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Abstract

The effect of semaglutide, a once-weekly human glucagon-like peptide-1 (GLP-1) analog in development for type 2 diabetes (T2D), on the bioavailability
of a combined oral contraceptive was investigated. Postmenopausal women with T2D (n =43) on diet/exercise &= metformin received ethinylestradiol
(0.03 mg)/levonorgestrel (0.15mg) once daily for 8 days before (semaglutide-free) and during (steady-state 1.0mg) semaglutide treatment
(subcutaneous once weekly; dose escalation: 0.25 mg 4 weeks; 0.5 mg 4 weeks; 1.0 mg 5 weeks). Bioequivalence of oral contraceptives was established
if 90%ClI for the ratio of pharmacokinetic parameters during semaglutide steady-state and semaglutide-free periods was within prespecified limits
(0.80—1.25). The bioequivalence criterion was met for ethinylestradiol area under the curve (AUCg_»41,) for semaglutide steady-state/semaglutide-
free; 1.11 (1.06—1.15). AUCqy 41, was 20% higher for levonorgestrel at semaglutide steady-state vs. semaglutide-free (1.20 [1.15-1.26]). C,,,.x was
within bioequivalence criterion for both contraceptives. Reductions (mean & SD) in HbA . (-1.1 £ 0.6%) and weight (—4.3 £ 3.1 kg) were observed.
Semaglutide pharmacokinetics were compatible with once-weekly dosing; the semaglutide dose and dose-escalation regimen were well tolerated.
Adverse events, mainly gastrointestinal, were mild to moderate in severity. Asymptomatic increases in mean amylase and lipase were observed. Three
subjects had elevated alanine aminotransferase levels >3x the upper limit of normal during semaglutide/oral contraceptive coadministration, which
were reported as adverse events, but resolved during follow-up. Semaglutide did not reduce the bioavailability of ethinylestradiol and levonorgestrel.
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Glucagon-like peptide-1 (GLP-1) is a gut-derived incretin
hormone that potentiates insulin secretion, inhibits
glucagon secretion, reduces appetite, and delays the
rate of gastric emptying in response to food intake.'™
However, native GLP-1 has a very short half-life (t;,), is
rapidly degraded by dipeptidyl peptidase-4 (DPP-4),' and
is therefore unsuitable for the management of type 2
diabetes (T2D). Treatment modalities for enhancing the
effect of GLP-1 receptor stimulation and action include
degradation-resistant GLP-1 receptor agonists and DPP-4
inhibitors.">® GLP-1 receptor agonists have been shown
to improve glycemic control by reducing fasting plasma
glucose (FPG) and postprandial glucose (PPG), and to
provide beneficial reductions in body weight in patients
with T2D,**'° and in obese patients without T2D."'
Semaglutide (Novo Nordisk A/S, Denmark), a human
GLP-1 analog, is currently in phase III clinical develop-
ment for the treatment of T2D. Semaglutide has 94%
structural homology to native human GLP-1."%!® Three
minor but important modifications make semaglutide
suitable for clinical use: amino acid substitutions at
position 8 (alanine to alpha-aminoisobutyric acid, a
synthetic amino acid) and position 34 (lysine to arginine),
and acylation of the peptide backbone with a spacer and

C-18 fatty di-acid chain to lysine at position 26.'2 The fatty
di-acid side chain and the spacer mediate strong binding to
albumin, which is believed to result in reduced renal
clearance. The amino acid substitution at position 8 makes
semaglutide less susceptible to degradation by DPP-4. The
reported t;, of semaglutide is 155-184 hours.'*!*

Oral contraceptive medications, a common method of
birth control, are mostly metabolized by cytochrome-
P450 (CYP450)."> As semaglutide is not thought to rely
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on this metabolic pathway, it is not expected to inhibit or
induce CYP450 enzymes or interact with the metabolism
of CYP450-metabolized drugs. However, similar to
native GLP-1, semaglutide may delay the rate of gastric
emptying. Changes in the rate of gastric emptying could
potentially delay the absorption of concomitantly admin-
istered oral therapies.'®™'® In the case of oral contracep-
tive medications, this could result in failure to provide
effective birth control.

