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ARTICLE HIGHLIGHTS

� Why did we undertake this study?
Studies demonstrate a dose-response relationship for glucagon-like peptide 1 receptor agonists on glycemic and weight loss efficacy, even within
narrow dose ranges. As managing gastrointestinal tolerability of semaglutide has improved, it is relevant to explore whether exceeding the
approved dose yields greater efficacy.

� What is the specific question(s) we wanted to answer?
Do higher semaglutide doses (up to 16 mg/week) have additional glucose-lowering and weight loss effects in people with type 2 diabetes and
overweight or obesity?

� What did we find?
Higher semaglutide doses showed little additional glucose-lowering effect, with additional weight loss, at the expense of poorer tolerability.

� What are the implications of our findings?
Based on data from this study, use of higher semaglutide doses (2 mg/week) for glycemic control in type 2 diabetes is not supported.
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OBJECTIVE

Studies have demonstrated dose-dependent efficacy of glucagon-like peptide 1
receptor agonists for glycemic control and body weight. The aim of this trial was
to characterize the dose-dependent effects of semaglutide (up to 16 mg/week) in
people with type 2 diabetes and overweight or obesity.

RESEARCH DESIGN AND METHODS

In this parallel-group, participant- and investigator-blinded, phase 2 trial, 245 in-
dividuals with type 2 diabetes and BMI $$27 kg/m2 on metformin were random-
ized to weekly semaglutide (2, 8, or 16 mg s.c.) or placebo for 40 weeks. Doses
were escalated every 4 weeks, followed by a maintenance period. Dose modifica-
tions were not allowed. Primary and secondary efficacy end points included
change from baseline to week 40 in HbA1c and body weight, respectively.

RESULTS

Estimated treatment difference between 16 and 2 mg was 20.3 percentage
points (%-points) (95% CI 20.7 to 0.2; P = 0.245) for HbA1c change and 23.4 kg
(26.0 to 20.8; P = 0.011) for weight change for the treatment policy estimand
and 20.5%-points (21.0 to 20.1; P = 0.015) and 24.5 kg (27.6 to 21.4; P =
0.004), respectively, for the hypothetical estimand. Dose-response modeling con-
firmed these findings. Treatment-emergent adverse events (AEs) and treatment
discontinuations due to AEs, primarily gastrointestinal, were more frequent in
the semaglutide 8 and 16 mg groups than in the 2 mg group. No severe hypogly-
cemic episodes were reported.

CONCLUSIONS

Higher semaglutide doses for type 2 diabetes and overweight or obesity provide
modest additional glucose-lowering effect, with additional weight loss, at the ex-
pense of more AEs and treatment discontinuations. A study for evaluating high-
dose semaglutide in obesity is currently underway.

Diabetes and overweight or obesity are among the fastest growing global health
problems, with prevalences predicted to rise significantly (1–3). Type 2 diabetes and
obesity share pathophysiological mechanisms, with obesity often being a primary
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driver (4). Weight loss affects mecha-
nisms that contribute to hyperglycemia
(5), and glycemic control is essential for
preventing long-term complications of
type 2 diabetes (6).

The multidimensional effects of glucagon-
like peptide 1 receptor agonists (GLP-1RA)
on glycemic control, weight, and cardio-
vascular risk have resulted in broadened
prescribing indications, guideline recom-
mendations, and clinical use. Greater
improvements in glycemic control and
weight reduction have been demonstrated
with semaglutide, a once-weekly injectable
GLP-1RA, than with several other GLP-1RA
(7–10) and glucose-lowering agents (11,12).
Semaglutide has also shown cardiovascular
benefits in individuals with established
cardiovascular disease, alongside type 2
diabetes or overweight or obesity (13,14).

In early trials, the dose range of sema-
glutide was limited due to tolerability
concerns. Results from the phase 2 pro-
gram showed that 75% of participants
reported gastrointestinal adverse events
(AEs) at a dose equivalent to 1.6 mg/week
(15), a proportion considered unaccept-
able, despite the higher efficacy. Conse-
quently, in the phase 3 program, doses of
0.5 and 1.0 mg/week were investigated.
However, data from the phase 2 obesity
program using slower dose escalations
showed additional weight loss benefits of
doses up to 2.8 mg/week and a favorable
risk-benefit profile for higher doses (16).
Furthermore, a pooled analysis of four
trials showed that tolerability improved
over time, demonstrating that sensitivity
to gastrointestinal AEs decreased with pro-
longed exposure (17). This justified testing
higher doses in the SUSTAIN FORTE study
(18), which showed similar safety and
tolerability of 2.0 and 1.0 mg/week, with
2.0 mg/week providing superior glycemic
control and weight reduction.

