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ABSTRACT

Introduction: 1Deglira is a  once-daily
combination of insulin degludec (IDeg) and
liraglutide. Trials directly comparing IDegLira
with alternative strategies for intensifying basal
insulin are ongoing. While awaiting results, this
analysis compared indirectly how different
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strategies  affected  glycated
(HbA;.) and other outcomes.
Methods: A pooled analysis of five completed

hemoglobin

Novo Nordisk randomized clinical trials in
patients with type 2 diabetes inadequately
controlled on basal insulin was used to
compare indirectly IDegLira (N =199) with:
insulin
receptor
strategy];
[insulin glargine
(IGlar) + insulin aspart] (N = 56); or
up-titration of IGlar (N =329). A

supplementary analysis was performed with

addition of to Dbasal
(N=225) |[glucagon-like peptide-1
agonist (GLP-1RA)

basal-bolus (BB)

liraglutide

add-on
insulin

the BB arm including patients who received
IGlar or IDeg as basal insulin in the relevant
(N=210). All trials had comparable
inclusion/exclusion criteria and baseline

trial
characteristics. Individual patient-level data
were analyzed using multivariable statistical
models with potential baseline heterogeneity
accounted for using explanatory variables.

Results: At end of study, differences between
[DegLira and BB or up-titrated IGlar, respectively,
were as follows: reduction in HbA;. —0.30%, 95%
confidence interval (-0.58; —0.01) and —0.65%
(—0.83; —0.47); change in body weight —6.89 kg
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(—7.92; —5.86) and —4.04 kg (—4.69; —3.40) allin
tavor of IDegLira. Confirmed hypoglycemia rate
was 122.8 (90.7; 166.1), 1060.8 (680.2; 1654.4),
and 286.1 (231.1; 354.1) events/100
patient-years for IDegLira, BB, and up-titrated
IGlar, respectively. Odds ratios for achieving
HbA. <7.0%, <7.0% without hypoglycemia,
and <7.0% without hypoglycemia and no
weight gain were greater with IDegLira versus
up-titrated IGlar. The supplementary analysis
yielded similar results to the main analysis.
Results with IDegLira were similar to those for
the ‘GLP-1RA add-on’ arm.

Conclusion: These results suggest that IDegLira
may be more effective, with lower
hypoglycemia rates and less weight gain, than
up-titrated basal insulin or BB in patients
uncontrolled on basal insulin.
Keywords: Basal insulin; I[DegLira; Insulin
degludec; Intensification; Liraglutide; Type 2

diabetes

INTRODUCTION

When patients with type 2 diabetes do not
achieve glycemic control with basal insulin,
common strategies are to titrate the basal
insulin further, add bolus insulin, or switch to
These
glycemic control but may increase rates of

premix insulin. options improve
hypoglycemia and weight gain. A more recent
option has been to add a glucagon-like
peptide-1 receptor agonist (GLP-1RA) to the
basal insulin [1, 2], which has potential
advantages. With their different modes of
action, basal insulin and GLP-1RAs target
several of the multiple pathophysiological
defects that contribute to type 2 diabetes.

endogenous

secretion, basal insulin may also facilitate

By supplementing insulin

beta-cell rest and hence restore the prandial
insulin response to some degree [3, 4].
GLP-1RAs stimulate insulin secretion and
suppress glucagon
glucose-dependent manner [5, 6], as well as
delaying gastric emptying and reducing
appetite [7]. Gastrointestinal adverse events

secretion in a

(AEs), in particular nausea, are associated with
GLP-1RAs [8]. GLP-1 itself increases satiety [9];
the GLP-1RA liraglutide has been shown to
exert the same effect [10], and to be associated
with weight loss [8].

Combining a basal insulin and a GLP-1RA
has the potential to yield improved clinical
results to those expected from either therapy
glycemic
arising from reductions in both fasting plasma
glucose (FPG) and postprandial glucose, and less

alone—providing better control

associated hypoglycemia and less weight gain
compared with the use of basal insulin alone
[11]. This has indeed been the case; for example,
in the VICTOZA ADD-ON study
(NCT01388361), addition of the GLP-1RA
liraglutide to insulin degludec resulted in
greater reductions in glycated hemoglobin
(HbA;.) at 26 weeks relative to adding a single
daily dose of insulin aspart [12]. Weight loss and
lower rates of hypoglycemia were observed in
the liraglutide plus insulin degludec group.
Insulin degludec/liraglutide (IDegLira) is a
novel,
degludec and liraglutide in one pen device.
Insulin degludec is a once-daily basal insulin
with an ultra-long duration of action.
Liraglutide is a long-acting once-daily human
GLP-1 RA, for the treatment of adult patients
diabetes.  The
pharmacological properties of each component

once-daily combination of insulin

with  type 2 distinct
are maintained in the combination formulation
and after injection. IDeglira is administered as
dose steps, titrated to FPG target levels, with
each dose step comprising 1U of insulin
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degludec and 0.036 mg of liraglutide. The
maximum daily single administration is 50
(50U
liraglutide). The combined formulation makes

dose steps insulin degludec/1.8 mg
it possible to titrate both insulin degludec and
liraglutide at a slow and steady rate. IDegLira
received marketing authorization from the
European Medicines Agency and Swissmedic
(the Swiss Agency for Therapeutic Products) in
September 2014.

Studies in the development program for
IDegLira are shown in Table S1. To date, two
phase 3a trials have been completed and fully
published: DUAL I [NCT01336023; IDegLira
versus insulin degludec and liraglutide in
insulin-naive patients uncontrolled on oral
antidiabetic drugs (OADs)], including an
extension trial [13, 14]; and DUAL II
(NCTO01392573; IDegLira versus capped-dose
insulin degludec in patients uncontrolled on
basal insulin plus OADs) [15]. In DUAL I,
IDegLira was superior to liraglutide alone, and
non-inferior to insulin degludec, in reducing
HbA;.
hypoglycemia occurred less frequently with

mean from Dbaseline. Confirmed
IDeglira than with insulin degludec, but
than with

liraglutide. Patients using IDegLira lost weight,

significantly more frequently
with lower weight loss versus liraglutide, while
patients treated with insulin degludec gained
weight [13].

