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1 | INTRODUCTION

Since its introduction to the market in 2000, insulin glargine (IGlar)

100 U/mL has been perceived as the gold standard basal insulin

Abstract

Aims: We evaluated risk factors for clinically relevant hypoglycaemia (blood glucose
<3 mmol/L) in patients with type 2 diabetes during insulin glargine self-titration. Data
were from two clinical trials in which patients were able to improve glycaemic control
by self-titration of insulin glargine using a simple algorithm.

Materials and Methods: We performed post hoc analyses of pooled treatment
groups from each of two Phase 3 studies comparing LY2963016 with LANTUS:
ELEMENT-2 (double-blind) and ELEMENT-5 (open label). Clinically relevant
hypoglycaemia was analysed by category of HbAlc (<7%, 7%-8.5%, >8.5%) at Week
12 (titration period) and at Week 24 (overall study), and by subgroups of age (<65,
>65 years) and previous insulin use (naive or not).

Results: In the ELEMENT-2 study (N = 756), there were no overall differences in rate
or incidence of hypoglycaemia among HbAl1c categories. In the ELEMENT-5 study
(N = 493), patients with HbA1c greater than 8.5% had a lower rate and incidence of
hypoglycaemia throughout the study compared to those in the lower HbA1c catego-
ries. In both studies, patients 65 years of age or older, compared to those less than
65 years, had a higher rate and incidence of hypoglycaemia during the titration
phase, had lower baseline HbA1c, and experienced smaller increases in dose, with no
differences in HbA1c post baseline. The rate and incidence of hypoglycaemia was
similar between naive patients and patients previously using basal insulin, across all
levels of glycaemic control. With the exception of the older subgroup, hypoglycaemia
rates were similar during titration and maintenance periods.

Conclusion: Our results support broader use of self-titration algorithms for patients
with type 2 diabetes.
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analogue® and continues to be a benchmark for other therapies.? Les-
sons from randomized clinical trials (RCTs) for IGlar, including effective
use of titration algorithms (treat-to-target), have been adopted broadly

in clinical practice for glargine and other basal insulins.® Simplicity of
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treatment regimen and the relatively low risk of hypoglycaemia contrib-
ute to the growing popularity of adding basal insulin analogues to exis-
ting treatments as a way to introduce insulin in patients with type
2 diabetes (T2D) who are no longer controlled with oral glucose-
lowering medications.*

Despite the high efficacy of insulin treatment shown in RCTs,
patients in the real world frequently fail to achieve the desired level of
glycaemic control.®> There are multiple explanations, but one is lack of
effective up-titration, with patients continuing therapy at suboptimal
doses of basal insulin. Reluctance to increase an insulin dose might be
related to the fear of hypoglycaemia or of weight gain among patients
or health care providers (HCPs). Also, the HCP may lack expertise in
dose adjustment, or may not have the resources or ability to monitor
the titration process.®

Titration algorithms, which have been shown to be effective while
maintaining a reasonable risk of hypoglycaemia, provide useful guid-
ance to HCPs in titrating basal insulin.®” Patient-driven self-titration
algorithms may be used as an alternative to titration led by HCPs.®
Clinical trials comparing patient-driven and physician-driven basal
insulin titration have provided reassuring results, showing similar or
better glycaemic control with patient-driven methods.” However,
HCPs may feel uncomfortable advising patients to implement self-
titration because of concerns about hypoglycaemia. Further research
is needed to understand the factors that will identify patients who
might require more cautious self-titration monitoring and more fre-
quent supervision because of the risk of hypoglycaemia.

We have undertaken a reanalysis of hypoglycaemia in two RCTs
that involved glargine self-titration, using the definition of clinically
relevant hypoglycaemia (blood glucose <3 mmol/L [54 mg/dL]), which
is in line with recent recommendations that glucose concentrations
less than 3.0 mmol/L (54 mg/dL) should be reported in clinical trials.*®
The ELEMENT-2 and ELEMENT-5 trials compared two IGlar U-100
products, Lantus and LY2963016, in patients with T2D.1112
LY2963016 is an insulin glargine product developed by Eli Lilly and
Company and Boehringer Ingelheim which is considered a follow-on
biologic to Lantus in the USA and a biosimilar product in the EU and
some other countries. Treatment comprised a 3-month titration
period, during which doses were frequently adjusted based on self-
monitored blood glucose, and a 3-month maintenance period.

This study sought to provide additional insight into the burden of
hypoglycaemia in patients with T2D who were self-titrating 1Glar
100 U/mL by determining if glycaemic control, older age or previous
insulin treatment affected the risk of clinically relevant hypoglycaemia
(blood glucose <3 mmol/L) during IGlar self-titration.