Given the dose-dependent effects and
improvedmanagement of tolerability within
the GLP-1RA class, the aim of this trial was
to characterize the dose-dependent effects
of subcutaneous semaglutide at doses up to
16 mg weekly (2 mg, 8 mg, 16 mg, and
pooled placebo) in individuals with type 2
diabetes and overweight or obesity (BMI
$27 kg/m2).

RESEARCH DESIGN AND METHODS

Study Design
This randomized,multicenter, double-blind,
placebo-controlled, parallel-group phase 2

trial (clinical trial reg. no. NCT05486065,
ClinicalTrials.gov) was conducted at 82 sites
across Greece, Hungary, Poland, and U.S.,
with participants enrolled at 75 sites. The
protocol was approved by appropriate
health authorities according to local reg-
ulations and by independent ethics com-
mittees or institutional review boards.
The trial adhered to the Declaration of
Helsinki and the International Council for
Harmonisation good clinical practice guide-
lines. Protocol deviations were unlikely to
compromise patient safety significantly and
did not affect the trial conclusions.

Participants
Eligible participants were aged 18–64 years
with type 2 diabetes (diagnosed$180 days
before screening), HbA1c 7.0%–10.5%
(53–91 mmol/mol), and BMI$27.0 kg/m2

and were on a stable dose of metformin
for $90 days before screening. Key exclu-
sion criteria were recent diabetes or obe-
sity medication use, uncontrolled and
potentially unstable diabetic retinopathy
or maculopathy, renal impairment, recent
cardiovascular events or planned revascu-
larization, history of pancreatis, and ex-
pected lifestyle changes. Detailed inclusion
and exclusion criteria can be found in
Supplementary Material.

Randomization and Masking
Participants were randomized (3:1:3:1:3:1)
to semaglutide (2, 8, or 16 mg s.c.) or
matching placebo, with stratification by
HbA1c at screening (<8.5%, $8.5%). The
randomization and treatment allocation
were carried out with use of a web-based
system.The placeboswere volumematched
within dose levels. Participants and inves-
tigators were blinded to treatment alloca-
tion within dose levels.

Procedures
Dosing started at 0.29 mg weekly, with
escalation every 4 weeks, and reached 2,
8, or 16 mg over 12, 20, or 24 weeks, re-
spectively, followed by a 16- to 28-week
maintenance period (Supplementary Fig. 1).
The doses used during the dose escalation
period were 0.29, 0.58, 1.06, 2.02, 4.03,
8.06, and 16.13mg, respectively.The target
doses administered were 2.02, 8.06, and
16.13 mg; the dose arms are referred to as
2 mg, 8 mg, and 16 mg throughout this ar-
ticle. Dose modifications (e.g., downtitra-
tion, pause in titration) were not allowed.
If a participant could not tolerate the dose

(e.g., persistent severe nausea, vomiting or
diarrhea events) they were discontinued
from the trial. The doses of 2, 8, and 16 mg
were chosen to allow differentiation of effi-
cacy and safety at different higher dose lev-
els, and 16 mg was assessed to be both
tolerable and safe based on preclinical and
clinical data. The maximum treatment du-
ration was 40 weeks, followed by a
9-week follow-up period. Injections could
be administered to the abdomen, upper
arm, or thigh. The injections were per-
formed with the NovoPen 4 with sema-
glutide 9.6 mg/mL. One, two, and three
injections were needed for 2 mg (1 �
0.21 mL), 8 mg (2 � 0.42 mL), and 16 mg
(3 � 0.56 mL), respectively (additional in-
formation in Supplementary Fig. 1). The
participants continued metformin with no
changes in dose or frequency, unless gly-
cemic rescue medication was needed or a
safety concern arose. The criteria for initi-
ating rescue medication were persistent
and unacceptable hyperglycemia (HbA1c
>8.5% [69 mmol/mol]), applied from
weeks 12 to 40, allowing time for dose
escalation and effects from treatment.

Outcomes
The primary end point was change from
baseline to week 40 in HbA1c (percentage
points [%-points]). Confirmatory secondary
end point included change from baseline
to week 40 in body weight (kilograms).
Supportive secondary end points included
the number of treatment-emergent AEs
and the number of severe hypoglycemic
episodes up to week 49 (end of study)
(19).

Further assessments included attainment
of targets for HbA1c (<6.5%, <5.7%) and
body weight ($5%, $10% of body weight
lost) at week 40, change from baseline to
week 40 in body weight (% change),
pulse, hs-CRP, systolic and diastolic blood
pressure, waist circumference, and lipid
profile, as well as safety outcomes from
baseline to week 49 (end of study).

