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Abstract

Aims: Basal-bolus therapy is associated with greater treatment burden and lower
adherence compared with more simplified regimens. This post hoc analysis studied
the difference between insulin degludec/liraglutide (IDeglira) and basal-bolus ther-
apy on number of injections, dose adjustments and patient outcomes in the DUAL
VII trial.

Materials and methods: DUAL VIl was a 26-week, open-label trial in which patients
with uncontrolled type 2 diabetes who were using metformin and insulin glargine
100 units/mL (20-50 U) were randomized 1:1 to IDeglira (N = 252) or basal-bolus
(insulin glargine U100 + insulin aspart <4 times/day) (N = 254). This post hoc analysis
reports the observed mean number of injections and cumulative dose adjustments
during 26 weeks of treatment. Patient-reported outcomes (Treatment-Related
Impact Measure - Diabetes [TRIM-D] and Short Form-36 Health Survey version
2 [SF-36v2]) were collected at scheduled visits and change from baseline scores
calculated.

Results: The clinical benefits (non-inferior HbAlc reductions, weight benefit, less
hypoglycaemia) of IDeglira vs basal-bolus therapy were achieved with fewer cumu-
lative dose adjustments (16.6 vs 217.2, respectively) and fewer injections (1 vs >3
per day, respectively). Patients treated with I[Deglira experienced significant
improvements across all TRIM-D domains compared with those undergoing basal-
bolus therapy. The SF-36v2 showed improvements in both treatment arms with no
significant difference between arms in the physical component summary, but there
was a significant improvement in patients treated with IDegLira in the mental compo-
nent summary (P = .0228).

Conclusions: These findings, combined with the DUAL VII results, suggest that
IDeglira, through a more simplified regimen versus basal-bolus therapy, may help

improve patient adherence and improve patient outcomes related to diabetes
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1 | INTRODUCTION

As a result of the chronic, progressive nature of type 2 diabetes (T2D),
treatment intensification is often required to maintain glycaemic control.
However, this is often delayed, a phenomenon referred to as clinical iner-
tia.>2 One of the reasons for clinical inertia is the desire on the part of
healthcare professionals (HCPs) and patients to avoid increasing treat-
ment burden.® Studies have shown that increased treatment burden is
associated with poorer adherence to treatment.*® An improvement in
adherence with fewer injections has been seen in a study in patients with
T2D, which found that patients receiving basal insulin were more likely
to persist with insulin therapy compared with patients on basal-bolus
regimens (discontinuation rates of 28.7% compared with 35.4% after
12 months, excluding deaths, for basal insulin and basal-bolus therapy,
respectively).” Poor adherence to treatment is a serious concern in clini-
cal practice® as it has been associated with smaller reductions in glycated
haemoglobin (HbA1c) levels® increased emergency room visits and
admissions, and longer hospital stays.”° Insight into the patient's per-
spective on various treatment regimens can contribute to individualizing
therapy and, potentially, to improving adherence.

The availability of glucagon-like peptide-1 receptor agonists (GLP-
1RAs), injectable incretin mimetics that lower fasting and post-prandial
blood glucose in a glucose-dependent manner, provides patients who
have uncontrolled T2D with basal insulin an effective intensification
option that offers a lower treatment burden, a reduced risk of
hypoglycaemia, and weight loss or weight maintenance as opposed to
weight gain, compared with intensifying therapy with prandial insu-
lin.**"13 Fixed ratio combination (FRC) injectable therapies with basal
insulin/GLP1-RA therapy provide these advantages and further reduce
treatment burden.42

Results from the DUAL clinical trial programme demonstrated that
the FRC IDeglira combines the benefits of the basal insulin degludec
(degludec) and the GLP-1RA, liraglutide, in a single daily injection, with a
stepwise titration algorithm that contributes to attenuating the primary
side effects associated with each component.}41¢1821 The DUAL VII
trial compared the efficacy and safety of IDegLira with basal-bolus ther-
apy (insulin glargine 100 units/mL [IGlar U100] + insulin aspart [IAsp] <4
times daily) in patients with T2D who were inadequately controlled with
basal insulin and metformin.2® IDeglLira, administered as a once-daily
injection, was non-inferior (P < .0001) to the multiple injections of basal-
bolus therapy in reducing HbA1c from baseline (67 mmol/mol [8.2%]) to
end of study (50 mmol/mol [6.7%]). Furthermore, treatment with
IDeglira resulted in weight loss compared to the weight gain with basal-
bolus therapy (0.9 kg compared with +2.6 kg; P < .0001), and in fewer

management, treatment burden and mental health, which in turn may assist in the

timely achievement of glycaemic control in clinical practice.

