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Abstract: Chronic kidney disease (CKD) affects around 10% of the global population and

is most often caused by diabetes. Diabetes with CKD (diabetic kidney disease, DKD) is a
progressive condition that may cause kidney failure and which contributes significantly to the
excess morbidity and mortality in these patients. DKD is treated with direct disease-targeting
therapies like blockers of the renin-angiotensin system, sodium-glucose cotransporter-2
(SGLT-2] inhibitors and non-steroidal mineralocorticoid receptor antagonists as well as
indirect therapies impacting hyperglycaemia, dyslipidaemia, obesity and hypertension,

which all together reduce disease progression. While no glucagon-like peptide-1 (GLP-1)
receptor agonists (RAs] are currently indicated to improve kidney outcomes, accumulating
evidence from cardiovascular outcomes trials (CVOTs) corroborates a kidney-protective effect
in people with T2D and CKD, and GLP-1 RAs are now mentioned in international treatment
guidelines for type 2 diabetes (T2D) with CKD. GLP-1 RAs are indicated to improve glycaemia
in people with T2D; certain GLP-1 RAs are also approved for weight management and to
reduce cardiovascular risk in T2D. Ongoing pivotal trials are assessing additional indications,
including T2D with CKD. In this article, we review and discuss kidney outcomes from a
multitude of completed clinical trials as well as real-world evidence and ongoing clinical

trials.
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Introduction

Diabetes is the most common cause of chronic
kidney disease (CKD),! and diabetes with CKD
is often referred to as diabetic kidney disease
(DKD).%3 DKD is a serious progressive disease
that contributes markedly to the high burden of
morbidity or mortality associated with diabetes.?*
While undiagnosed in a large group of the affected
individuals, the estimated worldwide prevalence
of CKD is around 9-10% of the total population
based on data from 20174 with some projections
suggesting an even higher occurrence.> Around
30% of people with type 1 diabetes and 40% of
those with type 2 diabetes (T2D) develop DKD.¢

DKD is the most prevalent cause of kidney fail-
ure, accounting for almost 50% of all cases.”8

The pathophysiology of CKD and DKD is not
described in all details, and it is often not
possible to fully separate the two definitions.!-
Accordingly, while we in the present review use the
DKD term, others have argued that describing the
condition as ‘diabetes with CKD’ better reflects
that the dysfunctional kidney in people with dia-
betes and kidney disease may in some cases be the
result of various acute and chronic conditions
not specifically caused by diabetes, such as acute
kidney injury, glomerular atherosclerosis and
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kidney-specific vascular disease.? Nevertheless,
the interrelated metabolic derangements associ-
ated with especially T2D, such as hyperglycaemia,
dyslipidaemia, obesity and hypertension play a
major role in the aetiology of DKD.2 The prevail-
ing hypothesis is that DKD represents the renal
manifestation of the toxic excess glucose levels
characterising type 1 diabetes and T2D alike,
which leads to diverse pathogenic processes
throughout the body, including in the endothelial
cells in the kidney and elsewhere. In CKD, includ-
ing DKD, the ensuing renal dysfunction mani-
fests clinically as excess urinary excretion of
proteins, including albumin, and reduced glomer-
ular filtration rate (GFR),2 both of which are indi-
vidual risk markers for CKD and cardiovascular
disease (CVD) progression.%10

The recent introduction of sodium-glucose
cotransporter-2 (SGLT-2) inhibitors!’:12 and a
third-generation, non-steroidal mineralocorticoid
receptor antagonist, finerenone,!?13 has greatly
improved the treatment armamentarium for
DKD. Some SGLT-2 inhibitors have been
proven effective in reducing the risk of kidney fail-
ure and cardiovascular events.!41¢ Nevertheless,
current treatment options remain sparse and of
insufficient efficacy on preventing progression of
CKD; people with DKD continue to experience
declining kidney function, they often suffer from
poor health-related quality of life, and some ulti-
mately develop kidney failure and a need for kid-
ney replacement therapy.* Thus, additional
efficacious and well-tolerated therapeutic strate-
gies to prevent or manage DKD are still needed.