Statistical Analyses
A sample size of 240 participants (60 in
each active treatment group and pooled
placebo group) was considered adequate
to achieve sufficient precision on the
dose-response relationship for the treat-
ment policy estimand (primary estimand)
with the primary and confirmatory second-
ary end points (additional details available
in SupplementaryMaterial). For all analyses,
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the three placebo arms were pooled into
one placebo group.
Two estimand strategies were used for

the identified intercurrent events, use of
rescue medication and treatment discon-
tinuation: a treatment policy estimand
(primary; akin to an intention-to-treat anal-
ysis) and a hypothetical estimand (also
called trial product estimand; if treatment
was taken as intended and without rescue
medication). The hypothetical estimand
therefore quantifies the achievable dif-
ference in treatment effects between
the different treatment regimens and,
hence, reflects the drug efficacy.
The treatment policy estimand was

based on the full analysis set, including all
randomly assigned participants according
to the planned randomized treatments, and
the in-study observation period. The hypo-
thetical estimand was based on the full
analysis set and the on-treatment-without-
rescue-medication observation period.
ANCOVA with treatment, stratification

factor, and sex as fixed effects and base-
line value as a covariate was used for the
primary and confirmatory secondary end
points. Missing data at week 40 were im-
puted using multiple imputation. The mul-
tiple imputation was conducted with the
“jump to reference” method for the treat-
ment policy estimand, with the assump-
tion that data were missing not at random
(MNAR), and sequential conditional linear
regression for the hypothetical estimand,
with the assumption that data were miss-
ing at random. A total of 500 complete
data sets were generated and analyzed
separately with ANCOVA. The estimated
means and variances were combined with
use of Rubin rules (20).
To characterize the dose-response rela-

tionship of once-weekly semaglutide with
change in HbA1c (%-points) and change in
body weight (kilograms) at week 40 for
each estimand, four dose-response candi-
date models were fitted separately, a
maximum effect (Emax) model, a sigmoi-
dal Emax model, a linear 1 Emax model,
and a linear log-dose model. The model
with the best fit was ultimately used,
based on convergence and Akaike infor-
mation criterion value. In fitting themodel,
the estimated means were weighted by
their inverse of the estimated variance.
Attainment of HbA1c and body weight

targets was analyzed with logistic regres-
sion, based on the same factors and cova-
riates, and imputed data, as for the main

analyses. Change in pulse was analyzed in
the same way as the primary end point.

Post hoc analyses of further end points
(hs-CRP, blood pressure, waist circumfer-
ence, and lipid profile) were performed
for the hypothetical estimand with mixed-
effects repeated-measures models. Sum-
maries of safety outcomes were presented
descriptively and based on the safety anal-
ysis set including all participants exposed
to randomized treatment, according to the
treatment received. Adjustment for multi-
plicity was not done. Statistical analyses
were done with SAS software, version 9.4.

Data and Resource Availability
Data will be shared with researchers who
submit a research proposal approved by
the independent review board. Informa-
tion about data access request proposals
can be found at novonordisk-trials.com.

RESULTS

Study Population
From 8 August to 16 December 2022, 359
individuals were screened, of whom 245
were randomly assigned to receive sema-
glutide 2 mg (n = 61), 8 mg (n = 62), or
16mg (n = 62) or matching placebo (n = 60)
(Supplementary Fig. 2). Overall, 123 (50.2%)
of the participants were recruited in the
U.S., 54 (22.0%) in Greece, 35 (14.3%) in
Hungary, and 33 (13.5%) in Poland. Four
participants were withdrawn prior to re-
ceiving treatment. A total of 219 (89.4%)
participants completed the trial, and treat-
ment was completed by 181 (73.9%) partic-
ipants. A higher proportion of participants
completed treatment in the 2 mg group
(85%), in comparison with the 8 mg (68%),
16 mg (69%), and placebo (73%) groups,
and most treatment discontinuations oc-
curred in the first half of the trial period
(Supplementary Fig. 3). The most common
reason for premature treatment discontinu-
ation in the semaglutide groups was AEs,
primarily gastrointestinal in nature. In the
placebo group, 15 participants discontinued
treatment, with 1 of them discontinuing
due to AEs.

Among the treatment completers (n =
181), 153 of 181 (84.5%) completed treat-
ment without rescue medication: 49 of
52 (94%), 35 of 42 (83%), and 42 of 43
(98%) in the 2, 8, and 16 mg semaglutide
groups, respectively, with notably fewer
(27 of 44 [61%]) in the placebo group.
Among all participants (n = 245), rescue
medication was initiated in 32 of 245

(13.1%). In all groups, the majority of par-
ticipants who started rescue medication
had a baseline HbA1c>8.5%. Rescue med-
ication included mainly sodium–glucose
cotransporter 2 inhibitors and sulfonylur-
eas (Supplementary Table 1).

