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Introduction: Glucagon-like peptide-1 receptor agonists (GLP-1RAs) are effective treatments for reducing

hemoglobin A1c (HbA1c) in people with type 2 diabetes (T2D), including those with reduced kidney

function.

Methods: This post hoc analysis assessed the HbA1c-lowering efficacy of semaglutide, a GLP-1RA, in

participants with a range of kidney functions in the SUSTAIN 4–6 and 10 (subcutaneous semaglutide) and

PIONEER 5 and 6 (oral semaglutide) clinical trials. Trial-level changes from baseline to end of treatment

(EOT) in HbA1c and body weight (BW) were assessed in participants with estimated glomerular filtration

rate (eGFR) >15 ml/min per 1.73 m2 by subgroups categorized according to baseline eGFR. Adverse events

were also evaluated.

Results: The analysis included 8859 participants. The mean comparator-adjusted reduction in HbA1c from

baseline to EOT with semaglutide ranged from 0.6% to 1.6% points across trials, with similar reductions

across the eGFR subgroups (interaction P-value $ 0.33 for difference between eGFR subgroups within

each trial). Greater weight loss from baseline to EOT with semaglutide versus comparator was observed

across almost all baseline eGFR subgroups, with nominally greater weight loss with lower versus higher

eGFR in SUSTAIN 6 and 10 and PIONEER 5 and 6 (interaction P < 0.05). No new safety concerns with

semaglutide were identified.

Conclusion: The HbA1c-lowering effect of semaglutide in participants with T2D was comparable irre-

spective of eGFR, which ranged upwards from eGFR >15 ml/min per 1.73 m2.
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Commentary on Page 2323
T
he cornerstone of T2D management is glycemic
control.1 Nevertheless, not all glucose-lowering

agents are suitable for all people with T2D and
reduced kidney function. For example, metformin
should not be introduced or, if metformin is already
used, the dose should be reviewed in patients with an
eGFR <45 ml/min per 1.73 m2 and it is contraindicated
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for those with an eGFR of <30 ml/min per 1.73 m2.
Sulfonylureas are associated with greater risk for hy-
poglycemic events in patients with reduced eGFR
comparedwith thosewithout reduced kidney function.2

Sodium–glucose cotransporter-2 inhibitors have
reduced glycemic-lowering efficacy in people with
eGFR<60 ml/min per 1.73 m2 and are not recommended
for use in patients with eGFR<30 ml/min per 1.73 m2.3-6

Semaglutide, a GLP-1RA, is approved in several
countries for the treatment of T2D in 2 different for-
mulations as follows: (i) subcutaneous (s.c.) once-
weekly (OW) and (ii) oral once-daily (OD).7,8 In the
phase 3 SUSTAIN and PIONEER clinical trial programs,
OW s.c. semaglutide and OD oral semaglutide, respec-
tively, consistently demonstrated superior, clinically
2345
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relevant reductions in HbA1c and BW compared with
placebo and active comparators in adults with T2D; the
safety profile of semaglutide was consistent with its
class.9-20 There is no apparent effect of reduced kidney
function or hemodialysis on the pharmacokinetics of
semaglutide,21 and no dose adjustment of semaglutide
(s.c. or oral) is required in patients with reduced kid-
ney function.7,8 These findings are supported by the
placebo-controlled, phase 3a PIONEER 5 trial, in which
oral semaglutide was shown to be effective in patients
with T2D and moderate renal impairment,22 as well as
by studies of other GLP-1RAs, such as dulaglutide.23

The aim of this post hoc analysis was to assess the
glycemic-lowering efficacy of semaglutide in partici-
pants across a range of eGFR levels in the SUSTAIN
(s.c. semaglutide) and PIONEER (oral semaglutide)
clinical trial programs.

METHODS

This post hoc, trial-level analysis considered trials from
the SUSTAIN and PIONEER programs that had enrolled
>10 participants with eGFR <60 ml/min per 1.73 m2.
Six trials met these criteria: SUSTAIN 4, 5, 6, and 10,
and PIONEER 5 and 6. Data were evaluated for each
trial separately and post hoc exploratory analyses were
performed to compare outcomes for all participants
(full analysis set) stratified by baseline eGFR.

