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Aim: To compare the effectiveness of different basal insulins (Bl) prescribed as an

therapy.

Materials and Methods: Retrospective, real-world data from electronic medical
records of 32 Italian diabetes clinics were used, after propensity score adjustment, to
compare effectiveness after 6 months of treatment with second- versus first-
generation Bl (2Bl vs. 1Bl) or glargine 300 U/ml versus degludec 100 U/ml (Gla-300
vs. Deg-100), when added to (ADD-ON) or in substitution of (SWITCH) GLP-1
RA. Only comparisons, including a minimum of 100 patients per group, were per-
formed to ensure adequate robustness of the analyses.

Results: In the ADD-ON cohort (N = 700), greater benefits of 2BI versus 1Bl were
found in glycated haemoglobin {HbA1lc; estimated mean difference: —0.32% [95%
confidence interval (Cl) —0.62; —0.02]; p = .04} and fasting blood glucose [FBG;
—20.73 mg/dl (95% Cl —35.62; —5.84); p = .007]. In the SWITCH cohort (N = 2097),
greater benefits of 2Bl versus 1Bl were found in HbA1c [-0.22% (95% Cl —0.42;
—0.02); p = .03], FBG [-10.15 mg/dl (95% Cl —19.04; —1.26); p = .03], and body
weight [-0.67 kg (95% Cl —1.30; —0.04); p = .04]. In the SWITCH cohort starting
2Bl (N = 688), marked differences in favour of Gla-300 versus Deg-100 were
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1 | INTRODUCTION

The beneficial effects of therapy based on glucagon-like peptide-1
receptor agonists (GLP-1 RA) extend beyond glycaemic control and
include cardiovascular protection and better body weight control.>2
Consistently, most recent guidelines recommend GLP-1 RA as first-
line treatment in patients with type 2 diabetes mellitus (T2D) and
established atherosclerotic cardiovascular disease without chronic
heart failure or as second-line therapy in patients without atheroscle-
rotic cardiovascular disease.>* However, when GLP-1 RA therapy fails
to provide adequate gluco-metabolic control, basal insulin (Bl) might
be either added to the ongoing GLP-1 RA treatment or used as an
alternative to the GLP-1 RA therapy, with or without the concomitant
use of oral antihyperglycaemic drugs (OHA).>* By carefully titrating
the administered dose, Bl treatment can be personalized to the indi-
vidual needs of the patient's target fasting blood glucose (FBG) levels
and integrate GLP-1 RA action on postprandial plasma glucose and
FBG, obtained through the stimulation of glucose-dependent insulin
secretion, inhibition of glucagon secretion, slowing of gastric empty-
ing, increased satiety, and body weight loss.> Furthermore, barriers to
the initiation of BI, such as fear of hypoglycaemia and body weight
gain,6 can be minimized with the concomitant use of GLP-1 RA and
second-generation Bl (2BI).” Therefore, the combined use of 2Bl and
GLP-1 RA deserves accurate consideration.

In most recent years, in addition to first-generation Bls (1Bl),
i.e. insulin detemir and glargine 100 U/ml (Gla-100), 2Bl [degludec
100 U/ml (Deg-100) and glargine 300 U/ml (Gla-300)] reached the
market. The clinical research programmes leading to the drug
approval, BEGIN for Deg-100 and EDITION for Gla-300, proved that
2Bl provide similar or improved efficacy with a better safety profile
compared with Gla-100.8 So far, the BRIGHT study’ represents the
only available head-to-head randomized clinical trial comparing Gla-
300 and Deg-100 in insulin-naive patients with T2D. The two 2BI
provided similar improvements in glycaemic control, with relatively
low hypoglycaemia risk. A lower rate of hypoglycaemia with Gla-300
during the dose titration period was also documented.’

Recently, real-world research programmes have been implemen-
ted as a complement to randomized clinical trials. In the United States,
by using electronic health care records, the DELIVER programme®®

assessed prescribing patterns and clinical outcomes in real-life clinical
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documented in HbAlc [-0.89% (95% ClI —1.26; —0.52); p <.001] and FBG
[-17.89 mg/dl (95% Cl —32.45; —3.33); p = .02]. Using propensity score matching as
a sensitivity analysis, the benefit on HbAlc was confirmed [—-0.55% (95% CI -1.02;
—0.08); p = .02]. Bl titration was suboptimal in all examined cohorts.

