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1 | INTRODUCTION

| Seren @. Lindberg MD? | Desirée Thielke MD?

Aims: Semaglutide is a glucagon-like peptide-1 (GLP-1) analogue approved for the treatment of
type 2 diabetes. The impact of switching treatment from another GLP-1 receptor agonist (GLP-
1RA) to semaglutide was investigated by analyses of exposure-response models.

Methods: HbAlc and body weight time-course models were developed, using up to
30 weeks of observations from four trials in the semaglutide phase 3 programme. Given the
recommended dosing for each GLP-1RA, pharmacokinetic profiles were simulated based on
published population pharmacokinetic models and exposure was adjusted by the relative
potencies to ensure that model predictions matched the effects observed in clinical trials.
After 26 weeks of simulated treatment with liraglutide, dulaglutide or exenatide extended-
release, simulated semaglutide treatment was initiated 1 day after the last once-daily dose
of liraglutide and 1 week after the last once-weekly doses of dulaglutide or exenatide
extended-release.

Results: The potency-adjusted total effective GLP-1RA concentration increased after switching
from another GLP-1RA to semaglutide and was associated with reductions ranging from ~0.3%
to ~0.8%-points for HbA1c and from ~2% to ~4% for body weight with semaglutide 1.0 mg.
Temporary slight deteriorations in HbAlc were observed after switching to semaglutide
0.25 mg from liraglutide 1.2/1.8 mg or dulaglutide 1.5 mg.

Conclusions: Exposure-response modelling suggests that switching to semaglutide from liraglu-
tide, dulaglutide or exenatide extended-release results in further reductions in HbAlc and body
weight. Initial slight deterioration in outcome values when switching to semaglutide 0.25 mg

could be avoided by initiating semaglutide treatment at a higher dose.
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effects on body weight, unlike many other treatments for T2DM.®

These effects are modulated by slowing the rate of gastric empty-

Glucagon-like peptide-1 (GLP-1) is an incretin hormone that stim-
ulates insulin secretion and inhibits glucagon secretion in a
glucose-dependent manner,? and is therefore indicated for the
treatment of type 2 diabetes mellitus (T2DM).>* Human GLP-1 is
secreted by intestinal L cells in response to food intake.' In addi-

tion to its antihyperglycaemic effects, GLP-1 has beneficial

ing and enhancing satiety, which in turn leads to reduced energy
intake.”

Semaglutide (Novo Nordisk, Denmark) is a once-weekly human
GLP-1 analogue approved for the treatment of T2DM, based on
results from the SUSTAIN (Semaglutide Unabated Sustainability in

Treatment of Type 2 Diabetes) phase 3 clinical development
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programme. Semaglutide has 94% amino acid sequence homology to
native GLP-1,% with three structural modifications that prolong the
half-life to approximately 1 week.®?

In two phase 3 trials, semaglutide was compared head-to-head
with dulaglutide and exenatide extended release (ER) and was
shown to be superior in reducing HbAlc and body weight!®?
(Figure 1). However, no studies to date have investigated switching
from another GLP-1RA to semaglutide. When contemplating such a
switch between GLP-1RAs, it is important to consider the GLP-1RA
pharmacokinetics (PK) and the current treatment dosing, once-daily
or once-weekly. For instance, the once-daily GLP-1RA liraglutide is
cleared from circulation within a few days,'? whereas exenatide ER
provides effective exposure levels for several weeks.®> We consid-
ered that sufficient data were available to develop an exposure-
response model which would provide simulations of the expected
treatment outcomes, in terms of changes in HbA1lc and body weight,
after switching from other GLP-1-RAs to semaglutide.

The aim with the current analyses was to investigate the impact
on HbA1c and body weight of switching to semaglutide from other
GLP-1RAs (liraglutide, dulaglutide and exenatide ER) and to analyse
different dose escalation algorithms depending on the PK of each
GLP-1RA.

