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Semaglutide once weekly as add-on to SGLT-2 inhibitor
therapy in type 2 diabetes (SUSTAIN 9): a randomised,
placebo-controlled trial

Bernard Zinman, Vaishali Bhosekar, Robert Busch, Ingrid Holst, Bernhard Ludvik, Desirée Thielke, James Thrasher, Vincent Woo, Athena Philis-Tsimikas

Summary

Background Semaglutide is a once-weekly glucagon-like peptide-1 (GLP-1) analogue for type 2 diabetes. Few clinical
trials have reported on the concomitant use of GLP-1 receptor agonists with sodium-glucose cotransporter-2 (SGLI-2)
inhibitors. We aimed to investigate the efficacy and safety of semaglutide when added to SGLT-2 inhibitor therapy in
patients with inadequately controlled type 2 diabetes.

Methods The SUSTAIN 9 double-blind, parallel-group trial was done at 61 centres in six countries (Austria, Canada,
Japan, Norway, Russia, and the USA). Adults with type 2 diabetes and HbA,_ 7-0-10-0% (53-86 mmol/mol), despite at
least 90 days of treatment with an SGLT-2 inhibitor, were randomly assigned (1:1) to receive subcutaneous semaglutide
1-0 mg or volume-matched placebo once weekly for 30 weeks, after a dose-escalation schedule of 4 weeks of 0-25 mg
semaglutide or placebo and 4 weeks of 0-5 mg semaglutide or placebo. Existing antidiabetic medications, including
SGLI-2 inhibitor treatment, were continued for the duration of the trial. Rescue medication, defined as intensification
of background antidiabetic treatment or the initiation of new glucose-lowering medications, could be given to patients
meeting specific criteria at the discretion of the investigator. The primary outcome was change in HbA,_ from baseline
at week 30, assessed in the full analysis set (all patients randomly allocated to treatment) using on-treatment data
collected before rescue medication was started. The confirmatory secondary outcome was change in bodyweight from
baseline to week 30. Safety was also assessed in the safety analysis set (all patients who received at least one dose of
treatment). The trial was registered with ClinicalTrials.gov (NCT03086330).

Findings Between March 15, and Dec 4, 2017, 302 patients were enrolled and randomly assigned to receive semaglutide
1-0 mg or placebo (full analysis set), of whom 301 received at least one dose of treatment (safety analysis set).
One patient was assigned to semaglutide but was not treated (reason unknown). 294 (97-4%) patients completed the
trial and 267 (88-4%) completed treatment. Baseline characteristics were generally comparable between groups.
In addition to randomised medication and SGLI-2 inhibitor, 216 (71-5%) patients were taking metformin and
39 (12-9%) were taking sulphonylurea. Patients given semaglutide had greater reductions in HbA, (estimated
treatment difference —1-42% [95% CI -1- 61 to —1-24]; -15 - 55 mmol/mol [-17 - 54 to —13 - 56]) and bodyweight (-3 -81kg
[-4-70 to —2-93]) versus those randomised to placebo (both p<0-0001). 356 adverse events were reported by
104 (69-3%) patients in the semaglutide group, and 247 adverse events were reported by 91 (60-3%) patients in the
placebo group. Gastrointestinal adverse events were most common and were reported in 56 (37-3%) patients in the
semaglutide group and 20 (13-2%) in the placebo group. Serious adverse events occurred in seven (4-7%) patients in
the semaglutide group and six (4-0%) in the placebo group. Severe or blood glucose-confirmed hypoglycaemic events
were reported in four patients on semaglutide (2-7%). 16 patients stopped treatment early because of an adverse
event, 13 of whom were in the semaglutide group. There were no deaths during the trial.

Interpretation Adding semaglutide to SGLT-2 inhibitor therapy significantly improves glycaemic control and reduces
bodyweight in patients with inadequately controlled type 2 diabetes, and is generally well tolerated.

Funding Novo Nordisk.

Copyright © 2019 Elsevier Ltd. All rights reserved.

Introduction

The 2018 report on the management of type 2 diabetes
from the American Diabetes Association (ADA) and
European Association for the Study of Diabetes (EASD),!
and the 2019 ADA Standards of Care treatment guidelines?
emphasise the use of treatment regimens that take
patients’ characteristics into account. Notably, this report
and guidelines highlight glucagon-like peptide-1 (GLP-1)
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receptor agonists and sodium-glucose cotransporter-2
(SGLT-2) inhibitors as preferred agents after metformin in
patients with type 2 diabetes and established cardiovascular
disease.’” In addition to improving glycaemic control,
some drugs in each of these classes lower the risk of major
cardiovascular events, reduce the progression of chronic
kidney disease, minimise the risk of hypoglycaemia, and
reduce bodyweight.*® GLP-1 receptor agonists and SGLT-2
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Research in context

Evidence before this study

Glucagon-like peptide-1 (GLP-1) receptor agonists and
sodium-glucose co-transporter-2 (SGLT-2) inhibitors have
been highlighted in the 2018 American Diabetes
Association/European Association for the Study of Diabetes
consensus report as preferred agents after metformin in
patients with established cardiovascular disease. However,
to date, few data from clinical trials are available to help
physicians and patients to make informed decisions about
the concomitant use of these drugs.

Added value of this study

The results of the SUSTAIN 9 trial show that the addition of
subcutaneous semaglutide, a once-weekly GLP-1 analogue,
to existing SGLT-2 inhibitor therapy significantly improves

inhibitors are increasingly used for the treatment of type 2
diabetes, but there is scarce information from clinical
trials on the efficacy and safety of their concomitant use.

Semaglutide is a long-acting GLP-1 analogue approved
for once-weekly treatment of type 2 diabetes.”® The
efficacy and safety of semaglutide have been established
in the SUSTAIN clinical trial programme across the
continuum of care in patients with type 2 diabetes.