Demographics and baseline characteris-
tics were generally similar between treat-
ment groups (Table 1). Overall, 125 (51.0%)
were male and mean (SD) age was 52.8
(8.3) years, duration of diabetes 6.9
(5.7) years, HbA1c 8.3% (1.0%) (67.5
[10.8] mmol/mol), and body weight
109.7 (23.6) kg. Higher body weight (113.9
[27.8] kg) and larger waist circumference
(123.2 [20.3] cm) were noted in the 16 mg
group in comparison with the other groups
(Table 1). Furthermore, there were slightly
larger proportions of males in the semaglu-
tide groups compared with the placebo
group. Relevant comorbidities and medica-
tion use at baseline were generally evenly
distributed across the groups (Supple-
mentary Table 2). The most prevalent co-
morbidities weremetabolic disorders, while
themost frequently prescribedmedications
were lipid-lowering agents and antihyper-
tensivemedications. In general, participants
discontinuing treatment were overall simi-
lar to those continuing treatment; however,
a larger proportion had BMI$35 kg/m2 at
baseline among those completing treat-
ment (Supplementary Tables 3 and 4).

Efficacy
HbA1c levels decreased steadily in the sem-
aglutide groups until approximately week
20 (Fig. 1A and C). Estimatedmean changes
from baseline were �1.8,�1.8,�2.1, and
�1.0%-points for the 2 mg, 8 mg, 16 mg,
and placebo groups, respectively, for the
treatment policy (primary) estimand
(i.e., based on in-study observation pe-
riod; Fig. 1B), and �1.9, �2.2, �2.4, and
0.1%-points for the hypothetical estimand
(based on the on-treatment-without-rescue-
medication observation period; Fig. 1D).
The differences between the two esti-
mands in mean change for the placebo
group are mainly due to the substantial
placebo effect estimatedwith the treatment
policy estimand where rescue medication
influence the HbA1c levels. The estimated
treatment difference between 16 mg and
2 mg was �0.3%-points (95% CI �0.7 to
0.2; P = 0.245). For the hypothetical esti-
mand, the treatment differences indicated
an additional glucose-lowering effect,
�0.5%-points (�1.0 to �0.1; P = 0.015),
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of 16 mg in comparison with 2 mg
semaglutide.

Body weight decreased steadily up to
week 40 in all semaglutide groups (Fig. 2A
and C). With semaglutide 16 mg, statisti-
cally significant additional body weight
loss was seen of 3.4 kg (95% CI 0.8 to 6.0;
P = 0.011) and 4.5 kg (1.4 to 7.6; P =
0.004), in comparison with 2 mg, for the
treatment policy estimand and the hypo-
thetical estimand, respectively, and of
2.5 kg (not statistically significant) and
4.2 kg in comparison with 8 mg (Fig. 2B
and D). Estimated mean percent change
in body weight from baseline was �7.3%,
�8.3%,�10.8%, and�2.0% for the 2 mg,
8 mg, 16 mg, and placebo groups for

the treatment policy estimand (Supple-
mentary Fig. 4A) and �8.3%, �9.0%,
�12.9%, and �2.8% for the hypothetical
estimand (Supplementary Fig. 4B). With
semaglutide 16 mg, statistically signifi-
cant additional body weight change was
seen of �3.5%-points (�6.0 to�1.1; P =
0.005) and �4.6%-points (�7.4 to �1.7;
P = 0.002), in comparison with 2 mg, for
the treatment policy estimand and the
hypothetical estimand and of�2.5%-points
(�4.9 to 0; P = 0.047) and �3.9%-points
(�7.0 to �0.8; P = 0.013) in comparison
with 8mg (Supplementary Fig. 4A–B).

The dose-response modeling for HbA1c
suggests that doses>2mg providemodest
incremental effect (Supplementary Fig. 5A).

For body weight, the dose-response
modeling suggests additional weight
loss with higher doses of semaglutide
(Supplementary Fig. 5B). These patterns
were seen for both estimands. Estimated
odds ratios for reaching glycemic targets
of <6.5% (48 mmol/mol) and<5.7% (39
mmol/mol) and weight loss targets of at
least 5% and 10% weight loss, between
groups, supported a dose-response rela-
tionship with higher odds of reaching
targets with higher doses of semaglu-
tide (Supplementary Figs. 6–9).

