Received: 11 January 2021

Revised: 16 March 2021

Accepted: 28 March 2021

DOI: 10.1111/dom.14394

ORIGINAL ARTICLE

WILEY

Improved postprandial glucose metabolism in type 2 diabetes
by the dual glucagon-like peptide-1/glucagon receptor agonist
SAR425899 in comparison with liraglutide

Michele Schiavon PhD?
Michela Riz PhD? |
Chiara Dalla Man PhD?

1Department of Information Engineering,
University of Padova, Padova, Italy

2R&D Data & Data Science, Sanofi-Aventis
Deutschland GmbH, Frankfurt am Main,
Germany

Correspondence

Chiara Dalla Man, Department of Information
Engineering, University of Padova, Padova,
Italy.

Email: chiara.dallaman@dei.unipd.it

Funding information
MIUR (Italian Minister for Education), Grant/

Award Number: “Departments of Excellence”

(Law 232/2016); Sanofi, Grant/Award
Number: NCT02973321

Roberto Visentin PhD* © |
Claudio Cobelli PhD?

Britta Gobel PhD? |
| Thomas Klabunde PhD? |

Abstract

Aim: To gain further insights into the efficacy of SAR425899, a dual glucagon-like
peptide-1/glucagon receptor agonist, by providing direct comparison with the
glucagon-like peptide-1 receptor agonist, liraglutide, in terms of key outcomes of glu-
cose metabolism.

Research Design and Methods: Seventy overweight to obese subjects with type
2 diabetes (T2D) were randomized to receive once-daily subcutaneous adminis-
trations of SAR425899 (0.12, 0.16 or 0.20 mg), liraglutide (1.80 mg) or placebo
for 26 weeks. Mixed meal tolerance tests were conducted at baseline (BSL) and at
the end of treatment (EOT). Metabolic indices of insulin action and secretion were
assessed via Homeostasis Model Assessment (HOMAZ2) and oral minimal model
(OMM) methods.

Results: From BSL to EOT (median [25th, 75th] percentile), HOMA2 quantified a sig-
nificant improvement in basal insulin action in liraglutide (35% [21%, 74%]), while
secretion enhanced both in SAR425899 (125% [63%, 228%]) and liraglutide (73%
[43%, 147%]). OMM quantified, both in SAR425899 and liraglutide, a significant
improvement in insulin sensitivity (203% [58%, 440%] and 36% [21%, 197%)]), basal
beta-cell responsiveness (67% [34%, 112%] and 40% [16%, 59%)]), and above-basal
beta-cell responsiveness (139% [64%, 261%] and 69% [-15%, 120%)]). A significant
delay in glucose absorption was highlighted in SAR425899 (37% [52%,18%)]).
Conclusions: SAR425899 and liraglutide improved postprandial glucose control in
overweight to obese subjects with T2D. A significantly higher enhancement in beta-
cell function was shown by SAR425899 than liraglutide.
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1 | INTRODUCTION

Type 2 diabetes (T2D) is a complex metabolic disease characterized
by concomitant insulin resistance and impaired beta-cell function
leading to chronic hyperglycaemia, which is the hallmark of the dis-
ease.?? The increase in its prevalence is both rapid and progressive,
with obesity being one of the most important risk factors associated
with the development of the disease,®~> while its long-term complica-
tions are the major causes of morbidity, mortality and exceptional
healthcare costs.®”

Treatment of T2D generally consists of a combination of changes
in lifestyle, comprising diet and exercise, as well as pharmacological
treatments. In particular, many oral antidiabetic drugs, such as metfor-
min, sulphonylureas, sodium-glucose co-transporter-2 inhibitors, as
well as injectable drugs, including glucagon-like peptide-1 receptor
agonists (GLP-1 RAs) and insulin, have been developed, and their use
is targeted on a patient-by-patient basis.® Among the injectable drugs,
liraglutide is a well-known GLP-1 RA, with once-daily administration,
and it was shown to be efficacious in weight loss and glycaemic
control,”*® acting mainly by reducing appetite and caloric intake as
well as by increasing insulin secretion.!?

Recently, the combination of multiple agents has become another
treatment option, but this raised some limitations because of possible
interactions between drugs.*?*® A promising pharmacological treatment
is represented by the combination of glucagon-like peptide-1 and gluca-
gon receptor agonists (GLP-1/GCG RAs) in one compound, which were
shown to be safe and effective in the treatment of T2D, also providing
effective weight loss.**1® Among these drugs,'” a novel dual GLP-1/
GCG RA, SAR425899, showed significant reductions in body weight
(BW), fasting plasma glucose (FPG) and HbA1c after 4 weeks of treat-
ment in overweight to obese patients with T2D.*® In a recent work,'?
the mode of action of SAR425899 was investigated using the oral mini-
mal model (OMM) method,?° and it was found that SAR425899 was able
to improve postprandial glycaemic control by significantly enhancing
beta-cell function and slowing the glucose absorption rate.r” However,

1.1 were based on data from a 4-week

results reported in Visentin et a
phase 1 study with a limited number of patients and no comparison with
an active comparator was available.2®

Here, the aim is to give further insights into the quantification of
SAR425899 effects, and to compare it with the active comparator
liraglutide in postprandial glucose control using data from a 26-week
phase 2b clinical study conducted in a larger overweight/obese T2D

population.