basal insulin, GLP-1RA analogue, type 2 diabetes

hypoglycaemic episodes (1.07 compared with 8.17 severe or blood
glucose confirmed symptomatic hypoglycaemic episodes per patient
year with IDegLira and basal-bolus, respectively; P < .0001).2° Also of
note, the cardiovascular safety of each component has been confirmed
in their respective cardiovascular outcome trials.??2?% Degludec demon-
strated non-inferiority to IGlar U100%2 and liraglutide in reducing the risk
of major adverse cardiovascular events compared with placebo.?® Fur-
thermore, post hoc sub-analyses of the DEVOTE?* and DUAL pro-
gramme®® were in agreement with these findings, suggesting that
cardiovascular safety was preserved.

The DUAL VIl trial showed that IDeglira is as efficacious in reduc-
ing mean HbA1c as basal-bolus therapy, with fewer injections. In this
study, we performed a post hoc analysis of the DUAL VIl trial, which
aimed to evaluate the extent to which the clinical benefits of IDegLira
were achieved with a simpler dosing regimen in terms of number of
injections and dose adjustments. Additionally, we looked at results
from patient-reported outcome (PRO) questionnaires to assess the

effect of each treatment on patients' self-perceived health status.

2 | MATERIALS AND METHODS

2.1 | Study design and interventions

The DUAL VII clinical trial programme (Clinical trial registration:
NCT02420262) was an open-label, multinational, two-arm parallel, ran-
domized trial in patients with T2D that was conducted at 89 sites in
12 countries from July 2015 to October 2016. Study design and method-
ology have been published previously (Figure 1).20 Eligible patients were
at least 18 years old with uncontrolled T2D (HbA1c, 53-86 mmol/mol
[7.0%-10.0%]), with a BMI <40 kg/m?, who were receiving stable daily
doses of 20-50units (U) of IGlar U100 and at least 1500 mg
(or maximum tolerated dose) of metformin for more than 90 days prior
to screening.?° Patients were randomized to receive either 16 U of
IDeglira (16 U insulin degludec +0.58 mg liraglutide) or to continue using
basal IGlar U100 at the pre-trial dose (mean pre-trial insulin dose of
33 U) with the addition of IAsp four or fewer times daily. Metformin was
continued at the pre-trial dose in both treatment arms (Figure 1)%°

Both IDegLira and I1Glar U100 were titrated twice weekly, using the
same titration algorithm based on the mean of three consecutive pre-
breakfast self-measured blood glucose (SMBG) values, to a target of
4.0-5.0 mmol/L (72-90 mg/dL). The bolus insulin component of basal-
bolus therapy, |IAsp, was initiated at 4 U/main meal and titrated twice
weekly, to a pre-prandial and bedtime SMBG target of 4.0-6.0 mmol/L

(72 to 108 mg/dL), using up to four boluses per day as required.
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FIGURE 1 DUAL VI trial design. Number of injections and SMBG tests are based on number of meals. Abbreviations: FU, follow-up; |Asp,
insulin aspart; IDeglLira, insulin degludec/liraglutide; IGlar U100, insulin glargine 100 units/mL; SMBG, self-monitored plasma glucose; T2D, type

2 diabetes

The DUAL VII trial was conducted in accordance with the Interna-
tional Conference on Harmonisation Good Clinical Practice?® and the
Declaration of Helsinki.?”