[l Semaglutide 1.0 mg B Placebo

2 | SUBJECTS AND METHODS

2.1 | Trial data

A summary of the six randomized, controlled phase 2 and 3 trials
included in the analyses is presented in Table 1 and estimated mean
changes in HbA1lc and body weight are shown in Figure 1. All were
conducted in subjects with T2DM.

2.2 | Predictions of HbA1c and body weight

The following strategy was applied to predict the HbAlc and body
weight time courses when switching from another GLP-1RA to
semaglutide. (1) Published PK models were used to predict the
exposure time-course of liraglutide, dulaglutide, exenatide ER and
semaglutide for exposure response modelling, including potential

switch scenarios.*8721 (

2) Time-course exposure-response models
for semaglutide were developed based on data from the SUSTAIN
trials (Figure 1 and Table S1). (3) Potency differences for each of
the GLP-1RAs and semaglutide were derived and the information
was used to convert the exposure of the other GLP-1RAs into the
(4) The time-course

equivalent exposure of semaglutide.
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FIGURE1 Semaglutide phase 3 SUSTAIN trials included in the analyses with semaglutide 0.5 and 1.0 mg doses. Estimated mean changes in
HbA1c (A) and body weight (B) are shown. *P < 0.0001 vs comparator. The phase 2 trial is not included as multiple doses of semaglutide and
liraglutide were included. Abbreviations: ER, extended release; HbAlc, glycated haemoglobin; N, number of subjects; N/A, not applicable; OAD,
oral anti-diabetic drug; SUSTAIN, Semaglutide Unabated Sustainability in Treatment of Type 2 Diabetes; TZD, thiazolidinediones
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TABLE1 Summary of the randomized, controlled trials included in

the analysis

Trial, phase and design

SUSTAIN 14

Phase 3

Semaglutide vs placebo monotherapy
ClinicalTrials.gov ID: NCT02054897

SUSTAIN 2%°

Phase 3

Semaglutide vs sitagliptin as add-on to
Metformin and/or TZD
ClinicalTrials.gov ID: NCT01930188

SUSTAIN 3!
Phase 3

Semaglutide vs exenatide ER as add-on to

1 or 2 OADs
ClinicalTrials.gov ID: NCT01885208

SUSTAIN-Japan'®
Phase 3

Semaglutide monotherapy or OAD
combination

ClinicalTrials.gov ID: NCT02207374

SUSTAIN 7%°
Phase 3

Semaglutide vs dulaglutide as add-on to
metformin

ClinicalTrials.gov ID: NCT02648204

Phase 2 dose-finding'”
Semaglutide vs placebo and liraglutide
ClinicalTrials.gov ID: NCT02461589

Baseline characteristics
(total)

Mean (SD), N = 387
54% male

Age, y: 53.7 (11.3)
HbA1c, %: 8.05 (0.85)
BMI, kg/m?2: 32.9 (7.7)

Diabetes duration, y:
4.2 (5.5)

Mean (SD), N = 1225
51% male

Age, y: 55.1 (10.0)
HbA1c, %: 8.07 (0.93)
BMI, kg/m?: 32.5 (6.2)

Diabetes duration, y:
6.6 (5.1)

Mean (SD), N = 809
55% male
Age, y: 56.6 (10.7)

HbA1c, %: 8.3 (1.0)
BMI, kg/m?: 33.8 (6.3)

Diabetes duration, y:
9.2(6.8)

Mean (SD), N = 601
72% male
Age, y: 58.5 (10.3)

HbA1c, %: 8.1 (0.9)
BMI, kg/m?: 26.4 (4.7)

Diabetes duration, y:
8.8 (6.4)

Mean (SD), N = 1199
55% male
Age, y: 56.0 (10.6)

HbA1c, %: 8.20 (0.92)
BMI, kg/m?: 33.5 (6.8)

Diabetes duration, y:
7.4 (5.6)

Mean (SD), N = 705
54% male

Age, y: 56.7 (9.9)
HbA1c, %: 8.06 (0.84)
BMI, kg/m?: 32.8 (4.4)

Diabetes duration, y:
7.2 (5.6)

Abbreviations: BW, body weight; ER, extended release; HbA1lc, glycated
haemoglobin; ID, identifier; OAD, oral antidiabetic drug; SD, standard devi-
ation; SUSTAIN, Semaglutide Unabated Sustainability in Treatment of
Type 2 Diabetes; TZD, thiazolidinediones.

exposure-response models and the adjusted exposure of different
switch scenarios were used to predict HbAlc and body weight

outcomes. Each of these steps is described in more detail below.