During the SUSTAIN programme, semaglutide has
been directly compared with various antidiabetic drugs,
and has been studied both as monotherapy and in combin-
ation with other agents. Semaglutide has consistently
shown superior HbA, and bodyweight reductions versus
placebo™” and a range of active comparators,” and has a
safety profile similar to that of other GLP-1 receptor
agonists.”* Furthermore, in SUSTAIN 6, semaglutide
significantly reduced the risk of major adverse cardio-
vascular events compared with placebo, in patients with
type 2 diabetes and high cardiovascular risk. The benefits
of semaglutide have also been shown when used in
addition to various combinations of oral antidiabetic
drugs (eg, metformin, with or without sulphonylureas or
thiazolidinediones).*** Semaglutide has also shown
superiority over placebo when used in combination with
basal insulin (with or without metformin), in terms of
effects on both HbA, and bodyweight."”

As changes to international guidelines begin to be
implemented at national and local levels, it is likely that
concomitant treatment with GLP-1 receptor agonists and
SGLI-2 inhibitors will become more common. However,
at present, there are only scarce data from randomised
controlled trials to inform such concomitant use,””* and
even less evidence relating to the specific clinical
situation in which a GLP-1 receptor agonist is added to
existing SGLT-2 inhibitor treatment.”

The SUSTAIN 9 trial aimed to investigate the efficacy
and safety of semaglutide in patients with type 2 diabetes
who were inadequately controlled on SGLT-2 inhibitor-
based treatment.

glycaemic control and reduces bodyweight. Additionally,
the trial shows that most patientstolerate concomitant
treatment well.

Implications of all the available evidence

SUSTAIN 9 is the second clinical trial to show that the
concomitant use of GLP-1 receptor agonists and SGLT-2
inhibitors is effective and generally well tolerated in patients
with type 2 diabetes. Combining the distinct modes of action of
these two drugiclasses has beneficial effects on glucose and
weight outcomes. Specifically, the findings of the SUSTAIN 9
trial show that the addition of semaglutide 1-0 mg appears to be
an effective, well tolerated treatment option for patients who
have not reached their therapeutic goals, despite treatment with
an SGLT-2 inhibitor.

Methods

Study design and participants

SUSTAIN 9 was a 30-week, phase 3b, randomised, double-
blind, parallel-group, placebo-controlled trial, done at
61 centres (including hospitals, clinical research units,
and private offices) in six countries (Austria, Canada,
Japan, Norway, Russia, and the USA). The design of the
trial is shown in the appendix.

Patients were considered for enrolment if they were
aged 18 years or older (220 years in Japan), had type 2
diabetes, and had an HDA, level of 7-0-10-0%
(53-86 mmol/mol) at the time of screening. Eligible
patients were required to be on stable treatment
with an SGLI-2 inhibitor (as monotherapy, or with a
sulphonylurea or metformin [21500 mg/day, or the
maximum tolerated dose]), and to have started SGLT-2
inhibitor treatment at least 90 days before screening.
Key exclusion criteria were an estimated glomerular
filtration rate (eGFR) of less than 60 mL/min per 1-73 m2
and the presence of New York Heart Association
class IV heart failure. Patients with proliferative retin-
opathy or maculopathy requiring acute treatment,
verified by fundus photography or dilated fundoscopy
within 90 days before randomisation, were also ex-
cluded. Full inclusion and exclusion criteria are listed
in the appendix.

SUSTAIN 9 was done in compliance with the
International Conference on Harmonisation Good
Clinical Practice guidelines® and the Declaration of
Helsinki.® The trial protocol was approved by the
institutional review board and ethics committee at each
participating centre, and patients provided written
informed consent before trial-related activities started.
The protocol is available in the appendix.

Randomisation and masking

Enrolled patients were randomised (1:1) to receive
either semaglutide 1-0 mg (Novo Nordisk, Bagsvaerd,
Denmark), administered subcutaneously once weekly, or
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volume-matched placebo. Randomisation was done via an
interactive web response system. We stratified patients
according to antidiabetic medication at screening
(sulphonylurea use: yes or no) and region (Japan or other).

Semaglutide and placebo were prepared in visually
identical dosage units to maintain masking throughout
the trial. Patients and site personnel were masked to
treatment. Events of interest were reviewed by an event
adjudication committee in a masked manner. Masking
was performed in accordance with Good Clinical Practice.

Procedures

A screening period of up to 2 weeks was followed by
30 weeks of treatment and 5 weeks of follow-up. For the
first 8 weeks, patients followed a fixed dose-escalation
schedule, in which the maintenance dose of semaglutide
(1-0 mg once weekly) was reached after 4 weeks of
semaglutide 0-25 mg followed by 4 weeks of semaglutide
0-5 mg. Patients in the placebo group followed the same
dose-escalation schedule to maintain masking.

Trial medications were administered subcutaneously,
using a prefilled pen injector, into the thigh, abdomen, or
upper arm. Injections were given on the same day each
week at any time of day, irrespective of meals.

Existing antidiabetic medications, including SGLT-2
inhibitor treatment, were continued for the duration of
the trial. Rescue medication, defined as intensification
of background antidiabetic treatment or the initiation of
new glucose-lowering medications, was administered at
the discretion of the investigator and was consistent
with ADA/EASD guidelines." Such medication could be
offered to patients with confirmed fasting plasma glucose
concentrations of greater than 13- 3 mmol/L (240 mg/dL)
from week 8 to the end of week 13, or greater than
11-1 mmol/L (200 mg/dL) from week 14 to the end of the
trial. Rescue medication was added on to study treatment.
GLP-1 receptor agonists, dipeptidyl peptidase-4
inhibitors, and amylin analogues were not permitted.