2 | METHODS

2.1 | Patients and study design

The ELEMENT-2 and ELEMENT-5 trials were Phase 3, randomized,
multicentre, 24-week studies in patients with type 2 diabetes, of
which 60% and 45%, respectively, were insulin naive (HbAlc 27% and

<11%) or were using IGlar previously (HbA1c <11%). Eligible patients

were aged at least 18 years and had been receiving at least two oral
antihyperglycaemia medications (OAMs) at stable doses for 12 weeks
prior to screening, with or without IGlar. The ELEMENT-2 trial (Czech
Republic, France, Germany, Greece, Hungary, Italy, Republic of Korea,
Mexico, Poland, Puerto Rico, Spain, Taiwan, USA) was double-blind.
The ELEMENT-5 trial (India, Korea, Puerto Rico, Russia, Turkey, Tai-
wan, USA) was open label and also differed from the ELEMENT-2 trial
in enrolment of patients using pre-study basal insulins other than
IGlar. Both studies compared treatment with LY2963016 (LY IGlar) to
treatment with LANTUS IGlar for 24 weeks; the titration period in
each trial was Weeks 0 to 12, and the maintenance period was Weeks
13 to 24. Both treatments showed similar efficacy and safety.'%*2

The starting dose for all insulin-naive patients was 10 U/day;
patient-driven titration specified the addition of 1 U daily until fasting
blood glucose (FBG) reached at least 5.6 mmol/L (100 mg/dL) or lower.**
Patients using LANTUS prior to study entry initiated the insulin to which
they were randomized at their current dose, and increased their insulin
dose by 1 U/day until the same FBG target was reached. Most of the
titration was expected to be completed during the titration period, with
any further adjustments after Week 12 made for safety concerns such
as hypoglycaemia or unacceptable hyperglycaemia. Patients monitored
their blood glucose with daily 4-point self-monitored blood glucose
(SMBG) profiles, and were asked to perform three 7-point SMBG profiles
in the 2 weeks prior to each of four specified visits during the study.

In the ELEMENT-2 trial, 621 patients (82.1%) were receiving two
OAM s prior to randomization. The remaining patients were receiving
three OAMs (15.9%), four OAMs (1.7%) or five OAMs (0.3%) prior to
randomization. In the ELEMENT-5 trial, 341 patients (69.2%) were
receiving two OAMs prior to randomization, and the remaining
patients were receiving three OAMs (26.4%), four OAMs (3.9%) or
five OAMs (0.6%) prior to randomization. In both studies, the most
commonly used combinations of two OAMs were sulfonylureas and
metformin, and dipeptidyl peptidase-4 inhibitors and metformin. The
intent of the study was that patients not deviate from their OAM regi-

men except in an emergency.

2.2 | Objectives

In these post hoc analyses, we aimed to estimate the incidence and
rate of clinically relevant hypoglycaemia in patients who participated
in the ELEMENT-2 or ELEMENT-5 clinical trials. Clinically relevant
hypoglycaemia is a new category introduced for the purpose of these
analyses. It includes both non-severe and severe episodes of
hypoglycaemia, confirmed with blood glucose less than 3 mmol/L
(54 mg/dL), which were routinely recorded during the trials and
reported, in line with the original protocol definitions.!%12

With treatment groups pooled in each trial, we determined
whether subgroups of age (<65 vs 265 years), previous insulin use
(naive vs previous use of insulin) or level of glycaemic control
achieved during the trial and at the endpoint (HbAlc at 8, 12 and
24 weeks) affected the risk of hypoglycaemia. Hypoglycaemia was
analysed for the titration period, the maintenance period and the

overall study. We also determined whether any baseline factors would
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predict the risk of experiencing at least two episodes of clinically rele-
vant hypoglycaemia during the study.

2.3 | Statistical analyses

Given the similar efficacy and safety of LY IGlar and LANTUS, 15
treatment arms were pooled within each trial for this study. Because
of differences in design and statistical analysis of the two trials,
populations of patients from the two studies were pooled only for the
regression analysis.

For baseline values of HbA1c, FBG and insulin dose, least square

(LS) means were computed using an analysis of variance (ANOVA)

TABLE 1 Demographic and baseline characteristics

Subgroups by age

Subgroups by prior insulin use

model, with baseline of response variable as dependent variable and
subgroup as independent variable (type lll sums of squares).

