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ABSTRACT

Introduction: iGlarLixi is a titratable, fixed-ra-
tio combination of insulin glargine (iGlar, 100
units/ml) and the glucagon-like peptide-1
receptor agonist lixisenatide for the treatment
of patients with type 2 diabetes. This post hoc
analysis of the phase 3 LixiLlan-L trial
(NCT02058160) investigated baseline charac-
teristics, glycemic control, and safety outcomes
in participants who received the study-specified
maximum dose (60 units/day) of iGlarLixi or
iGlar vs. those who received < 60 units/day.
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Methods: Outcomes were compared for partic-
ipants receiving 60 or < 60 units/day at week
30. Endpoints analyzed included change in
A1C, fasting plasma glucose (FPG), 2-h post-
prandial glucose (2-h PPG), body weight, pro-
portion of participants achieving A1C < 7.0%,
proportion of participants receiving rescue
therapy, documented symptomatic hypo-
glycemia, and gastrointestinal adverse event (GI
AE) incidence.

Results: By week 30, 27% (iGlarLixi) and 31%
(iGlar) of participants received the maximum
dose. Participants on 60 vs. < 60 units/day were
younger and had higher body weight, body mass
index (BMI), FPG, and baseline insulin dose. In
both dose groups, A1C change from baseline was
significantly greater with iGlarLixi vs. iGlar, and
more participants treated with iGlarLixi vs. iGlar
achieved A1C < 7.0%. No significant differences
were observed in change from baseline for A1C,
FPG, 2-h PPG, or GI AE incidence between insulin
dose groups, regardless of treatment. In both
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treatment arms, incidence of symptomatic
hypoglycemia was lower in participants receiv-
ing 60 units/day vs. those receiving < 60 uni-
ts/day. Participants treated with iGlarLixi (< 60
or 60 units/day) had modest weight loss over
30 weeks vs. an increase in weight compared with
iGlar.

Conclusions: Maximum doses of iGlarLixi were
required in participants with a more insulin-
resistant clinical phenotype (younger, higher
BMI, FPG, and insulin doses). Benefits were
observed with iGlarLixi vs. iGlar, even at 60
units/day, with more participants achieving
glycemic goals, no increase in symptomatic
hypoglycemia, and a modest reduction in body
weight.

Funding: Sanofi US, Inc.

Keywords: GLP-1 RA; Glycemic control;
Hypoglycemia; Insulin dose; Type 2 diabetes

INTRODUCTION

Despite widespread acceptance of the impor-
tance of good glycemic control in lowering the
risk of micro- and macrovascular diabetes com-
plications, many patients with poorly con-
trolled type 2 diabetes (T2D) experience
significant delay of up to 7 years or more after
the second oral therapy before starting basal
insulin therapy [1] and an additional 3.7 years
for further intensification [1-4]. Diabetes
impacts multiple systems within the body, and
achievement and maintenance of glycemic
goals are important in preventing or at least
delaying the development and progression of
diabetes-associated complications [5]. To effec-
tively treat T2D, treatment intensification is
often required using combinations of medica-
tions that address one or more of the many
pathologic processes associated with the disease
[6]. Combination therapy using the comple-
mentary mechanisms of action of a basal insu-
lin and a glucagon-like peptide-1 receptor
agonist (GLP-1 RA) targets seven of the many
pathophysiologic defects in T2D, addressing
both fasting plasma glucose (FPG) and post-
prandial glucose (PPG) levels to effectively
improve glycemic control in patients with T2D

compared with treatment with either basal
insulin or a GLP-1 RA alone [6-8].