The primary objective of this study was to investigate
if semaglutide altered the pharmacokinetics of compo-
nents of a commonly used combined oral contraceptive,
ethinylestradiol and levonorgestrel, in postmenopausal
women with T2D. Secondary objectives included
evaluating semaglutide pharmacokinetics, safety, tolera-
bility, and pharmacodynamics. Finally, this is the first
study reporting the anticipated clinical dose and dose-
escalation regimen of semaglutide.

Materials and Methods

Study Design and Population
This was a single-center, open-label, one-sequence
crossover study. It was conducted in accordance with
Good Clinical Practice' and the Declaration of
Helsinki,?* and followed the accepted rules for interaction
studies according to the US Food and Drug Administra-
tion (FDA) Guidance for Industry®' and the European
Medicines Agency (EMA) guidelines.?” The study was
registered at http://ClinicalTrials.gov with the identifier
NCT01324505.

A total of 43 postmenopausal women participated in the
study. Informed consent was obtained before any study-

related activities commenced. Postmenopausal women
who had undergone bilateral oophorectomy or had at least
1 year of spontaneous amenorrhea, with serum follicle
stimulating hormone >40 mIU/mL and estrogen deficien-
cy (estradiol levels <30 pg/mL or a negative gestagen test),
were selected for the study, with the aim of eliminating any
hormonal fluctuations that might influence the interpreta-
tion of the pharmacokinetics of the oral contraceptives.
Other inclusion criteria included age >18 years, docu-
mented T2D treated with diet and exercise &= metformin, a
body mass index (BMI) of 18.5-35.0kg/m’ and a
glycosylated haemoglobin A;. (HbA,.) of 6.5%—10%.
Two subjects did not receive metformin. All other subjects
received metformin at least 3 months prior to treatment.
Exclusion criteria included treatment with antidiabetic
drugs other than metformin in the 3 months prior to start of
the trial product, and the use of hormone replacement
therapy in the 4 weeks prior to start of the trial product.

Drug Administration

Figure 1 shows the study design. Semaglutide was self-
administered once weekly by subcutaneous injection
(NordiPen“’, Novo Nordisk A/S, Denmark), at any time
during the day, on the same day of the week throughout
the study. Semaglutide steady-state was reached using a
dose-escalation regimen: subjects initiated once-weekly
treatment with 0.25 mg for 4 weeks, followed by 0.5 mg
for 4 weeks and, finally, 1.0mg for 5 weeks. The oral
contraceptive (1 tablet per day; 0.03 mg ethinylestradiol
and 0.15mg levonorgestrel; Microgyn , Bayer Pharma
AG, Germany) was prescribed for 8 days before
(semaglutide-free) and during the last week of dosing
with semaglutide 1.0 mg (steady-state); the last dose of
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Figure 1. Study design. BW, body weight; FPG, fasting plasma glucose (at study site); HbA,, glycosylated hemoglobin A, OC, oral contraceptive
(dosing once-daily); PK, pharmacokinetic. Thick blue arrow, semaglutide (dosing once weekly); thin blue arrow, last dose of OC.
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oral contraceptive was administered 24 hours after the last
dose of semaglutide.

Study Endpoints and Assessments

The primary endpoint was area under the curve
(AUCq 41) for ethinylestradiol and levonorgestrel at
steady-state. Secondary endpoints included other phar-
macokinetic parameters for the oral contraceptive: Cy,x
(maximum concentration), Ciougn (trough concentration),
tmax (time to reach C,.x), t12, CL/F (apparent total plasma
clearance), and Vz/F (apparent volume of distribution).
Secondary endpoints for semaglutide included pharma-
cokinetics during dose escalation (Cyougn [1 Week after
the fourth dose at each dose level]) and at steady state
(10 mg) (AUCO—168 hs Cmax: ti2, CL/F, VZ/F), Safety,
tolerability, and pharmacodynamics.