2.2 | Patient-reported outcomes

PROs were collected at three scheduled visits (baseline, week 12 and
week 26) and domain summary scores and change from baseline in
summary scores were calculated. PRO questionnaires included the
Treatment-Related Impact Measure for Diabetes (TRIM-D), compris-
ing 28 items in five domains and a total score?®?° and the Short
Form-36 Health Survey version 2 (SF-36 v2), consisting of 36 items in
eight domains with two component summary scores.>° TRIM-D scales
(domain and total score) range from O to 100, with a higher score
corresponding to a better outcome.?’ The minimally important differ-
ence (MID), defined as the smallest difference detected by patients,
for TRIM-D has not been established. SF-36 scores were calculated
using a 1998 reference population norm, in which a score of 50 cor-
responded to the norm for the adult general US population; higher
scores corresponded with better outcomes.?° The MID thresholds for
SF-36 were taken from the user manual and ranged from 2 to 4; they
were not specific to patients with diabetes.3*

2.3 | Statistical analysis

Statistical analysis was based on a comparison between each treat-
ment arm of the observed mean number of insulin injections and dose
adjustments during 26 weeks of treatment, and of the number of
patients receiving 0, 1, 2 or at least 3 bolus insulin injections at Week
26. Total and basal insulin dose and the number of insulin dose adjust-
ments were based on the safety analysis set. Estimated treatment dif-
ferences (ETDs) were based on the full analysis set. Change from
baseline in PROs was analysed using a mixed-model for repeated
measurements (MMRM), with treatment, region and visit as fixed fac-

tors and baseline value as covariate. Interactions between visit and all

other factors and covariate were also assessed. Analysis of the PROs

was not adjusted for multiplicity.

3 | RESULTS

The treatment arms were well matched with respect to baseline char-
acteristics.2® Of the 506 patients who were randomized to treatment,
94.4% (238/252) in the IDegLira arm and 91.7% (233/254) in the
basal-bolus arm completed treatment.

3.1 | Regimen complexity

With IDeglira being initiated at 16 U and IGlar U100 being titrated
from the pre-trial basal dose (mean 33 U)?° (Figure 2), a similar num-
ber of adjustments in basal dose were observed for patients treated
with IDeglLira compared to those treated with IGlar U100 (16.6 com-
pared with 17.1 adjustments, respectively, for the duration of the
trial). Mean end-of-trial basal insulin dose was 40.4 U for IDeglira
(40.4 U degludec and 1.5 mg liraglutide) and 52.3 U for IGlar U100.
There were more dose adjustments for patients treated with IDegLira
early in the trial compared with patients treated with 1Glar U100.
However, the number of dose adjustments in patients treated with
IDeglira began to reduce at approximately Week 10, whereas reduc-
tion did not take place until Week 18 in patients treated with IGlar
U100 (Figure 3A). Adjustments were made for patients in the IDegLira
treatment group only in the basal dose (IDeglira), as there was no
bolus component to this regimen. In the basal-bolus treatment arm,
the mean number of cumulative bolus insulin adjustments required
(considered regardless of meals, with the possibility of multiple daily
adjustments) during the 26 weeks of treatment was 200 adjustments
per patient (Figure 2). The number of bolus insulin dose adjustments
over time increased at a faster rate, compared with basal insulin dose
adjustments over time (Figure 3). Patients in the basal-bolus treat-
ment group reached a total daily insulin dose of 84.1 U at Week
26 (52.3 U of basal IGlar 100 and 32.1 U of bolus IAsp).
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At Week 26, approximately one-quarter (56/230; 24.3%) of
patients in the basal-bolus treatment arm were receiving two bolus
insulin injections and two-thirds (153/230; 66.5%) were receiving
three or more bolus insulin injections daily (Figure 4). As these
patients were also receiving a basal insulin injection, at Week 26 over
90% (209/230, 90.9%) of patients in this treatment arm were receiv-

ing three or more injections daily.

3.2 | Treatment-related impact measure - Diabetes

Improvements across all TRIM-D domains as well as in the total score

were significantly greater (P <.0268) with IDeglira compared with
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basal-bolus treatment (Figure 5). Patients in the IDeglira treatment
group showed moderate improvements across all TRIM-D domains and
in the total score, while patients in the basal-bolus treatment group
showed small improvements in the total score and across all domains,
with the exception of daily life. The greatest differences between
groups were in diabetes management (ETD: 10.76, P < .0001), treat-
ment burden (ETD: 10.50, P <.0001) and compliance (ETD: 6.25,
P < .0001). These domains include questions such as “How satisfied or
dissatisfied have you been with the ease and convenience of your med-

ication?” (treatment burden domain) and “How satisfied or dissatisfied
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are you with your medication's ability to help you avoid low blood
sugar (hypoglycaemia)?” (diabetes management domain).