2 | RESEARCH DESIGN AND METHODS

21 | Database and protocol

Two hundred and ninety-six overweight/obese subjects with T2D
were enrolled in a multicentre, randomized, double-blind, placebo-
controlled, parallel-group phase 2b study assessing the dose-response

relationship of SAR425899 versus placebo or open-label active

comparator liraglutide (NCT02973321). Subjects were randomized to
receive a once-daily subcutaneous injection of placebo (PBO, N = 33),
one of three dose regimens of SAR425899 (SAR 0.12 mg, N = 66;
SAR 0.16 mg, N = 66; SAR 0.20 mg, N = 64), or 1.80 mg of liraglutide
(Lira 1.80 mg, N = 67) for 26 weeks of treatment.

A subset of 75 subjects underwent two standardized mixed-meal
tolerance tests (MMTT), that is, at baseline (BSL, day —1) and at the end
of treatment (EOT, week 26), with measurement samples available for
both visits. The meal was consumed at time 0, within 15 minutes, con-
sisting of 78 g of carbohydrates (600 kcal composed of 50%-55% car-
bohydrates, 15%-20% proteins and 25%-30% fat), and was served 4
hours after the morning dose. During each MMTT, blood samples were
drawn at time t = 0, 10, 20, 30, 60, 90, 120, 180 and 240 minutes, for
measurement of plasma glucose, insulin and C-peptide with standard
techniques. A total of 70 subjects (mean + SD: age = 56.1 + 9.6 years,
BW =96.8 + 17.5 kg [BSL] vs. 91.7 + 16.8 kg [EOT], body mass index =
34.1 + 5.1 kg/m? [BSL] vs. 32.2 + 4.8 kg/m? [EOT], HbAlc = 8.2% +
0.9% [BSL] vs. 6.6% + 0.9% [EOT]) were eligible for the analysis (dis-
aggregated subjects' characteristics are reported in Table S1). In partic-
ular, 5/75 subjects were excluded because of issues concerning data/
protocol: four subjects, belonging to the SAR425899 cohorts, were not
able to follow the programmed titration rule to achieve the final stable
dose, while one subject, belonging to the SAR425899 0.16 mg cohort,
had issues with glucose and insulin measurements at the EOT visit.
Finally, of note, distribution among cohorts was not assessed as per
protocol but according to stable dose after 8 weeks from BSL to EOT
and corresponds to PBO (N = 7), SAR0.12 mg (N = 21), SAR 0.16 mg (N
=15), SAR 0.20 mg (N = 10) and Lira 1.80 mg (N = 17). Only metformin
was allowed as an additional glucose-lowering agent and was kept sta-
ble throughout the study with a distribution among the cohorts as PBO
(N = 5), overall SAR doses (N = 38) and liraglutide (N = 15). Plasma glu-

cose, insulin and C-peptide time courses are reported in Figure 1.

2.2 | Safety and tolerability

Adverse events (AEs) were assessed and reported throughout the
study from screening to the follow-up period. Safety outcomes com-
prised hypoglycaemia, physical examination, vital signs, ECG, safety

laboratory values, Holter monitor and antidrug antibodies.

2.3 | Calculations

Basal values and incremental area under the curve (IAUC) of postpran-
dial plasma glucose (G), insulin (I) and C-peptide (Cp) concentrations
were calculated from the data using the trapezoidal rule. In particular,
basal value was considered as the premeal concentration value, that
is, at t = 0 minutes.

Models were used to assess glucose control in all cohorts. In par-
ticular, the Homeostasis Model Assessment (HOMA2)?* was used to
assess insulin action and beta-cell responsivity in basal (premeal) con-
ditions (HOMA2 %S and HOMAZ2 %B, respectively) from FPG, insulin
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FIGURE 1 Mean + standard error (SE) time courses of (A) plasma glucose, (B) insulin and (C) C-peptide measured at day -1 (baseline [BSL], dashed

line and white squares), and after 26 weeks (end of treatment [EOT], continuous line and black circles) of placebo (PBO), SAR425899 at 0.12 mg (SAR
0.12 mg), SAR425899 at 0.16 mg (SAR 0.16 mg), SAR425899 at 0.20 mg (SAR 0.20 mg) and liraglutide at 1.80 mg (Lira 1.80 mg) administration