Conclusions: 2Bl are a valuable option to intensify GLP-1 RA therapy. Switching to
Gla-300 versus Deg-100 was associated with greater HbA1c improvement.

basal insulin, degludec 100 U/ml, effectiveness, fixed-ratio combination, glargine 300 U/ml,
glucagon-like peptide-1 receptor agonists, insulin naive, safety, type 2 diabetes

practice among people with T2D who initiated insulin treatment with
Gla-300 or switched to Gla-300 from other Bl, compared with 1BI
(Gla-100 or insulin detemir) or Deg-100. Overall, Gla-300 provided
similar glucose control associated with a lower risk of hypoglycaemia
versus 1Bl in people switching BI. In insulin-naive patients, initiation
with Gla-300 was associated with improved effectiveness and a simi-
lar or lower risk of hypoglycaemia versus Gla-100. In both insulin-
naive patients and those switching from 1Bl to 2BlI, antihyperglycae-
mic effectiveness and risk of hyperglycaemia were shown to be similar
with Gla-300 and Deg-100.%°

The RESTORE-G was a descriptive, real-world study designed to
specifically assess intensification approaches after GLP-1 RA treat-
ment and the role of Bls, in particular 2BI.X* The aim of the current
pre-defined subgroup analysis was to compare the effectiveness on
metabolic control and body weight of the different Bls used as add-on
to GLP-1 RA therapy or as a switch from GLP-1 RA therapy. The titra-
tion of Bls was also considered, being a recognized major component
of clinical inertia.?

As GLP-1 RA treatment is suggested to be the first injectable drug
to be used in patients with T2D and the addition of Bl is the most
appropriate approach to initiating insulin in patients failing to reach the
target glucose control with GLP-1 RA, the current study aims to clarify
and dissect the approaches used in clinical practice when GLP-1 RA
therapy is considered ineffective and needs intensification with BI.

2 | MATERIALS AND METHODS

RESTORE-G was a real-world, pre-post, retrospective cohort study,
based on anonymous patient-level data extracted from electronic
medical records (EMRs, i.e. SmartDigitalClinic; METEDA).}*"1° Data
collected referred to the period between 2011 and 2021 from 32 dia-
betes outpatient clinics.

The inclusion criteria were: insulin naive adult patients with a
diagnosis of T2D treated with GLP-RA + OHA and changing their
therapy; initiation of Bl in free or fixed-ratio combination (FRC), in
addition or in substitution to GLP-1 RA with the index date (i.e. date
of the first prescription of BI/FRC) from January 2011 (year of first
GLP-1 RA available in Italy); or prescription of GLP-1 RA (weekly or
daily) £ OHA before initiating BI/FRC or switching to BI/FRC.
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The exclusion criteria were: diagnosis of type 1 diabetes; pre-
scription of any insulin within 12 months before GLP-1 RA therapy;
more than one type of BI/FRC prescribed at index date or prescription
of other BI/FRC within 3 months after initiating Bl; or switch back to
GLP-1 RA after initiation of BI/FRC within 3 months after index date.

The centres recorded data on EMRs according to their clinical
practice. Patients with T2D were generally examined by the diabetes
centre on a 3-6-month basis, according to the Italian guidelines.*

Baseline variables included: age, sex, HbA1lc, FBG, body weight,
body mass index (BMI), diabetes duration, diabetes treatment (classi-
fied according to ATC codes), comorbidities (classified according to
the ICD-9-CM system), estimated glomerular filtration rate (eGFR),
albuminuria, lipid profile and arterial blood pressure. Follow-up infor-
mation at 6 months (Té) included: HbA1c, FBG, body weight, BMI, BI
dose and diabetes treatment.

The investigated treatment approaches included the add-on of Bl
to ongoing therapy with GLP-1 RA (ADD-ON cohort), and the switch
from GLP-1 RA therapy to either Bl (SWITCH-BI cohort) or FRC
(SWITCH-FRC cohort). Further details on study methods are reported
elsewhere. 1!

All procedures followed were in accordance with the ethical stan-
dards of the responsible committee on human experimentation (insti-
tutional and national) and according to the principles of the Helsinki
Declaration of 1975, as revised in 2008. The study protocol was
approved by all the local ethics committees of the participating cen-
tres. Informed consent was obtained from all patients for being

included in the study.

21 | Statistical methods

As a predefined subgroup analysis, each study cohort was stratified
by the type of BI/FRC prescribed at TO. Types of Bl included 1Bl or
2Bl. Among 2Bl, cohorts were further stratified by Gla-300 versus
Deg-100.

Propensity score (PS) adjustment®®

was applied only for compari-
sons, including a minimum of 100 patients per group, to ensure ade-
guate robustness of the analyses.

The PS for each cohort was estimated taking into consideration
age, sex, diabetes duration, baseline HbAlc, BMI, FBG, Bl dose, eGFR
<60 ml/min/1.73 m?, history of diabetes complications, and concomi-
tant glucose-lowering treatments [metformin, secretagogues, DPP4
inhibitors, glitazones, acarbose, sodium-glucose cotransporter
protein-2 inhibitors (SGLT2is), short-acting insulin].