Design of the SUSTAIN and PIONEER Trials

The trial designs of SUSTAIN 4–6 and 10, and
PIONEER 5 and 6 have been reported previously and
are summarized in Supplementary Table S1; all trials
were registered with ClinicalTrials.gov (NCT02128932,
NCT02305381, NCT01720446, NCT03191396,
NCT02827708, and NCT02692716). The SUSTAIN trials
investigated s.c. OW semaglutide up to a maximum
dose of 1.0 mg, whereas the PIONEER trials investi-
gated oral OD semaglutide up to a maximum dose of 14
mg.

Participants

The inclusion and exclusion criteria of the trials were
broadly similar. Participants were adults (age $18
years) with T2D and HbA1c 7.0% to 10.0% (SUSTAIN
4 and 5), HbA1c $7% (SUSTAIN 6), HbA1c 7.0% to
11.0% (SUSTAIN 10), and HbA1c 7.0% to 9.5%
(PIONEER 5). In PIONEER 6, HbA1c was not a criterion
for inclusion or exclusion. In the SUSTAIN 6 and
PIONEER 6 cardiovascular (CV) outcomes trials, eligible
participants were aged $50 years old with established
CV disease or chronic kidney disease (CKD), or $60
years old with CV risk factors only. Serum creatinine
was assessed at week –2 for SUSTAIN 4 and 5, and 10,
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and at baseline (week 0) for SUSTAIN 6 and PIONEER 5
and 6, and thereafter at regular intervals throughout
the treatment periods for all trials.

All trials were conducted in compliance with the
Declaration of Helsinki24 and the Guidelines for Good
Pharmacoepidemiology Practices. The protocols were
approved by Independent Local Ethics Committees and
Institutional Review Boards at each participating cen-
ter. Participants provided informed consent before the
commencement of any study-related activities.
eGFR Subgroups

Subgroup cut-offs for baseline eGFR analyses were
based on clinical cut-offs recommended by the Kidney
Disease: Improving Global Outcomes guidelines for
CKD staging.6 The eGFR cut-offs selected (in ml/min
per 1.73 m2) were: <60 and $60 for SUSTAIN 4, 5, and
10 (in which the enrolled study populations did not
include enough renal-impaired participants to statisti-
cally power a lower cutoff group) and <45, 45 to <60,
and $60 for SUSTAIN 6 and PIONEER 5 and 6 (in
which the study populations included participants
with moderate kidney impairment).
Outcomes

Placebo- and active-comparator-adjusted change from
baseline to EOT by baseline eGFR subgroup was
assessed post hoc within each trial for the following:
HbA1c (% points) and BW (% [confirmatory end
points]), systolic BP and diastolic BP (mmHg). Safety
assessments included the incidence of adverse events
(AEs; including gastrointestinal [GI] and severe hypo-
glycemic episodes).
Statistical Analysis

The following parameters were analyzed from baseline:
relative change in HbA1c (% points), change in BW
(%), and change in BP (mmHg). Within each trial, a
linear mixed model with repeated measures across
visits was used to compare absolute estimated change
in the relevant parameter from baseline to EOT be-
tween eGFR subgroups. Data from participants who
were on randomized treatment and without rescue
medication or prematurely discontinued were included
in the analyses, except for SUSTAIN 6 and PIONEER 6,
in which all in-trial data for randomized participants
were included. The model used allocated treatment,
eGFR subgroup, and treatment-by-eGFR subgroup
interaction as fixed effects and relevant baseline values
as covariates, including HbA1c, all nested within
visits, and an unstructured residual covariance matrix.
Change from baseline in HbA1c (% points) at EOT with
baseline eGFR as a continuous variable was also
Kidney International Reports (2022) 7, 2345–2355
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Table 1. Participant disposition and baseline characteristics by trial