Outcomes

The primary outcome was change in HbA,_ from baseline
to week 30, and the confirmatory secondary outcome was
change in bodyweight over the same period. Other
prespecified secondary outcomes endpoints included
change from baseline to week 30 in fasting plasma
glucose concentration; mean (across all meals) seven-
point self-measured blood glucose concentration, and
mean postprandial glucose increment; fasting blood
lipid (total cholesterol, LDL cholesterol, HDL cholesterol,
and triglycerides) concentrations; BMI and waist
circumference; systolic and diastolic blood pressure; and
patient-reported outcome questionnaire scores (Short
Form 36 version 2 and Diabetes Treatment Satisfaction
Questionnaire status version [DTSQs]).

HbA, less than or equal to 6-5% (<48 mmol/mol;
American Association of Clinical Endocrinologists);”
bodyweight loss of at least 5% or at least 10%; the
composite endpoint of HDbA, less than 7-0%
(<53 mmol/mol) without severe (ADA classification®)
orblood glucose-confirmed (<3 -1mmol/L;<55 -8 mg/dL)
symptomatic hypoglycaemia and no weight gain; and
composite endpoints of a decrease in HbA, =1-0%
(=11 mmol/mol) with weight loss of at least 3%, 5%,
or 10%. We also did a post-hoc analysis onthe composite
endpoint of HbA,_ less than 7-0% (<53 mmol/mol) and
weight loss of at least” 5%, without severe or
blood glucose-confirmed symptomatic hypoglycaemia.
A complete list of prespecified supportive secondary
outcomes is included in the appendix.

Safety endpoints included the number of treatment-
emergent adverse events, incidence of severe or blood
glucose-confirmed symptomatic hypoglycaemic episodes,
eGFR, and pulse rate. Fundus photography or dilated
fundoscopy was done at baseline and week 30, or upon
premature discontinuation, to allow comparison with
baseline and the identification of diabetic retinopathy
adverse events. All adverse events were coded using
version 21.0 of the Medical Dictionary for Regulatory
Activities. The protocol contains a full list of all safety
endpoints (appendix).

| 381 patients assessed for eligibility

74 screening failures*
54 did not meet inclusion criteria
24 met exclusion criteria
2 other
5 not assigned (consent withdrawn
before randomisation)

\4

| 302 enrolled and randomly assigned |

v v

151 assigned to semaglutide 1-0 mg
150 exposed

151 exposed

151 assigned to placebo

22 discontinued treatmentt
13 adverse events
3 protocol deviations

12 discontinued treatmentt
3adverse events
4 protocol deviations

128 completed treatment
0 required rescue medications

P 1lost to follow-up P 1lost to follow-up
5other 4other
4 withdrew from trial 4 withdrew from trial
0 deaths 0 deaths
v v
147 completed trial 147 completed trial

139 completed treatment
8 required rescue medication

Figure 1: Trial profile

Completed trial refers to patients who attended the follow-up visit. Completed treatment refers to patients who
did not discontinue treatment prematurely (with or without the addition of rescue medication). *Some patients
had more than one reason for screening failure. tReflects the primary reason for treatment discontinuation,

as judged by the investigator. $One patient that did not complete treatment required rescue medication.

Prespecified clinical treatment targets included pro-
portions of patients achieving the following at
week 30: HbA, less than 7-0% (<53 mmol/mol; ADA);*
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Semaglutide Placebo Total (n=302) Semaglutide Placebo Total
1.0 mg (n=151) (n=151) 1.0mg (n=151) . (n=151) (N=302)
Age, years 57:5(8:9) 56-6 (10-1)  57-0(9'5) (Continued from previous column),
Sex Diabetes complications
Male 89 (58-9%) 87(57:6%) 176 (583%) Diabetic neuropathy 25 (16:6%) 34(225%) 59 (19-5%)
Female 62 (411%) 64 (42:4%) 126 (417%) Diabetic 14(9:3%) 11 (7-3%) 25 (83%)
Race nephropathy
White 100 (66-2%) 109 (722%) 209 (69-2%) Macroangiopathy|| 8 (5:3%) 8(5:3%) 16 (5-3%)
Asian 36 (23-8%) 35(232%)  71(23-5%) Diabetic 13 (8-6%) 25(16:6%) 38 (12:6%)
Black or African 9 (6:0%) 4(2:6%) 13 (43%) retinopathy
American Proliferative 1(0:7%) 0 1(0-3%)
AmericanIndian.or. 2(13%) 0 2 (0-7%) Non-proliferative 12 (7-9%) 25(16:6%) 37 (12:3%)
Alaska native Data are mean (SD) or n (%) for the full analysis set, unless otherwise stated.
Other* 4(2:6%) 3(2:0%) 7(2:3%) SMBG-=self-measured blood glucose. eGFR=estimated glomerular filtration rate.
Ethnicity NA=not available. SGLT-2=sodium-glucose cotransporter-2. *Guyanese (n=1),
. i . . . . Indian (n=1), Latino (n=1), Metis (n=2), Turkish (n=1), and West Indian (n=1).
Hispanic or Latino 9(6:0%) 13 (8:6%) 22(7:3%) ‘teGFR was calculated using the Chronic Kidney Disease Epidemiology
Not Hispanic or 142 (94-0%) 138(91-4%) 280 (927%) Collaboration formula in serum and is expressed as geometric mean (coefficient
Latino of variation). $Data expressed as geometric mean (coefficient of variation).
HbA,, % 8.0(0-8) 8-1(0-8) 8:0(0-8) SIncludes 68 patients on canagliflozin, 106 on dapagliflozin, 102 on
empagliflozin, and 25 on other SGLT-2 inhibitors available only in Japan.
HbA,, mmolfmol 641(8%8) 645(91) 643(90) fIMetformin or metformin hydrochloride. ||Including peripheral vascular
Fasting plasma 91(21) 8-9(22) 90 (2-1) disease.
glucose, mmol/L - —
Seven-point SMBG, 9-9(1:9) 97(17) 9.8(18) Table 1: Baseline characteristics
mmol/L
Seven-point SMBG, 2:4(2-0) 2-3(1.9) 2-4(2-:0) Statistical analysis
:\f:l:q:';fl;fss We calculated that a sample size of 300 would achieve at
b o . . .
Time since diabetes 08(63) 96 89) 07(61) least 99% power.for testing the superiority o.f semaglutide
diagnosis, years versus placebo in change from baseline in HDbA, and
Eomeenis 896 (19:5) 938(223) 917 (21.0) bodyweight (primary and confirmatory secondary hypoth-
BMI, kg/m? 311 (62) 327(69)  319(6:6) eses). The sample size was determined on the basis of
Waist circumference,  105:3(14:0) 1092 (168) 107:2(155) the need t_o cc?llect safety data _from patients tre;jlted. Wlth
m the combination of semaglutide and SGLT-2 inhibitor,
eGFR, mL/min per 94:5 (15-3) 96.0(151) 952 (15-2) with either metformin or sulphonylurea.
173 mt We tested the primary and confirmatory secondary
Lipids, mmol/L endpoints using a closed testing procedure. In multiple
Total cholesterol 4-4(257) 45(255)  45(255) imputation analyses, missing values were imputed using
HDL cholesterol 11(286) 12(233)  11(260) a sequential regression approach for each treatment
LDL cholesterol 23 (40-6) 23(457)  23(431) group separately, assuming that missing data are missing
Triglycerides 17 (60-6) 19(514)  1.8(56-2) at random. ANCOVA was used, with treatment and
Systolic blood 1272 (140) 128:6 (15:0)  127:9 (14-5) stratification factors (use of a sulphonylurea at screening
DIl Q9 [yes or no] and region [Japan or other]) as categorical
Diastolig b'OOdH 77-8 (8:0) 799(95)  788(88) effects, and baseline HbA, (for primary analyses) and
Erissure' mbm : 606 bodyweight (for confirmatory secondary analyses) as
te, beat 711 6(9- 1(10. . . .
n::e rate beatsper 737 (111) 74606 741004) covariates. We used Rubin’s rule to combine the results
Mfoking status fr(}m mul’f;}}l)lz-linp}ltend dda}ta. (appendp(.).. 1
Qe 23 (15.2%) 22 (146%) 45 (149%) wo methodologically distinct sensitivity analyses were
done to test the robustness of the efficacy results. We used
Never 89 (58-9%) 82(543%) 171 (56-6%) .. . . L
) a tipping point analysis to test the sensitivity of the results
Previous 39 (25-8%) 47 (311%) 86 (28-5%) oo . ..
i to the missing at random assumption for missing data.
Haemoglobin, 8:9(9-2) 9:0(103) NA .. . .
mmol/Lt Further sensitivity analyses, using retrieved dropout
Leukocytes, x 10°/Lt 68 (233) 67(260) NA methodology (including responses of patients who
Antidiabetic medication at screening stoPped study treatment and started an alternative
SGLT-2inhibitors 150 (99:3%) 151(100%) 301 (997%) regimen) were prespec1ﬁed. on the primary and
Metformin] 106 (70-2%) 110(728%) 216 (71:5%) conﬁ}rlmatorylsecondary end;fomts, and were als;) dic%ne as
Sulphonylurea 19.(126%) 20032%) 39 (129%) post-hoc analyses on several other measures of efficacy,