DUAL 1II enrolled patients who had not
achieved control on basal insulin therapy [15].
In DUAL 1II, mean HbA;. reduction from
baseline was greater with IDeglira versus
capped-dose insulin degludec; the risk of
hypoglycemia was low and comparable to that
with insulin degludec; and patients lost weight
with IDegLira but not with insulin degludec
[15]. However, the insulin treatment arm had
the dose capped at 50 units, to meet regulatory
illustrate

requirements and the potential

relative  contribution of the
component to the effect of IDeglira. While

this study illustrated the contribution of the

liraglutide

liraglutide component to the outcomes
achieved with IDeglira, the dose capping
meant it was not possible to compare the
of IDeglira with further

up-titration of basal insulin beyond 50 units.

clinical success

For clinical practice, it is of interest to know
whether IDeglira is a useful alternative to other
strategies for intensification of basal insulin
therapy. Currently, however, data from
head-to-head trials of IDegLira
uncapped basal (alone or in
combination with other drugs) in patients

versus
insulin

inadequately controlled on basal insulin have
not yet been fully published. While further
evidence from the clinical trial program is
awaited, a provisional indirect estimate of the
relative treatment effects was obtained through
a pooled analysis based on patients who used
[Deglira in the DUAL II trial and patients using
basal insulin, alone or in combination with
bolus insulin or liraglutide, in four other Novo
Nordisk-sponsored trials with comparable
inclusion/exclusion criteria and baseline
characteristics. The methodology used in the
pooled analysis is supported by the European
Network for Health Technology Assessment
guidelines on how to conduct indirect
analyses [16], and has been used previously for

indirect comparisons in diabetes [17].

METHODS

Choice of Analysis and Source of Data

To evaluate the efficacy of IDegLira compared
with  commonly  used
intensification

basal insulin

strategies in a population

inadequately controlled on basal insulin, a
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pooled multivariable analysis using treatment
arms from different trials was applied. For these
analyses, we used individual patient-level data
available in the Novo Nordisk clinical trial
database, from trials that met specific criteria.
Trials were identified by conducting a search
using the ‘TrialTrove’ database of clinical trials
intelligence (search strategy is shown in
Figure S1). Briefly, to qualify, trials had to be
phase III or IV randomized controlled trials
(RCTs) that used IDeglira, insulin glargine
(IGlar), insulin detemir, or liraglutide as the
intervention drug. To eliminate bias in the
selection of patients, extension studies, or
studies that re-randomized patients from an
immediate preceding trial, did not qualify.
Studies had to have been conducted in the
target population, i.e., patients with type 2
diabetes already using a basal insulin but with
uncontrolled glycemia. Studies also had to
include a treatment arm that used either
IDegLira or a current standard of care for such
patients (see Figure S1 for details). These criteria
were applied to similar
populations and similar trial designs.

Five trials (including DUAL II) that met all
these criteria were identified (Table 1) [15,
18-21]. In all the trials, insulin was titrated to
FPG targets similar to those used in DUAL II
[72-90 mg/dL (4.0-5.0 mmol/L)]. However, in
the LIRA-ADD2BASAL study (NCT01617434)
[18], the pre-trial insulin dose was reduced by
20% when patients entered the trial; this
mimics clinical practice, where the initiation

ensure patient

of liraglutide as add-on to basal insulin is
accompanied by a reduction in insulin dose.
Following randomization, insulin adjustments
above pre-trial dose were not allowed, as the
objective was to assess the effect of the added
liraglutide.

Trials of non-injectable add-on therapies to
basal insulin (such as pioglitazone, gliptins or

sodium-glucose co-transporter-2 inhibitors)
were not included in this analysis because the
Novo Nordisk clinical trial database did not
include any such trials that fulfilled the
selection criteria at the time of the analysis,
and therefore individual patient-level data were
not available.

All of the identified trials were controlled,
randomized, parallel-group trials, and were
either open-label or double-blind. In general,
only one treatment arm, or a subset of one
treatment arm, from each trial was used, as the
objective was to compare the efficacy of
[Deglira in DUAL II to other treatment
regimens. For basal-bolus therapy, initially
only patients treated with IGlar + insulin
aspart were included in the pooled analysis,
but a
performed that included patients treated with
insulin degludec + insulin aspart as well (see
below). Neutral protamine Hagedorn was not
included as a comparator because it was not

supplementary analysis was also

used in any of the identified trials.

The use of treatment arms from different
the potential for
differences in the patient populations. To

trials raised systematic
account for differences between the cohorts,
additional baseline characteristics as compared
to the models used in the original trials (listed
below under “Statistical Methods”) were
included in the pooled statistical analyses.
This was possible because the analyses were
based on individual patient-level data.

Outcome Measures

The primary endpoint was change in HbA;.
from baseline to end of study. Secondary
endpoints were confirmed hypoglycemia (with
rates reported for overall, severe, and
non-severe episodes); change from baseline in

body weight and body mass index (BMI); and
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responder rate, i.e., percentage of patients
HbA,. level of <7.0%
(53 mmol/mol), as well as achievement of
HbA;. <7.0%
hypoglycemia, and achievement of HbA;.
<7.0% without confirmed hypoglycemia and
no weight gain. Confirmed hypoglycemia was

achieving an

without confirmed

defined as the occurrence of severe episodes
(i.e., requiring assistance), or episodes in which
plasma glucose concentration (confirmed by
self-monitored blood glucose) was less than
56 mg/dL (3.1 mmol/L),
symptoms. A number of other endpoints were
also reported, including total insulin dose at
end of treatment, and change from baseline in

irrespective  of

systolic blood pressure (SBP), total cholesterol,
lipoprotein (LDL) cholesterol,
high-density lipoprotein (HDL) cholesterol,

low-density

and triglycerides.

