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Summary

Aims: Data from the EDITION 3 randomized study and the Clinformatics claims da-
tabase were analysed to determine whether insulin glargine 300 U/mL (Gla-300)
could provide insulin-naive patients with type 2 diabetes (T2D) on oral antidiabetes
drugs (OADs) with reductions in prior OAD therapy without compromising glycaemic
control, and while preserving its known low incidence of hypoglycaemia compared
with insulin glargine 100 U/mL (Gla-100).

Methods: Patient-level data from EDITION 3 and de-identified data from the
Clinformatics real-world claims database were analysed.

Results: At baseline, 70% of patients in EDITION 3 were on a background of 22
OADs. Among the 435 and 437 patients who initiated basal insulin with Gla-300 and
Gla-100, respectively, at Month 6, 336 (77%) and 338 (77%) were using <1 OAD.
Adding Gla-300 or Gla-100 similarly allowed for a reduction in background OAD
medication in the Clinformatics dataset (N = 6430), such that, at 6 months postbasal
insulin initiation, 14% of patients were no longer taking any OADs. In the analysis of
the EDITION 3 study, reduction in OAD burden did not compromise glycaemic ben-
efit, and the low incidence of hypoglycaemia associated with Gla-300 compared with
Gla-100 was also preserved. Documented symptomatic hypoglycaemia (blood glu-
cose <70 mg/dL) occurred in 30.5% vs 41.0% of patients treated with Gla-300 and
Gla-100, respectively (P = 0.0442).

Conclusion: Patients with T2D who initiate basal insulin with Gla-300 could poten-
tially reduce their prior OAD use without compromising glycaemic control and with

less hypoglycaemia than with Gla-100.
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1 | INTRODUCTION

Open Access

Despite advances in our understanding of the pathophysiology of type
2 diabetes (T2D) and its treatment, approximately half of patients fail
to achieve accepted blood glucose targets, placing them at increased
risk of diabetes-related complications and increased long-term health-
care costs.? Treatment with a single glucose-lowering agent will only
address limited pathophysiological defects, necessitating the use of
multiple medications in most patients to achieve adequate glycaemic
control.? The resulting polypharmacotherapy typical of many daily
anti-hyperglycaemic drug regimens carries a high burden of treatment
resulting from treatment-related effects and self-care demands that
are seldom adequately explored during clinical encounters.®

Polypharmacotherapy may resultin poor treatment adherence, sub-
optimal glucose control and increased costs, particularly when patients
perceive a high medication burden.*® In older patients in particular,
polypharmacotherapy associated with intensive treatment increases
the risk of hypoglycaemia, which can be severe, especially when insulin
secretagogues are used.® Polypharmacotherapy in older people is also
associated with an increased risk of adverse drug reactions, medication
nonadherence, falls, confusion and medication errors.”®

The real-world findings of a large managed-care claims database in
the USA reported that ~33% of adult patients with T2D were receiving
three or more oral antidiabetes drugs (OADs) at the time of basal insulin
initiation; another ~40% of patients were on two OADs.? Consistent
with the difficulties shown in this study in not only achieving glycae-
mic control, but also with maintenance of euglycaemia in T2D, a similar
study reported that the addition of a third OAD to background therapy
of 2 OADs did not translate into improved glycaemic control compared
with patients adding insulin as a third agent, despite the higher treat-
ment persistence.’® Regimen complexity in addition to hypoglycaemia
risk may therefore be a barrier to the successful management of T2D.!!

The aim of this study was to determine whether the use of insulin
glargine 300 U/mL (Gla-300) compared with insulin glargine 100 U/mL
(Gla-100) in insulin-naive patients enables a reduction in prior OAD
burden without compromising glycaemic control and while preserv-
ing the lower incidence of hypoglycaemia events associated with
Gla-300, compared with Gla-100.'? To this end, we conducted an anal-
ysis of patient-level data from the randomized controlled EDITION 3
trial that evaluated Gla-300 compared with Gla-100 in an insulin-naive
T2D population,’® and further assessed, in a real-world setting, the im-
pact of initiating basal insulin with Gla-300 and Gla-100 on OAD use.