(Table 1 continues in next column)

including fasting plasma glucose, self-measured blood
glucose, and the proportion of patients achieving HbA
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Figure 2: Glycaemic and composite outcomes with semaglutide 1-0 mg and placebo at week 30
Data are estimated (A, B, D, E) or observed (SEs; F) means from a multiple imputation analysis, or proportion (%) of patients (C, D, G, H) from an analysis of
covariance, with treatment and stratification factors (use of a sulphonylurea at baseline [yes or no], and region [Japan or other]) as categorical effects, and baseline
HbA,. and bodyweight as covariates. Proportion of patients achieving the composite outcome of HbA,, <7-0% (<53 mmol/mol), with no weight gain and no severe
or blood glucose-confirmed hypoglycaemia (G) or with weight loss 5% and no severe or blood glucose-confirmed hypoglycaemia (H). The proportions of patients
(C, D, G, H) were calculated using multiple imputed observations, with 500 observations for a patient at week 30 combined into one observation per patient per
visit using the mean procedure. Data are for all patients in the full analysis set, except those who discontinued treatment or required rescue medication. Dashed
horizontal lines indicate the overall mean value at baseline. Results of the retrieved dropout sensitivity analyses corresponding to the data shown in figures 2C and
2D are shown in the appendix. ETD=estimated treatment difference.
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Figure 3: Bodyweight outcomes with semaglutide 1-0 mg and placebo at week 30

Data are estimated means from a multiple imputation analysis or proportion of patients from an analysis of covariance, with treatment and stratification factors
(use of a sulphonylurea at baseline [yes or no], and region [Japan or other]) as categorical effects, and baseline HbA, and bodyweight as covariates. The proportions
of patients (C and D) were calculated using multiple imputed observations, with 500 observations for a patient at week 30 combined into one observation per
patient per visit using the mean procedure. Data are for all patients in the full analysis set, except those who discontinued treatment or required rescue medication.
The horizontal dashed line indicates the overall mean value at baseline. Results of the retrieved dropout sensitivity analyses corresponding to the data in figures 3C

and 3D are shown in the appendix. ETD=estimated treatment difference.

targets and weight loss responses (appendix). This
sensitivity analysis used data from the in-trial observation
period.

Safety outcomes were summarised descriptively, using
on-treatment data, for all patients who received at
least one dose of treatment (semaglutide or placebo; ie,
the safety analysis set). Fatal events, cardiovascular
events confirmed by an event adjudication committee,
neoplasms, and diabetic retinopathy were summarised
descriptively using data for all patients in the safety
analysis set obtained from randomisation to the end of
the trial, regardless of treatment exposure or usage of
rescue medication (in-trial data). We used Statistical
Analysis System version 9-4 for all statistical analyses.

The trial is registered with ClinicalTrials.gov, number
NCT03086330.