Characteristics
SUSTAIN 4
30 wk

SUSTAIN 5
30 wk

SUSTAIN 6
104 wk

SUSTAIN 10
30 wk

PIONEER 5
26 wk

PIONEER 6
£83 wk

Participant disposition, n (%)

Randomizeda 1082 396 3297 577 324 3183

Trial completers 1020 380 3232 569 314 3172

Discontinued treatment 130 (12.0) 43 (10.9) 660 (20.0) 66 (11.4) 41 (12.7) 400 (12.6)

Baseline characteristics, mean (SD)

Age, mean (SD), years 56.5 (10.4) 58.8 (10.1) 64.6 (7.4) 59.5 (10.2) 70.4 (7.9) 66.1 (7.1)

Female, n (%) 508 (47.0) 174 (43.9) 1295 (39.3) 250 (43.3) 168 (51.9) 1007 (31.6)

HbA1c, mean (SD), % 8.2 (0.9) 8.4 (0.8) 8.7 (1.5) 8.2 (1.0) 8.0 (0.7) 8.2 (1.6)

Body weight, mean (SD), kg 93.4 (21.8) 91.7 (21.0) 92.1 (20.6) 96.9 (21.3) 90.8 (17.6) 90.9 (21.2)

Diabetes duration, mean (SD), year 8.6 (6.3) 13.3 (7.8) 13.9 (8.1) 9.3 (5.9) 14.0 (8.0) 14.9 (8.5)

eGFR (CKD-EPI), mean (SD) 96.1 (17.8) 90.3 (18.6) 75.7 (22.9) 92.4 (17.3) 47.6 (9.7) 74.2 (21.0)

Kidney impairment, n (%)

None (eGFR $90) 751 (69.4) 229 (57.8) 1119 (33.9) 369 (64.0) 0.0 919 (28.9)

Mild (eGFR $60 to <90) 288 (26.6) 138 (34.8) 1308 (39.7) 179 (31.0) 31 (9.6) 1389 (43.6)

Moderate (eGFR $30 to <60) 43 (4.0) 29 (7.3) 733 (22.2) 29 (5.0) 285 (88.0) 827 (26.0)

Severe (eGFR $15 to <30) 0.0 0.0 100 (3.0) 0.0 8 (2.5) 28 (0.9)

Metformin use at baseline, n (%) 1082 (100) 330 (83.3) 2414 (73.3) 547 (94.8) 242 (74.7) 2464 (77.4)

SBP, mmHg, mean (SD) 132.1 (15.3) 134.8 (16.0) 135.6 (17.1) 136.4 (14.8) 137.5 (15.1) 135.6 (17.6)

DBP, mmHg, mean (SD) 79.9 (8.5) 79.0 (9.8) 70.0 (10.0) 81.2 (9.4) 77.6 (9.1) 76.0 (10.1)

UACR, mg/g, geometric mean (% covariance) 14.7 (257.2) 23.1 (373.3) 24.2 (743.8) Not available Not available Not available

CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate (measured in ml/min per 1.73 m2); HbA1c, he-
moglobin A1c; SBP, systolic blood pressure; UACR, urinary albumin–creatinine ratio.
aRandomized with a valid eGFR value at baseline.
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analyzed using a mixed model with repeated measures
quadratic spline function.

Data from all trials were analyzed separately. Data
for participants receiving semaglutide 0.5 mg and 1.0
mg in SUSTAIN 4, 5, and 6 were pooled within each
individual trial in the analyses, where relevant. The
interaction P-value for treatment-by-eGFR was evalu-
ated at EOT. P < 0.05 was considered statistically
significant. No adjustment for multiplicity was
performed.

Role of the Funding Source

The sponsor, Novo Nordisk, designed the clinical trials
and was responsible for site monitoring, data collec-
tion, data analysis, and data interpretation. The
sponsor also funded editorial support, provided by
independent medical writers. All authors participated
in designing the post hoc analyses, planning and review
of the manuscript and had full access to all the data in
the studies on request. Author, Søren Rasmussen (Novo
Nordisk) takes responsibility for the integrity and ac-
curacy of the data analysis. The authors made the final
decision to submit for publication.