2.3 | Simulation of pharmacokinetics for each
treatment

For each GLP-1RA treatment, including semaglutide, population PK
models were applied; all used similar techniques and were based on
nonlinear mixed-effects modelling using the software program, NON-
MEM (ICON Development Solutions, Ellicott City, Maryland) version
7.1.2. Depending on the purpose, PKs were simulated using either
individual parameter estimates based on observed concentration
values or typical PK parameters based on the demographic informa-
tion available. Individual demographic data were available and applied
for liraglutide, and the exposure-response across individuals was
applied during potency adjustment. For the dulaglutide and exenatide
ER potency adjustment and the final simulations, an average demo-
graphic profile rather than a distribution was used.

For the analysis of liraglutide, which was compared with semaglu-

,” we applied a PK model based on data from

tide in the phase 2 tria
previous trials that investigated liraglutide doses of 1.8 and 3.0 mg in
subjects with overweight or obesity, with or without T2DM.8 The
volume of distribution was based on a clinical pharmacology trial in
adults with obesity and without T2DM,?2 to match the peak-to-
trough ratios observed based on full PK profiles under steady-state
conditions.

For the analysis of dulaglutide, which was compared with sema-
glutide in the SUSTAIN 7 phase 3 trial,’® we applied the population
PK model using data from previous trials with weekly doses of dula-
glutide between 0.1 and 3 mg in subjects with T2DM.*?

For the analysis of exenatide ER, which was compared with sema-
glutide in the SUSTAIN 3 phase 3 trial,** we applied a clinical pharma-
cology population PK model, using data from previous trials with
single-dose administration of 2.5, 5, 7 and 10 mg of exenatide ER or
weekly doses of 0.8 and 2.0 mg in subjects with T2DM.2°

For the analysis of semaglutide, we applied the SUSTAIN popula-
tion PK model, which used data from five phase 3 trials, SUSTAIN
1, 2, 3, 6 and SUSTAIN-Japan, which investigated weekly semaglutide
doses of 0.5 and 1.0 mg in subjects with T2DM.2?

2.4 | HbA1c and body weight time-course models

Time-course models of HbAlc and body weight were developed for
semaglutide using data up to week 30, which was the duration of the
shortest phase 3 trial, based on the SUSTAIN exposure-response pop-
ulation®® from four clinical trials, SUSTAIN 1, 2, 3 and SUSTAIN-
Japan.t¥14-16 Two of the trials were not included as they either
applied daily dosing rather than weekly dosing of semaglutide (phase
2 trial) or did not measure semaglutide concentrations (SUSTAIN 7)
(Table S1). Maintenance doses of 0.5 and 1.0 mg semaglutide were
used, as well as semaglutide 0.25 mg, which was used in the first
4 weeks during dose escalation. The models were mixed-effects indi-
rect response models based on simulated exposure levels at each
week (obtained via individual PK parameter estimates based on
observed concentration values). A previously published cross-
sectional Enax model was used as a starting point,2® and for the pre-
sent work, we explored each covariate factor to ensure that only clear

and statistically significant covariates were included. Graphical
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analysis of model fit to the time-course response data, grouped
according to covariates, revealed that a number of the pre-selected
covariates could be removed, and additionally, that baseline HbAlc
was more likely to influence the E,.x for body weight than the pla-
cebo effect for body weight. The covariates included in the final
model for HbAlc were baseline HbAlc and trial effects; those
included in the final model for body weight were sex, HbA1c and trial
effects. Model fit across demographic variables influencing treatment
response is presented in Figure S1.