and C-peptide data. The OMM method,?%?2-24 which combines the

so-called oral glucose?® and C-peptide minimal models,?* was used to
assess insulin action, beta-cell function and gastrointestinal glucose
absorption during the meal from postprandial glucose, insulin and C-
peptide data. Briefly, the oral glucose minimal model?® describes
plasma glucose dynamics using the plasma insulin concentration and
carbohydrate content of the meal as known inputs and provides an
estimate of insulin sensitivity (S;), an outcome quantifying the ability
of insulin to suppress endogenous glucose production and promote
glucose disposal, as well as an estimate of the time profile of meal glu-
cose rate of appearance (Ra).?® In particular, such outcomes are simul-
taneously estimated (S, and the time profile of Ra), thus allowing
us to intrinsically account for any changes in the time profile of Ra
on S, estimation. Note that Ra was estimated assuming that the
meal was completely absorbed within 360 minutes, as performed
in.*%25 In addition, to better quantify the potential effect of the drug
on meal glucose absorption, the AUC of model-predicted Ra in the
first 120 minutes after meal ingestion, normalized by the total orally
absorbed glucose, was calculated (AUC [Rag.120)).

|24

The C-peptide minimal model“* describes the plasma C-peptide con-

centration in relation to the observed changes in glucose concentration

and provides an estimate of the overall beta-cell responsivity to glucose
(Dyo1)- Specifically, such an index is given by a combination of two com-
ponents: the dynamic (Qgynamic) and static (Ptatic) responsivity indices. In
particular, Qgynamic quantifies the secretion of promptly releasable insulin
and is assumed to be stimulated by the rate of increase in glucose con-
centration, while Qg.tic quantifies the delayed (by a time constant T) pro-
vision of new releasable insulin above a certain threshold level. In
addition, to complete the picture of beta-cell responsivity, the index of
basal beta-cell responsivity (@) was also calculated, from fasting plasma
C-peptide and glucose data, as the ratio of basal secretion per unit of
basal glucose concentration.2*

Finally, the disposition index (D), defined as @y X S;, was calcu-
lated to evaluate beta-cell function in light of the prevailing 5,.2%?7 A
more detailed description of the OMM method is provided in the

supporting information.

2.4 | Statistical analysis

Variables are reported as median [25th, 75th] percentile for each out-

come, unless otherwise stated. Differences among visits (BSL vs. EOT)



78 | WILEY

SCHIAVON ET AL

were assessed using a paired Student's t-test, for normally distributed
variables, or a Wilcoxon signed rank test otherwise. Based upon distri-
butions, differences among cohorts were assessed using one-way
analysis of variance (ANOVA) or a Kruskal-Wallis test on the percent-
age deviation between BSL versus EOT values, that is, (EOT - BSL)/
BSL, and post hoc analysis was performed using correction for multi-
ple comparisons, that is, Tukey-Kramer for ANOVA or Dunn-Sidak
for Kruskal-Wallis, respectively. Normality of distributions was
assessed by the Lilliefors test. A P value of less than .05 was consid-
ered statistically significant. In case a zero value was found in BSL
within the same cohort, the calculated percentage deviation for that
index has been removed from the analysis.

All SAR425899 dose regimens tested in this study achieved simi-
lar effects on postprandial glucose, insulin and C-peptide. Thus, an

equivalence test?®

was performed among SAR425899 doses on basal
concentration values as well as above-basal AUCs for glucose, insulin
and C-peptide data. In particular, for each outcome, we calculated the
standard deviations in each SAR425899 dose group and the maximum
was set as the equivalence margin, and the 90% confidence interval
around the mean difference was calculated for each comparison (SAR
0.12 vs. SAR 0.16 mg, SAR 0.12 vs. SAR 0.20 mg, SAR 0.16 vs. SAR
0.20 mg). As shown in the Results section, the hypothesis of similarity

among the SAR dose regimens was confirmed by our data, allowing us

to group them together (as SAR cohort), thus increasing the statistical
power both when comparing within (BSL vs. EOT visit) and between
(SAR vs. PBO and Lira) cohorts. Nevertheless, all comparisons were

also repeated regarding all SAR cohorts separately (see the Discussion

section).
3 | RESULTS
3.1 | Plasma glucose, insulin and C-peptide

concentrations

The time course data of postprandial plasma glucose, insulin and
C-peptide concentrations are shown in Figure 1, while basal (at
t = 0 minutes) concentrations and the iAUC of plasma glucose,
insulin and C-peptide excursions are reported in Table 1 for the
PBO, SAR 0.12 mg, SAR 0.16 mg, SAR 0.20 mg and Lira 1.80 mg
cohorts.

Glucose: Comparing BSL with EOT visits, basal glucose concen-
tration (Gp) was significantly lower in the PBO, SAR 0.12 mg, SAR
0.16 mg, SAR 0.20 mg and Lira 1.80 mg cohorts, while iAUC (G) was
only significantly reduced in the SAR 0.12, SAR 0.16 and SAR 0.20 mg
cohorts at the EOT versus BSL visits.