For the ELEMENT-2 trial, consistent with pre-planned analyses,
LS means of HbA1lc, FBG and insulin dose at post-baseline time-
points were computed using an analysis of covariance (ANCOVA)
model, with the post-baseline value of the response variable as
dependent variable and the baseline value of the response variable,
country, sulfonylurea use, time of basal insulin injection (daytime,
evening/bedtime) and subgroup as independent variables (type Il
sums of squares). For endpoints at Week 24, last observation carried
forward (LOCF) was used as an imputation mechanism.

For the ELEMENT-5 trial, LS means estimates of HbA1c, FBG and

insulin dose were computed for post-baseline time-points using a

Subgroups by HbA1c at week 12

<65y 265y Naive Not naive <7% 7% to 8.5% >8.5%
ELEMENT-2 (N = 756)
N at baseline n = 542 n=214 n =457 n =299 n =288 n =367 n =45
Age,y 543+7.8 704 £ 4.4 58.1 +10.3 60.0 9.6 59.3+104 59.0x9.2 56.6 +11.7
Men, n (%) 275 (50.7) 103 (48.1) 237 (51.9) 141 (47.2) 145 (50.3) 176 (48.0) 21(46.7)
Race, n (%)
American Indian or Alaska native 36 (6.6) 2(0.9) 20 (4.4) 18 (6.0) 14 (4.9) 17 (4.6) 3(6.7)
Asian 50(9.2) 14 (6.5) 36(7.9) 28 (9.4) 21(7.3) 29(7.9) 5(11.1)
Black or African American 49 (9.0) 9(4.2) 42 (9.2) 16 (5.4) 15(5.2) 30(8.2) 7 (15.6)
Multiple 3(0.6) 0(0.0) 2(0.4) 1(0.3) 2(0.7) 1(0.3) 0(0.0)
White 404 (74.5) 189 (88.3) 357(78.1) 236 (78.9) 236 (81.9) 290 (79.0) 30 (66.7)
Diabetes duration, y 10.3+ 6.2 144 +7.4 10.6 + 6.5 127 +7.1 111+ 6.6 115+ 6.8 13.0+75
Prior insulin use (n, %) 202 (37.3) 97 (45.3) N/A N/A 90(31.3) 162 (44.1) 27 (60.0)
BMI 230 kg/m?, n (%) 353 (65.1) 112 (52.3) 279 (61.1) 186 (62.2) 169 (58.7) 238 (64.9) 27 (60.0)
Baseline HbA1c, % 8.43 £ 1.09 8.06 £0.99 8.45 +1.02 8.13+1.13 7.80 £ 0.94 8.61 +0.99 9.48 +0.92
Sulfonylurea use, n (%) 447 (82.5) 183 (85.5) 380 (83.2) 250 (83.6) 229 (79.5) 321 (87.5) 38 (84.4)
ELEMENT-5 (N = 493)
N at baseline n =388 n =105 n =223 n=270 n =149 n =256 n=56
Age, y 54.1+7.3 69.8 4.2 57.0+94 578+9.3 570+9.2 57.9+93 548 +84
Men, n (%) 203 (52.3) 54 (51.4) 117 (52.5) 140 (51.9) 82 (55.0) 132 (51.6) 30(53.6)
Race, n (%)
American Indian or Alaska native 1(0.3) 0(0.0) 0(0.0) 1(0.4) 1(0.7) 0(0.0) 0(0.0)
Asian 194 (50.0) 40(38.1) 89 (39.9) 145 (53.7) 54 (36.2) 130 (50.8) 34 (60.7)
Black or African American 22 (5.7) 8(7.6) 15 (6.7) 15 (5.6) 9 (6.0) 14 (5.5) 4(7.1)
Multiple 2(0.5) 1(1.0) 2(0.9) 1(0.4) 1(0.7) 0(0.0) 0(0.0)
White 169 (43.6) 56 (53.3) 117 (52.5) 108 (40.0) 84 (56.4) 112 (43.8) 18(32.1)
Diabetes duration, y 11.0+5.6 155+ 6.7 10.2 £ 5.6 133+ 6.7 11.7+59 121+ 6.6 12.0+7.2
Prior insulin use (n, %) 206 (53.1) 64 (61.0) N/A N/A 68 (45.6) 149 (58.2) 41(73.2)
BMI 230 kg/m?, n (%) 156 (40.2) 37 (35.2) 87 (39.0) 106 (39.3) 58 (38.9) 97 (37.9) 27 (48.2)
Baseline HbA1c, % 8.66 + 1.06 8.42 +1.03 8.80 £ 0.98 8.45+1.10 8.09 +1.02 8.70 £ 0.94 9.58 £0.81
Sulfonylurea use, n (%) 325 (83.8) 89 (84.8) 199 (89.2) 215 (79.6) 115(77.2) 219 (85.5) 53(94.6)