Statistical Methods

When analyzing the results from a randomized
controlled trial, randomization accounts for
systematic bias, but subjects’ baseline values
may be accounted for using multivariable
statistical methods to estimate the endpoint
conditional on the pretreatment value, and
consequently increase statistical efficiency. In
the current analysis, the conventional statistical
models that were pre-specified for analysis of
data from the DUAL II trial were supplemented
by including a number of additional clinically
relevant baseline characteristics in an attempt
to account for systematic differences between
patients, as comparisons did not have the
protection through
randomization.

from bias achieved
The explanatory variables used in the pooled

statistical analyses were region, previous

antidiabetic treatment, and baseline value of
the variable being analyzed (e.g., baseline value

of HbA;. for the analysis of change in HbA;.).
Baseline value was not included for the analyses
of dose because all patients were titrated
towards a similar FPG target; thus, baseline
dose would not have an impact on any of the
end-of-trial treatment effects. In addition, the
following variables were included to account for
potential systematic differences between trial
populations: sex, disease duration, baseline
HbA;., and baseline BMI. The baseline HbA;.
and baseline BMI were included as explanatory
variables in analyses of all the endpoints, not
just analyses of HbA;. and BMI, respectively.
These additional explanatory variables were
identified on the basis that they are clinically
relevant variables, which have the potential to
exert an impact on the clinical outcomes of
interest in the pooled analysis.

Weight was not included as an explanatory
variable since weight is a component of BMI,
which is included as an explanatory variable.
Similarly, age and race were not included as
they are related to disease duration and
geographical region, respectively, which were
both included as explanatory variables. Baseline
dose was not included as an additional
explanatory variable since it was expected to
be related to many of the other explanatory
variables, e.g., duration of diabetes, BMI, and
HbA;..

In this paper, we report the estimated
changes from baseline accounting for baseline
characteristics, as well as the observed changes
from baseline in the variables listed above. We
also performed a supplementary analysis. In the
primary analysis, the basal-bolus arm consisted
of 56 patients who were treated with 1Glar plus
insulin aspart in the BEGIN Basal-Bolus (BB)
trial (NCT00972283). The supplementary
analysis included patients treated with either
IGlar or insulin degludec, plus insulin aspart, in
BEGIN BB; this brought the number of patients

A\ Adis
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in the BB arm of the current analysis to 210
(Table 1).

Continuous endpoints were analyzed using a
generalized linear model with an identity link
and Gaussian error. Counts were analyzed with
a log. link function and negative binomial
error, and responder endpoints were analyzed
with a logit link and binomial error. The model
used treatment, region, sex, and previous
antidiabetic treatment at baseline as factors
and diabetes duration, baseline BMI, and
baseline HbA;.

variables. The analysis is based on results at

as continuous explanatory
end of treatment and the model was not
adjusted for different treatment durations, as
effects 26 weeks
maintained. As in the original trial protocols,

last

seen at are generally

missing values were imputed using

observation carried forward for all analyses.

Trial, inclusion

The statistical package used was SAS version
9.4 (SAS Institute Inc., Cary, NC, USA).

The methods used are summarized in Fig. 1
[15, 18-21].

Compliance with Ethics Guidelines

This analysis did not involve any new research
on human subjects. The original clinical trials
included in the analysis were conducted in
accordance with Good Clinical Practice [22]. All
study procedures followed were in accordance
with the ethical standards of the responsible
committee human
(institutional and national) and with the
Helsinki Declaration of 1964, as revised in
2013 [23].
from all patients for being included in the

on experimentation

Informed consent was obtained

study.

criteria, drugs used Arm used Endpoints Analysis
DUAL Il (NCT01392573) Change in:
HbA, 7.5-10%; BMI 227 kg/m? —p _ . HbA 7
Basal_ir_]sulin(20—40U) +met + r N\ « Bod <L ht
SU/glinides -~ yiwelg
BOOST INTENSIFY BASAL Statistical model - s
(NCT01045447) adjusting for: » Systolic blood pressure .8
HbA,_7-10%; BMI <40 kg/m? \ . Region J To'(al chqlesterol, LDL, HDL, E
Basal insulin + met + pio * Previous triglycerides
+ DPP-4 anti-diabetic  Insulin dose
BEGIN FLEX (NCT01006291) ‘Srea‘mem T3
HbA. 7-10%; BMI =40 kg/m? / N ex . 7 o9
Basal insulin + met + ° > | + Duration of ¥ HipenmE Sis S % £
SU/glinides + pio diabstes (confirmed overall, > g

; severe, non-severe) J 2.8

LIRA ADD2BASAL + Baseline HbA £
(NCT01617434) S + Baseline BMI )
HbA, 7-10%; BMI 2045 kg/m? + Baseline for + HbA, <7% 06
Bpaslimsdinie et analyzed * HbA,_ <7%, no hypos L2 2
BEGIN BB Type 2 /' variable * HbA,_ <7%, no hypos, no G} ;',:
(NCT00972283) ly ) weight gain - =
HbA, 7-10%; BMI <40 kg/m?
Basal insulin + met + pio \ —

aSupplementary analysis

Fig. 1 Summary of method: pooled indirect analysis of
IDegLira OD versus other insulin intensification strategies
in patients uncontrolled on basal insulin [15, 18-21].
ANCOVA analysis of covariance, BMI body mass index,
DPP-4 dipeptidyl peptidase-4 inhibitor, HbA,, glycated
hemoglobin, HDL high-density lipoprotein, I4sp insulin

aspart, IDeg insulin degludec, IDegLira insulin degludec/
liraglutide, IDez insulin detemir, IGlar insulin glargine,
LDL low-density lipoprotein, lira liraglutide, mer met-
formin, OAD oral antidiabetic drug, OD once daily, pio
pioglitazone, SBP systolic blood pressure, SU sulfonylurea,
TID three-times daily
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RESULTS