RESULTS

Disposition and Baseline Characteristics

Across the SUSTAIN 4–6 and 10, and PIONEER 5 and 6
trials, adults with T2D were randomly assigned to
receive OW semaglutide, OD semaglutide 14 mg, active
comparator, or placebo (Supplementary Table S1). A
Kidney International Reports (2022) 7, 2345–2355
total of 8859 participants were included in the analyses
from the 6 trials investigating OW or OD semaglutide
versus comparators (Table 1); SUSTAIN 4 (OW sem-
aglutide vs. OD insulin glargine); SUSTAIN 5 (OW
semaglutide vs. placebo); SUSTAIN 6 (OW semaglutide
vs. placebo); SUSTAIN 10 (OW semaglutide vs. OD
liraglutide); PIONEER 5 (OD semaglutide vs. placebo);
and PIONEER 6 (OD semaglutide vs. placebo). The
baseline characteristics of participants are summarized
by trial and baseline eGFR in Supplementary Table S2.
Mean baseline HbA1c ranged from 8.0% to 8.7%, and
mean baseline BW ranged from 90.8 kg to 96.9 kg.
Larger proportions of participants in SUSTAIN 6
(25.2%), PIONEER 5 (90.5%), and PIONEER 6 (26.9%)
had moderate-to-severe kidney impairment (i.e.,
eGFR $15–<60 ml/min per 1.73 m2) than in SUSTAIN
4 (4.0%), SUSTAIN 5 (7.3%), and SUSTAIN 10 (5.0%).
Across trials, participants with a lower baseline eGFR
were generally older and less likely to be receiving
metformin at baseline than those with a higher baseline
eGFR.
HbA1c

The mean placebo- and active comparator-adjusted
reduction in HbA1c from baseline to EOT with sem-
aglutide ranged from 0.6% points to 1.6% points
across trials and eGFR subgroups and, within each
trial, placebo- and active comparator-adjusted mean
reductions in HbA1c were similar across the eGFR
subgroups (interaction P $ 0.33 for difference between
2347



Figure 1. Mean placebo (a) and active-comparator-adjusted (b) change in HbA1c from baseline to EOT with semaglutide, by eGFR subgroup.
*Interaction between treatment and HbA1c at EOT. Data are from the full analysis set. Data from participants who were on randomized
treatment and without rescue medication or prematurely discontinued were included in the analyses, except for SUSTAIN 6 and PIONEER 6, for
which all in-trial data for randomized participants were included. eGFR, estimated glomerular filtration rate; EOT, end of treatment; HbA1c,
hemoglobulin A1c; N, number of participants in the full analysis set who received semaglutide; n, number of participants who received
semaglutide and contributed to the analysis.
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eGFR subgroups within each trial) (Figure 1a and b).
When treatment difference was analyzed with eGFR as
a continuous variable, the results were broadly
consistent across trials regardless of baseline eGFR
(Supplementary Figure S1). Reductions in HbA1c from
baseline to EOT within each trial were also similar
across the eGFR subgroups in participants in the sem-
aglutide and comparator arms (placebo, liraglutide, and
insulin glargine) and ranged from 1.0% points to 1.7%
points in participants treated with semaglutide
(Supplementary Figure S2).

Body Weight Changes

The mean placebo- and active comparator-adjusted
relative change in BW from baseline to EOT with
semaglutide ranged from –8.2% to þ0.2% across trials
and eGFR subgroups (Figure 2a and b). Reductions in
BW were observed with semaglutide treatment in all
2348
the eGFR subgroups except for the $60 ml/min per
1.73 m2 subgroup in PIONEER 5. The treatment-by-
subgroup interaction test indicated statistically signif-
icant differences between the baseline eGFR subgroups
in SUSTAIN 6 and 10 and PIONEER 5 and 6 (interaction
P < 0.05), such that weight loss was nominally greater
in the subgroup with a lower eGFR.
Blood Pressure Changes