iGlarLixi is a once-daily, titratable, fixed-ra-
tio combination of insulin glargine 100 units/
ml (iGlar) and the GLP-1 RA lixisenatide
(lixisenatide, 33 pug/ml), currently approved in
the US as an adjunct to diet and exercise to
improve glycemic control in adults with T2D [9]
and in the EU for patients uncontrolled on
metformin alone, metformin combined with
another oral antidiabetes drug (OAD), and
patients uncontrolled on basal insulin [10]. The
phase 3 LixiLan-L and LixiLan-O clinical trials
have shown that both insulin-experienced and
-naive patients treated with iGlarLixi had sig-
nificantly greater reductions in glycated hemo-
globin (A1C) and were more likely to achieve
A1C < 7.0% (< 53 mmol/mol) than patients
receiving either iGlar or lixisenatide alone
[11, 12]. These studies also demonstrated that
simultaneous administration and slow up-titra-
tion of iGlarLixi mitigated gastrointestinal
adverse events (GI AEs) compared with lixisen-
atide alone, and weight gain compared with
iGlar alone, and that rates of hypoglycemia
were similar to iGlar alone [11, 12]. In the Lix-
iLan-L trial [11], iGlarLixi had a maximum
insulin dose of 60 units/day to ensure that the
dose of the lixisenatide component did not
exceed the recommended dose of 20 pg/day; the
dose of iGlar in the comparison arm was also
capped at 60 units/day to provide an equal basal
insulin comparison and assess the impact of
lixisenatide to the overall effect of iGlarLixi. It
was anticipated that a maximum insulin dose of
60 units/day would allow most patients to
achieve their glycemic target since the average
dose of basal insulin analogs has been reported
to be around 30-40 units/day [13, 14]. However,
many patients do not attain or maintain their
target A1C with basal insulin alone. In this post
hoc analysis, it was hypothesized that the clin-
ical characteristics of those participants requir-
ing the maximum dose of 60 units/day in either
treatment group may be different from those
who did not and that even at the maximum
dose of 60 units/day there would be glycemic
benefit with iGlarLixi compared with iGlar.

The objectives of this post hoc analysis of
data from the LixiLan-L trial were to explore the
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baseline characteristics of participants who
received the maximum dose of 60 units/day vs.
those who received < 60 units/day and compare
glycemic and safety outcomes of iGlarLixi vs.
iGlar at week 30 within and between each dose

group.

METHODS

Study Design

The LixiLan-L trial (NCT02058160) was a phase
3, randomized, open-label, parallel-group study
that investigated the efficacy and safety of
iGlarLixi in participants with T2D uncontrolled
on basal insulin with or without up to two
OADs. The full details of the trial have been
published previously [11]. Adult participants
were eligible for study enrollment if they had
been diagnosed with T2D at least 1 year before
screening, had been on basal insulin for at least
6 months before screening, and had a
stable basal insulin regimen with doses of 15-40
units/day (£ 20%) for at least 2 months prior to
the screening visit. During a 6-week run-in
phase, any OADs other than metformin were
discontinued; participants were switched to
iGlar (if previously on another basal insulin),
and the daily dose of iGlar was titrated/opti-
mized for all participants to achieve
FPG < 140 mg/dl. After the run-in phase, eligi-
ble participants [A1C level of 7-10% (53—
86 mmol/mol), mean fasting self-measured
plasma glucose (SMPG) of < 140 mg/dl, and
iGlar dose of 20-50 units/day] were randomized
in a 1:1 ratio to receive once-daily open-label
treatment with iGlarLixi or iGlar for 30 weeks.
Mean A1C at screening was 8.5%
(69 mmol/mol) for both iGlarLixi and iGlar
participants, which decreased during the
6-week run-in phase to 8.1% for both groups.
Both iGlarLixi and iGlar could be titrated by up
to 4 units per week to attain and maintain a
target fasting SMPG of 80-100 mg/dl while
avoiding hypoglycemia; the dose of both
iGlarLixi and iGlar was capped at 60 units/day.
Rescue medication (insulin glulisine) was
introduced along with iGlarLixi or iGlar on a
background of metformin (if taken) as a single

daily injection at the main meal if FPG values
were > 240 mg/dl (weeks 8-11) or > 200 mg/dl
(weeks 12-30) over 3 consecutive days. No other
oral or injectable antidiabetic treatment was
permitted as rescue medication in either treat-
ment group. For this post hoc analysis, partici-
pants in the LixiLan-L trial were subdivided into
two groups based on their insulin dose at week
30 (< 60 units/day and 60 units/day). As previ-
ously reported [11], the LixiLan-L trial was
designed and monitored in accordance with
Good Clinical Practice, the International Con-
ference on Harmonization, and the Declaration
of Helsinki. Institutional review boards or ethics
committees at each study site approved the
protocol. Each patient gave written informed
consent.