In this article, we review current evidence sup-
porting the use of glucagon-like peptide-1 recep-
tor agonists (GLP-1 RAs) as kidney-protective
agents in the management of T2D with CKD.
GLP-1 RAs are efficacious and well-tolerated
glucose-lowering agents regardless of kidney
function.!” In addition, GLP-1 RAs have proven
benefits on weight loss, and certain members of
the drug class reduce cardiovascular risk.!”
Because no dedicated kidney outcomes trial has
yet been completed with GLP-1 RAs, none of
the agents are currently indicated to improve
kidney outcomes. However, one such outcomes
trial is ongoing with the GLP-1 RA semaglutide
(FLOW, Clinicaltrials.gov ID NCT03819153).
At this time, the drug class is recommended as
second-line therapy (after metformin and
SGLT-2 inhibitors) in current guidelines to

improve glycaemic control and reduce cardiovas-
cular risk in people with T2D and CKD.!8:1°

The GLP-1 RA drug class

GLP-1 is a hormone of the incretin system and is
secreted from the L-cells of the intestines upon
food intake. The biology of the hormone has been
comprehensively reviewed by others.2? Briefly
(Figure 1), GLP-1 receptors are present in many
tissues; however, their current therapeutic use
in diabetes primarily exploits the ability of GLP-1
to reduce blood glucose by potentiating insulin
release and by reducing glucagon secretion,
both in a blood glucose-dependent manner.
Furthermore, because GLP-1 increases satiety via
effects in the brain, the drug class has also been
developed for weight management, that is, weight
reduction and maintenance in people with obesity
or overweight. The half-life of endogenous GLP-1
is short (1-2min), mainly due to the rapid degra-
dation by dipeptidyl peptidase IV (DPP-IV). The
pharmacological use of GLP-1 has been made
possible by the discovery of the exendin-4 peptide
in the Gila monster; this peptide activates the
human GLP-1 receptor but is resistant to DPP-
IV-mediated degradation. In addition, human
native GLP-1 has been modified using recombi-
nant technologies to also resist DPP-IV degrada-
tion and, for example, to facilitate the formation
of circulating albumin-bound depots for even
longer durations of action following subcutane-
ous (s.c.) or oral administration.

The GLP-1 RA drug class comprises the exendin-
4-based peptides exenatide, lixisenatide and efpe-
glenatide, and the human recombinant peptide
RAs dulaglutide, liraglutide and semaglutide
(Table 1). These agents are indicated (or currently
in development as regards efpeglenatide) to
improve glycaemic control in people with T2D!7
and for weight management (liraglutide and sema-
glutide).?22 Certain GLP-1 RAs are available to
reduce incident cardiovascular risk in people with
T2D and established CVD or multiple cardiovas-
cular risk factors (dulaglutide, liraglutide and
once-weekly s.c. semaglutide).2> Most GLP-1 RAs
are administered via s.c. injections on a daily or, for
the newer-generation GLP-1 RAs, weekly basis. A
tablet-based once-daily option for oral administra-
tion is available for semaglutide.?* Finally, albiglu-
tide, a GLP-1 RA constructed as a GLP-1/albumin
fusion protein was previously marketed in the
United States and EU for use inT2D.?>
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Figure 1. Potential kidney-protective and other effects of GLP-1 receptor agonists.

Chronic kidney disease can have multiple causes, including those associated with diabetes, such as chronic hyperglycaemia,
overweight or obesity, chronic inflammation and hypertension. GLP-1 RA treatment improves glycaemic control, and
reduces, body weight, inflammation and hypertension. These effects are suggested to help prevent or attenuate progression
of kidney disease. GLP-1 RA therapy may also address chronic kidney disease directly, and can also impact several other
tissues and organs, including the heart and vasculature, as well as the brain, liver, pancreas and others. Dashed arrows
indicate putative effects and actions; full-line arrows indicate well-established effects of GLP-1 RAs on key target organs
and tissues. The GLP-1 RA depicted is semaglutide bound to the extracellular domain of the GLP-1 receptor (GLP-1R];
rendered in ChimeraX based on the crystal structure published as 4zgm (PDB). Additional details are available in the text.
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Table 1. Cardiovascular outcomes trials for GLP-1 receptor agonist.
Compound Indication(s) and dose Cardiovascular outcomes trials (type 2 diabetes indication)
Baseline characteristics
Population eGFR SBP/ HbA,. BMI Age
and median (ml/ DBP (%) (kg/m2?) [years)
follow-up  min/1.73 (mmHg)
m?)
Exendin-4-based GLP-1 receptor agonists
Lixisenatide T2D: 10 or 20 ug ELIXAZ26 T2D+ACS 78 129/78 7.7 30 60
per day, s.c. n=6068 2.1years
Exenatide T2D: 2mg per week, s.c.  EXSCEL? T2D+CVD 77 135/76 8.1 33 62
n=14,752 3_2year5
Efpeglenatide N/A; 4 or 6mg per week, AMPLITUDE-0% T2D =+ CVD 72 135/77 8.9 33 65
s.C. n=4076 1.8years
Human-based GLP-1 receptor agonists
Dulaglutide T2D: 1.5 or 3mg per REWIND?? T2D + CVD 78 137/79 7.3 32 b6
week, s.c. n=9901 5.4years
CVD: 1.5 or 3mg per
week, s.c.
Liraglutide T2D: 1.2 or 1.8mg per LEADER?30 T2D = cvD 80 136/77 8.7 33 b4
day, s.c. n=9340 3.8years
WM: 3.0mg per day, s.c.
CVD: 1.2 or 1.8 mg per
day, s.c.
Semaglutide, s.c. T2D: 0.5 or 1mg per SUSTAIN 63 T2D + CVD 76 136/77 8.7 38 65
week, s.c. n = 3297 2.1years
WM: 2.4 mg per week, s.c.
CVD: 0.5 or 1 mg per
week, s.c.
Semaglutide, oral T2D: 7 or 14mg per day, PIONEER 632 T2D + CVD 74 136/76 8.2 32 66
oral n=3183 1.3years