In general, neither statistically signifi-
cant differences between the semaglutide

groups nor clear dose-response patterns

were seen for the post hoc analyses of

Table 1—Participant demographics and baseline characteristics

Semaglutide 2 mg Semaglutide 8 mg Semaglutide 16 mg
(n = 61) (n = 62) (n = 62) Placebo (n = 60)

Age (years) 52.3 (7.6) 53.7 (7.5) 52.9 (8.6) 52.1 (9.5)

Sex, n (%)

Female 27 (44) 33 (53) 25 (40) 35 (58)
Male 34 (56) 29 (47) 37 (60) 25 (42)

Duration of diabetes (years) 6.1 (4.7) 7.7 (7.7)† 7.6 (5.5)* 6.4 (4.3)†

Hispanic or Latino ethnicity, n (%) 9 (15) 8 (13) 9 (15) 13 (22)

Race, n (%)

Asian 1 (2) 1 (2) 0 1 (2)
Black or African American 6 (10) 11 (18) 4 (6) 4 (7)
White 54 (89) 49 (79) 56 (90) 55 (92)
Other§ 0 1 (2) 2 (3) 0

Body weight (kg) 109.6 (21.6) 109.8 (20.6) 113.9 (27.8) 105.2 (23.4)

BMI (kg/m2) 37.0 (5.8) 37.6 (6.4) 38.6 (7.8) 37.4 (6.9)

BMI $35 kg/m2, n (%) 40 (66) 41 (66) 37 (60) 33 (55)

Waist circumference (cm) 119.2 (19.4)* 119.1 (14.4)* 123.2 (20.3)* 115.0 (18.4)*

Systolic blood pressure (mmHg) 130 (15) 129 (14) 133 (11) 130 (13)

Diastolic blood pressure (mmHg) 80 (8) 82 (8) 82 (8) 82 (11)

Fasting plasma glucose (mmol/L) 9.9 (2.9) 9.5 (3.2)† 9.8 (2.9)* 9.5 (2.7)‡

HbA1c (%) 8.4 (1.0) 8.3 (1.0) 8.3 (0.9) 8.4 (1.0)

HbA1c (mmol/mol) 67.9 (11.0) 67.2 (10.7) 67.0 (10.2) 68.0 (11.4)

HbA1c $8.5% ($69 mmol/mol), n (%) 24 (39) 26 (42) 24 (39) 24 (40)

hs-CRP (mg/L)jj 3.50 (151.2) 4.65 (150.8)* 4.72 (124.9)* 5.00 (148.0)†

Free fatty acids (mmol/L)jj 0.52 (51.6)* 0.56 (58.6)* 0.55 (44.9) 0.60 (39.3)†

HDL cholesterol (mmol/L)jj 1.09 (22.3) 1.09 (24.7)* 1.06 (20.9)* 1.12 (27.3)†

LDL cholesterol (mmol/L)jj 2.24 (43.3) 2.57 (33.0)* 2.48 (42.0)† 2.46 (34.5)†

Total cholesterol (mmol/L)jj 4.35 (25.0) 4.67 (23.6)* 4.57 (25.9)* 4.57 (21.5)†

Triglycerides (mmol/L)jj 1.91 (56.3) 1.95 (64.1)* 1.91 (60.2)* 1.87 (52.8)†

VLDL cholesterol (mmol/L)jj 0.84 (51.3) 0.85 (53.0) 0.83 (52.8) 0.83 (48.0)

Data are means (SD) unless otherwise indicated. Percentages may not add up to 100 due to rounding. Data are shown for the full analysis
set, including all randomized participants. *Data are missing for one participant. †Data are missing for two participants. ‡Data are missing for
three participants. §“Other” included two participants in the 16 mg group reported to be of multiple races and one participant in the 8 mg
group for whom information on race was not available. jjData are geometric means (coefficient of variation).
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free fatty acids; triglycerides; HDL, LDL, or

VLDL cholesterol; hs-CRP; diastolic or sys-

tolic blood pressure; or waist circumfer-

ence (Supplementary Fig. 10A–I).

Safety

The AEs and treatment discontinuations
due to AEs were more frequent in the
semaglutide 8 mg and 16 mg groups than

in the 2 mg group (Table 2). Treatment
discontinuations were mainly reported as
due to gastrointestinal disorders. Over-
all, the most frequent AEs were nausea,

Figure 1—HbA1c over time and estimated treatment differences at week 40. The treatment policy estimand was the primary estimand. In A and C, dots indi-
cate group means and error bars represent SEM. In B and D, dots indicate estimated treatment differences and error bars represent 95% CIs. Estimated mean
changes from baseline are reported for both groups in each comparison. N FAS, the no. of participants in the full analysis set, where the no. on the left corre-
sponds with the group in the leftmost column and the no. on the right with the group in the column fourth from the left; N week 40, the no. of participants
contributing to the analysis and with measurement at week 40, where the no. on the left corresponds with the group in the leftmost column and the no. on
the right with the group in the column fourth from the left. Missing data were imputed using multiple imputation. An ANCOVA model was applied for each
data set with treatment, stratification factor, and sex as fixed effects and baseline value as a covariate (sex was not included as fixed effect for the hypothetical
estimand), and estimates were pooled with use of Rubin rules. ETD, estimated treatment difference; sema, semaglutide.