Blood sampling for determination of the pharmacoki-
netics of both components of the oral contraceptive was
performed after the last dose of oral contraceptive, for a
total of 10 days, during the semaglutide-free and steady-
state periods. For determination of plasma concentrations
of ethinylestradiol and levonorgestrel, 18 serial blood
samples were drawn predose (—15 minutes) and 0.5, 1, 2,
3,4,6,8,12, 16, 24,30, 36,48, 72, 96, 144, and 216 hours
postdose on 2 occasions, before semaglutide treatment
(semaglutide-free) and during semaglutide 1.0mg
(steady-state) (Figure 1). The 216 hour postdose sampling
period corresponded to ~5x the t;, of levonorgestrel—
the oral contraceptive component with the longest t;,.
Ethinylestradiol and levonorgestrel were extracted by
liquid/liquid extraction (LLE) and analyzed by gas
chromatography-mass spectrometry (GC-MS), as de-
scribed elsewhere.'®

Blood sampling for determination of semaglutide
pharmacokinetics was performed 1 week after the fourth
dose at each dose level and for 5 weeks after the last dose
of semaglutide. For determination of plasma concen-
trations of semaglutide, 22 serial blood samples were
drawn predose (—15 minutes) and 4, 8, 12, 16, 24, 28, 32,
36, 40, 48, 54, 60, 72, 96, 120, 168, 240, 336, 504, 672,
and 840 hours after the last dose of semaglutide 1.0 mg
(Figure 1). In addition, a sample was taken before the first
dose and trough samples were drawn after the fourth dose
of semaglutide at each dose level (0.25, 0.5, and 1.0 mg).
Blood samples were drawn in K;EDTA tubes and stored
at —20°C until analyzed. A liquid chromatography-
tandem mass spectroscopy/mass spectroscopy (LC-MS/
MS) assay was used following precipitation of the
plasma proteins (Celerion Switzerland AG, Fehraltorf,
Switzerland).

The LC-MS/MS assay was validated according to
current guidelines for analyzing plasma samples in the
concentration range 0.729-60.8 nM (3—250 ng/mL). A 5-
fold dilution of each sample was validated to extend the
assay range above 60.8 nM. An analog of semaglutide was

used as an internal standard (IS). The analysis was carried
out using an AB Sciex API QTrap 5500 mass
spectrometer monitoring positive ions in the MRM
mode with mass transitions m/z 1029.1 > 136.0Da
(semaglutide) and m/z 1106.8 > 123.0 Da (IS), respec-
tively. The LC system was a Waters AcquityTyM UPLC"
system and the LC column an Acquity UPLC" BEH300
C18, 2.1 x 50 mm. Quantification was performed by peak
areas and weighted linear regression (1/x%). The lower
limit of quantification (LLOQ) for semaglutide was
1.94 nmol/L.

Pharmacodynamic endpoints for semaglutide included
HbA ., FPG, and body weight. Body weight and HbA .
were measured at baseline, just before initiation of
semaglutide treatment, at the end of semaglutide 1.0 mg
treatment, and at follow-up. In addition, HbA ., was
measured at the first- and second-dose escalation. FPG
was measured at the study site before initiation of
treatment and at the end of treatment.

Safety Assessments
Safety assessments during the trial included the recording
of adverse events, vital signs, electrocardiogram (ECG),
physical examination, antisemaglutide antibodies, hypo-
glycemic episodes, self-measured FPG (every second day
at home), and laboratory tests (including hematology,
biochemistry, calcitonin, and urinalysis). Biochemistry
parameters were measured at screening and on days 7,
100, and 135. Results for self-measured FPG at home are
presented with those for FPG measured at the study site.
Treatment-emergent adverse events (TEAEs) were
defined as events that had an onset date on or after the first
day of exposure to study drug and no later than the follow-
up visit, or those that were present before randomization
and increased in severity during the treatment period and
no later than the follow-up visit (<35 days after the last
dose of semaglutide). All adverse events (AEs) either
observed by the investigator or reported spontaneously by
subjects were recorded by the investigator and evaluated.
AEs were categorized according to their severity as
follows: mild (no or transient symptoms, no interference
with the subject’s daily activities); moderate (marked
symptoms, moderate interference with the subject’s daily
activities); severe (considerable interference with the
subject’s daily activities, unacceptable). All AEs were
coded using Medical Dictionary for Regulatory Activities
(MedDRA) coding, version 14.0.