Role of the funding source

The funder of the study designed the trial, was responsible
for site monitoring, data collection, and data analysis and
interpretation, and funded the preparation and submission
of the manuscript with the assistance of medical writers.
Data were gathered by the site investigators. The first
author (BZ) had full access to all the data in the study and
had final responsibility for the decision to submit for
publication.

Results

Between March 15, and Dec 4, 2017, 302 patients were
enrolled and randomly assigned to semaglutide 1-0 mg
(n=151) or placebo (n=151; the full analysis set), of whom
301 received at least one dose of treatment (the safety
analysis set; figure 1). One patient was assigned to
semaglutide but was not treated (reason unknown).

Of the full analysis set, 294 (97-4%) patients
completed the trial and 267 (88-4%) completed treat-
ment. Eight patients (5-3%) received rescue medication
in the placebo group, all of whom completed treatment.
One patient (0-7%) received rescue medication in
the semaglutide group and subsequently discontinued
treatment.

Baseline characteristics of the two groups were
similar (table 1), with the exception of mean bodyweight,
which was higher in the placebo group than in the
semaglutide group. Baseline values for mean HbA,
were 8-0% (64-1 mmol/mol) for semaglutide and 8-1%
(64-5 mmol/mol) for placebo. The trial population was
predominantly white and included more men than
women. In addition to randomised medication and an
SGLT-2 inhibitor, 216 (71-5%) patients were also taking
metformin, and 39 (12 - 9%) were taking a sulphonylurea.

The prevalence of diabetes complications was similar
between the semaglutide and placebo groups at baseline.
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However, there were fewer patients with a history of
diabetic retinopathy in the semaglutide group than in the
placebo group; most patients with diabetic retinopathy at
screening had non-proliferative disease.

The change in mean HbA, from baseline to week 30
was —1-5% (SE 0-06; -16-9 mmol/mol [0-69]) for
semaglutide and —0-1% (SE 0-07; —1-4 mmol/mol [0-73])
for placebo, yielding an estimated treatment difference of
-1-42% (95% CI -1-61 to —1-24; -15-55 mmol/mol
[-17-54 to —13-56], p<0-0001; figure 2). Semaglutide was
also superior to placebo with respect to the confirmatory
secondary endpoint of change in bodyweight from
baseline to week 30 (—4-7 kg [SE 0-32] for semaglutide vs
—-0-9 kg [SE 0-31] for placebo), with an estimated treat-
ment difference of -3-81 kg (—4-70 to —2-93; p<0-0001;
figure 3). The results of the primary analysis were sup-
ported by sensitivity analyses (appendix).

Greater proportions of patients achieved HbA, less
than 7-0% (<53 mmol/mol) or HbA, less than or equal
to 6-5% (=48 mmol/mol) with semaglutide than with
placebo (figure 2; both p<0-0001). Most patients assigned
to semaglutide achieved HbA, less than 7-0% without
experiencing weight gain or severe or blood glucose-
confirmed hypoglycaemia (figure 2). Reductions in
fasting plasma glucose and self-measured blood glucose
(mean and seven-point postprandial increment) from

with placebo (table 2; p<0-0001 for all comparisons
between treatment groups). Seven-point self-measured
blood glucose profiles at baseline and week 30 are shown
in figure 2.

More patients achieved mean weight reductions of at
least 5% or 10% at week 30 with semaglutide than with
placebo (p<0-0001 for =5%; p=0-0004 for =10%; figure 3),
with the odds ratios for both endpoints being greater than
10. Reductions in mean BMI and waist circumference
from baseline to week 30 were also’ greater with
semaglutide than with placebo (both p<0-0001; table 2).

The proportions of patients who achieved both a re-
duction in HbA, of at least 1.0% (11 mmol/mol) and
weight loss of at least 3%, 5%, or 10% with semaglutide
were 53-6%, 39-1%, and 13:5%, respectively (appendix).
By contrast, fewer than 10% of patients assigned to placebo
achieved any of these endpoints.

Patients randomised to semaglutide had favourable
changes, overall, in blood pressure and lipid con-
centrations (table 2). Although semaglutide was associated
with a reduction of 4.7 mm Hg in mean systolic
blood pressure at week 30, there was a slight increase
(1-6 mm Hg) in the placebo group, resulting in an
estimated treatment difference of -6-32 mm Hg
(p<0-0001). The groups did not differ in terms of change
in mean diastolic blood pressure. Mean total cholesterol,