The models for HbA1c and body weight were validated, based on
the four trials used for model development, by visual predictive
checks and by model fit to response time-course in subgroups defined
by the covariates. Additionally, an external validation was undertaken
by simulating the HbAlc and body weight response for semaglutide,
dulaglutide and exenatide ER in SUSTAIN 3 and SUSTAIN 7 (Supple-
mentary Figures S1 and S2).

It was not feasible to investigate effects on safety because the
exposure-dependent effects on safety, mainly gastrointestinal adverse
events, with semaglutide were previously observed primarily during

t23

the initiation of treatment“” and in the present analysis, subjects were

already receiving treatment with another GLP-1RA.

2.5 | Potency adjustment

The concentration of each GLP-1RA was adjusted by the relative
potency to obtain the equivalent semaglutide exposure, that is, the
exposure of semaglutide that provides the same response as the origi-
nal concentration of the GLP-1RA. As potency differences with
respect to both body weight and HbA1c effects were expected, the
potency adjustment was performed for both endpoints.

The potency adjustment for liraglutide illustrated in Figure S3 was
based on joint exposure-response analyses of data concerning liraglu-
tide and semaglutide from a phase 2 dose-finding trial’” for HbA1c
and body weight. Liraglutide exposure over 26 weeks (efficacy out-
comes were not measured at Week 30) was predicted based on
demographic and dosing information for individual subjects, whereas
semaglutide exposure was obtained via individual PK parameter esti-
mates based on observed concentration values (see section 2.3).
Figure S3 illustrates that liraglutide exposure levels in the clinically rel-
evant range can be potency-adjusted to match the semaglutide
exposure-response relationship, and hence, the semaglutide model
can be used to predict the response to liraglutide treatment.

For dulaglutide and exenatide ER, the simulations for potency
adjustment were based on a typical subject approach, performed in
the same way as the simulated switch scenarios were performed, to
ensure that the differences in response matched specific trials. For
dulaglutide, the trial factor and potency adjustment was derived, to
ensure that the model predicted the correct effects at Week 28 (effi-
cacy outcomes were not measured at Week 30) for dulaglutide and
semaglutide from the SUSTAIN 7 trial'® For exenatide ER, the
potency adjustment was derived to match the effects at Week 30 for
exenatide ER and semaglutide from the SUSTAIN 3 trial.'* The
potency adjustment for dulaglutide and exenatide ER with respect to
HbA1c is shown in Figure 2. The similar potency adjustments for body

weight for both treatments are provided in Figure S4.

Once the exposure had been potency adjusted, it was possible to
use the semaglutide exposure-response model to simulate the out-
come of liraglutide, dulaglutide and exenatide ER treatment and to
obtain the same results as those observed in the clinical trials. In order
to simulate the combined effects with semaglutide when subjects
were exposed to two long-acting GLP-1RAs at the same time, it was
considered appropriate, as all treatments targeted the same receptor,
to apply the sum of the potency-adjusted exposure, that is, the total
effective GLP-1RA concentration.

2.6 | Simulation of switch scenarios for HbAlc and
body weight

A number of scenarios were simulated based on the approach
described above. Subjects were assumed to be using stable treatment
for 26 weeks with: (1) liraglutide 1.2 mg; (2) liraglutide 1.8 mg; (3) dula-
glutide 0.75 mg; (4) dulaglutide 1.5 mg; or (5) exenatide ER 2.0 mg.

Treatment with semaglutide was initiated 1 day after the last
once-daily liraglutide dose and 1 week after the last once-weekly
dose of dulaglutide or exenatide ER. Semaglutide was investigated
using either the standard regimen of dose escalation, starting with
0.25 mg for 4 weeks, followed by dose escalations every 4 weeks to
0.5 mg and subsequently to 1.0 mg, or a dose of 0.5 mg was initiated
and administered for 4 weeks, with subsequent escalation to 1.0 mg.