Efficacy and Safety Endpoints

The primary endpoint of this post hoc analysis
was the change in A1C from baseline to end of
study [week 30 or last observation carried for-
ward (LOCF)] within and between treatment
groups and dose groups (< 60 U or 60 U). Sec-
ondary endpoints included FPG, 2-h PPG, body
weight, 7-point SMPG profile, insulin dose by
body weight (< 0.5 units/kg or > 0.5 units/kg),
proportion of participants achieving A1C goal
[< 7.0% (< 53 mmol/mol)], and the proportion
of participants reaching A1C < 7.0%
(< 53 mmol/mol) at week 30 with no weight
gain or hypoglycemia. Safety endpoints inclu-
ded exposure-adjusted rates of documented
symptomatic hypoglycemia [defined as typical
symptoms of hypoglycemia accompanied by an
SMPG value of < 70 mg/dl (< 3.9 mmol/l)] and
incidence of GI AEs (nausea, vomiting, and
diarrhea).

Statistical Analysis

This post hoc analysis involved a modified
intent-to-treat population consisting of all ran-
domized participants with both baseline and
study end (LOCF) measurements that were used
for efficacy measures. The safety population
consisted of all randomized participants who
received at least one dose of iGlarLixi or iGlar,

A\ Adis



Adv Ther (2019) 36:2310-2326

2313

regardless of the treatment dose administered.
Data are presented descriptively [number (n),
mean, and standard deviation (SD)] by treatment
group and were analyzed using a two-sample
t test for continuous variables, Pearson chi-
squared (x?) tests for proportions, and Fisher
exact tests for race proportions because of the low
patient numbers in the subgroups. Data are also
presented stratified by final daily insulin dose per
kgbody weight (< 0.5 units/kgand > 0.5 units/kg).
In the predictor analysis for participants reaching
60 units/day, the regression covariates included
age, baseline body mass index (BMI), baseline
FPG, and baseline dose. In the analysis of partic-
ipants achieving the A1C goal of <7.0%
(< 53 mmol/mol), the regression covariates
included treatment arm and baseline A1C. Pre-
dictor analyses were carried out using logistic
stepwise regression analyses to control for key
patient baseline characteristics and assessed the
outcomes of reaching the maximum dose of 60
units/day and the glycemic goal of A1C < 7.0%
(< 53 mmol/mol). Tipping point analyses were
used to compare variable relationships and the
potential effect of dose capping at 60 units/day. A
p value of 0.05 was used to indicate statistical
significance.

RESULTS

Patient Demographics and Baseline
Characteristics

Overall, 336/366 (92%) of patients in the
iGlarLixi group and 355/365 (96%) in the iGlar
group completed treatment. Full details of
patient disposition have been described previ-
ously [11].

After 30 weeks, 27.0% (99/366) of partici-
pants in the iGlarLixi arm reached the maxi-
mum dose of 60 units/day compared with
30.7% (112/365) in the iGlar arm (Tables 1, 2).
In the iGlarLixi arm, participants who received
the maximum dose of 60 units/day at week 30
were younger and had a higher baseline body
weight, BMI, A1C, FPG, insulin dose, and insu-
lin dose by weight compared with participants
at < 60 units/day iGlarLixi (Table 1). There were
no statistically significant differences between

dose groups regarding sex, race, duration of
diabetes, or baseline 2-h PPG levels. In the iGlar
treatment arm, participants who received doses
of 60 units/day at week 30 were younger, had a
shorter duration of diabetes, and a higher
baseline body weight, BMI, FPG, insulin dose,
and insulin dose by weight compared with
participants  receiving < 60 units/day  iGlar.
There were no statistically significant differ-
ences between dose groups regarding sex, race,
baseline A1C, or baseline 2-h PPG levels
(Table 1).

There was no significant difference in base-
line characteristics between participants who
received 60 units/day iGlarLixi vs. 60 units/day
iGlar or who received < 60 units/day iGlarLixi
vs. < 60 units/day iGlar, except for BMI, which
was significantly higher in the 60 units/day
iGlarLixi group vs. the 60 units/day iGlar group
(33.8 vs. 32.3, respectively; p = 0.0003).