Statistical Analysis

The full analysis set (FAS) included all 43 subjects who
were exposed to at least 1 dose of trial drug. Four subjects
withdrew during semaglutide treatment, 3 before entering
the second period of oral contraceptive treatment.
Furthermore, an additional 3 subjects did not have a
valid ethinylestradiol pharmacokinetic profile during the
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semaglutide-free period. The statistical analysis included
all subjects in the FAS, but only 40 subjects for
levonorgestrel and 37 for ethinylestradiol were included
in the analysis, in accordance with the prespecified
statistical model. Ethinylestradiol and levonorgestrel
exposure at semaglutide-free and semaglutide steady-
state were established as bioequivalent if the 90%CI for
the ratio of the AUC( 4, was within the prespecified
0.80—1.25 limits (both inclusive; the power was calculated
using 2 one-sided #-tests of equivalence in means on a 5%
significance level). It was assumed that the true ratio
between the AUC at semaglutide-free and semaglutide
steady-state was 1. In order to obtain a power of at least
80%, and assuming a dropout rate of 30% and intrasubject
variations of 0.22 and 0.28 for ethinylestradiol and
levonorgestrel, respectively, it was recommended to
include 43 subjects in the study. The analysis of AUC
was performed using a linear model on log-transformed
values and included semaglutide exposure and subject as
fixed effects. C,,ax for ethinylestradiol and levonorgestrel
was analyzed in a similar way. All other pharmacokinetic
and pharmacodynamic endpoints were summarized using
descriptive statistics.

Safety endpoints, ECG, vital signs, physical examina-
tion, safety laboratory parameters, and antisemaglutide
antibodies were summarized by descriptive statistics. All
TEAEs were summarized by number, frequency, Med-
DRA system organ class, MedDRA preferred term,
severity, and relation to study product.

Results

In total, 43 postmenopausal women were enrolled and 39
completed the study. Of the 4 subjects who withdrew, 1
was due to adverse events (intermittent nausea, vomiting,
and diarrhea) and 3 because they met withdrawal criteria
(withdrawal of consent, usage of other prescription drugs,
and illness). Supplemental Table 1 shows the baseline
demographics for the FAS population. Mean BMI was
294+34 kg/mz. Mean baseline HbA;. was 7.3%,
indicating that T2D was well controlled in the study
population. All subjects were Caucasian. The mean age
was 62.2 (£6.0) years.

Pharmacokinetics

Ethinylestradiol. Figure 2 shows the mean plasma con-
centration-time profile and Table 1 shows the pharmaco-
kinetic results for ethinylestradiol at semaglutide-free and
semaglutide steady-state. The bioequivalence criterion
was met for both AUCy 54} (semaglutide steady-state/
semaglutide-free; 1.11 [90%CI: 1.06—1.15]) and Cax
(1.04 [90%CI: 0.98-1.10]). There were no apparent
differences in any of the other pharmacokinetic param-
eters between the 2 treatment periods. Geometric means
(coefficient of variation in percentage [CV%]) of Cyrougn
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Figure 2. Mean concentration-time profile: 0—24 hours of levonor-
gestrel (n=40) and ethinylestradiol (n=37) during semaglutide-free
and semaglutide steady-state periods. EE, ethinylestradiol; LN,
levonorgestrel.

values for ethinylestradiol at semaglutide-free and
semaglutide steady-state were 16.0 (37.7) pg/mL and
16.6 (41.6) pg/mL, respectively.

Levonorgestrel. Figure 2 shows the mean plasma
concentration-time profile and Table 1 shows the
pharmacokinetic results for levonorgestrel at semaglu-
tide-free and steady-state. The estimated mean AUC 541,
for levonorgestrel was 20% higher during the semaglutide
steady-state than the semaglutide-free period (1.20 [90%CI:
1.15-1.26]). The bioequivalence criterion was met for C,,,,x
for levonorgestrel (1.05 [90%CIL: 0.99-1.12]). The
median t,., was lhour for both treatment periods.
However, during the semaglutide steady-state period,
individual t.,,, values were right-shifted, indicating a
slight delay of t;.x (data not shown). There were no
apparent differences in any of the other pharmaco-
kinetic parameters between the 2 periods. Geometric
means (CV%) of Cyouen values for levonorgestrel at
semaglutide-free and steady-state were 1524 (33.9)
pg/mL and 1745 (37.0) pg/mL, respectively.