Figure 2—Body weight change from baseline over time and estimated treatment differences at week 40. The treatment policy estimand was the
primary estimand. In A and C, dots indicate group means and error bars represent SEM. In B and D, dots indicate estimated treatment differences
and error bars represent 95% CIs. Estimated mean changes from baseline are reported for both groups in each comparison. N FAS, the no. of par-
ticipants in the full analysis set, where the no. on the left corresponds with the group in the leftmost column and the no. on the right with the
group in the column fourth from the left; N week 40, the no. of participants contributing to the analysis and with measurement at week 40, where
the no. on the left corresponds with the group in the leftmost column and the no. on the right with the group in the column fourth from the left.
Missing data were imputed using multiple imputation. An ANCOVA model was applied to each data set with treatment, stratification factor, and
sex as fixed effects and baseline value as a covariate (sex was not included as fixed effect for the hypothetical estimand), and estimates were
pooled with use of Rubin rules. ETD, estimated treatment difference; sema, semaglutide.
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vomiting, and diarrhea (Supplementary
Fig. 11).

The rate of gastrointestinal disorders
was highest in the 8 mg and 16 mg
groups and lowest in the 2 mg and pla-
cebo groups. The majority of the gastroin-
testinal disorders were assessed to be
mild, and two were serious AEs (one each
in the 8 mg and placebo groups). In the
2 mg, 8 mg, 16 mg, and placebo groups,
4, 11, 6, and 0 of the gastrointestinal dis-
orders led to treatment discontinuation
(Supplementary Table 5). Common gas-
trointestinal disorders included nausea,
vomiting, diarrhea, constipation, dyspepsia,
eructation, abdominal pain, and abdominal
distension. For the remaining safety focus
areas, the distribution appeared similar be-
tween groups (Table 2).

More participants reported dysesthesia
in the 8 mg (8%) and 16 mg (18%) groups
than in the 2 mg (0%) and placebo (2%)
groups (Supplementary Table 6). A total of
19 cases of dysesthesia were reported, in
17 participants. Of these, 8 were of moder-
ate severity and 11 were of mild severity.
In two cases, the treatmentwaswithdrawn
(a case of sensitive skin in the 8 mg group
and a case of paresthesia in the 16 mg

group, both of moderate severity with re-
covery after treatment discontinuation). In
four cases, the participants did not recover
within the follow-up period (sensitive
skin, paresthesia, and hyperesthesia in
the 16 mg group and hypoesthesia in the
placebo group). Nine serious AEs were re-
ported. Individuals recovered from all se-
rious AEs, except for a case of invasive
ductal breast carcinoma in the semaglu-
tide 2 mg group. Serious AEs possibly re-
lated to the trial product included acute
cholecystitis in the semaglutide 16 mg
group and acute pancreatitis in the pla-
cebo group. Clinically significant (level 2)
hypoglycemic episodes were reported in
two participants (one each in the 2 mg
and placebo groups). No severe (level 3)
hypoglycemic episodes or deaths were
reported.

There were no differences in pulse
change from baseline to week 40 between
any of the semaglutide groups. There were
no clinically relevant findings observed for
any other measured biochemistry parame-
ters, hematology parameters, antibodies,
physical examination, or electrocardiogram.

Comparison of participants on treat-
ment with rescue medication with those

on treatment not using rescue medication
showed that a higher proportion of partic-
ipants in the placebo group who received
rescue medication experienced mild-
to-moderate AEs in comparison with
those who did not receive rescue medi-
cation (Supplementary Tables 7 and 8).

CONCLUSIONS

In this dose-exploring randomized phase 2
trial, higher doses of semaglutide (namely,
16 mg) provided a modest incremental
glucose-lowering effect (�0.5%-points;
P = 0.015), with additional weight loss
(4.5 kg; P = 0.004), in comparison with
the approved dose (2 mg), in participants
with type 2 diabetes and overweight or
obesity, when the treatment was taken as
intended and without rescue medication
(hypothetical estimand).With inclusion of
all in-study observations (treatment pol-
icy estimand, primary estimand), substan-
tial glucose lowering was seen in the
placebo group (likely due to the use of
rescue medication) and the additional
glucose-lowering effect from higher sem-
aglutide dose in comparison with 2 mg
was modest (�0.3%-points; P = 0.245).