TABLE 1 Basal concentration and incremental area under the curve (iIAUC) of glucose, insulin and C-peptide
Cohort
S— e 70 SROizm  SAROlems  SAROzmg  Lnitomg
Gy, [mmol/L] BSL 10.3[9.8, 12.0] 9.6 8.0, 11.1] 8.8[7.8, 12.0] 10.0 [8.0, 11.9] 10.5 (8.5, 11.3]
EOT 9.0[7.9,9.2] 5.81[5.1, 6.5] 6.6[5.4,7.4] 6.3[5.7,69] 6.5[5.9,8.1]
P value 02 <001 <001 002 <001
Iy [WU/mL] BSL 11.3 (8.4, 18.5] 11.2[7.0, 16.6] 11.3[6.7, 14.6] 10.5 [10.2, 15.4] 11.7 8.1, 25.0]
EOT 9.8[6.8,12.2] 11.2 6.3, 18.0] 9.9(7.1,15.3] 11.0[8.3, 17.6] 11.3[4.9,17.7]
Pvalue NS NS NS NS 028
Cpy [nmol/L] BSL 1.11[0.81, 1.24] 0.81[0.63, 1.28] 0.72 [0.64, 1.09] 094[0.77,1.13]  1.07[0.76, 1.23]
EOT 0.87 [0.81, 0.95] 0.89 [0.70, 1.33] 0.85[0.71, 1.07] 0.82[0.72,1.27]  0.88[0.69, 1.20]
Pvalue NS 041 NS NS NS
iAUC (G) BSL 8.217.5,9.0] 7.5 [4.9, 1.03] 9.7 [7.2, 1.06] 9.3[6.9,1.23] 5.7 [4.4,7.1]
[10? mmol/L'min]  pop 6.4[2.9,11.1] 3.0[18,5.1] 5.1[2.0,7.0] 3.7[25,54] 4.1[2.4,84]
Pvalue NS <001 <001 003 NS
IAUC (1) BSL 6.0[3.8,10.6] 501[3.3, 6.4] 4.1[3.3,64] 7.1[4.4,92] 7.2(37,11.2]
[10° WU/mL*min]  pop 6.2[4.9,83] 40[2.7,7.5] 43[24,9.2] 8.9[5.1,10.8] 6.9 [4.2,13.2]
P value NS NS NS NS NS
iAUC (Cp) BSL 22[2.1,2.4] 1.8[1.6,2.7] 20[1.2,2.4] 20[1.3,34] 23[1.6,3.2]
[10% nmol/L*min] g7 2.6[2.2,3.5] 1.8[1.2,2.4] 21[1.2,27] 2.5[1.8,3.3] 29[22, 3.8]
P value NS NS NS NS NS

Note: Median [25th, 75th] percentile of basal glucose, insulin and C-peptide concentrations (Gy, I, and Cpy, respectively) and iAUC of glucose (IAUC (G)),
insulin (JAUC (1)) and C-peptide (iIAUC (Cp)) excursions. For each cohort and metric, a comparison was performed between baseline (BSL) versus end of

treatment (EOT) visits based on outcomes' distribution: a paired t-test for normally distributed values, otherwise a Wilcoxon signed-rank test (P < .05 was
considered statistically significant).
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Insulin: Comparing BSL with EOT visits, the Lira 1.80 mg cohort
showed a reduction in basal insulin concentration (Ip) at EOT versus BSL
visits, while no significant changes were found for all cohorts in iIAUC (I).

C-peptide: Comparing BSL with EOT visits, SAR 0.12 mg showed
a slight, but significantly higher basal concentration (Cpy,) at EOT ver-
sus BSL visits, while no significant changes were found in all cohorts
in iIAUC (Cp).

3.1.1 | Pooling SAR cohorts

To assess differences among cohorts, the percentage deviations of both
basal and iAUCs of glucose, insulin and C-peptide were calculated. First,
equivalence tests were performed on both basal concentration values as
well as above-basal AUCs of glucose, insulin and C-peptide data. For each
tested variable, results showed equivalence among all SAR cohorts. There-
fore, we decided to group the SAR cohorts when comparing the SAR with
the PBO and Lira cohorts. Then, one-way ANOVA was performed to
assess differences among the PBO, SAR and Lira cohorts, revealing statis-
tically significant differences in iAUC (G) (P = .0013), I, (P = .026) and Cpy,
(P =.016). In particular, post hoc analysis highlighted statistically significant
differences between SAR versus Lira cohorts, with iAUC (G) significantly
lower (—54% [-78%, —34%)] vs. -20% [-40%, 31%]; P = .0012), while I,
(8% [—23%, 58%)] vs. -23% [-37%, —11%]; P = .011) and Cpy, (10% [-7%,
33%] vs. -11% [-18%, —5%)]; P = .005) were significantly higher.