Simulations were based on a typical subject approach, simulating
the median outcome for a population similar to the trial populations
of the two phase 3 GLP-1RA comparator trials, SUSTAIN 3 and 7.2%**
The population was 50% male, with a mean baseline body weight of
95 kg and a mean baseline HbA1c of 8.3%.

2.7 | Validation of response predictions

In addition to standard model validation for the prediction of semaglu-
tide response following a switch from other GLP-1RAs that is pro-
vided in Appendix S1, the model was validated to provide an accurate
time-course prediction for dulaglutide and exenatide ER with respect
to HbA1c (Figure 2) and body weight (Figure S4). Figure 2 illustrates
agreement between the model predictions and the observed HbA1c
outcome, confirming key differences between semaglutide, dulaglu-
tide and exenatide ER. First, dulaglutide, in particular the 1.5 mg dose,
provided a better outcome immediately after initiation of treatment,
with a steeper decrease in the first 10 weeks with dulaglutide 1.5 mg
compared to semaglutide; however, at steady state, after completion
of semaglutide dose escalation, semaglutide clearly had a greater
effect on HbAlc. Second, semaglutide had a greater effect than exe-
natide ER on HbA1c, both during initiation of treatment and at steady

state concentrations.

3 | RESULTS

3.1 | Population characteristics

Baseline HbA1c, body weight and background medication of the pop-

ulation included in the analyses are presented in Figure 1 by trial,
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FIGURE 2 Validation of HbA1c predictions for dulaglutide based on the SUSTAIN 7 trial (left) and for exenatide ER based on the SUSTAIN 3 trial
(right).1* Efficacy data from dulaglutide and exenatide ER were not used directly to estimate the model, but data at Week 28 or Week 30 time
points were used to adjust the potency of the two compounds. Response data are presented as means with 95% Cl, where missing response data
or data collected while subjects had discontinued treatment or were receiving rescue medication were imputed using an MMRM analysis, with
treatment and country as fixed factors and baseline values as covariates, nested within visits, and adjusted according to the observed baseline
distribution. The symbols at the right show changes at the end of the trial (40 weeks for SUSTAIN 7, 56 weeks for SUSTAIN 3). Abbreviations: Cl,
confidence interval; ER, extended release; MMRM, mixed model for repeated measures; HbA1lc, glycated haemoglobin Alc; SUSTAIN,

Semaglutide Unabated Sustainability in Treatment of Type 2 Diabetes

together with the estimated treatment effects for HbAlc and body

weight. Additional baseline characteristics are included in Table 1.

3.2 | Effect of switching from another GLP-1RA to
semaglutide

In the exposure-response analyses, the potency-adjusted concentra-
tion of GLP-1RA (liraglutide 1.2 or 1.8 mg, dulaglutide 0.75 or 1.5 mg
and exenatide ER 2.0 mg), before and after switching at Week 26 to
semaglutide 0.25 mg, and subsequently to semaglutide 0.5 and
1.0 mg, is shown in Figure 3. The increased concentrations of GLP-
1RA associated with semaglutide led to further decreases in HbAlc
and body weight, with ultimate reductions at Week 52 ranging from
~0.3% to ~0.8%-points for HbAlc and from ~2% to ~4% for body
weight with semaglutide 1.0 mg. The effect on potency-adjusted GLP-
1RA concentration of switching directly to semaglutide 0.5 mg, that is,
without including the 0.25 mg dose escalation step, is shown in
Figure 4, together with the same associated reductions in HbA1c and
body weight.

The modelled effects on HbAlc during the transition period of
switching from another GLP-1RA to semaglutide are summarized in
Table 2.

321 |

Liraglutide at once-daily doses of 1.2 and 1.8 mg was eliminated

Switching from liraglutide to semaglutide

from the bloodstream within days in the model following cessation
of treatment (Figure 3). After switching from the lower dose of lira-
glutide 1.2 mg to once-weekly semaglutide 0.25 mg, there was a
temporary small deterioration (increase) in HbA1c of up to ~0.25%-
points. This deterioration was greater when switching from liraglu-
tide 1.8 mg to semaglutide 0.25 mg. If treatment with semaglutide
was initiated at a dose of 0.5 mg, the HbA1c deterioration was negli-
gible (Figure 4). A similar pattern was observed for body weight
(Figure 4), also with the lower dose of liraglutide 0.9 mg in Japanese

subjects (Figure S5).