Treatment Outcomes

Efficacy Endpoints

Overall, patients treated with iGlarLixi vs. iGlar
in both dose groups showed significantly
greater reductions from baseline in AlC
[— 1.2% vs. — 0.6% (— 6.1 vs. — 3.0 mmol/mol)
in participants receiving < 60 units/day and
— 1.0% vs. — 0.5% (— 5.0 vs. — 2.5 mmol/mol)
in participants receiving 60 units/day, respec-
tively (p < 0.0001 for both)] (Table 3). In both
treatment arms, A1C reductions from baseline
were similar for participants treated with doses
of < 60 units/day and 60 units/day (p = 0.1233
and p = 0.0935, respectively) (Table 4). Final
A1C levels were lower with iGlarLixi vs. iGlar in
both participants who received < 60 units/day
(p <0.0001) and those who received 60 uni-
ts/day (p = 0.0003). Final A1C levels were sig-
nificantly lower in  participants who
received < 60 units/day in both treatment
groups (iGlarLixi p = 0.0009; iGlar p = 0.0169).
In addition, more participants treated with
iGlarLixi achieved A1C < 7.0%
(< 53 mmol/mol) compared with iGlar regard-
less of dose at week 30 (Table 2; Fig. 1a). In both
treatment arms, more participants treated
with < 60 units/day achieved A1C <7.0%

I\ Adis



Adv Ther (2019) 36:2310-2326

2314

12000 08000
(€0'Lg) ¢Tr (947T€) S0¥1 (6£°8¢) T8I (T7%¢) 601 (92°0€) 0°0%1 (88'6€) 1621 (1p/3w)
(111 = #) (LST = u) uIPsEq 3T D
LEOE0 €L£0°0
(€£0) T0 (9] (180) 1'8 [¥9] (690) 0'8 (89°0) 70 [99] (920) T'8 [#91(+9°0) 08 ([fow/jow] 95)
(011 = %) (6%C = u) (09T = u) aurpseq & DIV
€710°0 LE8TO
(¢89) 61 — (¢L9) 801 (989) LTI (€99) 60 — (0%9) ¥'11 (1L9) €1 (s7eak)
(111 = %) $339qEIp JO uonEIN(]
10000 > 10000 > L/5)
(S0%) 61 (s8€) €€ F1%) ¥0¢ (96€) '€ (L9€) 8€€ (90%) %0¢ uonezZIWOpUEI ¢ NG
10000 > 10000 >
(IF%1) 1L (L1°ST) 616 (90%T) 8%8 (69€1) 80T (0T°€T) £S6 (06€T) 6%8 (8y) surpseq
(167 = #) (09T = «) 1e 1ydrom Lpog
0000°'T 00 80 0000°'T 00 70 RO
0000'T 81 ¥ €IHL0 0% 0¢ uelsy
€IF1°0 LT I'L $ELTO 0T 9¢ Perd
66900 $'S6 L'68 86150 6'€6 016 YA\
+(%) 7%y
TL60°0 IS4 6%S YELTO 96$ (439 «(%) drewed
(S100°0) T°€ — (#%'8) T8S (65'8) €19 $000°0 (12L) 0°LS (18°6) 909 o(s1eak) By
(%L°0€ *TIT = %) (%€°69 €ST = %) (%0°LT 66 = %) (%0°€L £L9T = u)
(onpea d) Aep/situn (9 Aep/syrun 9 > (onea d) Kep/siun (9 Aep/syrun (9 >
WP Te[Or dUIIPIA IXITAR[OI ansuEIRYD)

aurodpuo 1e Lep/situn (9 10 Lep/sirun (g9 > jo sasop re[y1 Surnmbar re[HI 10 IXITIEOI Y pareant saudned Jo sOnSLIOLIEYD durpaseq [ JqeEl,

A\ Adis



2315

Adv Ther (2019) 36:2310-2326

sonfes Suru2omg |

uonedp prepuels (7§ ‘osoon(d ferpuerdisod 577 Opneudsixi|
PUE IE[DT JO UONEUIqUIODd ONEI-PIXY 2X77uvjH? [wi/saun (o] duidre[d urnsur 475z soon[3 ewserd Sunsey H g,y xopur ssew Apoq [yg ‘uiqodowny paredk|s Hrp
uonemndod ] JJw uo paseq 21om SISA[RUY "ISIMIIYIO PAABIIPUL SSI[UN ((JS) ULIW Se UMOYS 2Ie eIe(]