Data are given as mean + SD unless otherwise indicated.
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mixed model repeated measures (MMRM) model, with the response
variable value as dependent variable and baseline value, pooled coun-
try, sulfonylurea use, subgroup, time and subgroup*time as indepen-
dent variables (type Ill sum of squares and variance-covariance
structure = unstructured). For endpoints in the ELEMENT-5 trial, an
ANCOVA model was implemented, with response variable value as
dependent variable and baseline value, pooled country, sulfonylurea
use, time of basal insulin injection and subgroup as independent vari-
ables (type Il sums of squares). For endpoints at Week 24, LOCF was
used as an imputation mechanism.

For ANCOVA and MMRM models of HbA1c at 12 weeks, the end
of the titration phase, the baseline value of HbAlc was not entered in
the model to avoid confounding with the subgroup categories; that is,
higher baseline HbA1c values would have a higher probability of being
present in the higher HbAlc categories (>8.5%) at 12 weeks.

For analysis of the incidence of hypoglycaemia, Fisher's exact test
was used to compare analysed subgroups. To compare maintenance

and titration periods within participants, a generalized estimating

equations (GEE) logistic regression model was used to account for the
paired nature of this test, with maintenance vs titration as covariate
and country, sulfonylurea use at screening and HbA1c at baseline as
fixed effects.

For analysis of the rate of hypoglycaemia per 100 person-years,
negative binomial (NB) models were used, with the number of
hypoglycaemia events as outcome variable, subgroup as independent
variable, and with log (exposure in days/365.25) as an offset variable
to calculate the rate per 100 person-years. For the ELEMENT-2 trial,
the following covariates were used in these models: baseline HbA1lc,
For the

ELEMENT-5 trial, the following covariates were used in these models:

sulfonylurea use and time of basal insulin injection.

baseline HbAlc, sulfonylurea use at screening, pooled country and
basal insulin status at study entry. For comparison of titration and
maintenance periods, GEE versions of the above NB models were
used to accommodate for the paired nature of this test.

Assuming a similar effect of covariates on hypoglycaemia between

the two studies, we implemented a multiple logistic regression model

TABLE 2 HbAlc, insulin dose and hypoglycaemia summary (0-24 weeks)

Subgroups by age

Subgroups by prior

Subgroups by HbA1c at week 12

insulin use

<65y 265y Naive Not naive <7% 7% to 8.5% >8.5%
ELEMENT-2 (N = 756)
N for subgroups n =542 n=214 n =457 n=299 n =288 n =367 n=45
HbA1c, baseline, % 8.43+0.05 8.07 £ 0.07% 8.46 +0.05 8.13 £ 0.06% 7.81+0.06 8.61 +0.05% 9.48 +0.14?
HbA1c, week 24, % 6.91+0.06 7.00+0.07 675+0.06 7.23+007° 6.39+005 7.22 + 0.05° 8.66 +0.11°
Insulin dose, week 24, U/kg/d 0.556 0.423 0.592 0.401 0.442 0.569 +0.03° 0.629 + 0.06°

+0.02 +0.03° +0.03 +0.03° +0.03
Rate (events/p/y) 273+0.30 3.27+0.50 294+034 276+0.38 3.03+041 2.78 +0.36 2.92 +0.89
RR (95% Cl) 1.19(0.88, 1.62) 0.94 (0.70, 1.25) Reference 0.92 (0.68, 0.96 (0.51,
1.25) 1.82)
Incidence, n (%) 226 (42.1) 95 (44.8) 199 (44.1) 122 (40.9) 141 (49.0) 158 (43.1) 15 (33.3)
Patients with > two events, n (%) 148 (27.6) 70 (33.0) 140 (31.0) 78 (26.2) 95 (33.0) 111 (30.2) 10 (22.2)
ELEMENT-5 (N = 493)
N for subgroups n =388 n =105 n=223 n=270 n =149 n =256 n=>56
HbA1c, baseline, % 8.65+0.05 8.41+0.10° 8.82+0.07 843+0.06% 8.09 + 0.08 8.70 + 0.06% 9.58 +0.13%
HbA1c, week 24, % 7.36 +0.05 743 +0.10 7.01+0.07 7.67 £0.06° 6.60 = 0.07 7.52 +0.05¢ 8.76 £ 0.11°¢
Insulin dose, week 24, U/kg/d 0.605 0.551+0.04 0.697 0.510 0.572 0.589 +£0.02 0.705 £ 0.05
+0.02 +0.03 +0.02¢ +0.03
Rate (events/p/y) 094+0.16 2.09+0.89 0.89 £0.18 1.37 £ 0.34 1.58 £0.34 1.04 £0.25 0.35 +0.15°
RR (95% Cl) 2.24(0.98, 5.10) 1.53(0.88, 2.69) Reference 0.66 (0.40, 0.22 (0.08,
1.07) 0.60)