Subjects with missing PS values were excluded from the cohorts.

For each covariate, individuals with the same PS should have, on
average, the same distribution of that covariate irrespective of treat-
ment decision (covariate balance). This can be checked using interac-
tion tests between each covariate and PS. A non-significant
interaction test documents a good balance.

Descriptive data were summarized as mean and standard devia-
tion, median and interquartile range, or proportion. Baseline patient

characteristics according to the treatment intensification approach
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were compared using the Mann-Whitney U-test in the case of contin-
uous variables and the chi-squared test for categorical variables.

The changes in HbAlc, FBG, body weight and Bl dose were
assessed using mixed models for repeated measurements. Results are
expressed as the estimated mean or estimated mean difference from
TO with their 95% confidence interval (95% Cl). The paired and
unpaired t-tests derived from linear mixed models for repeated mea-
surements were applied for the within- and between-group compari-
sons. Values for p < .05 were considered statistically significant and

reported in bold text.

2.2 | Sensitivity analysis

PS matching®® was applied as a sensitivity analysis for a more strin-
gent head-to-head comparison between Gla-300 versus Deg-100.
A PS-matching algorithm on a 1-to-1 basis was used. A logistic
regression model was used to predict the probability of receiving
Gla-300 versus Deg-100. The variables considered in the logistic
model were the same as those used for the PS adjustments. A
5-to-1 greedy matching algorithm was used to identify a unique
matched control for each Gla-300 patient according to the PS. The
adequacy of balance for the covariates in the matched sample was
assessed via the standardized mean difference between the two
groups, considering differences of <0.10 (absolute value) as good
balance. Longitudinal models were adjusted for unbalanced vari-

ables after PS matching.

3 | RESULTS

In the time window 2011-2021, 3164 patients treated with GLP-1 RA
changed their therapy by adding Bl or switching to Bl after a median
GLP-1 RA therapy duration of 27.4 months (interquartile range
11.8-53.5). The stratification of study cohorts by type of intensifica-
tion with Bl is shown in Figure 1. As PS adjustment was applied only
for comparisons including a minimum of 100 patients per group, the
comparative effectiveness analysis between Gla-300 and Deg-100 in
the ADD-ON cohort and between the two available FRCs in the
SWITCH-FRC cohort was not performed (Figure 1). In the analysed
groups, the interaction test was never significant for any covariate,
indicating a good balance between the groups.

3.1 | Add-on cohort: second-generation basal
insulin versus first-generation basal insulin

Baseline patients' characteristics (patients with non-missing PS) are
reported in Table 1. In the ADD-ON cohort, 382 patients added 1BI
(Gla-100 or detemir) and 318 added 2Bl to the ongoing GLP-1 RA
therapy. Compared with patients adding 1BI, patients adding 2Bl were
significantly older and more frequently men. No statistically significant

differences emerged in the other clinical characteristics.
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3164 patients
changing GLP-1 RA therapy and
starting basal insulin
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FIGURE 1 RESTORE-G study. Flow-chart of the post-hoc analyses. Identification of cohorts eligible for comparative effectiveness analyses.

Only groups including at least 100 subjects were considered eligible for the comparative effectiveness analyses. Non-eligible groups are in the
grey box. FRC, fixed-ratio combination; GLP-1 RA, glucagon-like peptide-1 receptor agonist.

PS adjusted changes from TO to Té in the continuous endpoints
(HbA1c, FBG, body weight and Bl dose) in the two treatment groups,
along with within- and between-group comparisons, are reported in
Figure 2 and Table S1. In the ADD-ON cohort, statistically significant
greater benefits of 2Bl versus 1Bl were found at Té both in terms of
HbA1lc [estimated mean difference of —0.32% (95% Cl —0.62;
—0.02); p = .04] and FBG [estimated mean difference of —20.73 mg/
dl (95% Cl —35.62; —5.84); p =.007]. No statistically significant
between-group differences were documented in weight change
(Figure 2 and Table S1). The Bl dose increased from 0.13 U/kg at TO
to 0.20U/kg in both groups
(Table S1).

(between-group p-value = .79)

3.2 | Switch cohort: second-generation basal
insulin versus first-generation basal insulin

Baseline patients' characteristics (patients with non-missing PS) are
reported in Table 1. In the SWITCH cohort, 1406 patients discontin-
ued GLP-1 RA and switched to 1BIl, whereas 691 discontinued GLP-1
RA and switched to 2Bl. Compared with patients switching to 1Bl,
patients switching to 2Bl had significantly lower BMI, total
cholesterol, LDL-cholesterol, blood pressure levels; they were also less
frequently treated with secretagogues, antihypertensive and lipid-
lowering drugs. All groups had baseline HbA1c levels 29.0%. The pro-
portion of patients also initiating short-acting insulin in combination
with Bl was lower in the group switching to 2Bl versus the group
switching to 1Bl (16.9% vs. 24.5%; p < .0001).