322 |

When switching from the lowest dose of once-weekly dulaglutide,

Switching from dulaglutide to semaglutide

0.75 mg, to the semaglutide 0.25 mg regimen in the model, the effec-
tive GLP-1RA concentration gradually increased and HbA1c remained
stable during the transition before decreasing (Figure 3). Body weight
immediately decreased after switching to semaglutide 0.25 mg. In
contrast, initiation of semaglutide 0.25 mg 1 week after cessation of
the higher dose of dulaglutide 1.5 mg led to an initial reduction in the
potency-adjusted GLP-1RA concentration and a concomitant small
temporary deterioration in HbAlc level, but not in body weight loss.
This deterioration in HbAlc was avoided by initiating semaglutide

treatment at a dose of 0.5 mg (Figure 4).

323 |

Exenatide ER 2.0 mg remained in circulation at effective concentra-

Switching from exenatide ER to semaglutide

tion levels for ~6 weeks after the last dose. Switching to semaglutide
at a dose of 0.25 mg 1 week after cessation of exenatide ER resulted
in gradual increases in the total effective GLP-1RA concentration and
in gradual improvements (reductions) in HbA1c and body weight in
the model (Figure 3). Switching directly to semaglutide 0.5 mg led to a
more rapid increase in GLP-1RA concentration and concomitant
immediate reductions in HbA1c and body weight (Figure 4).

4 | DISCUSSION

The present exposure-response analyses investigated the simulated
effects of switching from treatment with liraglutide, dulaglutide or
exenatide ER to treatment with semaglutide. After switching, short-
term excursions were observed with some treatments when initiating
semaglutide treatment at a dose of 0.25 mg, but ultimately, improve-
ments in glycaemic control and body weight were achieved, with an
ultimate reduction at 52 weeks ranging from ~0.3% to ~0.8%-points
for HbAlc and from ~2% to ~4% for body weight. A more rapid
reduction in HbAlc and body weight was observed when switching

directly to semaglutide 0.5 mg.
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Potency-adjusted GLP-1 concentration after switching to semaglutide, starting at a dose of 0.25 mg
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FIGURE 3 Effect of switching from treatment with another GLP-1RA to semaglutide treatment, starting at a dose of 0.25 mg. The top three
panels show the potency-adjusted GLP-1RA concentration before and after switching to semaglutide 0.25 mg at Week 26 and escalating every

4 weeks to 0.5 mg, and subsequently to 1.0 mg. The pink and maroon boxes within the top left panel represent the rapid daily fluctuations in
liraglutide 1.2 and 1.8 mg, respectively, at steady state, achieved via a weekly dose escalation of 0.6 mg. The effects on HbAlc (bottom left) and
body weight (bottom right) relative to baseline of switching to semaglutide at Week 26 are also shown. Abbreviations: ER, extended release; GLP-
1RA, glucagon-like peptide-1 receptor agonist; HbAlc, glycated haemoglobin Alc

The knowledge obtained from this study is of potential benefit
to clinicians and patients in providing guidance concerning manage-
ment of T2DM. A variety of treatment options are available for the
management of T2DM and a patient-centred individual approach is
required.?>2¢ GLP-1RAs in general are of interest, not only because
of their effect on glycaemic control, but also because of their effect
on weight loss and the low risk of hypoglycaemia as well as cardio-
vascular effects.®2728 The effects of long-acting GLP-1RAs gener-
ally appear to be greater than those achieved with their short-acting
counterparts, making the once-weekly GLP-1RAs particularly attrac-
tive for patients with inadequate glycaemic control.>2? Other bene-
fits such as greater convenience and, thus, better adherence to
treatment have also been reported with once-weekly GLP-1RAs.*°
Furthermore, semaglutide has demonstrated superior efficacy to
other GLP-1RAs in the SUSTAIN programme, with statistically sig-
nificant reductions in HbAlc and body weight with semaglutide vs
dulaglutide and exenatide ER.1%11