2 | METHODS

2.1 | Study design and patients

This was a post hoc analysis of patient-level data from the rand-
omized controlled EDITION 3 clinical trial (NCT01676220), and de-
identified data from the Clinformatics real-world claims database.
EDITION 3 was a multicentre, randomized, open-label, two-arm,
parallel-group phase 3a study conducted from August 2012 to

September 2013, involving 878 participants with T2D.*® The study com-
prised a 2-week screening phase and a 6-month treatment period fol-
lowed by a 6-month safety-extension period. To be considered eligible for
inclusion in EDITION 3, patients had to be insulin-naive, 218 years of age,
with a diabetes duration of 21 year and having used OADs for 26 months
before screening. Exclusion criteria were a glycated haemoglobin (HbA1c)
level <7% or >11% at screening. Participants were required to have been
on noninsulin anti-hyperglycaemic treatment for at least 6 months prior
to screening and to discontinue any OADs not approved for use in com-
bination with insulin, and/or sulfonylureas or glinides. Otherwise, partic-
ipants continued their previous OAD therapies at stable doses. Patients
received once-daily evening injections of Gla-300 or Gla-100 adminis-
tered via a modified TactiPen® (Sanofi-Aventis, Frankfurt, Germany) or
SoloSTAR® (Sanofi-Aventis, Frankfurt, Germany) pen injector, respec-
tively. Insulin dose was titrated to a fasting self-monitored plasma glu-
cose (SMPG,) level of 80-100 mg/dL (4.4-5.6 mmol/L) in the absence of
hypoglycaemia.

For the Clinformatics database component, the study period was
from the fourth quarter of 2014 to the first quarter of 2016, with a basal
insulin initiation period occurring during the second and third quarters
of 2015. To be considered eligible for inclusion in the Clinformatics da-
tabase study, patients had to be 218 years of age at index date, with a
diagnosis of T2D during the study period, continuous enrolment for at
least 6 months pre- and postbasal insulin initiation, and a record of at
least 1 OAD/glucagon-like peptide-1 receptor agonist (GLP-1 RA) pre-
scription during the baseline period. Patients who had any insulin phar-

macy claims during the baseline period were excluded.

2.2 | End-points

Study end-points for patients from EDITION 3 treated with Gla-300
compared with Gla-100 were reduction in prior OAD burden, glycae-
mic control, and hypoglycaemia (<70 mg/dL and <54 mg/dL) incidence.
The Clinformatics database was used to address the research ques-
tions of whether there is a reduction in OAD use after initiation of
Gla-300 or Gla-100 in the real world, and which OADs are impacted.

2.3 | Statistical analyses

Efficacy and safety end-points were summarized using descriptive sta-
tistics. P values were calculated using a two-sample t test for continuous
variables and the Pearson chi-square test for proportions. A generalized
linear model with repeated-measures was used to test for the statistical
significance of reduction of OAD usage by visit. Statistical analyses were
performed using SAS® software version 9.2 (SAS Institute, Cary, NC, USA).

3 | RESULTS

3.1 | Baseline characteristics and disposition

From the EDITION 3 data set, a total of 435 patients treated with
Gla-300 and 437 patients treated with Gla-100 were included in the pre-
sent analysis. At baseline, most patients treated with Gla-300 or Gla-100
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TABLE 1 Baseline characteristics of EDITION 3 patients