Semaglutide. Figure 3 shows the mean plasma
concentration-time profile for semaglutide at steady-state
(1.0mg). Geometric means (CV%) of AUCy_168n, Ciax»
and t;, were 4602 (16.8) nmol h/L, 33.8 (15.5) nmol/L,
and 165 (14.1) hours, respectively, and median t,,x was
36 (min, max: 12.0, 167.2) hours. Although some
variation was observed in the profiles of individual
subjects, the overall pattern was similar. Geometric mean
(CV%) Cyougn values at 0.25mg, 0.5mg, and 1.0mg
semaglutide were 4.4 (31.5) nmol/L, 11.7 (20.2) nmol/L,
and 21.2 (19.7) nmol/L, respectively.

Pharmacodynamics

Baseline HbA;. and body weight (mean 4 SD) were
reduced by 1.1 +0.6% and 4.3 & 3.1 kg, respectively, at
the end of treatment (Supplemental Table 1). FPG
measured at the study site (mean = SD) decreased from
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Table I. Pharmacokinetic Endpoints for Ethinylestradiol and Levonorgestrel During Semaglutide-Free and Semaglutide Steady-State Periods

(024 hours)?

Ethinylestradiol (n=37)

Levonorgestrel (n =40)

Parameter Semaglutide-Free Semaglutide Steady-State Semaglutide-Free Semaglutide Steady-State
AUC, pg-h/mL 748.7 (28.2) 828.9 (30.2) 52,780 (29.3) 63,516 (32.2)
Crnax pg/mL 93.8 (26.9) 97.6 (30.6) 5374 (23.9) 5642 (31.8)
tmax» hours 1 (0.5,2) 2 (05, 8) I (0.5, 6) 1(1,8)
Cerough» PE/ML 16.0 (37.7) 16.6 (41.6) 1524 (33.9) 1745 (37.0)
ti, hours 23.8 (41.8)° 27.4 (83.9)° 35.1 (20.1) 33.5 (35.7)
CL/F, Lh 40.1 (36.6) 36.2 (37.9) 2.8 (35.2) 2.4 (38.9)
VZIF, L 1300 (53.7)° 1416 (114.9) 144.0 (35.1) 114.0 (58.1)

AUC, area under the curve; CL/F, apparent total plasma clearance; C sy, maximum concentration; Ceoughn, trough concentration; ty,, half-life; tm,y, time to reach

Cinaxs VZIF, apparent volume of distribution.

*Data are geometric mean (coefficient of variation in percentage), except median (min, max) for t... For ethinylestradiol, due to no clear terminal phase for

some pharmacokinetic profiles, the corresponding parameters could only be estimated for: °n = 33; “n = 36.

8.4+ 1.8 mmol/L before initiation of semaglutide treat-
ment to 6.5+ 1.2 mmol/L at the end of treatment. Self-
measured FPG at home (mean+ SD) recorded before
initiation of semaglutide treatment and at the end of
treatment were 8.8 + 1.8 mmol/L, and 7.0 & 1.3 mmol/L,
respectively (Figure 4).

Safety and Tolerability

A total of 199 TEAEs (164 events during semaglutide
treatment), all with mild-to-moderate intensity, were
reported by 38 of 43 (88%) subjects. Gastrointestinal
TEAESs were the most common (73 events in 27 subjects
[63% of subjects]); most (>75%) were mild. Gastroin-
testinal TEAEs reported with semaglutide treatment
included nausea, diarrhea, dyspepsia, constipation, vom-
iting, and abdominal distension. No serious AEs were
reported in the study.

Most nausea events were intermittent. Subjects
reported episodes of nausea ranging from short (minutes)
to long (full days) duration (median: 3.9 days [min, max:
0.01, 95.6]). All subjects recovered before follow-up,

40

Mean semaglutide plasma
concentration (nmol/L)

300

0 100 200 400 500 600 700 800 900
Nominal time since dosing (hours)
Figure 3. Mean concentration-time profile: 0-840hours of

semaglutide 1.0 mg at steady-state (n=40). Dashed line represents
the lower limit of quantification (LLOQ).

most during semaglutide treatment and some after
treatment. The proportion of subjects with nausea
appeared to increase over time with increasing semaglu-
tide dose (0.25 and 0.5mg) up to the initiation of
semaglutide 1.0 mg. Despite a further increase in mean
plasma exposure toward semaglutide steady-state
(1.0mg), the incidence of nausea decreased gradually
with each subsequent dose, possibly indicating tolerance
development. Nausea returned to semaglutide-free levels
at follow-up (Figure 5). There was a low incidence of
vomiting (8 events in 4 subjects [9% of subjects] all mild
or moderate) and the duration did not follow an obvious
pattern. In total, 6 subjects (14%) reported diarrhea: all
cases were mild or moderate. One subject withdrew due to
gastrointestinal TEAEs of nausea, vomiting, and diarrhea;
however, these events were intermittent and the subject
recovered fully.