The present study used simulated exposure-response analyses
to provide additional information about the clinical effects during
the transition period when switching from another GLP-1RA to
semaglutide. When simulating the switch to semaglutide at a start-
ing dose of 0.25 mg from liraglutide 1.2 or 1.8 mg, a temporary slight
increase in HbAlc was observed. This effect was abrogated when

simulating initiation of semaglutide at a dose of 0.5 mg. A similar

pattern was observed with dulaglutide 1.5 mg. Conversely, the tem-
porary increase in HbAlc was not observed when switching from
dulaglutide 0.75 mg to semaglutide 0.25 mg. It should be noted that,
according to the label,?* the dose escalation regimen for semaglutide
starts at a dose of 0.25 mg to ameliorate gastrointestinal side
effects. It is not known how switching directly to semaglutide
0.5 mg might impact gastrointestinal tolerability; however, long-term
treatment with GLP-1RAs is associated with development of
tolerance.1°‘11’14’15'23’31

When switching to semaglutide from once-weekly exenatide ER
2.0 mg, the protracted half-life of several weeks of exenatide ER is
worth noting.*® However, based on our analysis, switching to the
semaglutide 0.25 mg dose resulted in gradual increases in the total
effective GLP-1 concentration and led to a gradual improvement in
HbAl1c and body weight. We did not simulate tolerability when
switching to semaglutide as tolerability depends on many factors,
including previous treatment duration and tolerability of the GLP-1RA
treatment.3? In the present simulation, subjects were already receiving
treatment with another GLP-1RA. In general, we would expect limited
gastrointestinal tolerability issues if switching between two GLP1-RAs
can be achieved without sudden increases in GLP-1RA concentration.

Several methods of model validation were applied for HbA1c and
body weight, which generally indicated consistency in data, with the
exception of the body weight response over time in the SUSTAIN
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Potency-adjusted GLP-1 concentration after switching to semaglutide, starting at a dose of 0.5 mg
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FIGURE 4 Effect of switching from treatment with another GLP-1RA to semaglutide treatment, starting at a dose of 0.5 mg. The top three panels
show the GLP-1RA concentration before and after switching to semaglutide 0.5 mg at week 26 and escalating after 4 weeks to 1.0 mg. The pink and
maroon boxes within the top left panel represent the rapid daily fluctuations in liraglutide 1.2 and 1.8 mg, respectively, at steady state, achieved via a
weekly dose escalation of 0.6 mg. The effects on HbA1c (bottom left) and body weight (bottom right) relative to baseline of switching to
semaglutide at Week 26 are also shown. Note: Initiating semaglutide at a dose of 0.5 mg does not conform with prescribing information for
semaglutide.* Abbreviations: ER, extended release; GLP-1RA, glucagon-like peptide-1 receptor agonist; HbA1c, glycated haemoglobin Alc

TABLE 2 Summary of the effects on HbA1c during transition after
switching from another GLP-1RA to semaglutide at a starting dose of
0.250r 0.5 mg

Initial Switch to semaglutide Switch to semaglutide
treatment 0.25 mg 0.5 mg®
Liraglutide Small transient HbAlc Stable HbA1c
1.2mg increase
Liraglutide Small transient HbA1c Stable HbA1c
1.8 mg increase
Dulaglutide Stable HbA1c Immediate improvement
0.75 mg® in HbA1c
Dulaglutide Small transient HbAlc Stable HbAl1c
1.5mg increase
Exenatide ER Gradual improvement Immediate improvement
2.0 mg© in HbAlc in HbAlc

Abbreviations: ER, extended release; GLP-1RA, glucagon-like peptide-1

receptor agonist; HbA1c, glycated haemoglobin.

