mg,
respectively: 1.84 [0.86; 3.92], P =.1156; 1.15 [0.51; 2.60],
P =.7287; and 1.51 [0.72; 3.20], P = .2776). The number of episodes
of clinically significant hypoglycaemia was also higher with liraglutide
(all doses) than with placebo; the incidence difference was statistically
significant for liraglutide 1.8 and 1.2 mg but not for 0.6 mg (estimated
rate ratio vs. placebo [95% Cl]): 1.34 (1.10; 1.63), P =.0033; 1.29
(1.06; 1.57), P = .0125; and 1.18 (0.97; 1.43), P = .0995. In ADJUNCT
TWO, the estimated incidence of clinically significant hypoglycaemia
was greater with liraglutide 1.2 mg than with placebo (rate ratio: 1.3;
P = .03), as previously reported.©

4 | DISCUSSION

In the current post hoc analysis, we show that, regardless of the
baseline level of glycaemic control, BMI, and pre-existing insulin regi-
men, the GLP-1 analogue liraglutide at dose levels of 1.8, 1.2, and
0.6 mg appears equally efficacious and safe in populations that were
generally representative of individuals with type 1 diabetes.

In both trials, the placebo-adjusted reductions in HbAlc, body
weight, and total daily insulin dose with liraglutide 1.8, 1.2, and 0.6 mg
did not appear to depend on baseline HbAlc (< or 28.5% [69 mmol/
mol]) or BMI (< or 227 kg/m?). The greatest placebo-adjusted effect of
liraglutide was observed after 26 weeks with the 1.8 mg dose level,
which reduced HbA1c by 0.3% and 0.35%-points (3.3 and 3.8 mmol/
mol), body weight by 5.0 and 4.8 kg, and the total daily insulin dose by
10% and 12% in ADJUNCT ONE and ADJUNCT TWO, respectively.

The current report expands on the conclusions of ADJUNCT
ONE and ADJUNCT TWO.?*° The results from the two placebo-con-
trolled, randomized phase 3 trials confirmed that liraglutide as an
adjunct to insulin offers clinically relevant benefits in type 1 diabetes
by improving glycaemic control and reducing body weight and insulin
requirements. These findings were associated with an increased inci-
dence of clinically relevant hypoglycaemia with liraglutide 1.8 mg
(ADJUNCT ONE only) and 1.2 mg. Notably, however, the incidence of
adjudication-confirmed severe hypoglycaemia was lower with
liraglutide (all doses in ADJUNCT ONE and 1.8 mg in ADJUNCT
TWO) compared with placebo, although the differences between
groups were not statistically significant in either trial. Moreover,
despite the finding that the incidence of hyperglycaemia with ketosis
observed in both trials was numerically higher with liraglutide than
with placebo, the risk of DKA was very low with all doses of liraglutide
in both ADJUNCT ONE and ADJUNCT TWO. Still, based on the find-
ings related to hyperglycaemia and hypoglycaemia in comparison with
the seemingly modest magnitude of the detected glycaemic improve-
ments (e.g. placebo-adjusted HbAlc reduction of —0.2%-points
[-2.2 mmol/mol] with liraglutide 1.8 mg at week 52 in ADJUNCT
ONE), a favourable benefits/risks profile of liraglutide in type 1
diabetes was not immediately obvious.

In ADJUNCT ONE and ADJUNCT TWO, the eligibility criteria
ensured a broad trial population, representing a wide range of type

1 diabetes disease stages. As previously noted,”©

subgroups of
participants representing certain disease states may differ in terms
of efficacy and safety. In ADJUNCT ONE, for example, better
glycaemic efficacy with liraglutide (vs. placebo) and a lower risk of
hypoglycaemia was found for participants with residual beta-cell
function (as measured by C-peptide secretion) compared with
those without. With the results of the current investigation, resid-
ual beta-cell function remains the only clinically relevant variable
associated with significant impact on the effects of liraglutide in
type 1 diabetes.

ADJUNCT ONE was designed to confirm non-inferiority on
change from baseline to week 52 in HbAlc with a non-inferiority mar-
gin of —0.3%-points (3.3 mmol/mol) (placebo-adjusted treatment
effect of liraglutide 1.8 mg). It may be argued that this design pre-
cluded a robust conclusion regarding the full glycaemic efficacy of
liraglutide in type 1 diabetes, for example, considering that the trial
population was characterized by long-standing disease. In such
patients, and in general, trial fatigue (i.e. in terms of adjustment of
insulin doses in relation to carbohydrate intake and premeal glucose
levels) may be especially pronounced in a longer term trial, suggesting
that the treatment effects observed after a full year of treatment may
not represent the full or optimal treatment effects. Accordingly, the
confirmatory analysis in the evaluation of sodium-glucose co-

transporter-2 inhibitors,?* 2%

another drug class of potential benefit in
type 1 diabetes, as well as in ADJUNCT TWO, was in general per-
formed for week 26, in line with regulatory recommendations. Indeed,
the placebo-adjusted HbA1lc reduction at week 26 with liraglutide
1.8 mg in ADJUNCT ONE, as reported in the current report, was
—0.3%-points (—3.3 mmol/mol) and statistically significant (non-
confirmatory testing, not controlled for multiplicity), whereas the
reduction had diminished at week 52. In ADJUNCT TWO, the
placebo-adjusted reduction in HbA1c at week 26 was —0.35%-points
(—3.8 mmol/mol) (P < .0001), as previously reported.*°