10000 > 10000 >
(8y/srun)
(11°0) T'O (T10) S0 (01°0) 0 (IT0) 10 (01°0) 0 (11°0) %0 surpseq 1e 1ySom
(1657 = ) (09T = ) 4q asop urnsuy
10000 > 10000 >
(88L) L'L (082) 9°0% (T6'L) 67C€ (ze8) €6 (81°8) L'T¥ (#T8) g (s21un) surposeq
(397 = ) e 9sOp uInsu]
SIS0 SH0S°0
(9L%9) LY — (0€729) 9°59¢ (98'59) €0LT (c169) 9°¢ (0s°02) TTLT (15°89) $'99¢ (1p/3uw) surseq
(For = #) (9zz = #) (86 = ) (9zz = #) ® Ddd YT
(%L0O€ TIT = u) (%€°69 €ST = u) (%0°LT 66 = #) (%0°€L £L9T = u)
(an[ea d) Kep/simun (9 Aep/syrun 9 > (ongea d) Kep/simun (9 Aep/syun 9 >
dUAIPI Ie[OI ERLIEREN 1 (g | IXI'TIR[DI snsuaIdEIRY)

panunuod 1 9[qeJ,

I\ Adis



2316

Adv Ther (2019) 36:2310-2326

Table 2 Distribution of patients by iGlarLixi/iGlar dose and glycated hemoglobin goal achieved at week 30

iGlarLixi iGlar
(n = 366) (n = 365)
Patients achieving A1C < 7.0% (< 53 mmol/mol), % 54.9 29.6
Patients receiving final dose of 60 units/day, » (%) 99 (27.0) 112 (30.7)
Final dose of 60 units/day and A1C < 7.0% (< 53 mmol/mol) 43 (117) 27 (74)
Final dose of 60 units/day and A1C > 7.0% (> 53 mmol/mol) 55 (15.0) 82 (22.5)
Patients receiving final dose of < 60 units/day, # (%) 267 (73.0) 253 (69.3)
Final dose < 60 units/day and A1C < 7.0% (< 53 mmol/mol) 165 (45.1) 85 (23.3)
Final dose < 60 units/day and A1C > 7.0% (> 53 mmol/mol) 102 (27.9) 168 (46.0)

Analyses were based on safety population

AIC glycated hemoglobin, iGlar insulin glargine 100 units/ml, iGlarLixi fixed-ratio combination of iGlar and lixisenatide
* One patient in the iGlarLixi group and three patients in the iGlar group were excluded because of missing A1C data

(< 53 mmol/mol) compared with those receiv-
ing 60 wunits/day (p =0.0016 for iGlarLixi
60 units/day vs. < 60 units/day; p = 0.0698 for
iGlar 60 units/day vs. < 60 units/day).

More participants treated with iGlarLixi vs.
iGlar in both dose groups achieved A1C < 7.0%
(< 53 mmol/mol) without weight gain or doc-
umented symptomatic hypoglycemia (60 uni-
ts/day: p = 0.0019; < 60 units/day: p = 0.0007)
(Table 3; Fig. 1b). In both treatment arms, fewer
participants receiving 60 units/day achieved
this composite endpoint compared with those
receiving < 60 units/day. However, these dif-
ferences were statistically significant for iGlar
only (p = 0.0441) (Table 4; Fig. 1b). As would be
expected given its mode of action, change from
baseline in 2-h PPG was greater with iGlarLixi
compared with iGlar in both dose groups
(p < 0.0001 for both comparisons) (Table 3; Fig
S1 in the electronic supplementary material).
There were no significant differences in FPG or
2-h PPG change from baseline between partici-
pants treated with doses of < 60 units/day or 60
units/day in either treatment arm (Fig. S1 in the
electronic supplementary material; Table 4).
Participants treated with iGlarLixi in both dose
groups showed a decrease in body weight at
week 30 compared with a gain in participants in
both iGlar dose groups (p = 0.0003 for iGlarLixi
60 units/day vs. iGlar 60 units/day; p < 0.0001

for iGlarLixi < 60 units/day vs. iGlar < 60 uni-
ts/day) (Fig.2a). There was no significant dif-
ference between change in body weight in
the < 60 units/day group compared with the 60
units/day group with iGlarLixi (p = 0.1489)
(Table 4; Fig. 2a). In the iGlar arm, weight gain
was significantly greater in the 60 units/day
group compared with the < 60 units/day group
(p = 0.0254) (Fig. 2a).