3.2 | Insulin action, glucose absorption and beta-
cell responsivity

Figure 2 shows the mean * standard error (SE) of HOMAZ2 indices of
insulin action and beta-cell responsivity (A and B, respectively), as well
as OMM indices of insulin action (C), glucose absorption (D), beta-cell
responsivity indices (E and F) and DI (G), at BSL and EOT, for the
PBO, SAR and Lira cohorts. The percentage deviation between EOT
versus BSL visits for each outcome and cohort is reported in Figure 3.

3.2.1 | Insulin action

Comparing BSL with EOT visits, from basal (premeal) data, a significant
improvement in insulin action (HOMA2 %S) was only found in the Lira
cohort (60% [25%, 77%)] vs. 69% [41%, 146%]; P = .002), while no sta-
tistically significant difference was observed between visits in the PBO

and SAR cohorts (Figure 2A). In contrast, from postprandial excursions

data, a significant improvement in insulin sensitivity (S;) was found in
the SAR (2.3 [1.5, 4.7] vs. 7.7 [4.3, 12.1] 10~ dL/kg/min per uU/mL; P
< 001) and Lira cohorts (3.1 [1.9, 4.9] vs. 4.9 [2.3, 9.6] 10~* dL/kg/min
per pU/mL; P =.02), while no statistically significant difference was
observed between visits in the PBO cohort (Figure 2C). Percentage
deviation in the PBO, SAR and Lira cohorts was 43% [37%, 72%], 4%
[-31%, 47%] and 35% [21%, 74%] for HOMA2 %S, while 62% [-52%,
254%), 203% [58%, 440%] and 36% [21%, 197%)] for S,, respectively
(Figure 3A,C, respectively). ANOVA detected a statistically significant
difference in the percentage deviation among cohorts in S; (P =.041)

but post hoc analysis did not confirm this result.

3.2.2 | Glucose absorption

The pattern of the meal glucose rate of appearance (Ra), estimated via

the oral glucose minimal model,2%23

is shown in Figure 4. SAR delayed
meal glucose absorption from BSL to the EOT visit, as quantified by
the fractional AUC (Rag.120) (59% [49%, 70%)] to 39% [27%, 48%];
P <.001; Figure 2D). No statistically significant difference was found
in both the PBO and Lira cohorts. Percentage deviation in fractional
AUC (Rag.100) wWas —7% [-19%, 17%], —37% [-52%, —18%] and
—-18% [-39%, 15%] in the PBO, SAR and Lira cohorts, respectively
(Figure 3D). According to ANOVA, the difference among cohorts was
significant (P = .013) and post hoc analysis highlighted that this was a
result of the significant difference between SAR versus PBO cohorts
(=37% [-52%, —18%)] vs. -7% [-19%, 17%]; P = .034) only.

3.23 | Beta-cell responsivity

Comparing BSL with EOT visits, a significant improvement in basal
beta-cell responsivity was quantified in the SAR and Lira cohorts by
both HOMA2 %B (Figure 2B; SAR: 44% [33.5%, 55%] vs. 106% [80%,
130%], P <.001, and Lira: 51% [31%, 64%] vs. 92% [66%, 115%)],
P <.001) and @, (Figure 2F; SAR: 5.1 [4.0, 6.9] to 8.6 [6.5, 11.0]
minutes™, P <.001, and Lira: 5.5 [4.0, 8.3] to 8.3 [5.8, 11.¢]
minutes™%, P < .001), but not in the PBO cohort. Percentage deviation
in the PBO, SAR and Lira cohorts was 42% [16%, 66%)], 125% [63%,
228%] and 73% [43%, 147%] for HOMA2 %B, while 26%,2°%° 67%
[34%, 112%] and 40% [16%, 59%] in @, respectively (Figure 3B,F,
respectively). A statistically significant difference among cohorts was
found by ANOVA both in HOMA2 %B (P = .0006), with post hoc anal-
ysis highlighting a statistically significant difference between PBO ver-
sus SAR only (42% [16%, 66%)] vs. 125% [63%, 228%)], P = .002), and

FIGURE 2

Mean + standard error (SE) of Homeostasis Model Assessment (HOMAZ2) indices of insulin action (HOMA2 %S, panel A) and beta-