As the inclusion criteria were comparable
across the five clinical trials, the treatment
arms were well matched with respect to
(Table 2).
clinically
parameters at baseline were observed. Mean
HbA;. level was higher, and mean disease

baseline characteristics However,

some differences in relevant

duration lower, for patients treated with
IDeglLira (in the DUAL II trial) compared with
patients from the other trials. The difference in
HbA;. could be expected because the inclusion
criteria for DUAL II specified a minimum
HbA . value of 7.5% (58 mmol/mol), whereas
for all other trials the minimum value was
7.0% (53 mmol/mol).
Efficacy Outcomes
The estimated reduction in HbA;. was
significantly greater with IDegLira (—1.68%;
95% confidence interval [—1.82; —1.54]) than
with GLP-1RA add-on to basal insulin (—1.33%
[-1.48; —1.18]), basal-bolus therapy (—1.39%
[-1.64; —1.13]), and up-titrated IGlar (—1.03
[—1.14; —0.93]) (Table 3a); estimated differences
are shown in Table 3b. For the remaining
parameters, estimated outcomes did not differ
significantly between IDegLira and the GLP-1RA
add-on to basal insulin arm (Table 3a, b).

Compared with BB or up-titrated basal
therapy, estimated improvements in body
BMI, and SBP were
significantly better with IDegLira. For example,
the estimated change in body weight was
—2.88kg [-3.39; -2.37] with IDeglLira,
+4.01 kg [+3.10; +4.93] with basal-bolus, and
+1.16 kg [0.78; +1.55] with up-titrated IGlar
(Table 3a).

A lower estimated insulin dose [37.8 units

weight, statistically

(33.8; 41.8)] was required with IDegLira versus

BB [62.4 units (55.2; 69.7)] or up-titrated basal
therapy [60.7 units (57.6; 63.7)] (Table 3a, b).
Compared with GLP-1RA add-on, IDegLira
required a similar dose of basal insulin, but a
lower dose of GLP-1 RA (Table 3a).

The supplementary analysis (Table S2a and
b), with an increased number of subjects in the
BB arm, yielded very similar results to the main
analysis.

As  expected, changes from
baseline were slightly different from the

estimated

observed changes (Table S3) because the

estimated changes were adjusted for
differences in  the  patients’ baseline
characteristics. =~ Observed = changes  and

estimated changes followed the same pattern
and magnitude for all parameters.

Hypoglycemia

Estimated rates of hypoglycemia are shown in
Table 4a and observed rates in Table S3; rate
ratios (IDegLira relative to alternative regimen)
and P values are shown in Table 4b. Estimated
rates of overall hypoglycemia and non-severe
hypoglycemia were significantly lower with
[DegLira with BB or up-titrated basal insulin
therapy (P <0.0001) (Table 4b). Rates of severe
hypoglycemia were too low for differences to
allow for meaningful statistical comparison.
Rates of overall hypoglycemia did not differ
between IDegLira [123 events/100 patient-years
of exposure (PYE) (91; 166)] and the GLP-1RA
add-on to basal insulin arm [124 events/100 PYE
(89; 173)].

The supplementary analysis (Table S4a, b)
yielded similar results to the main analysis.

Responder Rates

Estimated responder rates and odds ratios (ORs)
for these rates, for IDegLira versus comparators,

A\ Adis



581

Diabetes Ther (2015) 6:573-591

SONJEA PAe[NOTE) |

suonzestqnd [e13 9Y3 UT punoj oq I0UUED

muj~w> UHOMDHUHT @Cw Amuﬁumuwm u>.~..mG|E:5mETEOCv w~wﬁu —NC«WEO uﬂu EO.@ muﬂ@ﬁd& MO mubm@dm uo It swie NﬁCOAwa@ ﬁﬂm mmmv wB~O@|~Wm.m@ uovw wuﬁamuw @UaUmﬁo q

dsyT x ¢ + 1e[O] Yam pareons axom oym siuoned aareu-urmsur-uou jo dnoi3qns oya woiy are vle(

UONEIASP PIEpUEls (7§ QUISIE[3 UINSUT .z7n] “Opnun|3elr]/>apn3sp urmsur za7saqy 9redse urmsur ¢spy ‘urqofdoway paaedL[3 "/pgpy xopur ssew £poq Vg
20e1 pue Xas 10§ 1dooxo ‘sonfea ((JS) UTIW 2Ie SINSIY

(%) (oo

61T/18L 9°SE/F Y9 9'61/%°08 9ETHIL ['T2/68L /UEISEINED) 25T
,(Jow/jourwr)
(T6) 619 (0°01) 6'£9 (6'6) 169 (8'8) 799 (18) 12L 'vqH
(80) '8 (60) ¥'8 (60) '8 (80) T8 (L0) L8 (%) *'V9H
(s1eak)
(9€'9) oL'Cr (TL) 611 (€9) g1 I'L) 121 (0'9) €01 UonEINp I8eISI(
(L%) L€ (0°¢) 0°0€ ($%) ¥T€ A <) €€ (L) 9¢€ (;w/3) INd
(8L1) L'T6 (€'81) €'¢8 (091) ¥'¢6 (002) T06 @ 61) ¥S6  (3) 1yBrom Apog
(€6) $6S (#6) €8S (601) LLS (T6) €65 6'8) 89S (sreak) 2By
00S €TS I'LS €es €98 (%) (orew) xag
q(0IT=N) (3xedse (STT = N) (arwa3ap
urmsur 4 >opn3ap (98 = N) ursur surdrels
ursur 10 surSrels o(6T€ = N) surdreld (3xedse urmsur 4 ourdre[3 uInsur) urnsul eseq 03 (661 =N)
ugnsur) snjoq-Jeseq urmsur payenn-dn urnsur) snjoq-eseq  pappe Sw g’ spunjSexry errpdaqr pasn wary
([xT] stproN
OAON] “O[y uo eIep)
(6] Tr0T  [eseq Apsuanup 1SOOL pasmos

e 32 12q1eD) g4 NIDId
:sis{feue Areyuswapddng

pue ([02] €10T e 32
uy3ousy) X314 NIDAD

([61] T10T

‘Te 32 12qIeD) g NIDAA

([81] ST0T °Te 3 uuewyy)