Incidence, n (%) 113 (29.3) 33(32.0) 58 (26.2) 88(32.8) 62 (41.6) 71(27.7)° 9 (16.1)¢
Patients with > two events, n 59 (15.3) 24 (23.3) 31(14.0) 52 (19.40) 41(27.5) 34(13.31 5(8.93)

(%)

Note: Data are given as least square means + SE unless otherwise indicated.

Abbreviations: BG, blood glucose; Cl, confidence interval; p, person; RR, relative rate.

2P < 0.05 from ANOVA for differences between subgroups.

PP < 0.05 from a negative binomial model for differences between subgroups.

°P < 0.05 (from MMRM model) for differences between subgroups.
dp < 0.05 (from Fisher's Exact test) for differences between subgroups.
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with stepwise selection on pooled ELEMENT-2 and ELEMENT-5 data.
We aimed to assess the impact of possible baseline variables on the
incidence of multiple (22) hypoglycaemia events within a period
(maintenance, titration or overall). The variables analysed were: diabe-
tes duration (arbitrary cut-offs of >7.5, >10 or >12.5 years), basal insu-
lin status at baseline (insulin naive vs prior insulin use), gender,
baseline HbA1c (<8.5% or <7.0%), sulfonylurea use at screening, day-
time basal insulin regimen, moderate to severe chronic kidney disease,
and age (265 or 275 years). A separate analysis was performed for
each period (maintenance, titration and overall). All independent vari-
ables were entered into a stepwise logistic regression model,
predicting the occurrence of multiple hypoglycaemia (binary variable,
occurrence of 22 hypoglycaemic events within the corresponding
period). The stepwise selection process iteratively added variables to
the model when the multivariable P value was <0.30 (“entry P value)
and were allowed to stay in the model if the multivariable P value
remained below P <0.10 (“stay P value”). Results of the final model for
each period are presented as odds ratios (ORs), with 95% confidence

intervals (Cls) for each retained variable, in a forest plot per period.

3 | RESULTS

Demographic and baseline characteristics of the pooled treatment
groups in each trial, by analysis subgroups, are given in Table 1. The
(0-24 weeks)

hypoglycaemia (blood glucose <3 mmol/L) by subgroup is given in

overall rate and incidence of clinically relevant
Table 2. For each subgroup, mean HbA1lc at baseline and at Week
24 and mean daily insulin dose at Week 24 are also shown.

Patients who were at least 65 years of age used a lower mean

dose of insulin compared to patients less than 65 years of age

throughout the studies (significant in ELEMENT-2; not significant in
ELEMENT-5) (Table 2). The rate of clinically relevant hypoglycaemia
for patients at least 65 years of age compared to those less than
65 years of age was higher during the titration period in both studies
(Figure 1A), but this difference was not observed in the maintenance
period of either study.

Patients who were insulin naive used a significantly higher dose of
insulin throughout the studies, and their mean HbA1c values at the
end of the titration period (Table 3) and at the 24-week endpoint
(Table 2) were lower compared to patients who previously used insu-
lin. However, prior insulin use did not influence the overall rate or
incidence of clinically relevant hypoglycaemia (Table 2). Rates of clini-
cally relevant hypoglycaemia were also similar between prior insulin
use and insulin naive subgroups during the titration and maintenance
periods in both studies (Figure 1B).

The overall rate and incidence of hypoglycaemia according to the
patient's HbAlc category at Week 12 of the study (end of titration
period) is shown in Table 3. Results were similar when the patient's
HbA1c category at Week 8 or Week 24 was used (not shown). The
level of glycaemic control did not significantly influence the rate or
incidence of clinically relevant hypoglycaemia in the ELEMENT-2 trial
(Table 2 and Figure 1C). However, in the ELEMENT-5 trial, there was
a significantly higher rate and incidence of clinically relevant
hypoglycaemia in patients in the HbAlc less than 7% category com-
pared to the greater than 8.5% category during the titration period
and overall (Tables 2 and 3 and Figure 1D).