Across trials and eGFR subgroups, the mean placebo-
and active comparator-adjusted change from baseline to
EOT with semaglutide ranged from –14.4 to –0.3
mmHg for systolic BP and from –4.3 to 1.0 mmHg for
diastolic BP (Figure 3a-d). Across trials, there was
generally a homogeneous effect of baseline eGFR level
on treatment differences in change of BP from baseline,
as indicated by the interaction test between treatment
Kidney International Reports (2022) 7, 2345–2355



Figure 2. Relative change from baseline to EOT in BW (%) in placebo (a) and active comparator (b) trials. *Interaction between treatment and
BW at EOT. Data are from the full analysis set. Data from participants who were on randomized treatment and without rescue medication or
prematurely discontinued were included in the analyses, except for SUSTAIN 6 and PIONEER 6, for which all in-trial data for randomized
participants were included. BW, body weight; eGFR, estimated glomerular filtration rate; EOT, end of treatment; N, number of participants in the
full analysis set who received semaglutide; n, number of participants who received semaglutide and contributed to the analysis.
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and eGFR subgroups, with the exception of systolic BP
in SUSTAIN 10 (interaction P-value ¼ 0.01).
Safety

A summary of AEs in SUSTAIN 4–6 and 10, and
PIONEER 5 and 6 is shown in Tables 2 to 4. Generally,
a higher proportion of participants had serious AEs in
the patients with eGFR <60 ml/min/1.73 m2 versus
those with eGFR $60 ml/min/1.73 m2 across treatment
arms (Supplementary Table S3). The proportion of
participants treated with semaglutide who reported GI
AEs ranged from 16.2% to 55.6%, with comparable
rates across eGFR subgroups. Severe hypoglycemic
episodes were uncommon. Numerically, eGFR <60 ml/
min/1.73 m2, was associated with a greater risk for
hypoglycemia comparedwith eGFR$60ml/min/1.73m2

across all treatment arms. Fatal events were clustered in
the 2 CV outcomes trials, SUSTAIN 6 and PIONEER 6.
In SUSTAIN 6, the proportions of deaths were higher
Kidney International Reports (2022) 7, 2345–2355
in the 2 subgroups with eGFR <60 ml/min per 1.73 m2

compared with the subgroup with eGFR $60 ml/min
per 1.73 m2 in both the semaglutide and the placebo
arms.
DISCUSSION

This post hoc trial-level analysis of the trials from the
SUSTAIN and PIONEER programs showed the
HbA1c-lowering effect of semaglutide appears to be
consistent across different baseline eGFR subgroups
in participants with T2D. Participant baseline char-
acteristics were similar for all the eGFR subgroups,
except for small differences between HbA1c and BW,
and participants with a lower eGFR tended to be
older with a longer duration of diabetes than those
with a higher eGFR. When analyzed by randomiza-
tion arm, reductions in HbA1c with semaglutide
were superior to those with either active comparator
2349



Figure 3. Change from baseline to EOT in (a, b) systolic and (c, d) diastolic blood pressure parameters in placebo (a, c) and active comparator
(b, d) trials. *Interaction between treatment and eGFR at EOT. Data are from the full analysis set. Data from participants who were on ran-
domized treatment and without rescue medication or prematurely discontinued were included in the analyses, except for SUSTAIN 6 and
PIONEER 6, for which all in-trial data for randomized participants were included. DBP, diastolic blood pressure; eGFR, estimated glomerular
filtration rate; EOT, end of treatment; N, number of participants in the full analysis set who received semaglutide; n, number of participants who
received semaglutide and contributed to the analysis; SBP, systolic blood pressure.
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Table 2. Summary of adverse events in SUSTAIN 4 and 5a

Study SUSTAIN 4 SUSTAIN 5

Baseline eGFR (CKD-EPI)

<60 ‡60 <60 ‡60

Semaglutide
(n [ 29)

Insulin glargine
(n [ 14)

Semaglutide
(n [ 693)

Insulin
glargine

(n [ 346)
Semaglutide
(n [ 20)

Placebo
(n [ 9)

Semaglutide
(n [ 243)

Placebo
(n [ 124)