TVSVdcadv-viI'l

([sT] ¥10T Te 3
asng) 11 TVNd

3I0M BIEP YOIYM
woxy (S)[ery,

[12-81 ‘ST] stsheue pajood oya ur papnpur syusned jo sonswaldereyd durPstq 7 Qe

I\ Adis



Diabetes Ther (2015) 6:573-591

582

(50°L2) (n)
Q
(TL€9 65LS)  (SO'LT) 5909 (8969 ‘61'SS) (SOLT) w€HT9  (€60% *€€TE) ,(S0°LT) €99€  (08'T¥ ‘6L€E) 08'LE  3s0p [eseq Afrep 1OF
(LF0— (c6% (F6c— (9982) (¢69— (99'82) (1p/3w)
'6C'81—) (99'8L) €'6— TTLE—)  (99°8L) FT9T— LT°67—) 9691 — $67°0€—) 19°81— SOpLILIA[EIY
(Tp/3w)
(281 0€0) #L£9) 90T (0TT ‘T1¥'1—) #L9) 00 (€0 T8T—) (FL9) ¥L0—  (LF'T €S0—) *L9) 1F0 [032389[0Yd TAHV
(L0%T) (86— (66— (1p/Bw)
(10°0— SH'S—) £L7—  (T€€8S6—)  (L0¥T) €1€— €L¢1—)  (L0%T) 98°6— TUI1—)  (L0%T) 95 L— [o13383[0Y2 TATV
(L9°67) (s17 (0s'8— (L9°67) (09— (L9°67) (Tp/3w)
(8%°0 H79—) «88°C— 9,€¢1—)  (L9'67) 08'S— 20°81—) 9T ¢T— 8y —) P01 — [012153[0Y]> [e303y
(see1) (19— (e6%—
(107— 26%—) wlB€—  (0€°S H9T—)  (S67TI) €81 €L9—) (S67T1) 89%— 9,8—) (S67T1) ¥89— BHww) ggsy
(801—
(950 %670)  (ITT) m€¥0  (SLTOT'T) (ITT) wT¥'1 Ly1—)  (ITD) Lo1— (80— 6I'T-)  (ITT1) 01— (;w/3) INGV
(L6T— (LgT—
(SST 8£0)  (THE) w9TT  (£6F 0T€) (7€) wl0% 80%—) (Tr€) €5¢— 6cc—)  (T€) 88— (8) 3ySrem Lpoqy
(or—z1—)  (I1) wI1— (21— 81-) (Im) .s1— (€= 91-)  (€1) wST—  (LI—0T-) (I1) 81— (jow/[owrw) *'yqHy
#60) (€ri— (811— #60) FST1—
(€60— HI'T—) w0 T— %9'1—)  ($60) 61— 8% 1—) wECT— 81—)  (¥60) 89T— (%) *"'VqHV
(6%'L '8TL) (#60) 6L (6TL'8L9) (#6°0) ¥0°L FTL%69)  (¥60] 60°L (889 :099)  (¥60) ¥L9 (%) *'VqH 109
1D %S6 (as) wesy 1D %S6 (as) uesy ID %S6  (As) uesy ID %S6  (As) ey
(98 =N)

(62€ = N) (ouiSxe[3 uymsur
parenn-dn) Aquo-peseq

juouodwod Jeseq se surrels
uInsur YIm snjoq-peseq

(STT = N) uynsur
Jeseq 03 uo-ppe YYI-dT1D

(661 = N) e3r1Sadl

PPOW VAODNY Uo paseq

JUAUIIEDI) JO PUD Je ISOP UI[nSUl [eseq AJiep pue ‘urre jusunesn 13d jusunesn-Jo-pud o3 surpseq woy safueyd ‘sonjea *Tyq [eL3-Jo-pud parewsy ()

wie snjoq—[eseq oY1 ur syuaned 9¢ Yam [opow wire-§ :SIsA[EUT UTeW oyl Wolj snsay € dqe],

A\ Adis



583

Diabetes Ther (2015) 6:573-591

HXUNW«\\HXUWMM nu:&m ENYY mB—Oﬁ\ﬁmmwm ‘N mem SeAL JUSWIIEII] JO PUD JE ISOP Snjoq %ﬁﬁda
Sw 8’1 Sem JusunIEanl JO pua 38 3sOp YYI-d 1D %TND

el

R}

(spnnjdex) Sw 9¢0°0 + 29pn[Sdp urnsur N 1 = vIr 3dY Jo dois asop duo) Fwr 9¢'T sem JUSWIEIN JO Pud 1B 350p YYTI-ITO Are( q

wusﬁw\r @Uudﬁﬂuﬁw o) e

UONEIAdp pIepuels (7§ inssaid

poojq s1joasds g “umoxdodiy Lasusp-mo[ 77 oprnjderr)/sapnidap urmsur za7say ‘umordodiy Asuap-ySry 7 “uiqojSoway paresk|s 7 pgry astuoge 101dodax
1-opndad oyij-uoSeon(3 pyr-g7H uswEon JO pUd I ()7 [EAINUI 2IUIPLUOD [7) XIPUL SSEW APOq [P “IUBLIEAOD JO SISA[eue pfOHNF Qul[aseq woxj adueypd |7
poseq [ppow are sS partoday *(q¢ S[qeL, 295 SAN[EA 19eXD 10]) 00 > o 4y ‘SO0 > d  IUPIYIP Apueoyrudis exrpdoq

10000>  (8LLI— %6LT—) 98TT— T10000> (6F91— ‘6L76—) %9%C— 00 (60°L *SL%—) LT'T (N) LOA 2s0p [eseq Lreq