baseline to week 30 were greater with semaglutide than ~ LDL .~ cholesterol, and triglyceride concentrations
Overall baseline, Semaglutide 1:0 mg  Placebo Estimated treatment  Estimated p value
mean (SD) (n=151) (n=151) difference (95% Cl) treatment ratio
(95% CI)
Change from baseline to week 30
Fasting plasma glucose, 9-0(2-1) -2:2(0-1) 0-0 (0-2) -2:20(-2:62t0-1.78) <0-0001
mmol/L
Seven-point SMBG, mmol/L 9-8(1-8) -2-4(02) -0-4(0-2) -2:06 (-2:49to-1-62) <0-0001
Seven-point SMBG, increment  NA -1-0(0-1) 0-0 (0-1) -1.05 (-1-44 t0 -0-65) <0-0001
across meals, mmol/L
BMI, kg/m? 319 (6:6) -17(0-1) -0-3(0-1) -1.35 (-1-66 to -1-04) <0-0001
Waist circumference, cm 107-2 (15-5) -4-5(0-5) -1.7(0-4) -2-83 (-4-08 to-1-59) <0-0001
Systolic blood pressure, 127-9 (14-5) -4-7 (1-0) 1.6 (1.0) -6-32(-9-12to-3-52) <0-0001
mm Hg
Diastolic blood pressure, 78-8(8-8) -0-9 (0-6) 0-5(0-6) -1-43 (-3:04 to 0-19) - 0-0831
mm Hg
Pulse rate, beats per min 74-1(10-4) 3:4(07) -3(0-7) 3.06 (1-06 to 5:07) . 0-0027
Ratio, week 30 to baseline*
eGFRt, mL/min per1.73 m’ 95-2 (15-2) 0-99(7:7) 100 (7-6) - NA NA
Total cholesterol, mmol/L 4.5 (25-5)F 0-91(0-01) 1-03 (0-02) 0-88(0-85t00-92)  <0-0001
HDL cholesterol, mmol/L 11(26:0)% 0-99 (0-01) 1-01(0-01) 0-98 (0-95t0 1-.02) 0-2846
LDL cholesterol, mmol/L 2:3(43-1)% 0-90 (0-02) 1-04 (0-02) 0-87(0-81t00-93)  <0-0001
Triglycerides, mmol/L 1.8 (56-2)F 0-80 (0-03) 0-98 (0-03) 0-82(0-75t0 0:90)  <0-0001
Unless otherwise stated, data are mean (SE) change from overall baseline mean, estimated treatment difference (ie, semaglutide -placebo), or estimated treatment ratio
(ie, semaglutide/placebo; 95% Cl), from a multiple imputation analysis, using data for all randomised patients (full analysis set) obtained while on treatment and before
onset of rescue medication. For pulse rate and eGFR safety endpoints, data are estimated means and estimated treatment difference using observed and imputed (pulse rate)
or observed (eGFR) data for all patients randomly assigned to treatment who received at least one dose of treatment (safety analysis set) while on treatment.
SMBG=self-measured blood glucose. eGFR=estimated glomerular filtration rate. NA=not available. *Ratios for eGFR are expressed as geometric mean (coefficient of
variation) and, for lipids, as mean (SE). Changes from baseline to week 30 for both eGFR and lipids are shown in the appendix. feGFR was calculated using the Chronic Kidney
Disease Epidemiology Collaboration formula in serum. $Ratio data expressed as geometric mean (coefficient of variation).
Table 2: Selected secondary outcomes
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Semaglutide 1-0 mg (n=150) Placebo (n=151)
n (%) Events (n) Event rate n (%) Events (n) Event rate
per 100 years of per 100 years of
exposure exposure
All adverse events 104 (69-3%) 356 3853 91 (60-3%) 247 256-6
Serious adverse events 7 (47%) 13 141 6 (4:0%) 6 6-2
Fatal adverse events 0 0
Adverse events leading to 13 (8:7%) 23 249 3(2:0%) 3 31
premature treatment
discontinuation
Gastrointestinal adverse events 10 (6-7%) 17 184 (0]
leading to premature treatment
discontinuation
Gastrointestinal adverse events 56 (37-3%) 133 144.0 20(13-2%) 42 436
Severe 2 (1-3%) 3 32 0
Moderate 21 (14-0%) 42 455 5(3:3%) 5 52
Mild 46 (30-7%) 88 95-2 16 (10-6%) 37 384
Gastrointestinal adverse events in =5% of patients by preferred term
Nausea 29 (19-3%) 37 40-0 5(33%) 7 73
Diarrhoea 17 (11:3%) 21 227 9(6:0%) 11 11-4
Vomiting 14(9-3%) 21 227 3(2:0%) 3 31
Constipation 10 (6-7%) 10 10-8 0
Other adverse events of clinical interest
Hypoglycaemia* 17 (113%) 28 30-3 3(2:0%) 4 42
Severe or blood 4.(27%) 4 43 0
glucose-confirmed
hypoglycaemia
Diabetic retinopathy 3(2:0%) 3 32 8(5:3%)t 10 10-4
Neoplasms 4(27%) 4 40 4(2:6%) 5 49
Cardiovascular events 7 (47%) 10 10-0 4(2:6%) 4 40
Medication errors and overdose 2 (13%) 2 22 0
Acute renal failure 1(0-7%) 1 11 0
Hypovolaemia 0 1(0-7%) 1 10
Urinary tract infection 3(2:0%) 3 32 0
Adverse events potentially 6 (4-0%) 7 7-6 3(2:0%) 3 31
leading to lower limb
amputation
Adverse events included events that had onset, or increase in severity, from first exposure to the planned follow-up visit scheduled 5 weeks (with a 7-day visit window)
after the end of treatment visit at week 30 (in-trial data). Severity of adverse events was defined as follows: mild, transient symptoms that do not interfere with daily
activities; moderate, marked symptoms that moderately interfere with daily activities; and severe, unacceptable symptoms that considerably interfere with daily
activities. Severe or blood glucose-confirmed hypoglycaemia was defined as an episode that was severe according to the American Diabetes Association classification;”
blood glucose-confirmed by a plasma glucose value below 3-1 mmol/L (55-8 mg/dL) with symptoms consistent with hypoglycaemia. All adverse events were coded using
the most recent version of the Medical Dictionary for Regulatory Activities. *American Diabetes Association classified, including hypoglycaemia episodes classified as
severe, documented symptomatic, asymptomatic, probable symptomatic, and pseudo-hypoglycaemia. tincludes two patients with established diabetic retinopathy at
baseline. £Diabetic neuropathy, hypoaesthesia, occlusive peripheral arterial disease, osteonecrosis, paraesthesia, and peripheral neuropathy. This was a predefined
MedDRA search.
Table 3: Adverse events

decreased between baseline and week 30 in the
semaglutide group, but not in the placebo group
(between-group difference p<0-0001 for all three lipids;
table 2). Mean HDL cholesterol concentrations did not
differ between groups.

Mean pulse rate increased from baseline to week 30 with
semaglutide but not with placebo (table 2). No clinically
relevant changes in other safety parameters, including
laboratory assessments, physical examinations and electro-
cardiogram readings, were observed.

Semaglutide was associated with greater overall treat-
ment satisfaction compared with placebo, as assessed by
the DTSQs (appendix). Changes in overall DTSQs score
favoured semaglutide, as did changes in score for the
individual components of the DTSQs, except for patients’
perceived frequency of hypoglycaemia (which favoured
placebo) and satisfaction with diabetes understanding
(which did not favour either group). Among patients not
taking a sulphonylurea at baseline, perceptions of low
blood sugar did not differ between groups (estimated
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treatment difference 0-26; -0-04 to 0-56; p=0-09;
appendix).