AEs 23 (79.3) 10 (71.4) 497 (71.7) 231 (66.8) 18 (90.0) 5 (55.6) 157 (64.6) 74 (59.7)

Serious AEs 4 (13.8) 0 (0) 36 (5.2) 18 (5.2) 4 (20.0) 1 (11.1) 16 (6.6) 8 (6.5)

Severe AEs 3 (10.3) 0 (0) 46 (6.6) 10 (2.9) 3 (15.0) 1 (11.1) 12 (4.9) 5 (4.0)

Fatal AEs 0 (0) 0 (0) 4 (0.6) 2 (0.6) 0 (0) 0 (0) 0 (0) 0 (0)

GI AEs 14 (48.3) 2 (14.3) 291 (42.0) 52 (15.0) 8 (40.0) 3 (33.3) 73 (30.0) 18 (14.5)

Severe hypoglycemic episodes (ADA) 0 (0) 0 (0) 7 (1.0) 5 (1.4) 1 (5.0) 1 (11.1) 2 (0.8) 0 (0)

Acute kidney failure 0 (0) 0 (0) 4 (0.6) 0 (0) 1 (5.0) 1 (11.1) 1 (0.4) 1 (0.8)

AE leading to premature treatment
discontinuation

3 (10.3) 0 (0) 43 (6.2) 5 (1.4) 1 (5.0) 0 (0) 14 (5.8) 1 (0.8)

ADA, American Diabetes Association; AE, adverse event; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated glomerular filtration rate (measured in ml/min
per 1.73 m2); GI, gastrointestinal.
aAEs are included for participants with $1 event.
Data are n (%) and are from the full analysis set.
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(insulin glargine or liraglutide) or with placebo for
all eGFR subgroups, and reductions in BW were also
significantly greater with semaglutide versus placebo
and active comparators across all but 1 of the sub-
groups. In some trials there was a trend that
reductions in BW (from a mean baseline BW of
90.8–96.9 kg across the SUSTAIN and PIONEER trials
included) appeared to be greater in the subgroups with
a lower eGFR than in subgroups with a higher eGFR.
This indicative finding warrants further investigation.
No significant effect of baseline eGFR level on the
change from baseline in systolic BP or diastolic BP was
observed.

A pooled analysis of results from clinical trials with
exenatide extended-release (another OW GLP-1RA), in
participants with T2D and stage 2 (mild renal
impairment; eGFR $60 to <90 ml/min per 1.73 m2) or
3 CKD (moderate renal impairment; eGFR $30 to <60
ml/min per 1.73 m2), showed that changes from
baseline to EOT in HbA1c, BW, and systolic BP were
Table 3. Summary of adverse events in SUSTAIN 6 and 10a

Study SUSTAIN 6

Baseline eGFR (CKD-EPI)

<60

Semaglutide
(n [ 416)

Placebo
(n [ 427)

Semaglutid
(n [ 1215

AEs 380 (91.3) 394 (92.3) 1076 (88.6

Serious AEs 182 (43.8) 194 (45.4) 378 (31.1

Severe AEs 138 (33.2) 148 (34.7) 265 (21.8

Fatal AEs 23 (5.5) 22 (5.2) 39 (3.2)

GI AEs 229 (55.0) 165 (38.6) 612 (50.4

Severe hypoglycemic episodes (ADA) 11 (2.6) 18 (4.2) 14 (1.2)

Acute kidney failure 39 (9.4) 39 (9.1) 25 (2.1)

AE leading to premature treatment
discontinuation

71 (17.1) 37 (8.7) 143 (11.8

ADA, American Diabetes Association; AE, adverse event; CKD-EPI, Chronic Kidney Disease Epi
per 1.73 m2); GI, gastrointestinal.
aAEs are included for participants with $1 event.
Data are n (%) and are from the full analysis set.
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similar in all the CKD subgroups receiving exenatide,
which is consistent with our findings. AEs leading to
treatment discontinuation also appeared more likely
with GLP-1RA treatment versus comparators; this ef-
fect was not more pronounced in those with renal
impairment.25