Table 2—AEs

Semaglutide 2 mg
(n = 60)

Semaglutide 8 mg
(n = 60)

Semaglutide 16 mg
(n = 62)

Placebo
(n = 59)

n % E R n % E R n % E R n % E R

All AEs 43 72 179 340.8 54 90 260 547.4 55 89 255 529.1 37 63 234 490.7

AEs resulting in treatment
discontinuation

4 7 4 7.6 14 23 14 29.5 11 18 11 22.8 1 2 1 2.1

Serious AEs 4 7 4 7.6 2 3 2 4.2 1 2 1 2.1 2 3 2 4.2

Fatal events 0 0 0 0

Severity

Mild 38 63 124 236.1 47 78 177 372.7 46 74 190 394.2 33 56 201 421.5
Moderate 16 27 48 91.4 25 42 67 141.1 26 42 62 128.6 14 24 32 67.1
Severe 4 7 7 13.3 5 8 16 33.7 3 5 3 6.2 1 2 1 2.1

Severe hypoglycemic episodes 0 0 0 0

Safety focus areas†
Gastrointestinal disorders 28 47 96 182.8 41 68 152* 320.0 44 71 138 286.3 20 34 99* 207.6
Acute kidney injury 0 0 0 1 2 1 2.1
Hepatic events‡ 1 2 1 1.9 2 3 3 6.3 2 3 2 4.1 0
Gallbladder-related disorders 2 3 2 3.8 1 2 1 2.1 3 5 3* 6.2 0
Acute pancreatitis 0 1 2 1 2.1 0 1 2 1* 2.1
Neoplasms 1 2 1* 1.9 0 2 3 2 4.1 1 2 1 2.1
Diabetic retinopathy

complications
0 0 1 2 1 2.1 0

Hypersensitivity 2 3 2 3.8 0 2 3 2 4.1 4 7 5 10.5
Hypoglycemia general 0 1 2 1 2.1 0 0

*One of the AEs of the safety focus areas was a serious AE. †Predefined safety focus areas for this trial. ‡Hepatic events included hepato-
megaly, increased blood bilirubin, increased ALT, and increased hepatic enzyme. %, percentage of participants; E, no. of events; n, no. of par-
ticipants; R, event rate per 100 patient-years at risk.
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The dose-response analyses demon-
strated that the additional glycemic bene-
fits of increasing dosing to >2 mg were
modest, but a clear dose-response rela-
tionship was demonstrated for weight
loss. The safety profile was similar across
semaglutide groups. However, the rate of
AEs and treatment discontinuations due
to (mainly gastrointestinal) AEs were higher
in the 8 mg and 16 mg groups than in the
2 mg group, and dysesthesia was mainly
reported in the 8 mg and 16 mg groups.
Furthermore, it was noted that a high
number of participants received rescue
medication—mainly in the placebo group,
but also in the 8 mg group.
The number of treatment discontinua-

tions (including treatment discontinua-
tions due to AEs) was higher in the 8 mg
and 16 mg groups (�30%) than in the
2 mg group (�15%) and also higher than
in previous phase 3 trials. In the SUSTAIN
FORTE trial, with investigation of 2 vs.
1 mg semaglutide for 40 weeks for type 2
diabetes, 92% completed treatment in
the 2 mg group (18). In the STEP 2 trial,
with investigation of 1.0 and 2.4 mg sem-
aglutide vs. placebo for 68 weeks for over-
weight or obesity and type 2 diabetes, 88%
completed treatment in the 2.4 mg group
(21). In this trial, 85% completed treatment
in the 2 mg group. The lower proportion
of treatment completers likely stems
from the forced monthly dose escala-
tion, without any flexibility to delay titra-
tion, modify dose, or maintain a lower
drug dose if AEs occurred. This appears to
play a substantially larger role for the
higher doses, particularly for those with
BMI<35 kg/m2.
Modest additional glucose-lowering ef-

fects were seen in the 8 and 16 mg groups
in comparison with the 2 mg group, with
statistically significant effect demonstrated
with the hypothetical estimand for 16 mg
vs. 2 mg.This could be due to a number of
factors, including the impact of more treat-
ment discontinuations in the high-dose
groups, and potential lower limit of achiev-
able HbA1c changes, given the starting HbA1c
levels (i.e., HbA1c floor). At baseline, overall
mean HbA1c was 8.3% (68.0 mmol/mol)
and 60% had HbA1c <8.5% (<69 mmol/
mol). After 40 weeks, HbA1c had decreased
substantially to an observed mean of 6.4%
in the 2 mg group, leaving little room for
further improvement. The HbA1c levels at
end of treatment in the 2 mg group were

similar to the levels observed in the SUSTAIN
FORTE trial (18) and the STEP 2 trial (21).