Rescue Therapy

In the LixilLan-L trial, 55 participants (15.0%)
treated with iGlarLixi reached the maximum dose
of 60 units/day, but did not reach the A1C goal
compared with 85 participants (23.3%) in the
iGlar arm (Table Sla in the electronic supple-
mentary material). Of the participants who
reached 60 units/day, 4 participants in the iGlar-
Lixi arm received rescue therapy compared with
12 in the iGlar arm (p = 0.2812). There were no
significant differences in the numbers of partici-
pants receiving rescue therapy between dosing
subgroups (iGlarLixi 60 units/day vs. < 60 uni-
ts/day, p =0.0976; iGlar 60 units/day
vs. < 60 units/day, p = 0.1690). Time to rescue
was 170 days in the iGlarLixi arm and 120 days in
the iGlar arm. Baseline characteristics of the par-
ticipants who reached 60 units/day and received
rescue therapy are presented in Table S1b in the
electronic supplementary material.
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Fig. 1 Percentage of patients using < 60 units/day or 60
units/day of iGlarLixi/iGlar achieving a glycated hemoglo-
bin < 7.0% (< 53 mmol/mol) at week 30 and b glycated
hemoglobin < 7.0% (< 53 mmol/mol) with no body
weight gain at week 30 and with no hypoglycemia during
the study. Analyses based on safety population. 41C
glycated hemoglobin, iG/ar insulin glargine 100 units/ml,
iGlarLixi fixed-ratio combination of iGlar and lixisenatide

Safety Endpoints

There was no significant difference between the
rate of documented symptomatic hypoglycemia
between iGlarLixi and iGlar in either dose group
(Tables 3, 4; Fig. 2b). In both treatment arms,
the incidence of documented symptomatic
hypoglycemia was lower in participants receiv-
ing 60 units/day than in those receiving < 60
units/day (Fig. 2b). In the iGlarLixi arm, 28.3%
of participants receiving 60 units/day experi-
enced documented symptomatic hypoglycemia
compared with 44.4% of those receiv-
ing < 60 units/day (p = 0.0053). Similarly, in
the iGlar arm, 29.5% of participants receiving
60 units/day reported documented
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Fig. 2 a Weight change from baseline to week 30 and
b incidence of documented symptomatic hypoglycemia for
patients receiving doses of < 60 units/day or 60 units/day.
Analyses based on safety population. :Glar insulin glargine
100 units/ml, iGlarLixi fixed-ratio combination of iGlar
and lixisenatide

symptomatic hypoglycemia compared with
48.2% of participants receiving < 60 units/day
(p = 0.0008).

Overall, fewer participants experienced GI
AFs in the iGlar arm compared with those in the
iGlarLixi arm (4.7% vs. 12.8% in the < 60 uni-
ts/day group, respectively; p = 0.0017; 0.9% vs.
11.1% in the 60 units/day group, respectively;
p =0.0016) (Table 3). The incidence of GI AEs
was similar for participants receiving < 60 uni-
ts/day and 60 units/day in the iGlarLixi arm
(12.8% vs. 11.1%, respectively), but was higher
for participants receiving < 60 units/day than
those receiving 60 units/day in the iGlar arm
(4.7% vs. 0.9%, respectively) (Table 4).
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Analysis by Final Daily Basal Insulin Dose
per Kilogram Body Weight

Clinical experience as well as recent analyses of
insulin glargine U100 have indicated that when
a basal insulin dose of 0.5 units/kg/day is
approached or exceeded, there is little incre-
mental glycemic benefit with the disadvantage
of weight gain [15]. The percentages of partici-
pants in this analysis who reached an A1C goal
of <7.0% (< 53 mmol/mol) were comparable,
regardless of whether participants received a
dose of < 0.5 units/kg/day or > 0.5 units/
kg/day insulin in both the iGlarLixi and iGlar
arms (iGlarLixi: 56.8% vs. 56.3%, respectively,
p =0.9235; iGlar: 32.7% vs. 29.5%, respectively,
p =0.5203) (Table S2 in the electronic supple-
mentary material). However, participants
receiving < 0.5 units/kg/day of iGlarLixi
demonstrated significantly greater weight loss
than those receiving > 0.5 units/kg/day
(= 1.2 kg vs. — 0.2 kg, respectively; p < 0.0070).
Interestingly, weight gain from baseline to
study end was comparable between participants
receiving < 0.5 units/kg/day or > 0.5 units/
kg/day insulin in the iGlar arm (0.6 kg vs.
0.9 kg, respectively; p = 0.3154 (Table S2 in the
electronic supplementary material). The inci-
dence of documented symptomatic hypo-
glycemia was numerically higher for
comparable participants receiving < 0.5 units/
kg/day vs. > 0.5 units/kg/day of either iGlar
(46.4% vs. 40.0%, respectively; p = 0.2231) or
iGlarLixi (44.5% vs. 37.6%, respectively;
p =0.1867) (Table S2 in the electronic supple-
mentary material). The incidence of GI AEs was
numerically lower with doses < 0.5 units/
kg/day vs. > 0.5 units/kg/day (iGlar: 2.0% vs.
4.8%, respectively, p = 0.2520; iGlarLixi: 8.9%
vs. 14.1%, respectively, p = 0.1851) (Table S2 in
the electronic supplementary material).