PS adjusted changes from TO to Té in the continuous endpoints
(HbA1lc, FBG and body weight) in the different treatment groups,
along with within- and between-group comparisons, are reported in
Figure 2 and Table S2. In the SWITCH cohort, statistically significant
greater benefits of 2Bl versus 1Bl were found at Té in terms of
HbAlc [estimated mean difference of —0.22% (95% ClI —0.42;
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—0.02); p = .03], FBG [estimated mean difference of —10.15 mg/dI
(95% Cl —19.04; —1.26); p = .03], and body weight [estimated mean
difference of —0.67 kg (95% Cl —0.04; —1.30); p = .04] (Figure 2 and
Table S2). Bl dose increased from 0.14 U/kg at TO to 0.19 U/kg in the
1BI group and from 0.14 U/kg at TO to 0.20 U/kg in the 2BI group
(between-group p = .13) (Table S2). In both groups, there was an
increase in short-acting and total insulin doses, without differences

between groups.

3.3 | Switch cohort: glargine 300 U/ml versus
degludec 100 U/ml

In the SWITCH cohort initiating 2BI, 525 patients were prescribed
Gla-300 and 163 with Deg-100. Compared with patients treated with
Deg-100, those treated with Gla-300 had a lower BMI, a lower preva-
lence of diabetes complications, a lower Bl dose at TO and a more fre-
quent use of SGLT2is (Table 2).

Longitudinal analyses showed marked statistically significant
between-group differences in favour of Gla-300 versus Deg-100 at Té6
in terms of HbAlc [estimated mean difference of —0.89% (95%
Cl —1.26; —0.52); p <.001] and FBG [estimated mean difference
of —17.89 mg/dl (95% Cl —32.45; —3.33); p = .02]. No statistically sig-
nificant between-group differences were documented in weight
(Figure 3 and Table S3). Bl dose increased from 0.14 U/kg at TO to
0.20 U/kg in the Gla-300 group and from 0.14 U/kg at TO to 0.19 U/kg
in the Deg-100 group (between-group p-value = .37) (Table S3).

As a slight, although not significant (p =.21, Table 2 and
Figure 3), different estimated mean HbA1c levels were found in the
two groups at TO (9.49% in Gla-300 vs. 9.12% in Deg-100), PS match-
ing was applied as a sensitivity analysis. The same set of covariates
included in the PS adjustment was considered, and cohorts were bal-
anced for most of the covariates, as documented by standardized dif-
ferences below the absolute value of 10 (Table S4). Covariates
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TABLE 1 Baseline patients' characteristics of the populations selected for the comparative effectiveness analyses of 2Bl vs. 1BI.
ADD-ON of 2Bl vs. 1BI to ongoing GLP-1 RA SWITCH from GLP-1 RA therapy to 2BI
therapy vs. 1BI

Variable Category 1Bl 2Bl p-Value 1BI 2BI p-Value
N. Group* 382 318 1.406 691
Age, years 574 +9.6 60.1+9.6 .0004 589 +99 598 +11.1 .01
Sex, % Female 455 37.7 .04 669 (47.58) 307 (44.43) 17

Male 54.5 62.3 524 55.6
Diabetes duration, years 104 £ 7.3 10.7+£7.5 .75 104 £ 8.4 104 £9.1 43
Diabetes duration in classes, % <5 years 23.3 23.3 .98 23.7 26.6 26