As delineated above, it should be noted that several smaller trials
have added to the evidence of the effects of liraglutide in people with
type 1 diabetes.?**? The investigations have unanimously found no
major safety concerns, including no increased risk of hypoglycaemia,
and a meta-analysis has reported a lower risk of hypoglycaemia with
liraglutide than with placebo.** Furthermore, no evidence has been
reported to indicate increased risks of ketosis-accompanied hyper-
glycaemia or DKA with liraglutide, corroborating the results from the
ADJUNCT trials.

It is becoming increasingly recognized that type 1 diabetes is
associated with increased body weight; thus, an agent that meaning-
fully reduces body weight is highly desirable in the management of
type 1 diabetes and its associated complications. Excess body weight
is associated with insulin resistance,?” increasing the risk of cardiovas-
cular disease as well as increased insulin secretion requirements,
which further stress the remaining beta cells. Compelling evidence is
available to suggest that liraglutide may preserve functional beta cells,
for example, by relieving them of the metabolic stresses that are
believed to unmask the cell to the immune system, leading to its

destruction (unpublished data; Matthias von Herrath). Another benefit
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of liraglutide is its effect on the islet alpha cell, resulting in suppressed
glucagon secretion postprandially and attenuated postprandial glucose
excursions.?® Finally, liraglutide and certain other GLP-1 RAs have
recently been approved for the reduction of cardiovascular risk in
type 2 diabetes.??32 An agent with cardiovascular benefits is urgently
needed in type 1 diabetes, which also is associated with a very high
risk of cardiovascular outcomes.>

It should also be recognized that, while liraglutide is considered a
first-generation GLP-1 analogue with proven benefits, second-
generation analogues such as semaglutide are even more potent and
offer substantially stronger effects on glycaemic control and body
weight in type 2 diabetes?®33 compared with the GLP-1 RAs tested in
type 1 diabetes to date (i.e. liraglutide as well as both once-daily and
once-weekly exenatide). In addition, semaglutide markedly delays gas-

4 and the once-

tric emptying and suppresses glucagon secretion,®
weekly (subcutaneous) and oral regimens available for semaglutide
may also be beneficial in terms of improving dosing and adherence.
Whether these pronounced benefits of semaglutide apply to type
1 diabetes as well deserves to be studied. Considering the scarcity of
therapeutical medicines beyond insulin for type 1 diabetes, such
investigations are, in general, urgently needed and may also explore
the possibility of combining agents such as efficacious GLP-1 RAs
with novel monitoring technologies like real-time or intermittently
scanned continuous glucose monitoring. These glucose monitoring
modalities, since the conduct of the ADJUNCT trials, have been
developed to a mature stage and may be relevant to include in future
studies of GLP-1 RAs in type 1 diabetes.

The limitations of the current evaluation are related to the statis-
tical analyses and are inherent to the analyses used in the original
ADJUNCT trials. These trials were conducted and analysed according
to the prevailing standard at the time of planning of the trials, includ-
ing data collection and handling. No estimands were defined in the
ADJUNCT trials; however, the analyses resemble analyses relevant
for an estimand applying a “hypothetical” strategy, where data are
included in the analyses only if the data pertain to the period when
participants were on treatment with the trial drug regimen. The cur-
rent analyses adhere to those principles and should be interpreted in
this context, as well as recognizing the fact that the analyses were
conducted post hoc and not controlled for multiplicity. Moreover, the
mixed model for repeated measurements applied in the statistical ana-
lyses assumes that missing data were missing-at-random (MAR). Con-
sidering that we used a hypothetical-like analysis strategy, this
assumption is considered reasonable; however, it remains a limitation
of the evaluation that the MAR assumption cannot be verified. Over-
all, these limitations imply that the findings of our evaluation are not
confirmatory and that the results should be validated in future studies
using an estimand applying a “treatment policy” strategy (intention-
to-treat principle) in line with regulatory guidelines.

In conclusion, the current post hoc analysis further clarifies the
place for GLP-1 RAs as adjuncts to insulin in the management of type
1 diabetes by showing that the efficacy and safety of liraglutide do
not differ across clinically relevant subgroups of participants in
ADJUNCT ONE and ADJUNCT TWO. The ADJUNCT programme

suggests that residual beta-cell function remains the only clinically rel-
evant variable associated with significant impact on the effects of
liraglutide on HbA1c and risk of hypoglycaemia in type 1 diabetes.
These findings, together with the developments since the completion
of the two trials, indicate that the benefit/risk profile of liraglutide in
type 1 diabetes may need to be reconsidered, warranting further
studies.
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