3.3 | Short Form-36 Health Survey version 2

Results of the SF-36 v2 showed improvements in both treatment arms
in the physical component summary, but only in the IDeglira treatment
arm in the mental component summary. Each treatment resulted in
improvements across the individual domains, with the exception of the
mental health domain in the basal-bolus arm. The ETD in change from
baseline was statistically significantly greater with |DeglLira compared
with basal-bolus insulin in the mental component summary (P = .0228),
in which greater improvements in each of the mental domains were
observed with IDeglira but improvement was statistically significant
only in the mental health domain (P = .0074) (Table S1). The improve-
ment in the SF-36 v2 mental component observed in the IDeglira
treatment group did not reach MID treatment thresholds (mental com-
ponent summary ETD: 1.83, MID: 3; mental health domain ETD: 2.29,
MID: 3).3! No statistically significant differences between treatment
arms were seen in the physical component summary or in any of the
physical domains (Table S1). In addition, none of the differences in the
physical component summary reached MID thresholds.

4 | DISCUSSION
This post-hoc analysis of the DUAL VII trial demonstrated that the pre-
viously reported clinical benefits of treatment with IDeglira over

basal-bolus therapy,2° such as greater percentage of patients reaching
glycaemic targets without weight gain and/or hypoglycaemia, were
achieved with fewer cumulative dose adjustments (16.6 compared with
217.2, respectively) and fewer injections (one compared with > three
per day, respectively). Furthermore, the hypothesis that fewer injec-
tions with less blood testing, fewer hypoglycaemic episodes and more
weight loss would improve quality of life in patients treated with
IDeglira as compared with basal-bolus therapy was substantiated with
data from PROs.

While it is unlikely that insulin dose would be adjusted as frequently
in clinical practice as is described here, it is evident that basal-bolus
therapy necessitates more adjustments and, therefore, more dosing
decisions than treatment with IDeglLira. This is consistent with the pri-
mary DUAL VII results, which demonstrated that patients treated with
IDeglira reached a stable insulin dose earlier and required a lower total
daily insulin dose compared with patients in the basal-bolus treatment
group, with similar reductions in HbA1c and improved clinical outcomes
overall?® without the added complexity. It is also worth noting that, in
the DUAL VI trial,*” a simpler once-weekly titration algorithm for
IDeglira was compared with the twice-weekly algorithm used in all
other DUAL trials in insulin-naive patients; it was found that once-
weekly titration of IDeglLira, based on the average of two fasting blood
glucose readings, resulted in a safety profile and a glycaemic efficacy
profile similar to those with twice-weekly titration, based on the aver-
age of three fasting blood glucose readings.'’ This evidence suggests

that IDeglira also has the potential to be as efficacious as basal-bolus
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therapy in the real-world clinical setting, with fewer dose adjustments
and fewer resources required to guide titration.

A greater number of dose adjustments and daily injections require
more clinician support and more treatment decisions, which are often
not feasible at the same level of rigour as in a clinical trial. With basal-
bolus therapy, for example, each meal may require an SMBG reading
before the meal, which, in turn, could necessitate a titration decision
and an injection. There is thus a greater need for awareness on the
part of patients concerning the way in which their diet impacts their
insulin regimen. Unlike patients undergoing treatment with IDegLira,
patients undergoing basal-bolus therapy must monitor the timing of
meals and injections, as well as filling, storing and carrying prescrip-
tions for different insulins. A basal-bolus insulin regimen, which
requires patient awareness of insulin dose, meal size and physical
activity, also confers a greater risk of hypoglycaemia than treatment
with IDegLira2® and may restrict lifestyle, or require precautions such
as snacking, to prevent hypoglycaemic episodes. These decisions are
likely to be even more complicated and require more support from
HCPs when applied to a broad patient population that falls outside
the inclusion/exclusion criteria of a clinical trial.