6-10years  29.3 28.9 311 30.0

11-20 years 34.3 33.3 33.7 30.1

>20 years 8.6 10.1 9.1 10.3

NA 44 44 23 3.0
BMI, kg/m? 334 +57 33.3+59 .78 33.4 £ 6.07 321+6.6 .0005
HbA1c, % 9.1+12 9.0+13 .35 94+15 94+ 1.6 .25
Fasting blood glucose, mg/dI 202.9 + 60.2 210.7 + 61.7 .24 211.7 + 66.6 216.5 + 67.0 41
Systolic blood pressure, mmHg 136.0 + 16.7 136.8 +17.4 .82 137.6 £ 19.5 1334 + 16.4 .005
Diastolic blood pressure, mmHg 795+£93 79.5+ 104 40 80.2+9.6 78.4 +£10.0 .01
Total cholesterol, mg/dl 173.4 £ 39.0 167.1 +£39.1 .09 178.0 +42.7 1722 £450 .01
LDL-cholesterol, mg/dl 935+354 87.7 +31.8 14 96.1 + 35.1 88.2 + 34.7 .002
HDL-cholesterol, mg/dl 435+111 457 £ 135 37 445+ 124 444 +11.7 .95
Triglycerides, mg/dl 185.3 £ 81.0 186.8 £ 116.7 40 205.7 £201.3 211.0+157.6 .20
eGFR <60 ml/min/1.73 m? 23.6 27.9 .52 247 29.8 14
Micro/macroalbuminuria, % 29.1 37.9 17 31.0 37.8 .09
Antihypertensive drugs, % 70.2 73.9 27 58.5 46.6 <.0001
Lipid-lowering drugs, % 56.3 61.6 .15 48.7 41.2 .001
Diabetes complications, % 8.9 7.5 .52 9.3 10.0 .62
Basal insulin dose, U 119+ 6.2 12.46 £ 5.46 .06 125+54 12.1+5.2 16
Metformin, % 79.6 73.0 .05 77.2 73.4 .07
Secretagogues, % 47.8 414 .10 54.5 47.4 .003
DPP-4 inhibitors, % 6.2 7.4 .55 171 18.6 41
Glitazones, % 7.5 8.1 .80 9.7 7.8 16
Acarbose, % 3.5 17 .18 4.40 35 .35
SGLT2 inhibitors, % 3.5 7.4 .03 9.1 20.5 .35
Short-acting insulin, % 2.1 1.3 40 24.5 16.9 <.0001

Note: Patients with not evaluable propensity score were excluded. Data are means and standard deviations or proportions. Statistically significant p-values

(p < .05) are in bold.

Abbreviations: 1Bl first-generation basal insulin; 2BI, second-generation basal insulin; BMI, body mass index; DPP-4, dipeptidyl peptidase-4; eGFR,
estimated glomerular filtration rate; GLP-1 RA, glucagon-like peptide-1 receptor agonist; HbA1c, glycated haemoglobin; HDL, high-density lipoprotein;

LDL, low-density lipoprotein; SGLT2, sodium-glucose cotransporter 2.

associated with a SD 2]10| or a p < .05 in the post-PS matching cohort
were used as adjustment variables in the longitudinal models
(Table S4).

After the application of PS matching, longitudinal models con-
firmed statistically significant between-group differences in favour of
Gla-300 versus Deg-100 at Té in terms of HbA1lc [estimated mean
difference of —0.55% (95% Cl —1.02; —0.08); p = .02]. No statistically
significant between-group differences were documented in FBG,
weight and Bl dose changes (Figure 3 and Table S5). Dose changes at
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6 months were superimposable to those of the PS adjustment cohort
(Table S5).

4 | DISCUSSION

Using a pre-defined subgroup analysis comparing effectiveness end-
points between the PS-adjusted RESTORE-G study cohorts from Ital-
jan clinical practices, we show that, in patients continuing or
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FIGURE 2 Comparative effectiveness analyses of 2Bl vs 1Bl in the ADD-ON and SWITCH-BI cohorts. Propensity score adjusted changes in
estimated mean levels of continuous endpoints (HbAl1c, FBG and body weight) from TO to Té by cohort and treatment. Statistically significant
p-values (p < .05) are in bold. Details on estimated mean levels at TO and Té and data availability for each outcome at TO and Té are presented in
Tables S1 and S2. 1Bl first-generation basal insulin; 2BI, second-generation basal insulin; Bl, basal insulin; Cl, confidence interval; FBG, fasting
blood glucose; GLP-1 RA, glucagon-like peptide-1 receptor agonist; HbAlc, glycated haemoglobin; TO, date of the first prescription of 1Bl or 2Bl;

Té, follow-up at 6 months.

interrupting the therapy with GLP-1 RA, greater benefits in HbAlc
and FBG levels were obtained using 2BI (Gla-300 or Deg-100) rather
than 1BI.

In the ADD-ON cohort, the improvement in either HbA1c or FBG
was significantly more relevant with 2BI than with 1Bl after 6 months
(the difference between the two approaches was 0.32% for HbAlc
levels and 20 mg/dl for FBG levels).

Similarly, in the SWITCH cohort, after 6 months, HbAlc and FBG
levels were 0.22% and 10 mg/dl lower with 2BI versus 1Bl, respec-
tively, without any change in body weight. Weight gain was signifi-
cantly greater with 1BI versus 2Bl (0.67 kg).

Such a difference between the two generations of insulin

occurred in spite of similar doses of Bl and might be because of, at
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least in part, the less frequent simultaneous initiation of short-acting
insulin in association with 2BI. In addition, better adherence, thanks to
the better safety profile, can presumably contribute to these
findings.