First dose First dose First dose Last dose
0.25 mg 0.5mg 1.0 mg 1.0 mg
semaglutide semaglutide semaglutide semaglutide

R N

Self-measured FPG (mmol/L)
~

0 14 28 42 56 70 84 98 112 126 140

Days

Figure 4. Mean self-measured fasting plasma glucose (FPG; measured
every second day at home): self-measured FPG full analysis set
(FAS; n=43). Red dotted line represents the American Diabetes
Association definition of documented symptomatic hypoglycemia.?®
Typical symptoms of hypoglycemia are accompanied by a measured
plasma glucose concentration <3.9 mmol/L.
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Figure 5. Percentage of patients with nausea by day: full analysis set
(FAS; n=43).

Based on FPG measured at the study site and self-
measured FPG at home, according to the American
Diabetes Association (ADA) Classification,?® no cases of
severe hypoglycemia were reported, 1 subject had
documented symptomatic hypoglycemia (plasma glucose
3.8 mmol/L), and 1 subject had asymptomatic hypogly-
cemia (plasma glucose 3.8-3.9 mmol/L).

The mean change in systolic blood pressure from
baseline to just before initiation of semaglutide treatment
was —8.1 mm Hg and from baseline to the end of treatment
(1.0mg) was —10.9 mm Hg. Over the same periods, the
mean changes in diastolic blood pressure were —6.1 mm
Hg and —5.8 mm Hg, respectively, and pulse rates were
—2.3 and 4.0 bpm.

On the last day of oral contraceptive and semaglutide
coadministration, 4 subjects had elevations in alanine
aminotransferase (ALT) and aspartate aminotransferase
(AST) concentrations that were reported as AEs,
including 3 subjects with ALT >3x the upper limit of
normal (ULN; 106 U/L, 119U/L and 141 U/L, respec-
tively, normal laboratory range 0-34 U/L). None of the
cases met the criteria for Hy’s law,?* and all had normal or
slightly elevated bilirubin and normal alkaline phospha-
tase levels. Elevated ALT and AST concentrations had
resolved prior to the protocol-scheduled follow-up visit (5
weeks after the last semaglutide dose).

There was a treatment-related increase in serum
amylase concentration (mean =+ SD) from baseline to
the end of semaglutide treatment of 1.5 £ 15.3 U/L and to
follow-up of 7.0 £ 14.1 U/L. No value was >3x ULN.
Over the same periods, there was an increase in serum
lipase concentration (mean £ SD) of 9.4 +24.3 U/L and
10.7£32.6 U/L, respectively. Two subjects had values
>3x ULN; 1 subject on the last day of semaglutide
treatment and 1 subject at follow-up. Both were
asymptomatic and resolved spontaneously, 3 months
and 3 weeks later, respectively. No cases of pancreatitis
were reported in the trial.

No antisemaglutide antibodies were detected in any
subject and no injection-site reactions were reported. No
clinically meaningful changes were observed in ECG or
safety laboratory parameters, including calcitonin.

Discussion

Semaglutide did not reduce the bioavailability of
ethinylestradiol or levonorgestrel. The prespecified
bioequivalence criterion was met for ethinylestradiol
but not for levonorgestrel; mean exposure was 20% higher
at semaglutide steady-state. These findings are consistent
with results of previous studies with GLP-1 receptor
agonists, suggesting slightly higher total exposure of
levonorgestrel with liraglutide'® or exenatide,'® and
norethindrone with albiglutide.”® These results are not
considered to be clinically relevant and are not expected
to impact the efficacy or safety of these agents.'®!®?
Importantly, based on the observations in the present
study, it is unlikely that coadministration with semaglu-
tide would reduce the effectiveness of these combined
oral contraceptive medications. This is an important
result, in regard to low-dose oral contraceptive medi-
cations that are dependent on threshold concentrations
for efficacy. Other pharmacokinetic parameters for
ethinylestradiol and levonorgestrel, including C.x,
were similar before and during semaglutide treatment.
The slight delay of t..x for both ethinylestradiol and
levonorgestrel during the semaglutide steady-state
period is consistent with the minor delay in the rate of
gastric emptying reported with other GLP-1 receptor
agonists.'6:18:25:20