2 It should be noted that semaglutide is currently marketed at a starting
dose of 0.25 mg.2*

b Cautious initiation of semaglutide is recommended because of low effect
compared to semaglutide 0.5 mg.

¢ Cautious initiation of semaglutide is recommended as exenatide ER phar-
macokinetics are extended beyond 1 week.*®

3 trial, indicating some bias in prediction during the first weeks of the
study. Due to the variability among subjects and among trials, this

finding may be artificial, and as the discrepancies among models were

small and were present only at low concentrations, they would not be
expected to significantly influence the simulated switch scenarios or
the conclusions drawn.

Data on HbA1c and body weight from the SUSTAIN 3 and 7 clini-

cal trialst®1?

were adequately predicted up to Week 30 in the present
analyses. Part of the treatment effects on these endpoints decreased
in the clinical trials when approaching 1 year.'®! |n the SUSTAIN
3 trial, the reduced effects, which were not incorporated into the pre-
sent models, appeared more pronounced for exenatide ER compared
to semaglutide.r® Therefore, potentially even greater benefits of
switching to semaglutide may be seen in the longer term.

Previous exposure-response analyses for the SUSTAIN trials
revealed a clear reduction in HbAlc and weight across exposures
after 30 weeks, the duration of the shortest trial, irrespective of
baseline values.?® The exposure-response for HbAlc was influenced
by baseline HbA1lc, and body weight exposure-response was influ-
enced by sex (Figure S1); other factors had limited impact. The pre-
sent analyses extended previous work by including analysis of the
complete exposure-response time course for semaglutide, and by
including outcome simulations for liraglutide, dulaglutide and
exenatide ER.

It was assumed that the pharmacodynamic models and parameter
values describing the response of the other GLP-1RAs were the same

as those estimated for semaglutide, with the exception of a difference
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in potency. Although rate parameters are more likely to be consistent
across treatments,3® it is possible that differences exist in maximal
efficacy, reflecting the differences in response seen across therapeutic
dose levels for the different GLP-1RAs. Because of the potency cali-
bration method, a different maximal effect for one of the other
GLP1-RAs would not change the steady-state response predictions
but would lead to some bias in predictions at lower concentrations.

One limitation of our analyses is that data were obtained from
different trials with differences in trial design and populations; hence,
variability could be an issue. This has been accounted for by the inclu-
sion of trial as a covariate factor, and results are validated by predic-
tions of the direct comparisons of the GLP-1 treatments available
from phase 3 trials. The model was able to reflect the data obtained
from clinical trials comparing the respective GLP-1RAs, dulaglutide
and exenatide ER, to semaglutide.’®? Simulations also provided an
indirect comparison between liraglutide and dulaglutide, with similar
results as observed in the AWARD-6 trial, in which a mean treatment
difference of —0.06%-points was observed for HbA1c.3* Moreover, in
the DURATION 6 trial, a better response by 0.21%-points with liraglu-
tide 1.8 mg was demonstrated, compared with exenatide ER, similar
to the predictions based on our analysis.>®

An additional limitation is that our results provide only predictions
for the mean outcomes and not for the individual patient. No data are
available for the correlation between semaglutide and the other GLP-
1RAs in parameters for exposure and response, which could predict
the variability among patients with regard to the potential benefits of
switching to semaglutide. Undoubtedly, differences among patients
do exist. However, we believe that the mean outcome will be the
most informative when evaluating the potential future outcome for
patients who may switch to semaglutide.

In summary, pharmacokinetic and pharmacodynamic differences
exist between liraglutide, dulaglutide and exenatide ER, at the
approved dose levels, and it is relevant to consider these when
switching to semaglutide. Exposure-response modelling can facilitate
simulation of HbA1lc and weight loss outcomes following a switch
from other GLP-1RAs to semaglutide treatment. Significant and clini-
cally relevant improvements in HbA1c and body weight are expected
to occur following a switch from any of the other GLP-1RAs to

semaglutide.
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