cell responsivity (HOMA2 %B, panel B), as well as Oral Minimal Model (OMM) indices of insulin sensitivity (SI, panel C), fractional glucose
absorption 2 hours after meal ingestion (AUC(Ra0-120), panel D), overall above basal and basal B-cell responsiveness (Otot, and ®b, panels E and
F, respectively), disposition index (DI, panel G), together with body weight (BW, panel H) and HbA1c (panel I). Indices were calculated at day -1
(baseline [BSL], white bars) and after 26 weeks (end of treatment [EOT], black bars) of placebo (PBO), all SAR425899 dose regimens (SAR 0.12,
0.16 and 0.20 mg) and liraglutide (Lira) administration. Comparison between BSL vs. EOT was performed using paired T-test, for normally
distributed variables, and Wilcoxon Signed-Rank test otherwise (P-value <.05 was considered statistically significant). Of note, the number of
subjects (N) may change among outcomes due to missing/unreliable samples limiting model outcome estimation
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in @, (P =.003), with post hoc analysis highlighting a statistically sig-
nificant difference of SAR (67% [34%, 112%)]) against both PBO (26%
[22%, 31%)], P = .017) and Lira cohorts (40% [16%, 59%], P = .042).
Total above-basal beta-cell responsivity (Do) significantly
increased from BSL to the EOT visit in both the SAR (15.6 [9.8, 23.7]
to 33.7 [23.1, 55.9] 1077 minutes™, P <.001) and Lira (25.6 [15.9,
30.6] to 36.9 [26.7, 45.2] 10~7 minutes™, P = .013) cohorts, while no
statistically significant difference was observed in the PBO cohort
(Figure 2E). Percentage deviation in ®y; was 31% (—13%, 161%),
139% (64%, 261%) and 69% (—15%, 120%) in the PBO, SAR and Lira
cohorts, respectively (Figure 3E). ANOVA highlighted a statistically
significant difference among cohorts (P = .009) and post hoc analysis
found that this was because of a significant difference between SAR
(139% [64%, 261%] vs. 69% [-15%,

versus Lira cohorts

120%], P = .019).

3.24 | Disposition index

The DI, as quantified by ®y x S, significantly increased from BSL to
the EOT in both the SAR (58.5 [32.0, 159.2] to 429.1 [267.3, 1011.5]
107** dL/kg/minutes per pmol/L, P <.001) and Lira (115.5 [71.7,
180.0] to 252.5 [118.3, 512.9] 10~* dL/kg/minutes per pmol/L,
P =.005) cohorts, but not in the PBO group (Figure 2G). Percentage
deviation in DI was 42% (—33%, 724%), 662% (177%, 1598%) and
154% (33%, 443%) in the PBO, SAR and Lira cohorts, respectively
(Figure 3G). A statistically significant difference among cohorts was
detected by ANOVA (P =.002) and post hoc analysis highlighted a
statistically significant difference between SAR versus Lira cohorts
(662% [177%, 1598%)] vs. 154% [33%, 443%)], P = .006).

3.3 | Body weight

After 26 weeks of administration, within the same MMTT substudy
data, a statistically significant reduction in BW was observed in both
the SAR (92.9 [83.3, 112.1] vs. 89.7 [76.3, 102.2] kg, P < .001) and
Lira (103.9 [83.1, 120.5] vs. 98.0 [81, 112.1] kg, P < .001) cohorts,
and, despite being to a lower extent, also in the PBO cohort (89.7
[83.2,103.9] vs. 87.4 [81.6, 97.7] kg, P = .031; Figure 2H). Percentage
deviation in BW was —1% [-3%, 0%], —4% [-10%, —2%] and —5%
[-8%, —3%] in the PBO, SAR and Lira cohorts, respectively, but no
statistically significant difference among cohorts was found
(Figure 3H).

34 | HbAlc

After 26 weeks of administration, within the same MMTT substudy
data, a statistically significant reduction in HbAlc was observed in
both the SAR (8.1% [7.4%, 8.6%] vs. 6.2% [5.7%, 6.9%], P < .001) and
Lira (8.0% [7.7%, 8.55] vs. 6.6% [6.0%, 7.0%], P < .001) cohorts, and,
paralleling the reduction in BW, also to a lower extent in the PBO
group (8.3% [7.6%, 9.3%] vs. 7.1% [6.9%, 8.4%), P = .021; Figure 2I).
Percentage deviation in HbAlc was —7% [-15%, —6%)], —22% [-28%,
—16%] and —18% [-24%, —13%)] in the PBO, SAR and Lira cohorts,
respectively (Figure 3l). A statistically significant difference among
cohorts was detected by ANOVA (P =.0014) and post hoc analysis
highlighted a statistically significant difference between PBO (-7%
[-15%, —6%)]) versus SAR (—22% [-28%, —16%], P = .001) and Lira
cohorts (—18% [-24%, —13%], P = .048).

3.5 | Safety and tolerability
SAR425899 was generally well tolerated except for gastrointestinal
AEs and lipase elevations (GLP-1 class effect). Gastrointestinal AEs,
that is, nausea and vomiting, and effects on increase in heart rate
observed in this study were similar for Lira and SAR and comparable
with known effects of the GLP-1 class.