Characteristic Gla-300 Gla-100
Patients with 1 OAD at baseline and 1 OAD at Month 6
Age,y
n 177 161
Mean (SD) 58.97 (9.90) 57.47 (9.80)
Duration of diabetes, y
n 174 160
Mean (SD) 10.22 (6.08) 9.35(5.86)
BMI, kg/m?
n 177 161
Mean (SD) 33.45 (7.25) 33.04 (5.86)
HbAlc, %
n 115 116
Mean (SD) 8.53(1.01) 8.61(1.09)
FPG, mg/dL
n 115 115
Mean (SD) 180 (53.8) 189 (52.6)
Patients with 2 OADs at baseline and 1 OAD at Month 6
Age,y
n 177 161
Mean (SD) 58.97 (9.90) 57.47 (9.80)
Duration of diabetes, y
n 174 160
Mean (SD) 10.22 (6.08) 9.35(5.86)
BMI, kg/m?
n 177 161
Mean (SD) 33.45 (7.25) 33.04 (5.86)
HbAlc, %
n 177 161
Mean (SD) 8.59 (1.10) 8.73(1.08)
FPG, mg/dL
n 174 158
Mean (SD) 183 (47.7) 185 (51.3)
Patients with 2 OADs at baseline and 2 OADs at Month 6
Age,y
n 40 31
Mean (SD) 56.48 (9.09) 59.13 (9.97)
Duration of diabetes, y
n 40 31
Mean (SD) 9.31(5.37) 9.40 (4.74)
BMI, kg/m?
n 40 31
Mean (SD) 34.00 (6.49) 34.15 (8.62)
HbAlc, %
n 40 31
Mean (SD) 8.23(0.92) 8.30(0.74)

(Continues)

& Metabolism

TABLE 1 (Continued)
Characteristic Gla-300 Gla-100
FPG, mg/dL
n 39 29
Mean (SD) 171 (47.7) 181 (51.5)

BMI, body mass index; FPG, fasting plasma glucose; Gla-100, insulin glar-
gine 100 U/mL; Gla-300, insulin glargine 300 U/mL; HbA1c, glycated
haemoglobin; OAD, oral antidiabetes drug; SD, standard deviation.

were receiving 2 OADs as background therapy (Gla-300: n = 226 [52%];
Gla-100: n = 206 [47%)). In the Gla-300 group, 129 (30%) and 73 (17%)
patients were receiving 1 and 3 OADs, respectively, as background
therapy; in the Gla-100 group, 134 (31%) and 84 (19%) patients were
receiving 1 and 3 OADs, respectively, as background therapy. For pa-
tients assigned to Gla-300 vs Gla-100 in EDITION 3, baseline HbA1lc and
fasting plasma glucose (FPG) values are summarized by number of OADs
at baseline and at Month 6 (Table 1). Mean HbA1c values at baseline
were similar for patients treated with Gla-300 or Gla-100.

Figure 1summarizes the disposition of patients from the Clinformatics
database who were treated with either Gla-300 or Gla-100. During the
basal insulin initiation period of the study, 7715 patients initiated basal
insulin with Gla-300 and 83 885 initiated Gla-100. Of these, 267 and
6163 patients, respectively, met eligibility criteria and were included in

the analyses.

3.2 | Changein OAD use

In the EDITION 3 data set, adding basal insulin allowed for a reduction
in background OAD medication use at Month 6 among patients treated
with Gla-300 (P < 0.0001), with an increase in patients receiving O or
1 OADs and a decrease in patients receiving 2 or 3 OADs (Figure 2A).
Adding Gla-100 also allowed for a reduction in background OAD use
at Month 6 (Figure 2B). In both Gla-300- and Gla-100-treated patients,
there were notable decreases in the numbers of patients using 2 or 3
OADs from baseline to Month 6 (3 OADs [Gla-300: n=73 to n=6;
Gla-100: n =84 to n=9]; and 2 OADs [Gla-300: n =226 to n = 95;
Gla-100: n =206 to n=90]). Compared with baseline, where most
patients (70%) were on a background therapy of 2 or more OADs, at
Month 6 a total of 314 (72%) and 22 (5%) Gla-300-treated patients
were using 1 and 0 OADs, respectively. Similarly, in the Gla-100 arm,
312 (72%) and 26 (6%) patients were receiving 1 or 0 OADs at Month
6, respectively. Most of the reduction in OAD burden occurred in the
first month after starting Gla-300 and was maintained throughout the
duration of the study (data not shown).