In this study, drug-drug interactions were performed at
steady state for both semaglutide (at the highest intended
clinical dose level) and the oral contraceptive, according
to EMA and FDA guidelines.”>*> Postmenopausal
women were selected for this study to avoid the potential
effect of physiological hormonal changes during the
menstrual cycle that may influence the pharmacokinetics
of the drugs. Results from other studies suggest that the
pharmacokinetics of this type of combined oral con-
traceptive are likely to be similar in postmenopausal
women and women of childbearing age.”’

Furthermore, this study confirmed the pharmacokinet-
ic compatibility of semaglutide for once-weekly admin-
istration—ie, a long t;, and a low rate of apparent total
plasma clearance. Long-acting GLP-1 receptor agonists,
such as semaglutide, offer subjects with T2D greater
convenience, together with the potential to improve
treatment compliance and hence outcomes.

In this study, once-weekly semaglutide was also
shown to provide clinically meaningful reductions in
HbA ., FPG, and body weight in postmenopausal women
with T2D. Although the absence of a control arm means
that the pharmacodynamic data should be interpreted with
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caution, the results are in line with a previously reported
phase IT semaglutide trial of the same duration.?® The rate
of hypoglycemic events was low; only 1 subject had
documented symptomatic hypoglycemia, according to
ADA criteria.?® These findings indicate that semaglutide
is highly effective at controlling blood glucose levels in
combination with a low risk of hypoglycemia.

The safety results are as expected for a once-weekly
GLP-1 receptor agonist; however, this study lacked a
control arm."” The most frequently reported TEAEs were
gastrointestinal, which were mild or moderate. The
incidence of nausea increased during the dose-escalation
period, and then gradually decreased over time, despite
the increase in semaglutide plasma concentration to
steady-state, indicating tolerance development. Other
long-acting GLP-1 receptor agonists have also been
reported to exhibit improved tolerability to nausea over
time, although the mechanism is unknown.?’ No serious
AEs were reported.

As described for other GLP-1 agonists and DPP-4
inhibitor-based therapies, some subjects experienced an
asymptomatic increase in amylase and lipase levels.*® The
clinical significance of this observation is unknown. Some
subjects experienced elevated levels of hepatic enzymes
during coadministration of the oral contraceptive and
semaglutide. None of the cases met the criteria for Hy’s
law for drug-induced liver injury,?* and, based on normal
bilirubin and alkaline phosphatase levels, cholestasis was
not indicated. Abnormal liver function tests had resolved
prior to follow-up. It is unclear if these effects were
associated with the oral contraceptive, semaglutide, or
with coadministration of semaglutide and the oral
contraceptive. Although an effect on liver parameters is
noted in the Microgyn Summary of Product Character-
istics,>' elevated liver enzymes were not observed
following administration of oral contraceptive during
the semaglutide-free period. In a phase II trial of
semaglutide, no treatment effects on hepatic enzymes
or transaminases were observed (data on file). Further
investigation is warranted.

There were no effects on calcitonin levels and no
antisemaglutide antibodies or injection-site reactions
were observed. There were no cases of pancreatitis
reported in this study.

In conclusion, this study—the first to investigate the
intended clinical dose and the anticipated dose-escalation
regimen of semaglutide—shows that treatment with
semaglutide does not decrease the bioavailability of
ethinylestradiol or levonorgestrel in postmenopausal
women with T2D. Therefore, the coadministration of
semaglutide is not expected to affect the efficacy of oral
contraceptive medications. Furthermore, the study con-
firms the pharmacokinetic compatibility of semaglutide
for once-weekly dosing and corroborates recent phase 11
study results, with regard to improved glycemic control

and reduced body weight, in combination with a low risk
of hypoglycemia.?® With dose escalation, the incidence of
nausea declined, indicating tolerance development. The
elevated liver enzyme results will be further investigated
in the ongoing semaglutide phase III clinical program.
The semaglutide dose and dose-escalation regimen
used in this study have been selected for the further
development of semaglutide.
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