4 | DISCUSSION
In this work, data from a 26-week, phase 2b study in overweight/
obese patients with T2D were used to quantify the effects of
SAR425899 (SAR), a novel dual GLP-1/GCG RA, on glycaemic control
and to compare it with Lira 1.80 mg, a well-known selective GLP-1
RA, which is used for treatment of T2D. In particular, this drug has
been developed for the treatment of overweight/obese patients with
T2D based on the simultaneous activation of GLP-1 and glucagon
receptors that are expected to enhance weight loss. In fact, GLP-1 is
known to enhance satiety, with subsequent reduction in food intake,
as well as beta-cell secretion in a glucose-dependent manner,
suppressing glucagon secretion and slowing gastric emptying. In addi-
tion, glucagon also has an anoretic effect, suppresses food intake and
increases energy expenditure.

By protocol, a single-dose regimen was tested for Lira 1.80 mg,
while three dose regimens were tested for SAR425899 (0.12,
0.16 and 0.20 mg). Firstly, data showed similar effects on postprandial

FIGURE 3

Percent deviation between BSL vs. EOT values, that is (EOT - BSL)/BSL, of Homeostasis Model Assessment (HOMA?2) index of

insulin action (HOMAZ2 %S, panel A) and beta-cell responsivity (HOMA2 %B, panel B), as well as Oral Minimal Model (OMM) indices of insulin
sensitivity (Sl, panel C), fractional glucose absorption 2 hours after meal ingestion (AUC(Ra0-120), panel D), overall above basal and basal B-cell
responsiveness (Ptot, and Ob, panels E and F, respectively), disposition index (DI, panel G), together with body weight (BW, panel H) and HbA1c
(panel 1). Indices were calculated for placebo (PBO, white with dots), all SAR425899 dose regimens (SAR 0.12, 0.16 and 0.20 mg, white with lines)
and liraglutide (Lira, black with dots) cohorts. Comparison between cohorts was performed by one-way analysis of variance (ANOVA) followed

by post-hoc analysis using Tukey-Kramer correction for multiple comparisons, for normally distributed variables, and Kruskall-Wallis test followed
by post-hoc analysis using Dunn-Sidak correction for multiple comparisons otherwise (P-value<.05 was considered statistically significant). Of
note, the number of subjects (N) may change among outcomes due to missing/unreliable samples limiting model outcome estimation
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FIGURE 4 Mean * standard error
(SE) time courses of estimated meal
glucose rate of appearance (Ra) at day -1
(baseline [BSL]) and after 26 weeks (end
of treatment [EOT]) for placebo (PBO,
left panel), SAR425899 (SAR, middle
panel) and liraglutide (Lira, right panel)
cohorts. Ra is assumed to be completely
absorbed within 6 hours after meal 1

Ra (mg/kg/min)
N W 0O N

SAR Lira
(N =16)

ingestion. Of note, the number of
subjects (N) may change among
outcomes due to missing/unreliable
samples limiting model parameter
estimation

glucose, insulin and C-peptide for the three dose regimens of
SAR425899. Therefore, we performed an equivalence test among the
SAR dose regimens in our data in a model-independent way, that is,
using as metrics basal values as well as above-basal AUCs of glucose,
insulin and C-peptide data. Results confirmed the hypothesis of equiv-
alent effects for all SAR dose regimens in all the metrics. This allowed
the grouping of all SAR dose regimens in one single SAR cohort with
the advantage of increasing the statistical power when comparing
within (BSL vs. EOT visit) and between (SAR vs. PBO and Lira)
cohorts. Then, for both SAR and Lira, as well as the PBO cohort,
model-based quantification of basal insulin action and beta-cell res-
ponsivity by means of HOMA methodology,?* as well as postprandial
insulin action, gastrointestinal glucose absorption, together with beta-
cell function, by means of the OMM method,?° were performed.

Comparing BSL with EOT visits, the HOMA2 index of basal insu-
lin action (HOMA2 %S) was only improved in the Lira cohort, while
the HOMAZ2 index of basal beta-cell responsivity (HOMA2 %B) was
improved in the SAR and Lira cohorts, as its OMM counterpart @y, In
particular, the slight, but significant improvement in the HOMA2 %S
index reflects the complementary reduction in both G, and I, within
the Lira cohort (Table 1). This would suggest an effect of liraglutide
also on basal insulin action, as reported in?® but not in®°. Hence, fur-
ther studies are needed to confirm such a finding and possibly clarify
the mechanisms of drug action. OMM indices of insulin sensitivity (S)),
basal () and above-basal (1) beta-cell responsivity indices and DI,
a measure for overall beta-cell function in light of the prevailing insulin
sensitivity, were significantly improved in both the SAR and Lira
cohorts. In addition, as previously reported,?”? results showed a sig-
nificant delay in glucose absorption (AUC (Rag.120)) in the SAR cohort,
while this was not observed for liraglutide. It is worth noting that simi-
lar results would also be obtained if groups receiving different SAR
doses were treated separately (results not shown). In addition, con-
cerning the two indices of basal beta-cell responsivity, that is HOMA2
%B and @y, a good correlation was shown, with R = 0.89 and 0.86 for
BSL and EOT visits, respectively. Finally, a significant reduction in
BW, as well as in HbA1lc, was observed in both the SAR and Lira