The additional weight loss from 8 mg
and 16 mg in comparison with 2 mg
ranged between 0.4 and 4.5 kg, and abso-
lute weight loss between 9.3 and 14.1 kg,
depending on dose and estimand. This
well exceeds what has been observed in
the SUSTAIN FORTE and STEP 2 trials
(18,21). A weight loss of at least 5%–10%
is generally considered clinically relevant,
with greater weight losses producing greater
health benefits (22,23). In this trial, the
mean weight loss was >5% in all sema-
glutide groups and >10% in the 16 mg
group. Participants in the 16 mg group
had two to three times higher odds of
achieving a weight loss of at least 5% or
10% in comparison with those in the
2 mg group (statistically significant for
the hypothetical estimand only). These
results, together with the dose-response
modeling reported here, clearly show
that while the glucose-lowering effect of
semaglutide is present already at a low
dose, additional weight loss can be in-
duced by increasing doses further. There
may be several explanations for this, but
one interpretation could be that the bio-
logical systems expressing glucagon-like
peptide 1 receptors that regulate body
weight are less readily accessed than
those that control glucose metabolism.
The higher exposure that results from in-
creasing semaglutide dose would most
likely result in higher receptor engagement
in these body weight–regulating pathways
and, as a result, greater weight loss.

The additional benefits of high doses
of semaglutide need to be balanced with
the tolerability. An extensive clinical trial
program as well as real-world evidence
has shown semaglutide to be safe in the
treatment of type 2 diabetes with addi-
tional benefits such as protection from car-
diovascular and renal events (13,24–27). In
general, the occurrence of gastrointestinal
AEs is themain determinant of semaglutide
tolerability. Here we found the number of
gastrointestinal AEs to be substantially
higher in the high-dose semaglutide groups.
A new finding, not commonly reported in
the subcutaneous semaglutide clinical trial
program, was dysesthesia. Dysesthesia was
reported in a high-dose oral semaglutide
trial (OASIS 1) (28), but it is the first time
dysesthesia has been demonstrated with
subcutaneous semaglutide, indicating that
route of administration is not determining
this. The exact mechanism of action is still

unknown, but it is likely a class effect,
as a similar reporting has been made in
the phase 2 trial with glucagon-like pep-
tide 1/glucose-dependent insulinotropic
polypeptide/glucagon triagonist, retatru-
tide, in individuals with obesity (29).

From a clinical perspective, the modest
improvements in glycemia and the statis-
tically significant small additional weight
loss (3.4 kg) with the highest dosages in
comparison with 2 mg semaglutide do
not justify the increased rates of AEs in
this population. A phase 3 study with
evaluation of a 7.2-mg dose of semaglu-
tide for weight management in adults
with type 2 diabetes and higher BMI
(>30 kg/m2) is underway (clinical trial
reg. no. NCT05649137, ClinicalTrials.gov)
and may shed further light on the efficacy
and tolerability of high-dose semaglutide
with dosing flexibility that closer models
clinical practice. The trial consists of three
arms, 7.2 mg s.c. semaglutide, 2.4 mg s.c.
semaglutide, and placebo, in addition to
lifestyle counseling. The dose escalation is
similar to that in the present study, but
dose modifications are allowed if needed,
and the study is longer, with a treatment
duration of 72 weeks.

This trial had several limitations. The
sample size was relatively small, powered
to detect differences in HbA1c of �0.5%.
Combined with the increase in rescue
medication use in placebo, dropout rates
in the higher-dose groups, baseline HbA1c,
and HbA1c floor, this did not provide much
opportunity to detect differences in HbA1c
between doses. For weight loss, possibly
a longer treatment duration would have
shown further weight loss and larger differ-
ences between groups. Furthermore, im-
balances in randomization may have
impacted the findings. In addition, the
forced and intensive dose escalation with
large increments may have impacted po-
tential risk-benefit effects. Smaller and
more increments over a longer period, or
a more patient-centered dose escalation,
allowing dosing flexibility, could poten-
tially have improved tolerability and treat-
ment completion rates in the high-dose
groups. However, given the constraints of
this phase 2 dose-finding study, this would
have jeopardized the chance of getting
participants to the intended maintenance
doses within the trial duration. Finally,
this trial was not powered for investiga-
tion of subgroup effects to explore who
had the most benefit at higher doses. A
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person-centered trial design including
individuals with inadequate metabolic
response to subcutaneous semaglutide
2 mg once weekly, but who tolerate
the dose well, could be used to more
precisely assess whether higher doses
are beneficial for such a subpopulation.

In conclusion, this trial showed that
higher semaglutide doses (8 and 16 mg
weekly) provide modest additional glucose-
lowering effect, with additional weight
loss, in comparison with 2 mg, in individu-
als with type 2 diabetes and overweight
or obesity. The dose-response relation-
ship was weak for glycemic control but
more evident for weight loss. The overall
safety profile was similar across semaglu-
tide groups, but the rates of gastrointesti-
nal AEs and treatment discontinuations
due to AEs (mainly gastrointestinal) were
higher in the 8 and 16 mg groups. A cur-
rent phase 3 study with evaluation of sem-
aglutide at a dose of 7.2 mg for weight
management in type 2 diabetes and obe-
sity is currently underway.
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