€0 FLS0THT—)  8I'6— ¥8°0 (LT1T*0T9T—)  9%'T— 780  (9TST 9¢6I—) SOT— (Tp/3uw) sopudA[dny

9¢°0 (L90%98'T—) 60— ¥6°0 (01T 96T—)  L00O 1o (07T *LT0-) 171 (Tp/3w) [oxasooy> TAHV
L£0°0 (0€0— *S€6—)  T8%— €70 (€8T 89T1—)  €hH— 6€°0 (092 00¢—)  0€T  (Tp/3w) [oxnsd[oy> TATV
18000 (L6T—9T¢CI—)  9SL— I€0 (I€% 09€T—)  ¥9%— 0%'0 €6 1LE—) 787 (Tp/3w) [orsspoyd [ea01y
$900°0 (60— 08'S—)  L&€—  10000>  (LLH— 8STI—)  L98— ¥1°0 (690 106—)  9I'C— BHww) ggsy
1000°0> (ITT=£9T—)  ¥'1—  10000> (LoT— ‘08C—) ¥HT— 8500 (TS0 100—) 970 (w/3Y) INGV
1000°0> (0¥¢— 69%—) %0%—  10000> (98°S— T6L—)  689— 7600 (0% I10—)  $90 () 1yBrm Lpoqy
1000°0> (s—%6—) L— 0%0°0 (0 9-) ¢— 60000 (t—9-) y— L(Jow/[oww) *TyqHY
1000°0> (L70— €80—)  $90— 0%0°0 (100— '85°0—)  0€0— 60000  ($10— 950—)  SE€0— (%)'VIHV
anpeA J 1D %S6  UedW  onpeA g 1D %S6 U  onfeA g 1D %S6  UBIN

(surxe[3 urmsur
parenn-dn) Aquo-feseq
snsxoA ear S

1usuodwod [eseq se
surdre[3 urmnsur

YIM snjoq-jeseq

snsxoA ear Soqr

urmsur [eseq o1

uo-ppe V4I-d'TO

snsxoA ear Soqr

[PPOW VAQDNYV UO Paseq 1uounesn Jo pud je osop urnsul A[rep pue ‘siojeredwod snsios eI S5 10§ SIOUSIIP IUSWILIII-JO-PUd pazewnsy (q)

panunuod € dIqe],

I\ Adis



Diabetes Ther (2015) 6:573-591

584

amsodxa jo xeak-1uoned g [ opunjdeny/sopnydep urnsur zu 7Sy astuode 101dosor 1-opndad oyrj-uodeonS pyrr-g7H qeAraur 9duUSpyUOd 1)

swoadwifs Jo aandadsarxr (T/[owwr 1°¢) Tp/3w 9¢ ury3 $SI[ sem (9s0dn[3 pooyq paroIrUOW-F[as Aq

powguod) uonenusduod ssoonfS ewse[d yorym ur ssposids 1o «(duessisse Junrmbar “a17) saposida 219435 Jo 2ULLINII0 Y st PaUYIP sem erwdk[SodLy pawnrguory
UI[nSUuT [eseq 01 UO-Ppe WY [-J'TD YA PIAIdSqO 21oM $1uaAd dTwradA[SodAy 210408 ou se parewnss aq 10u ppnod :d[qesridde 10N FA

10°0 > d 4 URIPIP Apuesyrudis eirySo(y

10000>  (£9°0 0€0) €70 1000°0> (020 “L0°0) ANy 60  (FST °€90) 860 erwadA3odAy a1943s-uoN

$10 (18T *10°0) 91’0 70 (LLT 5100) 81°0 VN VN VN erwas{jBoddy 219455

10000> (290 “0€°0) €0 1000°0> (020 *£0°0) 710 S60 (ST €9°0) 660 erwadBodAy pawyuod [esaQ
onfea g ID %S6  onex ey anpes g 1D %S6 oper oyey onjeA g ID %S6  onex aey
(ourdxe[3 urmsur pajenin-dn) juouoduwrod [eseq se surdre[d urmsur Yarm urnsur [eseq 01 Uo-ppe
A[uo-feseq snsiaa exr 8oy snjoq—[eseq snsIdA exrySo(qy VII-dTD snsma exr 8ol

[Ppow [erwourq 2AneSou € uo paseq ‘erwadA[SodAy paurryuod 10y sonex ajex payewnsy (q)

(85°05¢ (961991 (897LI (€791
90'877) +8778T H5L9) «€'950T 91°68) 1§44 ‘06'68) 6121 ewadkBodLy a19a3s-uoN
(#6'L ©98°0) 9T (€9%T 8€0) ¥ VN VN (89% %00) %0 erwad4[30d4y 210498
(80%S€ (LEFSIT #8TL1 #1991 eruaf3odLy
01°1€7) 17987 L1°089) 80901 ‘67°68) 44! 1L06) 87l pauwIguod [eIdAQ
AXd 00T AXd 00T AXd 00T AXd 00T
1D %S6 /S3UAY 1D %S6 /SIUdAY 1D %S6 /SIUdAY 1D %S6 /S3UIAY
(98 =N)
(62€ = N) (urdrelS iuuodwod Jeseq se surdres (S7T = N) urmsur
urnsur pazenn-dn) A[uo-peseq urnsur Y snjoq-jeseq [eseq 03 uo-ppe YII-d 19D (661 =N) erySo(qr

[PPow Jerwoulq 3ARESoU € Uo paseq ‘wire Judsunesn 12d erwadL[SodAy pauwnyuods yo sorex parewnsy (e)

wIe w.D—OLIHNmmﬂ o3 ur muﬂ@ﬁ.ﬁ@ Wm s ~UTOE wre-y “mﬂmkﬁmﬁm urewr Uﬂu EO.@ SInsay ¥ O—A.—ﬁrH.