Risk factors that predicted patients who would experience multi-
ple (at least two) hypoglycaemia events are shown in Figure 2. Results
of the multiple logistic regression model predicted that, during the
titration period, using sulfonylureas (SU), being 75 years of age or
older, being female, having baseline HbAlc of at least 8.5%, or having

(A) (B)
10 ~ ELEMENT-2 <65 years 10 1 ELEMENT-2 naive

5 g = ELEMENT-2 =65 years 5 gl mmm  ELEMENT-2 prior insulin

g ELEMENT-5 <65 years g ELEMENT-5 naive

§ 6 p=.03 =X ELEMENT-5 265 years § 6 == ELEMENT-5 prior insulin

g g

2] 2

g g
FIGURE 1 Rate of clinically w w
relevant hypoglycaemia during
titration, maintenance, and overall Titration ~ Maintenance  Overall Titration ~ Maintenance Overall
(weeks 0-24) for each study by
subgroup. A, Subgroups by age. (C) (D)
B,Subgroups by prior insulin use. C, 107 ELEMENT-2 Titration 197 ELEMENTS Titration
Subgroups by HbAlc category at 5 84 mm Maintenance 5 8 - Maint
week 12 for ELEMENT-2. D, S ] S ° aintenance
Subgroups by HbA1c category at S 64 Overall & 6 Overall
week 12 for ELEMENT-5. Data are g g
presented as LS means * SE. P values % % 41
are given for differences between Q Q
subgroups. **P < 0.01 compared to w w21 * **
the corresponding HbA1c <7% o L= A%
category A1C <7% 7-8.5% >8.5% A1C <7% 7-8.5% >8.5%
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TABLE 3 HbAlc, insulin dose and hypoglycaemia summary (0-12 weeks)
Subgroups by age ?ubgroups by prior Subgroups by HbA1c at week 12
insulin use
<65y 265y Naive Not naive <7% 7% to 8.5% >8.5%
ELEMENT-2 (N = 756)
Number of patients n=>542 n=214 n =457 n =299 n =288 n =367 n=45
HbA1c, baseline, % 8.43 £ 0.05 8.07 £ 0.07% 8.46 £ 0.05 8.13 £ 0.06* 7.81 +£0.06 8.61 £ 0.05% 9.48 +0.14?
HbA1c, week 12, % 7.18+005 723+007  701+005 748+006° 648+0.03 7.54+003" 9.27 £ 0.07°
Insulin dose, week 0.506 0.400 0.548 0.368 0.429 0.506 + 0.02° 0.542 + 0.04°
12, U/kg/d +0.02 +0.02° +0.02 +0.02° +0.02
Rate (events/p/y) 234+031 344:061° 275:038 242+039 279045 2.54+040 2.46 +0.88
RR (95% Cl) 1.47 (1.04, 2.09) 0.88 (0.63, 1.23) Reference  0.91(0.64, 0.88 (0.42,
1.30) 1.83)
Incidence, n (%) 154 (28.7) 77 (36.3)° 151 (33.5) 80 (26.8) 109 (37.8) 106 (28.9) 9 (20.0)°
Pts with > two events n (%) 86 (16.0) 43(20.3) 86(19.1) 43 (14.4) 57 (19.8) 66 (18.0) 5(11.1)
ELEMENT-5 (N = 493)
Number of patients n =388 n =105 n=223 n =270 n =149 n =256 n=56
HbA1c, baseline, % 8.65 + 0.05 8.41+0.10° 8.82 £ 0.07 8.43 + 0.06% 8.09 +£0.08 8.70 + 0.06° 9.58 +0.13%
HbA1c, week 12, % 742 £0.04 7.59 £0.08 7.14 £ 0.06 7.71 £ 0.05¢ 6.53 £0.04 7.64 +0.03¢ 9.12 £ 0.06°
Insulin dose, week 0.550 0.537+003  0.639 0.474 0.514 0.558 + 0.02 0.618 + 0.04°
12, U/kg/d +0.01 +0.02 +0.02° +0.02
Rate (events/p/y) 0.88 £0.19 2.11+0.86° 0.85+0.23 1.36 +0.34 1.70 £ 047 0.92+0.23 0.28 +0.15°
RR (95% Cl) 2.38 (1.04, 5.4¢6) 1.60 (0.84, 3.06) Reference 0.54 (0.29, 0.16 (0.05,
1.01) 0.56)
Incidence, n (%) 79 (20.5) 26(25.2) 38(17.2) 67 (25.0) 47 (31.5) 47 (18.4) 7 (12.5)¢
Pts with > two events, n (%) 29 (7.5) 12 (11.7) 15 (6.79) 26 (9.70) 18 (12.08) 18 (7.03) 2(3.57)

Abbreviations: BG, blood glucose; Cl, confidence interval; p, person; RR, relative rate.