In most of the trials, a higher proportion of partici-
pants in the subgroups with lower eGFR experienced
AEs than in the subgroups with higher eGFR. Because
this finding was consistent with semaglutide, placebo,
and the active comparators, this was possibly related to
the greater burden of comorbidities in the subgroups
with lower eGFR. GI AEs were more common in partic-
ipants receiving semaglutide than in those receiving
placebo or active comparator. These AEs were generally
similar across eGFR subgroups, suggesting that baseline
eGFR does not greatly affect GI tolerability. These find-
ings were consistent with a single-center, single-dose,
parallel-group, open-label trial of patients with varying
degrees of renal impairment receiving OD subcutaneous
SUSTAIN 10

‡60 <60 ‡60

e
)

Placebo
(n [ 1212)

Semaglutide
(n [ 14)

Liraglutide
(n [ 15)

Semaglutide
(n [ 276)

Liraglutide
(n [ 272)

) 1081 (89.2) 13 (92.9) 13 (86.7) 192 (69.6) 177 (65.1)

) 429 (35.4) 0 (0) 1 (6.7) 18 (6.5) 22 (8.1)

) 258 (21.3) 2 (14.3) 2 (13.3) 16 (5.8) 15 (5.5)

38 (3.1) 0 (0) 0 (0) 0 (0) 0 (0)

) 414 (34.2) 7 (50.0) 5 (33.3) 120 (43.5) 105 (38.6)

11 (0.9) 0 (0) 0 (0) 0 (0) 0 (0)

28 (2.3) 0 (0) 1 (6.7) 0 (0) 0 (0)

) 73 (6.0) 4 (28.6) 1 (6.7) 29 (10.5) 19 (7.0)

demiology Collaboration; eGFR, estimated glomerular filtration rate (measured in ml/min
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Table 4. Summary of adverse events in PIONEER 5 and 6a

Study PIONEER 5 PIONEER 6

Baseline eGFR (CKD-EPI)

<60 ‡60 <60 ‡60

Semaglutide
(n [ 148)

Placebo
(n ¼ 145)

Semaglutide
(n [ 15)

Placebo
(n [ 16)

Semaglutide
(n [ 434)

Placebo
(n [ 422)

Semaglutide
(n [ 1150)

Placebo
(n [ 1158)

AEs 113 (76.4) 98 (67.6) 9 (60.0) 11 (68.8) 202 (46.5) 158 (37.4) 453 (39.4) 370 (32.0)

Serious AEs 19 (12.8) 16 (11.0) 1 (6.7) 2 (12.5) 117 (27.0) 120 (28.4) 207 (18.0) 249 (21.5)

Severe AEs 9 (6.1) 13 (9.0) 1 (6.7) 2 (12.5) 81 (18.7) 86 (20.4) 147 (12.8) 130 (11.2)

Fatal AEs 0 (0) 1 (0.7) 1 (6.7) 1 (6.3) 12 (2.8) 23 (5.5) 13 (1.1) 23 (2.0)

GI AEs 69 (46.6) 24 (16.6) 5 (33.3) 4 (25.0) 81 (18.7) 21 (5.0) 186 (16.2) 52 (4.5)

Severe hypoglycemic episodes (ADA) 0 (0) 0 (0) 0 (0) 0 (0) 13 (3.0) 3 (0.7) 13 (1.1) 13 (1.1)

Acute kidney failure 4 (2.7) 3 (2.1) 0 (0) 0 (0) 13 (3.0) 12 (2.8) 10 (0.9) 10 (0.9)

AE leading to premature treatment
discontinuation

22 (14.9) 8 (5.5) 2 (13.3) 0 (0) 139 (32.0) 89 (21.1) 285 (24.8) 178 (15.4)