In addition, in patients with T2D switching from GLP-1 RA ther-
apy to insulin treatment, a greater improvement in HbA1c and FBG
could be shown when using Gla-300 rather than Deg-100. In the com-
parison between the two 2BI, the improvement in HbAlc after
6 months was greater (between-group difference of 0.89%) with Gla-
300 than Deg-100. Furthermore, FBG levels at T6 were lower in the
Gla-300 group than the Deg-100 group, and no difference was docu-
mented in weight. After application of PS matching as a sensitivity

analysis, a statistically significant, clinically relevant between-group
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Variables Category Gla-300 Deg-100 p-Value TABLE 2 . Baseline patien.ts'
characteristics of the populations

N 525 163 selected for the comparative

Age, years 599 +11.3 59.1 £ 10.5 .18 effectiveness analyses of Gla-300 vs.

Sex, % Female 44.8 44.2 89 Deg-100 in the SWITCH cohort.
Male 55.2 55.8

Diabetes duration, years 10.6 £ 9.7 98+71 61

BMI, kg/m? 31.6+6.5 334 +65 .01

HbA1c, % 95+1.6 92+1.6 21

Fasting blood glucose, mg/dl 2188 + 67.1 209.8 + 65.8 .15

Systolic blood pressure, mmHg 133.4 + 159 1334 +17.5 .89

Diastolic blood pressure, mmHg 78.1+92 788 +11.2 73

Total cholesterol, mg/dl 172.3 +45.7 172.2 +42.3 .94

LDL-cholesterol, mg/dl 88.1+34.2 88.4 + 36.3 .93

HDL-cholesterol, mg/dl 447 £ 11.9 43.7 £+ 11.1 78

Triglycerides, mg/dI 207.4 £ 159.0 223.5+ 1553 .67

eGFR <60 ml/min/1.73 m? 315 224 15

Micro/macroalbuminuria, % 36.9 39.6 72

Antihypertensive drugs, % 44.2 55.2 .01

Lipid-lowering drugs, % 39.8 46.6 12

Diabetes complications, % 8.6 14.1 .04

Basal insulin dose, U 119+51 13.0+5.7 .01

Metformin, % 72.2 76.9 .27

Secretagogues, % 45.5 53.7 .08

DPP-4 inhibitors, % 19.0 17.0 .59

Glitazones, % 7.5 8.8 .60

Acarbose, % 3.8 2.7 .55

SGLT2 inhibitors, % 23.2 11.6 .002

Short-acting insulin, % 16.8 18.4 .63

Note: Four patients in the Gla-300 group and one patient in the Deg-100 group with not evaluable
propensity score were excluded. Data are means and standard deviations or proportions. Statistically
significant p-values (p < .05) are in bold.

Abbreviations: BMI, body mass index; Deg-100, degludec 100 U/ml; DPP-4, dipeptidyl peptidase-4;
eGFR, estimated glomerular filtration rate; Gla-300, glargine 300 U/ml; GLP-1 RA, glucagon-like
peptide-1 receptor agonist; HbAlc, glycated haemoglobin; HDL, high-density lipoprotein; LDL, low-
density lipoprotein; SGLT2, sodium-glucose cotransporter 2.

difference in HbAlc levels in favour of Gla-300 versus Deg-100
(—0.55%) was confirmed. No statistically significant between-group
differences were documented in FBG and weight.

BI titration was similar and suboptimal in all examined cohorts
(from about 0.1 U/kg at baseline to 0.2 U/kg after 6 months) with an
average FBG >150 mg/dl.

Our study previously showed that about 40% of the patients
intensified their GLP-1 RA therapy with Bl in a free or fixed combina-
tion after a median GLP-1 RA therapy duration of 27 months.!! In
addition, we documented very high HbA1lc levels at the time of inten-
sification, a suboptimal Bl dose titration, and a large proportion of
patients with HbA1c >8% 1 year after intensification.?

This is the first real-world study documenting greater benefits for
HbA1c with 2Bl versus 1BI. In fact, in previous studies comparing 2BI
versus 1Bl in patients with T2DM (insulin-naive or switchers) pre-
treated or not with GLP-1 RA, no difference in HbA1c was found.®*>
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As for real-world evidence on 2B, in the DELIVER D+ study,14
where 17% of patients were treated with GLP-1 RA, switching from
1Bl to 2BI (Gla-300 or Deg-100) was associated with similar improve-
ments in glycaemic control (—0.63% vs. —0.58%, p = .49) and hypo-
glycaemia rates. Even the LIGHTNING study,*® where GLP-1 RA were
used in 25-35% of patients initiating 2BI, revealed comparable reduc-
tions in HbA1c with Gla-300 versus 1Bl and Deg-100. Lower rates of
severe hypoglycaemia with Gla-300 versus 1Bl and similar rates ver-
sus Deg-100 both in insulin-naive and switch cohorts were also
documented.