Changes in health-related quality of life score (assessed
using the Short Form 36 version 2) numerically favoured
semaglutide over placebo. However, significance was only
achieved for the general health domain (appendix).

In the post-hoc analysis, a greater proportion of patients
in the semaglutide group (than in the placebo group)
achieved HbA,, of less than 7-0% (<53 mmol/mol) and
weight loss of at least 5% without severe or blood glucose-
confirmed hypoglycaemia (figure 2).

356 adverse events were reported by 104 (69-3%)
patients in the semaglutide group, and 247 adverse events
were reported by 91 (60 3%) patients in the placebo group
(table 3).

Most adverse events were mild or moderate in
severity. Serious adverse events, and premature treatment
discontinuations due to an adverse event, were un-
common. Serious adverse events were reported by seven
patients (4-7%; 13 adverse events) in the semaglutide
group and six patients (4-0%; six adverse events) in the
placebo group. One patient in the semaglutide group
accounted for seven of the serious adverse events in that
group. 16 patients stopped treatment early because of an
adverse event, 13 of whom were in the semaglutide
group. There were no deaths during the trial.

The most common adverse events in both groups
were gastrointestinal system disorders, which were
experienced by 56 (37-3%) patients in the semaglutide
group and 20 (13-2%) patients in the placebo group
(table 3). The most frequent gastrointestinal adverse
event was nausea, followed by diarrhoea, vomiting, and
constipation; all were more common, among those re-
ceiving semaglutide compared with placebo. Most gastro-
intestinal events with semaglutide were mild or moderate
in severity (table 3), with the highest incidence during
the first 12 weeks of the trial (data not shown).

Severe or blood glucose-confirmed symptomatic hypo-
glycaemia was rare, with four events occurring in
four (2-7%) patients in the semaglutide group, one of
whom was receiving a sulphonylurea (table 3). Only one
of these events was considered severe, according to
ADA criteria,” and occurred in a patient who was not on
a sulphonylurea. No such events were reported in the
placebo group. No cases of incident pancreatitis (acute
or chronic) were reported during the trial.

Adverse events related to diabetic complications were in-
frequent. Events related to diabetic retinopathy were
reported in three (2-0%) patients in the semaglutide group
and eight (5-3%) patients in the placebo group. These
events, which were identified during routine examination,
were mainly mild in severity, and all were reported as non-
proliferative. None required acute treatment. Notably, of
the 11 events related to diabetic retinopathy, only two (both
in the placebo group) occurred in patients who had diabetic
retinopathy at screening. There were no reports of incident
microalbuminuria or macroalbuminuria, and mean eGFR
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did not change between baseline and week 30 in either
group (table 2). There was one event (0-7%) of acute renal
failure (in the semaglutide group), which resolved com-
pletely and was not temporally associated with either the
dose-escalation period or the occurrence of gastrointestinal
adverse events. No lower limb amputations were reported
during the trial.

Neoplasm-related adverse events were reported by
four patients in each group (a total of nine events). Events
were mainly benign, only one (alaryngeal squamous cell
carcinoma in a patient assigned to placebo, confirmed
by an event adjudication committee) was considered
malignant. None were classified as severe, nor were any
considered to be related to study medication.

Discussion

The SUSTAIN 9 trial shows that adding semaglutide to
existing SGLI-2 inhibitor therapy results in significant
and clinically relevant reductions in both HbA, and
bodyweight, compared with placebo, in patients with
uncontrolled type 2 diabetes. Our findings are consistent
with those of previous trials in the SUSTAIN pro-
gramme,**"* showing that the addition of semaglutide
to’existing antidiabetic treatment significantly improves
glycaemic control and promotes weight loss.

Among patients assigned to semaglutide, the re-
ductions in mean HDbA, and bodyweight were 1-5%
(16-9 mmol/mol) and 4.7 kg, from overall baseline
values of 8-0% (64 mmol/mol) and 91-7 kg, respectively.
The estimated treatment difference for bodyweight
(—3-81 kg) is notable because patients in the placebo
group had a higher baseline mean bodyweight than did
those in the semaglutide group. The observed weight
reduction was supported by a significant reduction in
waist circumference with semaglutide relative to placebo.

SUSTAIN 9 showed that the addition of semaglutide
1.0 mg to SGLT-2 inhibitor treatment was associated with
significant reductions in total and LDL cholesterol concen-
trations, and in systolic blood pressure, versus placebo.
The observed reductions in systolic blood pressure were
additional to any changes already achieved with SGLT-2
inhibitor treatment before enrolment in the trial. Improve-
ments in cholesterol concentrations and blood pressure
could be explained by reductions in bodyweight and
glucose, but GLP-1 receptor agonists have also been
shown to regulate cholesterol and triglyceride concen-
trations via several distinct pathways.* Additionally,
numerous mechanisms by which GLP-1 receptor agonists
might reduce blood pressure, involving the vasculature,
myocardium, kidney, and central nervous system, have
been proposed.” However, these pathways have not been
adequately defined, and other mechanisms might also be
involved.

Selected GLP-1receptor agonists (including semaglutide)
and SGLI-2 inhibitors reduce the risk of major adverse
cardiovascular events or other cardiovascular outcome
measures in patients with uncontrolled type 2 diabetes.**
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In SUSTAIN 6, semaglutide was associated with a
26% reduction in the combined risk of non-fatal myocardial
infarction, non-fatal stroke, or cardiovascular death, versus
placebo, in patients with a high baseline level of cardio-
vascular risk. Given the additional effect of semaglutide on
cardiovascular risk factors in patients already receiving
SGLI-2 inhibitor therapy, one could speculate that the
concomitant use of these agents might lead to greater
reductions in cardiovascular events than expected with
either class of agent alone. However, as yet, there are no
data from prospective cardiovascular outcomes trials of
concomitant therapy with a GLP-1 receptor agonist and an
SGLTI-2 inhibitor.