2P < 0.05 from ANOVA model for differences between subgroups.

bp < 0.05 from a negative binomial model for differences between subgroups.

°P < 0.05 (from Fisher's exact test) for differences between subgroups.
dp < 0.05 (from MMRM model) for differences between subgroups.

a longer duration of diabetes significantly increased the risk. Only
baseline HbA1c and diabetes duration were significant predictors dur-
ing the maintenance period. All risk factors that were significant dur-
ing the titration period, with the exception of being female, were also

significant for the overall study period.

4 | DISCUSSION

Self-titration of IGlar has been shown to be simple and effective,®
but there is a concern that it may put some patients at increased risk
of hypoglycaemia. Well-known risk factors for hypoglycaemia among
patients with T2D include older age, long duration of insulin treat-
ment, intensity of treatment and glycaemic control.t”?° We con-
ducted this analysis to understand the extent to which these factors
might affect the risk of hypoglycaemia in a population of patients with
T2D who self-titrated IGlar U-100.

Patients in both the ELEMENT-2 and ELEMENT-5 trials self-titrated
IGlar doses effectively, resulting in a significant reduction in HbAlc and
improvement of other parameters of glycaemia. Improvement was greater
in the larger, double-blind trial, ELEMENT-2, with endpoint mean HbAlc
values close to 7%, while in the ELEMENT-5 trial, they remained close to
7.4%. |Glar doses were between 0.4 and 0.6 U/k/day throughout both
studies, which is consistent with doses reported from other self-titration
studies with insulin analogues.’ As reported previously, the incidence of
severe hypoglycaemia was very low (<1%) despite a high proportion of
patients who continued pre-study treatment with sulfonylureas.

In the ELEMENT-2 and ELEMENT-5 trials, up to 45% of patients
experienced at least one episode of clinically relevant hypoglycaemia.
In both trials, the risk of hypoglycaemia was similar, irrespective of
previous insulin use. Level of glycaemic control, that attained at the
end of the titration period, did not affect overall risk of hypoglycaemia
in the ELEMENT-2 rial, but was associated with a higher rate and inci-
dence of hypoglycaemia in the ELEMENT-5 trial.
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Titration Period:
Patients with multiple events=170/1238 (13.7%)

Age >75 yrs (n=49) —e— OR=2.41 (1.25-4.66)
SU at baseline (n=1034) —e— OR=3.14 (1.67-5.92)
Baseline A1C <8.5% (n=712) —eo— OR=1.44 (1.02-2.04)
Female (n=606) —e— OR=1.51 (1.08-2.11)
Insulin naive (n=672) —e— OR=1.36 (0.97-1.91)
Diabetes duration >7.5 yrs (n=875) F——@— OR=1.48 (1.01-2.19)

1 10

€Less likely More likely->

Maintenance Period:
Patients with multiple events=173/1159 (14.9%)

Daytime basal insulin (n=522) H—e— OR=1.32 (0.95-1.83)
Baseline A1C <8.5% (n=664)

OR=1.51 (1.08-2.12)

Diabetes duration >12.5 yrs (n=451) | ——@—— OR=1.50 (1.08-2.08)

1 10

€Less likely More likely=>

Overall Study
Patients with multiple events=301/1238 (24.3%)

Age >75 yrs (n=49) —e— OR=2.12 (1.18-3.84)
SU at baseline (n=1034) —e— OR=1.67 (1.13-2.48)
Baseline A1C <8.5% (n=712) —e—i OR=1.55 (1.18-2.04)

Diabetes duration >12.5 yrs (n=479) |[—&— OR=1.35(1.03-1.76)

1 10

€ Less likely More likely->

FIGURE 2 Adjusted odds ratios (OR) and 95% confidence
intervals for factors that increased likelihood of experiencing multiple
(22) hypoglycaemia events during each period of the study (P < 0.1);
SU, sulfonylurea use

Among older patients, those at least 65 years of age, in both trials,
the risk of hypoglycaemia was higher during the insulin titration
period, during intensive dose adjustments, compared to the risk during
the maintenance period, when dose adjustments were completed.
When data from the two trials were pooled and we looked at patients
who had experienced two or more hypoglycaemia events, we found
that patients at least 75 years of age (n = 49/1238) had a greater than
2-fold higher risk during the titration period compared to younger
patients. These results suggest that older patients might require a
more cautious approach during the dose adjustment period. More fre-
quent blood glucose monitoring, follow-up contact, and slower up
titration of glargine U-100 might help to reduce the risk of
hypoglycaemia in older patients until the doses of insulin become sta-
ble, after which a more routine approach may be sufficient.