Predictor Analyses

Stepwise logistic regression analyses indicated
that baseline characteristics that were statisti-
cally significant predictors of participants
reaching 60 units/day were basal insulin dose
(p <0.0001), BMI (p < 0.0001), age
(p = 0.0003), and FPG (p = 0.0001). Duration of

T2D and baseline weight were not predictors of
participants reaching 60 wunits/day in the
regression analysis after adjusting for multiple
variables. Significant predictors of participants
achieving Al1C goals of <7.0%
(< 53 mmol/mol) were baseline A1C levels
(p <0.0001) and treatment with iGlarLixi vs.
iGlar (p < 0.0001). Baseline basal insulin dose
and patient age were not predictors of achieving
glycemic goals.

Tipping Point Analysis

Higher baseline BMI and higher baseline insulin
dose were associated with a greater likelihood of
reaching 60 units/day in both treatment arms.
iGlarLixi participants with a baseline BMI
of > 42 kg/m? (Pearson correlation coefficient
(r), r=0.4213, p < 0.0001) and those receiving
baseline insulin doses of > 0.78 units/kg/day
(iGlarLixi: r=0.3255, p <0.0001) were more
likely to reach 60 units/day than those receiv-
ing < 42 kg/m? or < 0.78 units/kg/day. In the
iGlar arm, participants with a baseline BMI
of > 45 kg/m? (iGlar: r = 0.3047, p < 0.0001) or
baseline insulin dose > 0.70 units/kg/day
(iGlar: r = 0.4042, p < 0.0001) were more likely
to reach 60 units/day than those participants
with values below these thresholds. (Fig. S2a
and S2b in the electronic supplementary mate-
rial). Tipping point analyses by quartiles sug-
gested that baseline BMI (Fig. S3a in the
electronic supplementary material) (iGlarLixi:
p =0.4199; iGlar: p = 0.3033) and baseline dose/
kg (Fig. S3b in the electronic supplementary
material) (iGlarLixi:  p =0.1032; iGlar:
p =0.1030) had little effect on final A1C levels
in either treatment arm.

DISCUSSION

In this post hoc analysis of patients with T2D
who participated in the LixiLan-L trial, patient
characteristics associated with greater insulin
resistance (including age, body weight, BMI,
A1C at baseline, and FPG at baseline) tended to
predict participants who would require the
maximum dose of 60 units/day. Irrespective of
the final daily insulin dose, iGlarLixi, compared
with iGlar, led to greater A1C reductions and a
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higher percentage of participants achieving
AIC < 7.0% (<53 mmol/mol) and the com-
posite endpoint of A1IC < 7.0%
(< 53 mmol/mol) with no documented hypo-
glycemia and no weight gain. In addition, there
was no significant difference in change from
baseline for A1C, FPG, or 2-h PPG between
participants who required < 60 units/day or 60
units/day, indicating that iGlarLixi was simi-
larly effective in the minority of participants
who required titration to maximum insulin
dose and the majority who did not.