Similar to the observations in the clinical trial setting, in the
Clinformatics data set adding Gla-300 or Gla-100 allowed for a reduc-
tion in background OAD medication. Again, notable decreases from
baseline were observed in the number of patients at Month 6 using 3
OAD:s (Gla-300: n = 50 to n = 31; Gla-100: n = 914 to n = 619), 2 OADs
(Gla-300: n = 119 to n = 97; Gla-100: n = 2364 to n = 1911) and, in the
case of Gla-100, 1 OAD (Gla-100: n = 2607 to n = 2486). Compared

with baseline where most patients (70%) treated with Gla-300 were on
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abackground therapy of 2 or more OADs, at Month 6 a total of 98 (37%)
and 32 (12%) Gla-300 patients were using 1 or 0 OADs, respectively. At
Month 6, 32 of 267 (12%) Gla-300-treated patients and 853 of 6163
(14%) Gla-100-treated patients were no longer taking any OADs.

FIGURE 1 Disposition of patients from
the Clinformatics database. Abbreviations:
Gla-100; insulin glargine 100 U/mL; Gla-300,
insulin glargine 300 U/mL; GLP-1 RA,
glucagon-like peptide-1 receptor agonist;
OAD, oral antidiabetes drug; Q, quarter;
T2D, type 2 diabetes.

FIGURE 2 Comparison of OAD use at
baseline and 6 mo in patients treated with
(A) Gla-300 and (B) Gla-100 in EDITION 3

3.3 | Reduction in OAD use by class of OAD

Percentage of reduction in background OAD medications is summa-
rized by class of OAD among patients treated with Gla-300/Gla-100
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FIGURE 3 Percentage reductionin
OAD use from baseline to Month 6 by
OAD class with Gla-300 and Gla-100
treatment (A) in EDITION 32 and (B)
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MET
in EDITION 3 (Figure 3A) and Gla-300/Gla-100 in the Clinformatics
database (Figure 3B).

In EDITION 3, consistent with the protocol-mandated cessation of
OAD:s that are incompatible for use with insulin, the largest reduction
in OAD use was for sulfonylureas (96% reduction). However, the use
of combination OADs was reduced by 49%, thiazolidinediones by 28%
and dipeptidyl peptidase-4 (DPP-4) inhibitors by 22% (Figure 3A).

Among patients in the Clinformatics real-world database where
there was no specifically mandated reduction of OADs, sulfonylurea
use was reduced by 22%, with notable reductions also observed for
thiazolidinediones (27%), DPP-4 inhibitors (22%) and meglitinide
(20%) (Figure 3B). The only drug class to show an increase following
initiation of basal insulin was the GLP-1 RA class for which a 12% in-
crease in use was observed for Gla-300 (data not shown), compared
with an overall slight decrease for the combined Gla-300/Gla-100
Clinformatics cohort.

3.4 | Glycaemic benefit and hypoglycaemia in
EDITION 3

In EDITION 3, the reduced number of OADs taken by patients treated
with Gla-300 or Gla-100 did not compromise glycaemic benefit or the
reduced risk of hypoglycaemia that Gla-300 offers in comparison to
Gla-100 (Figure 4). The mean (xSD) reductions in HbAlc were as fol-
lows: 2 OADs at baseline to 1 OAD at 6 months (Gla-300, n = 177:
-1.5% [1.01]; Gla-100, n = 161: -1.5% [1.17]; P = 0.9933); 2 OADs to
2 OADs (Gla-300, n = 40: -1.5% [0.78]; Gla-100, n = 31: -1.8% [0.80];
P =0.1981); 1 OAD to 1 OAD (Gla-300, n = 115: -1.3% [1.36]; Gla-100,

SU DPP-4i SGLT2i TZD MEG

AGI GLP-1RA

n=116: -1.6% [1.42]; P = 0.3867). The changes in HbA1c did not dif-
fer significantly between OAD baseline and follow-up categories.