Regarding real-world evidence on Gla-300, the DELIVER-G study
documented that in US clinical practice, the addition of Gla-300 to
daily or weekly GLP-1 RA therapy significantly improved glycaemic
control (HbA1c reduction of —0.97% after 6 months), without signifi-
cantly increasing hypoglycaemia.*® In the ADD-ON cohort of our
study, we showed that adding either Gla-300 or Deg-100 was capable
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FIGURE 3 Comparative effectiveness analyses Gla-300 vs. Deg-100 in the SWITCH cohort. Propensity score adjusted changes in estimated
mean levels of continuous endpoints (HbAlc, FBG and body weight) from TO to Té by cohort and treatment; between-group comparisons.
Statistically significant p-values (p < .05) are in bold (unpaired t-test derived from linear mixed models for repeated measurements). Details on
estimated mean levels at TO and Té and data availability for each outcome at TO and Té are presented in Tables S3 and S4. Cl, confidence
interval; Deg-100, degludec 100 U/ml; FBG, fasting blood glucose; Gla-300, glargine 300 U/ml; GLP-1 RA, glucagon-like peptide-1 receptor
agonist; HbAlc, glycated haemoglobin; TO, date of the first prescription of Gla-300 or Deg-100; Té, follow-up at 6 months.

of improving HbA1c by 1.3% without affecting body weight. There-
fore, in our study, the effect of 2Bl on HbAlc appears to be greater
than in the DELIVER-G study. Consistently with our data, in the
DELIVER-G, the addition of Gla-300 to the GLP-1 RA treatment
occurred at an HbAlc value over 9%, pointing to clinical inertia
towards insulin initiation.

Other comparative effectiveness analyses were performed in Bl-
naive or switcher cohorts treated with different background antihy-
perglycaemic agents, including GLP-1 RA, in variable proportions of
patients. In the PS-matched cohort of the DELIVER D Naive Study,”
where subjects treated with GLP-1 RA represented about 20% of
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the whole cohort, initiation of Gla-300 or Deg-100 resulted in sus-
tained and comparable improvements in HbAlc levels (—1.67% and
—1.58%; p = .51) and similar rates of hypoglycaemia. This study con-
firmed the findings from the BRIGHT main study® on the primary
endpoint (HbAlc at 24 weeks: —1.64% and —1.59% for Gla-300 and
Deg-100, respectively; pnon-inferiority < -0001). On the other hand, in
the BRIGHT renal sub-analysis,'® in insulin-naive people with T2D
and impaired renal function, use of Gla-300 versus Deg-100 resulted
in greater HbA1c reduction over the full study period, without differ-
ences in hypoglycaemia incidence. In our study, the HbAlc improve-
ment obtained with Gla-300 after 6 months (—1.57%) in the
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SWITCH cohort was in line with previous data from the litera-
ture.”1” However, HbAlc improvement with Gla-300 was signifi-
cantly greater than with Deg-100, both in the main analysis and in
the sensitivity analysis.

No effectiveness data on FBG, weight gain and BI titration were
attainable from the database used in US studies. In the Italian
RESTORE-2 study,'”?° where about 23% of Bl naive patients and
about 10% of switchers from 1Bl to 2Bl were treated with GLP-1 RA,
initiation of Gla-300 or Deg-100 was associated with similar improve-
ments in glycaemic control, without weight gain and with low hypo-
glycaemia rates, and no severe episodes during 6 months of
treatment; late Bl initiation and slow titration were clearly identified
even in this study.

Differently from the BRIGHT trial renal sub-analysis,'® real-world
studies did not show differences between 2Bl on glycaemic out-
comes; however, they were not specifically conducted on GLP-RA
pre-treated populations. This RESTORE-G sub-group analysis is the
first real-world comparative study showing differences in HbAlc
reduction between Gla-300 and Deg-100 in a population with T2D
treated with GLP-1 RA for >2 years.

The RESTORE-G study'* documented that the switch approach is
still the prevalent one for GLP-1 RA therapy intensification. However,
the combined use of Bl and GLP-1 RA is supported by a strong ratio-
nale, such as complementary targets of glycaemic control, the poten-
tial of GLP-1 RA to overcome barriers such as fear of hypoglycaemia
and weight gain, and the simplification of insulin therapy when GLP-1
RA delays the intensification with short-acting insulin.® The use of 2Bl
is supported by the most recent guidelines because of its safer pro-
file.>* Real-world data on the effectiveness and safety of the ADD-
ON approach can reassure physicians and promote this model of
intensification after GLP-1 RA treatment for most of the patients.>*
On the other hand, FRC may represent a strategy to simplify and de-
intensify basal bolus regimens in some patients.?!