In the current analysis, participants receiving
60 units/day of either iGlarLixi or iGlar experi-
enced a lower incidence of documented symp-
tomatic hypoglycemia compared with those
receiving < 60 units/day. This may appear to be
counterintuitive given that greater insulin doses
are generally considered to be associated with
increased rates of hypoglycemia. Our findings
may reflect the difference in patient phenotype
in the higher and lower dose participants in
LixiLan-L shown in the current analysis. Par-
ticipants who required the maximum dose of
iGlarLixi or iGlar tended to have characteristics
associated with greater insulin resistance. This
implies that more insulin-sensitive (and thus
more hypoglycemia-prone) participants
required less insulin, while the more insulin-
resistant (greater BMI, younger, higher FPG, and
baseline insulin dose) required higher doses to
achieve glycemic control, but experienced less
hypoglycemia because of their relative insulin
resistance. Alternatively, this finding may cor-
respond to hypoglycemia as a barrier to up-ti-
tration for both iGlarLixi and iGlar in the
LixiLan-L trial [11]. When a patient’s A1C
remains above target despite their FPG reaching
goal or insulin dose exceeding > 0.5 units/
kg/day, clinicians may sometimes continue up-
titration of basal insulin contrary to the rec-
ommendations of the American Diabetes Asso-
ciation (ADA) [16, 17] rather than intensifying
therapy by adding other glucose-lowering
medications to the patient’s regimen. This
concept, known as “over-basalization,” may
expose patients to an unnecessary risk of
hypoglycemia and weight gain, resulting in
greater healthcare costs [18]. A post hoc analysis
of three insulin glargine titration studies found

that FPG reduction becomes proportionally
smaller with increasing dose of basal insulin,
leveling at approximately 0.5 units/kg/day; this
may, therefore, be considered an approximate
cutoff point at which alternative therapeutic
options beyond continued basal insulin titra-
tion should be considered [19]. In accordance
with these findings, a recent pooled analysis of
15 randomized controlled trials investigated
basal insulin intensification in patients already
on high insulin doses. These studies showed
that although there are some patients with a
low risk of hypoglycemia in whom basal insulin
doses > 0.5 units/kg/day may be appropriate,
overall continued up-titration to doses > 0.5
units/kg does not appear to improve glycemic
control and is associated with increased weight
gain and higher risk of hypoglycemia [20]. In
the current study, participants receiving doses
of < 0.5 units/kg/day insulin in the iGlarLixi
arm showed a greater reduction in weight from
baseline to study end than those on a higher
insulin dose. No significant differences were
observed in the incidence rates of hypo-
glycemia, GI AEs, and percentages of partici-
pants unable to achieve A1C <7.0% (<53
mmol/mol) between participants receiving
either < 0.5 unit/kg/day or > 0.5 unit/kg/day of
insulin in both the iGlarLixi and iGlar arms.

As expected, participants treated with iGlar-
Lixi reported a higher incidence of GI AEs
compared with those who received iGlar. How-
ever, the incidence was similar in both iGlarLixi
dose groups and lower than that reported for
lixisenatide as a standalone therapy [21]. This
supports previous findings that suggest that the
gradual increase in the lixisenatide dose, which
parallels the iGlar titration with iGlarLixi, miti-
gates GI AEs, including at higher doses [11].
Also, participants receiving the maximum dose
of iGlar had significantly greater weight gain
compared with those receiving lower doses of
iGlar. Participants in the iGlarLixi arm experi-
enced small decreases in weight, with no sig-
nificant differences in weight change between
those on the maximum dose or lower doses. This
supports previous findings that suggest that the
lixisenatide component of iGlarLixi mitigates
the weight gain associated with iGlar even at the
highest dose [22].
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The results of our study are limited by the
standard constraints associated with post hoc
analyses of subgroups of data. The issue of sta-
tistical significance must be treated with cau-
tion since the analysis likely has insufficient
power to detect such a difference between the
subgroups. While these analyses do not replace
data from specifically designed trials, they do
provide a valuable insight into the patient
characteristics associated with a higher likeli-
hood of requiring the maximum basal insulin
dose and the impact of maximum doses on
patient outcomes.

CONCLUSIONS

In conclusion, the majority of participants in
the LixiLan-L trial did not require treatment
with the maximum dose of iGlarLixi (60 uni-
ts/day) to achieve ADA-recommended glycemic
targets. Our analysis indicates that there are key
differences in the clinical phenotype of those
patients who require maximum doses compared
with those who do not. Patients more likely to
require maximum doses of treatment were of
younger age, with higher body weight, BMI,
FPG, and insulin dose, all characteristics asso-
ciated with greater insulin resistance. Even at
the maximum doses employed in the study,
iGlarLixi provided significantly greater glucose-
lowering efficacy and modest weight benefit
without increased risk of hypoglycemia for
those participants compared with iGlar.
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