Concomitant therapy with a GLP-1 receptor agonist and
an SGLT-2 inhibitor is an attractive therapeutic approach
in type 2 diabetes, for various reasons. First, these drug
classes reduce glucose concentrations via distinct and
complementary mechanisms of action. Additionally, both
have glucose-dependent effects on glycaemic control, ¥
which translates into low rates of hypoglycaemia, and
both promote weight loss,** albeit to differing degrees.
Agents in both classes have been shown to have
significant favourable effects on cardiovascular risk
factors or cardiovascular outcomes, or both.**

SUSTAIN 9 is the second randomised, placebo-
controlled trial to report on the addition of a GLP-1
receptor agonist to existing SGLT-2 inhibitor therapy. In
the other published trial, AWARD-10,” dulaglutide 0-75
mg or 1-5 mg once weekly was added to SGLI-2 inhibitor
therapy (with or without metformin), and was associated
with significantly greater reductions in HbA, compared
with placebo over 24 weeks (-1-21% [-13-2 mmol/mol]
and -1- 34% [-14-7 mmol/mol] for low-dose and high-dose
dulaglutide, respectively, vs —0-54% [-5-9 mmol/mol] for
placebo). Estimated treatment differences versus placebo
were —0-66% (-7-2 mmol/mol) and -0-79%
(-8-6 mmol/mol) for dulaglutide 0-75 mg and 1-5 mg,
respectively (p<0-0001 for both). Patients randomised to
dulaglutide 1-5 mg lost significantly more weight,
compared with those on placebo (-3-1 kg vs -2-1 kg;
p=0-028), but the difference between dulaglutide 0-75 mg
and placebo was not significant. Differences between
GLP-1 receptor agonist and placebo were more modest in
AWARD-10 than in SUSTAIN 9. A possible explanation
for this is that the full clinical effects of SGLI-2 inhibitor
treatment had not yet been reached at the time of
randomisation in AWARD-10. Although both AWARD-10
and SUSTAIN 9 required patients to have been taking an
SGLTI-2 inhibitor for at least 90 days before enrolment,
only 11% of patients in AWARD-10 had been on SGLT-2
inhibitor treatment for 12 months or more; most (62%)
had been taking it for at least 3 months but less than
6 months. By contrast, the mean duration of prior
treatment with SGLIT-2 in SUSTAIN 9 was about 11
months (data not shown).

In addition to SUSTAIN 9 and AWARD-10, another
randomised controlled trial, DURATION-8,® has

investigated the effects of concomitant therapy with
GLP-1 receptor agonists and SGLT-2 inhibitors. However,
in DURATION-8, treatment with the GLP-1 receptor
agonist and the SGLT-2 inhibitor was coinitiated in those
randomly assigned to concomitant treatment.
Additionally, patients had higher baseline HbA, levels
than in SUSTAIN 9, owing to the exclusion of those with
HbA,_ less than 8-0% (<64 mmol/mol).

The effects of GLP-1 receptor agonists as an add-on to
SGLI-2 inhibitor therapy have been investigated in
two other trials that have yet to report their results.
The main results of these trials, LIRA-ADD2SGLT2i
(NCT02964247) and PIONEER 4 (NCT02863419), are
expected in 2019, and will further add to our under-
standingof the efficacy and safety of concomitant
GLP-1 receptor agonist and SGLI-2 inhibitor therapy.

The safety profiles of both GLP-1 receptor agonists and
SGLI-2 inhibitors are well characterised, with the adverse
events most commonly associated with these drugs being
transient gastrointestinal effects and mycotic genital
infections, respectively. In the present study, treatment
with semaglutide and an SGLI-2 inhibitor appeared
to be well tolerated, with low rates of serious adverse
events and adverse event-related premature treatment dis-
continuations. Gastrointestinal adverse events were mostly
mild or moderate in severity, and tended to occur during
the initial phase of treatment; these effects are well known
to occur during dose escalation with semaglutide.® As
predicted from the glucose-dependent mode of action of
semaglutide, hypoglycaemia was uncommon, with only
one severe hypoglycaemic episode reported. The safety
and tolerability profiles of semaglutide in SUSTAIN 9 were
consistent with those seen in previous trials in the
SUSTAIN programme, and with other GLP-1 receptor
agonists.*"* No new or unexpected safety concerns were
identified.

The SUSTAIN 9 trial has limitations. The trial was of
relatively short duration in the context of type 2 diabetes,
and it is not possible to draw conclusions beyond
30 weeks. Additionally, further analysis is required to
establish whether our findings remain valid for specific
subgroups (defined, among other criteria, by race,
baseline HbA,, and duration of diabetes or type of SGLI-2
inhibitor).

As noted above, GLP-1 receptor agonists and SGLT-2
inhibitors can lower the risk of major cardiovascular events
in people with type 2 diabetes. Although not analysed in
SUSTAIN 9, we believe that cardiovascular biomarkers,
such as NT-proBNP concentrations, and cardiovascular
outcomes in patients receiving concomitant treatment
with a GLP-1 receptor agonist and an SGLI-2 inhibitor
warrant further research. Additionally, concomitant use of
these drug classes could lead to complementary or
synergistic effects (or both), which would be an interesting
topic for further study.

In summary, SUSTAIN 9 found that subcutaneous
semaglutide 1-0 mg once weekly, added on to SGLT-2
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inhibitor-based oral antidiabetic treatment, resulted
in significant and clinically important improvements
in glycaemic control and reductions in bodyweight over
30 weeks in patients with uncontrolled type 2 diabetes.
The addition of semaglutide 1-0 mg appears to be an
effective, well tolerated option for patients who have
not met their therapeutic goals despite treatment with
an SGLT-2 inhibitor.
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