A\ Adis



585

Diabetes Ther (2015) 6:573-591

apunidex/sopnidop urnsur vur 7Sy ‘uiqodoway paredk[s gy astuoFe 101dodax [-opnded axi-uoSeon|d pyyr-g75H Ourpseq woyy aSueyd |

ured 1ySom ou pue erwadk[dodAy moyam ‘90> *Tyqy

pasdryoe oym (1usuodwod Jeseq e se suidie[d urnsur yaim) wire snjoq—[eseq ay3 ur sausned Jo 940 PIIEWNSI 03 NP IeWNSI 03 eIep Jusnyynsur d[qesrdde Jou par
sadueyp yqy 105 1dooxo syuaned jo adeausorad se umoys ore sorey

ured 1ySom ou pue

10000>  (6T°€T ‘0S%) 124 VN VN VN €€0 (31T LLO) 6T1  wrwadBodAy anoqm 90 L> *TYqH
10000>  (¥1'L:L8C) €% 10000>  (99%S ‘ILF) S09T  ¥800 (LFT S60) €¢T  erwadkBodAy nom 90> *Tyq9H
10000>  (€6'S '85°7) 16°€ €10 (Tre€ 98°0) P91 €000 (I€€ ‘8TT) 90°C (fow/jowrur €6) 960°L> *'V9H
anpeA g ID %S6 OnexIsppO  InfeA g ID %S6 OneIsppO oneA g ID %S6 oner sppO
(ourSref3 urmsur parenn-dn) wuodwod Jeseq se surdre[d urmsur urnsul [eseq 031 UO-ppe
A[uo-Teseq snsioa exr Sa(qy YIM snjoq—[eseq snsIdA e Sy VYI-d'T5 snsma exr 8oy s192(qns [pe uy
[Ppowr uorssaxdax onsido[ e uo paseq ‘s1da(qns e ur syozeredwod snsxda earSd(I 10§ sarex puodsdx 10§ soner sppo parewrnasy (q)
%L L %0 %T¢E 9%1°6€ ured 1ySrm ou pue erwadAFodAy oy 940°,> *TyqH
%9°ST %0 %S'S€ %9'SH erwaokiSodAy anoqua 90'£> *'yqH
%6'TE %8'TS %Ly %LY9 (ow/jowrur €6) 960°L> *'V9H
- SI— SI— 81— Jow/jowrw ‘s323[qns [e ur 'yqHY
€0'T— 6¢T— eCI— 89'1— 9% ‘$123[qns e ur *TyqHy
(67€ =N) (9s =N) (§TT = N) wpnsur (661 = N)
(surdre[8) Aquo-eseq snjoq-[eseq [eseq 03 uo-ppe VYI-dID e 8oy

[PPowr uorssaxSox onsido] e uo paseq ‘wnre Jusunesn 1ad sajexr ropuodsor parewnsy ()

wIe mS—OLIﬂNwNL wﬂu ur muCuUNQ Wm Ym ~®~UOE wre-i, _m_w%ﬁwﬁd urewr uﬁu EO.@ SINSY S IIqe 1,

I\ Adis



586

Diabetes Ther (2015) 6:573-591

are shown in Table 5a, b. The estimated
percentage of patients achieving HbA;. <7.0%
(53 mmol/mol) was 64.7% (IDeglira), 47.1%
(GLP-1RA add-on to basal insulin), 52.8% (BB),
and 31.9% (up-titrated IGlar) (Table 5a). The
estimated ORs for achieving HbA;. <7.0% were
significantly higher with IDegLira versus
GLP-1RA add-on to basal insulin [OR, 2.06
(1.28; 3.31)] and versus up-titrated IGlar [OR,
3.91 (2.58; 5.93)]. The estimated ORs for
achieving HbA;. <7.0% without hypoglycemia
were significantly greater with IDegLira versus BB
or up-titrated IGlar, and ORs for achieving HbA
<7.0% without hypoglycemia and no weight
gain were significantly greater with IDegLira
versus up-titrated IGlar (no subjects in the BB
group achieved this response) (Table Sa, b).

In the supplementary analyses, estimated
ORs in all three response categories were
significantly greater with
up-titrated IGlar, similar to the main analysis.
In addition, with the use of a larger BB group,

IDegLira versus

estimated ORs in all three response categories
were significantly greater with IDegLira versus
BB (Table S5a, b).

DISCUSSION

At the time of writing, fully published results
of randomized trials comparing IDegLira with
other current standard-of-care options for
patients who have not achieved glycemic
control with basal insulin are not available.
However, indirect comparisons provide
information that could aid physicians and
health policy makers in their decision-making
process while awaiting results of direct
comparisons. We therefore used an indirect
method—a multivariable comparison, using
individual patient-level data from similarly

designed trials in the Novo Nordisk clinical

trial database—to obtain estimates of the
efficacy of IDegLira
strategies for intensification of basal insulin.

versus  alternative
The results of these analyses showed a
consistent pattern of efficacy for IDeglira,
with results that were generally significantly
better than those obtained with BB or
up-titrated basal insulin therapy. Results were
generally similar to those obtained by adding a
GLP-1RA to basal insulin, and were achieved
with a similar dose of basal insulin but lower
dose of liraglutide with
liraglutide added to basal insulin.

Up-titrated basal
included as a comparator arm because this

IDegLira versus

insulin therapy was
approach is often used in clinical practice with
patients who have failed to achieve glycemic
control on their current basal insulin regimen.
The superior glycemic control with IDeglira
versus basal insulin therapy may be ascribed to
the different effects of the
components, with insulin degludec primarily

individual

responsible for the sustained lowering of FPG,
and liraglutide reducing postprandial plasma
glucose after all meals in addition to its effect in
reducing FPG [24]. Improved glycemic control
is achieved with lower constituent doses of
liraglutide and insulin degludec than would be
required for equivalent benefits using one or the
other treatment independently, as was seen in
the DUAL I trial [13].