1032 3nd, to a lesser

cohorts, confirming previously reported results,
extent, also in the PBO cohort. In addition, a statistically significant
reduction in basal glucose concentration was also observed in all

(including the PBO) cohorts (Table 1). Focusing on the PBO cohort,

360 0 120 240 360

360 0 120 240
Time (min)

— O - BSL—@— EOT

because no changes in diabetes therapy occurred during the study,
this could be, at least in part, associated with the observed reduction
in BW within this group (Figure 2). This may be related to a higher
compliance of the subjects with standard diabetes therapy because of
the participation in the study, but many other complementary effects
could also have a role. Nevertheless, a comparison among cohorts
was performed on the percentage deviation between BSL versus EOT
visits to account for these differences.

Cross-cohort comparisons indicated significantly improved
OMM-based beta-cell responsivity and disposition indices for SAR
versus Lira. Moreover, SAR significantly improved basal beta-cell res-
ponsivity, for both OMM and HOMA2 indices, as well as delayed glu-
cose absorption compared with PBO. Of note, in parallel with these
results, HbA1c was significantly reduced in the SAR and Lira cohorts
compared with the PBO cohort. No other outcomes were significantly
different in the PBO versus the SAR or Lira cohorts. This could be, at
least in part, attributed to both the low number of subjects (N = 7)
and the high variability in the PBO cohort. Finally, if one repeated the
analysis keeping the SAR cohorts separated by dose regimens,
ANOVA still detected a statistically significant difference in the per-
centage deviation of glucose absorption (AUC (Rag.120)), basal and
above-basal beta-cell responsivity and DI, together with HbAl1c. How-
ever, post hoc analysis could only find a significantly higher DI in SAR
0.20 mg versus Lira, OMM basal beta-cell responsivity in SAR
0.12 mg versus PBO, and the HbA1c of all SAR cohorts against PBO
(results not shown). Again, the low number of subjects in each cohort
and the higher correction for multiple comparisons might preclude the
possibility of detecting more significant differences among groups.

The number of subjects and their unbalanced distribution among
cohorts represents a limitation of the study, which could possibly
affect the assessment of differences within and between cohorts.
However, even with such limitations, significant differences between
BSL versus EOT visits as well as in the percentage deviation among
cohorts were highlighted. In addition, only one dose was used for the
active comparator, potentially limiting the comparison. However, the
dose selected for the active comparator, that is Lira 1.80 mg, is the
one generally used as a standard treatment regimen for the popula-
tion under study. It is important to point out that the modelling
approach allows quantification of the overall effect on insulin secre-
tion, hence because of both glucose and GLP-1. To discriminate the
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different contributions on insulin secretion, for example, from glucose
and GLP-1, GLP-1 data would be needed during the experiment. In
addition, glucagon was not measured, which prevented an assessment
of its contribution to glucose control. Such data were not available
because the aim of this study was to assess the overall effect of the
two compounds on postprandial glucose metabolism. Further studies
are needed to assess the contribution of GLP-1 action (or GLP-1/
glucagon) to glucose metabolism and insulin secretion after adminis-
tration of the two compounds.

The OMM method provided useful insights into both the
SAR425899 and liraglutide mechanisms of action in this population of
overweight/obese patients with T2D. For instance, it highlighted that
the significant improvement (BSL vs. EOT visits) in the overall beta-cell
responsivity index (®y.y), in both the SAR and Lira cohorts, was mainly
driven by an increase in the static (®Dstatic), rather than the dynamic
(Ddynamic) component of beta-cell responsiveness (Figure S1). This
could be a result of their mechanisms of action and, especially for the
SAR cohort, also because of the delayed gastrointestinal absorption,
which perhaps limited the contribution of ®gynamic to Oot.

In conclusion, here we present the first comparison between
SAR425899, a dual GLP-1/GCG RA, and liraglutide, a selective GLP-1
RA, providing new insights into their mechanisms of action on post-
prandial glucose metabolism in overweight/obese patients with T2D.
The dual GLP-1/GCG RA agonist SAR425899 showed an improve-
ment in postprandial glycaemic control versus the selective GLP-1 RA
active comparator liraglutide in terms of iAUC (G) (-54% [-78%,
—34%] vs. -20% [-40%, 31%], P = .0012), at least within the dose
ranges and population studied in this trial. In parallel, that is, by means
of minimal model analysis, this improvement was confirmed by the
higher increase in the DI in SAR versus Lira (662% [177%, 1598%] vs.
154% [33%, 443%), P = .006). This was shown to be mainly because
of a significant enhancement of beta-cell responsiveness in SAR ver-
sus the selective GLP-1 RA liraglutide (139% [64%, 261%] vs. 69%
[-15%, 120%], P = .019).
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