This analysis confirms the concept that a simpler injection regimen
will result in improvements in PROs. The simpler dosing regimen offered
by treatment with IDeglira compared with basal-bolus insulin therapy
resulted in significantly greater improvements in disease-specific TRIM-
D questionnaire scores of patients treated with IDeglira compared
with those of patients undergoing basal-bolus insulin therapy. These
improvements were greatest with |IDeglira treatment as compared with
basal-bolus insulin therapy in the domains of diabetes management,
treatment burden and compliance. This is compatible with clinical
findings as these PROs were based on questions such as satisfaction or
dissatisfaction with ability to avoid hypoglycaemia, and ease and conve-
nience of medication. These PRO data support the findings of Drum-
mond et al.>2 from a European physicians' survey concerning real-world
experience with IDeglira. Physicians reported decreased patient con-
cern regarding weight gain and hypoglycaemia and greater satisfaction in
terms of simplicity of therapy and number of injections with IDeglira
treatment as compared with basal-bolus insulin therapy.3? Improve-
ments in PRO scores and outcomes may be indicative of patient adher-
ence within clinical practice and have the potential to be increased with
IDeglira treatment, as adherence to a treatment regimen is typically
greater with simpler regimens.>®

There was also a trend for improvements in the generic SF-36 v2
questionnaire domains and component summary scores; although the
differences between IDeglira treatment and basal-bolus insulin ther-
apy were statistically significant for the overall mental component
summary and the mental health domain, these differences did not
meet MID thresholds for clinical significance. While participants did
not perceive any physical benefits with IDeglira treatment as com-
pared with basal-bolus insulin therapy, the improvement in their over-
all mental component summary score indicated that patients felt more
comfortable with IDegLira treatment, suggesting that the simpler dos-
ing regimen with IDegLira is more reassuring to patients. There is also

some evidence from animal studies to suggest that GLP-1RAs may

have a positive effect on mood.>* The greater improvements in PRO
scores with IDeglira treatment are expected as IDeglira treatment
provides a simpler regimen in terms of fewer daily injections, SMBG
readings and dose adjustments, thus providing a lower treatment bur-
den compared with basal-bolus insulin therapy and/or providing the
clinical benefits of weight loss and low rates of hypoglycaemia.

A strength of this study is the novel approach to addressing and
informing on the way in which two treatments that show similar
reductions in HbA1c can impact the lifestyle of patients with a chronic
disease by reducing treatment complexity. As the expectations for
diabetes therapies move beyond improvements in HbA1lc alone, these

435 physicians,® payers®® and regu-

findings are pertinent for patients,
lators.3”3® Another strength of this study is that the measurement of
PROs uniquely obtains a patient's evaluation of treatment, which is
not captured by clinical observation, physical examination or biochem-
ical analysis, and understanding this aspect of patient care is just as
important as clinical findings.

This study also has several limitations. The DUAL VII trial was
open-label, which may have had an influence on study outcomes.
However, blinding would have required additional placebo injections
in the IDeglira arm and this would put unnecessary burden on
patients and prevent an analysis of PROs. A second limitation is that
the improvements in PRO scores, which were observed across all
domains with IDeglira treatment and across the majority of domains
with basal-bolus therapy, may be a clinical study effect, with partici-
pants in both treatment arms achieving good glycaemic control and
receiving clinical support, which does not necessarily reflect real-
world conditions. A third limitation is that the compliance domain
scores should be interpreted with caution because of the subjective
nature of the questions. For example, “How often do you delay or
postpone taking your medication? never/almost never, rarely, some-
times, often or almost always/always?”. A further limitation of this
study is that the analysis of PROs was not adjusted for multiplicity
and, as a result, there is a potential for inflated type 1 error.

In conclusion, this post-hoc analysis demonstrates that treatment
with IDeglira is a simple regimen, requiring fewer daily injections, fewer
SMBG readings and fewer dose adjustments, and this is likely to be
responsible, in part, for the observed improvement in the PROs of
patients treated with IDeglira as compared with those receiving basal-
bolus therapy. Taken together, these results and the improved clinical
outcomes (non-inferior HbA1c, fewer episodes of hypoglycaemia and

weight benefit) demonstrated with IDegLira treatment?®

suggest that it
is less burdensome than basal-bolus therapy and has potential to
improve patient adherence and compliance. In clinical practice, a treat-
ment that requires fewer adjustments and measurements may facilitate

timely achievement of glycaemic control.
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