Two effects may have contributed to the
reduction in body weight seen with IDegLira
and with GLP-1RA add-on to basal insulin. First,
treatment with liraglutide results in weight loss
[25]. Second, basal
associated with weight gain, and this was

insulin is normally

indeed seen in the BB and basal-only
treatment arms, where insulin could be fully
titrated and end-of-trial doses of insulin were
higher than in the two treatment arms that
combined basal insulin with liraglutide.
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Changes in markers of cardiovascular risk
other than weight/BMI were included in these
analyses because previous studies have reported
improved SBP [25, 26] and blood lipid profiles
with liraglutide [27, 28], and it was anticipated
that a therapy including liraglutide may provide
superior results versus therapies that do not.
Results were generally improved with IDegLira
versus BB or up-titrated basal insulin therapy for
SBP, total cholesterol, and LDL cholesterol. For
these outcomes, results in the GLP-1RA add-on
to basal insulin group were similar to those seen
with IDeglira. Patterns of change in HDL and
did not differ
between treatment arms.

triglycerides systematically

Rates of hypoglycemia were significantly
lower with IDegLira versus BB or up-titrated
basal insulin therapy, despite a mean reduction
in HbA;. that was significantly greater with
IDeglLira. This result was expected because the
liraglutide component of IDegLira stimulates
insulin secretion and suppresses glucagon
secretion in a glucose-dependent manner [5,
24]. Furthermore, the use of a GLP-1RA results
in a lower dose of insulin being required, as was
seen in these analyses, which may further
decrease the risk of hypoglycemia.

Results for IDegLira and the GLP-1RA add-on
to basal insulin arm were, as expected, similar
except for reduction in HbA,;.. For some
parameters (change in body weight, BMI, total
cholesterol, LDL), greater
improvements were seen in the GLP-1RA
add-on to basal insulin arm than with
IDegLira. These differences might be explained
by the fact that individual titration of IDegLira
resulted in lower doses of liraglutide compared
to the GLP-1RA add-on to basal insulin arm,
and also the design of the GLP-1RA add-on trial,
in which insulin adjustments above pre-trial

numerically

dose were not allowed post-randomization,

since the objective was to assess the effect of
the added liraglutide [18].

A potential advantage of IDeglira versus
GLP-1RA add-on to basal insulin, not assessed
here, is the greater convenience that a single
once-daily injection offers patients. Also, the
slower titration of liraglutide in the IDegLira
arm, which follows the titration schedule for
the basal insulin component, is expected to give
rise to less nausea compared with independent
titration of liraglutide [13].

Responder rates for patients achieving a target
HbA;. of 7.0% (53 mmol/mol), and composite
response rates that included achievement of
HbA, target together with no hypoglycemia or
no hypoglycemia and no weight gain, were
greater with IDegLira versus up-titrated basal
insulin therapy and versus BB therapy. Side
effects of therapy such as hypoglycemia and
weight gain may be of substantial concern to
patients and can be barriers to achieving good
HbA .
physicians’

control from both patients’ and
perspectives [29-32], and

particular  has  cost
healthcare services [33].

Composite endpoints such as the ones used

hypoglycemia in
implications for

here are therefore useful indicators of overall

treatment success. Furthermore, outcome
studies such as Action to Control
Cardiovascular Risk in Diabetes
(NCT00000620), Outcome Reduction With

Initial Glargine Intervention (NCT00069784),
and STENO-2 (NCT00320008) have suggested
that reduction in HbA;., while important,
accounts only in part for overall treatment
success; factors such as rates of hypoglycemia
and changes in body weight may also contribute
to overall morbidity and mortality [34-36].
Safety was not specifically considered in this
analysis, apart from hypoglycemia. In the trials
used for the analysis [18-21], AEs typical of
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basal insulin and/or GLP-1RA therapy were
noted, with no major or unexpected patterns
or concerns arising. In DUAL II, the incidence of
gastrointestinal AEs was low, but slightly higher
for IDegLira versus insulin degludec [15].

The key limitation of this study was the need
to use an indirect comparison methodology.
RCTs are correctly the gold standard for
comparing differences in
observed results within a randomized trial may
be ascribed to either chance or the randomized

treatments, as

treatment, providing unbiased estimates of
treatment effect. When results from RCTs are
not available, it is increasingly common to use
indirect comparisons. The multivariable model,
which
characteristics at baseline and was used here,
may be considered a superior approach to those

accounts for individual patient

methods used when individual patient-level
data are not available [16]. The standard
multivariable method is a common approach
used in clinical trials to account for differences
in baseline characteristics to improve statistical
efficiency [37]. Propensity score methods were
explored initially to investigate differences
between IDegLira and basal-only, and IDegLira
and BB treatment. The conclusions based on the
propensity scores were in line with the results
presented here.

Our estimated data differed somewhat from
the observed data, as would be expected when
made conditional on baseline characteristics
that differed systematically between treatment
exposures. Our supplementary analyses, in
which the entire model was re-analyzed using
a larger BB patient group, is reassuring as it
yielded near-identical results to the main
analysis on key criteria; results differed for
some of the lipid values, which varied highly
between patients in all the different arms.

The clinical trial program for IDegLira will
provide direct comparisons between IDegLira

and other insulin intensification options. Since
the present analysis was performed, DUAL V
(NCT01952145), [Deglira with
up-titrated IGlar, has been published in
abstract form [38]. The of that
randomized comparison are in line with those
described here.

comparing

results

A comparison of IDeglira versus full BB
therapy is also included in the current clinical
development program. The results presented
here can therefore be considered interim results,
which may help guide clinical decisions,
bearing in mind that they are open to
systematic bias, until the
comparisons are available.

randomized

CONCLUSION

In this indirect analysis of injectable insulin
intensification strategies, results with IDegLira
were similar or significantly better than those
obtained with BB therapy, up-titrated basal
insulin therapy, or liraglutide added to basal
insulin. Until direct comparisons are available,
these indirect results show that IDegLira may
offer a useful treatment alternative for patients
with type 2 diabetes who have failed to achieve
glycemic control using basal insulin therapy.
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