When initiating insulin therapy in insulin naive patients with T2D,
concerns about hypoglycaemia may represent a barrier. Although the

risk of hypoglycaemia among patients with T2D is typically low, it can

increase significantly with duration and complexity of the treatment
model, or can be exaggerated by other factors such as certain com-
orbidities and concomitant treatment with sulfonylureas. In our stud-
ies, the ‘“previous insulin” or ‘“insulin naive” subgroups at
randomization did not show a difference in hypoglycaemia during any
period of either study. The overall rates of hypoglycaemia were low in
both groups and comparable to rates reported in insulin naive patients
who initiated treatment with insulin degludec in the BEGIN ONCE-
LONG trial, which used a similar definition of hypoglycaemia
(<3.1 mmol/L) and reported 1.5 to 1.9 events/person/year.?!

It is well accepted that intensity of glucose-lowering therapy is
related to the risk of hypoglycaemia. In our study, we chose to use
HbAlc at Week 12, the end of the titration period, to evaluate
whether the level of glycaemic control achieved during titration corre-
lated with the risk of hypoglycaemia. In the ELEMENT-2 trial, there
was no correlation of hypoglycaemia incidence or rate with HbAlc
category at Week 12. In the ELEMENT-5 trial, patients with HbA1c
above 8.5% at Week 12 had a significantly lower incidence and rate
of hypoglycaemia compared to the lower HbA1c categories, despite
similar insulin doses.

Multiple episodes of hypoglycaemia are particularly concerning,
and we pooled the two studies to identify patients who suffered from
two or more hypoglycaemia events. In the pooled population, we
found that risk of multiple episodes was greater for patients with
baseline HbA1c of 8.5% or less compared to those with baseline
HbA1c greater than 8.5% during all periods of the studies. Use of sul-
fonylureas, age of at least 75 years, and duration of diabetes longer
than 12.5 years also increased the risk. These results are consistent
with those of previous studies in suggesting that more caution is
warranted when patients are within these categories.

In a patient-level analysis of 12 studies by Riddle et al, baseline
HbA1c was associated with the incidence, but not the rate, of symp-
tomatic hypoglycaemia (blood glucose <3.9 mmol/L [70 mg/dL]) dur-
ing titration of insulin in patients with T2D (adjusted OR for each 1%
increase in baseline HbA1c: 0.84, 95% CI [0.76-0.91]).%° In the current
study, we analysed the incidence of multiple, at least two,
hypoglycaemia events and implemented baseline HbAlc into a binary
variable (<8.5% vs >8.5%); this resulted in an adjusted OR (95% ClI) of
1.6 (1.2-2.0) for the overall study period. It should be noted that this
reverses the direction of the effect; our study estimates the effect of
a lower baseline HbA1c, while Riddle's results estimate the effect of a
higher baseline HbA1lc. Inverting Riddle's OR to achieve the same
effect direction results in an OR of 1.2 per 1% decrease in baseline
HbA1c. This is lower than our binary estimate (1.6), but can be
explained by the fact that Riddle used baseline HbA1c as a continuous
variable to predict incidence of any hypoglycaemia event, while our
study used a dichotomized version (HbA1c <8.5% vs >8.5%) to predict
incidence of multiple, at least two, hypoglycaemia events.

This study might be limited in its generalizability as the population,
while broad, might not represent subgroups in which risk of
hypoglycaemia is high (ie, the very elderly, the frail, those with renal
failure or those with hypoglycaemia unawareness). Second, our “previ-

ous insulin” patients had used relatively low to moderate doses of
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insulin. The risk might have been higher if the population had included
patients who had been treated with insulin for a very long time or had
used high doses. Third, the size of the population in the two studies
might be insufficient, and analysis of a larger pool of data and more
trials might result in different findings. Finally, because of the explor-
atory nature of this post hoc analysis, no adjustments were made for
multiple comparisons, and some possible confounding factors and/or
interactions were not considered.

In conclusion, in this re-analysis of two Phase 3 studies involving
more than 1200 patients with T2D, self-titration of IGlar did not increase
the overall risk of clinically relevant hypoglycaemia. However, we found
that older patients were at increased risk during the titration period, and
all patients were at increased risk as their HbAlc approached the target
value. Individualization of therapy, with particular attention to those
above 65 years of age and those with better glycaemic control, will be
important to avoid hypoglycaemia during titration.
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