ADA, American Diabetes Association; AE, adverse event; CKD-EPI, Chronic Kidney Disease Epidemiology Collaboration; eGFR, estimated glomerular filtration rate (measured in ml/min
per 1.73 m2); GI, gastrointestinal.
aAEs are included for participants with $1 event.
Data are n (%) and are from the full analysis set.
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liraglutide, in which GI-related AEs were similar in pa-
tients across eGFR subgroups.26 Severe hypoglycemic
episodes were rare and did not appear to be affected by
baseline eGFR. Despite this, the risk of hypoglycemia
was more often numerically higher in patients with low
eGFR (<60ml/min per 1.73 m2), which is consistent with
other published studies.27 Although a higher proportion
of patients discontinued treatment because of AEs with
semaglutide versus comparators, discontinuation
because ofAEs seemed to bemore likely in the subgroups
with lower eGFR versus higher eGFR, and this tendency
was more pronounced with both semaglutide and
comparators.

In addition to its beneficial effects on HbA1c and
weight, semaglutide has been shown in CV outcomes
trials to have cardio-kidney benefits.28,29 Other GLP-
1RAs have also been shown to have cardio-kidney
benefits.29-35 In a systematic review and meta-analysis
of 7 CV outcomes trials, GLP-1RAs were shown to
improve a broad composite kidney disease outcome
(development of new-onset macroalbuminuria, decline
in eGFR [or increase in creatinine], progression to end-
stage kidney disease, or death attributable to kidney
causes) by 21%.32 In this analysis, the cardioprotective
effects on major adverse CV events (a composite of CV
death, stroke, or myocardial infarction) were consistent
across the CKD subgroups tested, including baseline
eGFR <60 ml/min per 1.73 m2 versus $60 ml/min per
1.73 m2. The results from our analysis, and from other
studies,30-35 support the hypothesis that GLP-1RAs
may have kidney-protective properties – a concept
that is being tested in dedicated clinical trials.

The observations on kidney protection with GLP-
1RAs have already been translated to clinical practice
guidelines in the American Diabetes Association Stan-
dards of Care 2021.1 In addition, according to the
Kidney Disease: Improving Global Outcomes guidelines,
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a GLP-1RA is the preferred glucose-lowering agent
for patients with diabetes and eGFR <30 ml/min per
1.73 m2. The European Society of Cardiology and the
European Association for the Study of Diabetes guide-
lines also recommend that treatment of diabetes with
liraglutide, dulaglutide or semaglutide can be consid-
ered in patients with eGFR>15 ml/min per 1.73 m2. The
current report, in demonstrating both a consistent gly-
cemic lowering with semaglutide treatment and a
consistent safety profile with the GLP-1RA class in the
setting of CKD, is important in the context of the po-
tential greater use of such therapies in nephrology-
focused clinical practice.

Our analysis examined multiple trials across the
semaglutide phase 3 trial programs, which included
participants with a wide range of kidney function.
Nevertheless, an important limitation is that the anal-
ysis was performed post hoc, and some of the subgroups
examined contained small numbers of participants,
which hinders the interpretation of some results. In
addition, the trials included had not been designed to
address kidney status, so were not powered to evaluate
effects on CKD outcomes. In some of the PIONEER
trials, for example, urinary albumin–to–creatinine ratio
data were not collected. Furthermore, comparators
across trials differed, as did trial length, population,
and CV and CKD risk. A further limitation of the
analysis is the missing data that resulted from patients
discontinuing the trial because of AEs and, in partic-
ular, because of fatal AEs. Lastly, there were small
differences in baseline HbA1c values between the eGFR
subgroups in the trials, which was a limitation because
baseline HbA1c may impact the effect of a treatment on
HbA1c level.

This post hoc analysis demonstrates the anti-
hyperglycemic effect of semaglutide in participants with
T2D and reduced kidney function. Beyond this analysis,
Kidney International Reports (2022) 7, 2345–2355
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the potential benefit of semaglutide in delaying the pro-
gression of kidney impairment in participants with T2D
and CKD is the subject of the ongoing FLOW study
(NCT03819153), which has primary kidney disease end
points. In addition, the mechanistic REMODEL trial
(NCT04865770) aims to assess the potential mode of action
of semaglutide using advanced imaging modalities and
kidney biopsy studies in subjects with T2D and CKD.
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