Moreover, the lower incidence of hypoglycaemia previously ob-
served with Gla-300 when compared with Gla-100 was also main-
tained following the reduction of OAD burden, as shown. In patients
who were able to reduce OAD utilization from baseline, the percent-
age of patients with any documented symptomatic hypoglycaemia
(blood glucose <70 mg/dL) was 30.5% with Gla-300 compared with
41.0% with Gla-100 (P = 0.0442; Figure 4A); the percentage with any
nocturnal documented symptomatic hypoglycaemia (<70 mg/dL) was
11.9% with Gla-300 compared with 16.8% with Gla-100 (P = 0.1969;
Figure 4C). Documented symptomatic hypoglycaemia and nocturnal
documented symptomatic hypoglycaemia (<54 mg/dL) also occurred
significantly less frequently for patients treated with Gla-300 com-
pared with Gla-100: the percentage of patients with documented
symptomatic hypoglycaemia (<54 mg/dL) was 8.5% with Gla-300 com-
pared with 18.6% with Gla-100 (P = 0.0060; Figure 4B); the percentage
of patients with nocturnal documented symptomatic hypoglycaemia
(<54 mg/dL) was 2.3% with Gla-300 compared with 7.5% with Gla-100
(P =0.0247; Figure 4D).

4 | DISCUSSION

The findings of this post hoc analysis of data from EDITION 3 and
from the Clinformatics real-world database demonstrate that the use
of basal insulin in patients with T2D currently uncontrolled on OADs

allows the reduction of prior OAD therapy without compromising
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FIGURE 4 Percentage of patients on Gla-300 and Gla-100 with
at least 1 hypoglycaemia event during the 6-mo treatment period

in EDITION 3 who reduced prior OAD use: A, all documented
symptomatic hypoglycaemia (<70 mg/dL); B, all documented
symptomatic hypoglycaemia (<54 mg/dL); C, nocturnal documented
symptomatic hypoglycaemia (<70 mg/dL); D, nocturnal documented
symptomatic hypoglycaemia (<54 mg/dL)

glycaemic control. Indeed, in EDITION 3, the initiation of basal insulin
either with Gla-300 or Gla-100 resulted in a similar improvement in
HbA1c from baseline. The reductions in HbAlc were comparable in
patients both with and without a decrease in the number of OADs
used during 6 months postbasal insulin initiation, indicating that a
reduction in OAD burden did not compromise glycaemic control. In
addition, compared with Gla-100 treatment, the risk of any hypo-
glycaemia (<70 mg/dL or <54 mg/dL) and nocturnal hypoglycaemia
(<54 mg/dL) was significantly reduced with Gla-300 despite the
achieved reduction in OAD burden. Consistent with the study pro-
tocol which mandated the discontinuation of OADs not compatible
with insulin use, the reduction in OAD burden in EDITION 3 occurred
within the first month after initiating basal insulin. The observed
benefits of Gla-300 and Gla-100 treatment at Month 6 despite this
early withdrawal of OADs favour a reduction in OAD use in some
patients initiating therapy with basal insulin. The findings from the
Clinformatics database support the EDITION 3 clinical study obser-
vations by demonstrating that in a real-world clinical setting there
was a similar reduction in OAD burden after initiating either Gla-300
or Gla-100. Collectively, these observations suggest that when add-
ing basal insulin, some patients with T2D can safely reduce their prior
OAD burden while achieving an improvement in glycaemic control
and at the same time preserving the known lower incidence of hypo-
glycaemia associated with Gla-300 compared with Gla-100.