To our knowledge, this is the second study where a greater
reduction of HbA1c with Gla-300 versus Deg-100 was found. The dif-
ference in glycaemic control between Gla-300 and Deg-100 observed
in the BRIGHT renal and elderly sub-analysis has been attributed to Bl
characteristics, such as pharmacokinetics/pharmacodynamics or
mechanism of action, possible differences in renal handling of insulin
catabolism at lower eGFR levels, or concomitant treatments.?%%3
These findings arising from specific populations (i.e. patients with T2D
pre-treated with GLP-1 RA or with renal disfunction) are relevant and
require further ad hoc investigation.

This is one of the few comparative real-world studies available on
GLP-1 RA intensification approaches and their outcomes. In addition,
the generalizability of the results (a large sample of patients with T2D
routinely cared for by centres located in different areas of Italy) and
the efficient use of EMR data for research purposes represent a
strength of the study. Furthermore, the double approach of PS adjust-
ment and matching using a wide set of covariates provided a robust
estimate of effectiveness. Finally, additional endpoints (FBG, body
weight, insulin doses) were available compared with other real-world

studies.
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The limitations of the study were the small sample size of the
Deg-100 group in the ADD-ON cohort, which prevented the compar-
ative analyses between 2Bl in this cohort. In addition, in the SWITCH
cohort, the sample size of insulin-treated subjects was not large. The
lack of robust safety data for subgroup analyses represents an addi-
tional limitation. Furthermore, the number of SGLT2i users was signif-
icantly different among comparison cohorts, suggesting differences in
sociodemographic or other characteristics not considered in the
study.

In conclusion, this pre-defined subgroup analysis of the
RESTORE-G confirms that the addition of 2Bl to intensify GLP-1 RA
therapy can be considered a valuable therapeutic option to improve
metabolic control and prevent weight gain. Furthermore, the study
suggests that switching from GLP-1 RA to Gla-300 versus Deg-100
seems to be associated with a greater HbAlc improvement after
6 months. The current analysis, in line with our previous work, con-
firms the urgent need to reduce clinical inertia, as witnessed by the
very high HbA1c levels at the time of intensification, and the subopti-
mal Bl titration even of the newest insulin analogues.
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APPENDIX A

RESTORE-G Study Group

Participating centres (by town alphabetical order): Enrico Gabel-
lieri, Azienda Ospedaliera di Alessandria, Alessandria; Elena Tortato,
Presidio Ospedaliero di Ricerca INRCA Ancona, Ancona; Rosa Anna
Rabini, Ospedale Mazzoni, Ascoli Piceno; Dalia Crazzolara, Ospedale
di Bolzano, Bolzano; Luigi Lucibelli, Distretto 56 ASL NA 3 Sud, Bosco

RIGHTS L

Reale; Concetta Aragiusto, Distretto 43 ASL NA2 Nord, Casoria; Gian-
luigi Panzolato, Ospedale S. Pellegrino di Castiglione delle Stiviere,
Castiglione delle Stiviere; Maurizio Di Mauro, Policlinico Vittorio Ema-
nuele, Catania; Andrea Del Buono, ASL Caserta Distretto 14, Cellole;
Giuseppe Placentino, Azienda Sanitaria Locale del Verbano Cusio
Ossola, Domodossola; Graziano Di Cianni, ASL 6 Livorno, Livorno;
Gabriele Brandoni, ASUR Marche Ospedale Generale Provinciale,
Macerata; Stefano Fazion, Ospedale Carlo Poma Mantova, Mantova;
Giovanna Gregori, Centro Polispecialistico Monterosso, Massa Car-
rara; Antonino Di Benedetto, AOU Policlinico G Martino, Messina;
Carlo De Riva, Ospedale Dell'Angelo, Mestre; Annamaria Terracciano,
ASL Caserta Distretto 23, Mondragone; Raffaele Napoli, AOU Feder-
ico Il, Napoli; Luciano Zenari, Ospedale Sacro Cuore, Negrar; Giu-
seppe Placentino, Azienda Sanitaria Locale del Verbano Cusio Ossola,
Omegna; Franco Cavalot, AOU San Luigi Gonzaga di Orbassano,
Orbassano; Francesca Porcellati, Ospedale S. Maria della Misericordia,
Perugia; Roberto Anichini, Ospedale San Jacopo, Pistoia; Giuseppe
Citro, ASP Potenza, Potenza; Paola D'Angelo, Ospedale S. Pertini
Roma, Roma; Marcello Arca, Policlinico Umberto I, Roma; Lelio Morvi-
ducci, ASL Roma 1, Roma; Rosa Anna Rabini, Ospedale Madonna del
Soccorso, San Benedetto; Valeria Montani, Ospedale San Liberatore,
Teramo; Luigi Lucibelli, Distretto 56 ASL NA 3 Sud, Torre Annunziata;
Giuseppe Placentino, Azienda Sanitaria Locale del Verbano Cusio
Ossola, Verbania; Paolo Fiorentini, ASL di Viterbo, Viterbo.
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