The finding that patients with T2D who initiate or intensify ther-
apy with insulin may benefit from reduced OAD usage is not unique.
Analysis of data from a large US managed-care database showed
that in patients already receiving basal insulin, the addition of in-
sulin aspart led to a reduction in OAD usage.'* However, there is
a surprising shortage of relevant data regarding this phenomenon,
perhaps because it may be considered counterintuitive to reduce
the overall therapeutic burden in a disease that is complex and
progressive. On the one hand, for those patients initiating insulin
therapy, it would make sense to discontinue insulin secretagogues
(such as squonyIureas).15 On the other hand, however, discontinuing
other classes of OAD with different mechanisms of action may re-
duce the possibilities to further decrease HbA1c levels and modify
noninsulin-dependent physiological targets. For example, discon-
tinuing an OAD with a pronounced postprandial glucose-lowering
effect would potentially be counterproductive due to a loss in po-
tential synergy with the FPG-lowering effects of insulin glargine.'®
Speculation concerning the suboptimal treatment effects of an

insulin-based regimen in the context of reduced OAD burden needs
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to be weighed against the potential benefits of regimen simplifica-
tion in T2D, which include improved glycaemic control, medication
adherence and reduced healthcare costs.'”*

In our study, we found a small increase in the use of GLP-1
RAs among patients who initiated treatment with Gla-300 in the
Clinformatics database. This finding is somewhat surprising when
compared to what we observed with regard to OADs. This might be
due to the fact that these patients were more likely to be under the
care of an endocrinologist,19 but this is purely speculative and the
number of patients concerned is small.

This study has several limitations. The main limitation of the post
hoc analysis of EDITION 3 data was the confounding aspect of in-
vestigating the effects of a reduction in background OADs when
such a reduction was mandated by the study protocol. However,
this did not extend to thiazolidinediones, DPP-4 inhibitors, sodium-
glucose cotransporter-2 inhibitors, GLP-1 RAs, biguanides and other
drug classes that were compatible with insulin use, suggesting that
the reduction in OAD use was determined by patient and physician
factors that are relevant in a real-world setting. Indeed, the corrob-
orating evidence of a reduction in background OAD use in patients
from the Clinformatics database together with the observation that
multiple classes of OADs were discontinued in EDITION 3 and not
just OADs associated with a high risk of hypoglycaemia, support the
notion that reductions in prior OADs can be implemented during ini-
tiation of basal insulin therapy without compromising the benefits of
improved glycaemic control and lower hypoglycaemia risk, the latter
dependent on the particular basal insulin used. The present study
was not specifically intended to assess the type and magnitude of
OAD reductions, any judgements around which should be left to the
care provider based on individualized patient needs. The main limita-
tion of the Clinformatics database analysis was that the difference
in baseline characteristics of the two arms could have impacted the
results. On the other hand, the strengths of the database include its
real-world clinical setting and consequent capacity to assess effects
that are determined by real-world clinical decision-making and not as
a consequence of specific protocol mandates. The use of claims data
from the Clinformatics database has the limitation that such data are
potentially subject to coding errors, which can influence the study
results. In addition, patient and other baseline factors not consid-
ered in the analysis may have influenced the results. However, it is
relevant that despite the differences between the EDITION 3 and
Clinformatics datasets, the data regarding OAD usage were consis-
tent and lend credibility to the findings overall. As a retrospective
analysis, the findings were exploratory in nature and, as such, cannot
be used to establish causality of the observed outcomes. Finally, a
limitation of the statistical analyses employed for this study include
that two sample t tests assume normally distributed data in the
EDITION 3 and Clinformatics populations, and the chi-square test is
sensitive to small sample size and expected frequencies.

In conclusion, our findings suggest that T2D patients who initi-
ate basal insulin therapy with Gla-300 could potentially reduce their
use of OADs without compromising glycaemic control and with a
lower risk of hypoglycaemia than with Gla-100. These findings have
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important ramifications for real-world clinical decision-making, par-
ticularly regarding regimen simplification, but require confirmation

in prospective studies.
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