Indications and regimen are according to the US prescribing information and may differ across regions. Data are means.

ACS, acute coronary syndrome; BMI, body mass index; CVD [indication), reduction of risk of major adverse cardiovascular events in people with type

2 diabetes and at high cardiovascular risk according to the prescribing information; CVD (trial population), people with established cardiovascular
disease or with cardiovascular risk factors; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HbA,, glycosylated
haemoglobin; N/A, not available or not applicable; n, number of randomised participants; s.c. subcutaneous; SBP, systolic blood pressure; T2D, type 2
diabetes; WM, weight management.

Kidney-related efficacy results with GLP-1 RAs
As outlined above, there is a well-established
strong association between DKD/CKD and car-
diovascular mortality and morbidity, including a
markedly increased risk of heart failure (HF) and
atherosclerotic CVD.33 Indeed, the cardiovascu-
lar prognosis following a diabetes diagnosis
greatly worsens if the person also develops
CKD.3* On the other hand, DKD may also pre-
cipitate or exacerbate CVD.?> In response to

injuries or impaired function, the kidney may be
involved in mechanisms that mediate aberrant
vascular changes, which can essentially initiate a
vicious circle leading to progressive loss of kidney
function. Because of the strong association
between CKD and CVD, clinical trials investigat-
ing the cardiovascular effects of GLP-1 RAs in
populations enriched for high cardiovascular risk
de facto also comprise many participants at high
risk of kidney disease.3% Therefore, currently, the
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most robust evidence on the kidney-beneficial
effects of GLP-1 RAs is data collected in the dedi-
cated cardiovascular outcomes trials (CVOTSs)
completed for all GLP-1 RAs (Table 1 and Figure
2). Some of the CVOT's were in fact enriched for
people with pre-existing kidney disease, and most
have evaluated kidney outcomes as secondary or
exploratory endpoints. Composite kidney out-
comes have been used across the CVOTs, and
even though the definitions and components of
the composites have differed slightly, they are suf-
ficiently alike to allow for comparisons across tri-
als and for meta-analysis. Outcomes definitions
are available in Figure 2. In general, analysis

of data from these CVOTs has indicated that
GLP-1 RAs may offer kidney-protective benefits
(Figure 1). It is important, however, to be aware
that kidney outcomes were evaluated as secondary
endpoints and that the trials were not powered or
otherwise specifically designed to confirm the
effects of GLP-1 RAs on kidney-related clinical
outcomes and on kidney function and kidney dam-
age [usually evaluated using estimated GFR
(eGFR) and albuminuria]. While albuminuria has
been shown to be well correlated with clinical kid-
ney outcomes, it remains a surrogate endpoint with
the relatively lowest importance following the clini-
cal outcomes and eGFR, including eGFR slope.

HR
(95%C1)

Number of participants
randomised/with event (%)

GLP-1 RA Placebo
ELIXA- —t 2647 /172 (6%)  2638/203 (8%) 0.84 (0.68 to 1.02)
[
£
8 EXSCEL- 1 6256 /366 (6%) 6222 /407 (7%) 0.88 (0.76 to 1.01)
5
o]
> AMPLITUDE-O- —— 2717 /353 (13%) 1359250 (18%) 0.68 (0.57 to 0.79)
o :
c :
E REWIND O 4949 /848 (17%) 4952/ 970 (20%) 0.85 (0.77 t0 0.93)
2 :
'g LEADERH —5— 4668 / 268 (6%) 4672 /337 (7%) 0.78 (0.67 to 0.92)
o
g SUSTAIN 6- — 1648 /62 (4%) 1649 /100 (6%) 0.64 (0.46 to 0.88)
(&
Meta-analysis*+ KA 0.79 (0.73 t0 0.87)
0.0 0.5 1.0 1.5 2.0
Favours GLP-1 RA Favours placebo
o ELIXA ' & 3031/41 (1%) 3032/35(1%) 1.16 (0.74 to 1.83)
E.S :
o .
§ E EXSCEL - % 6456 / 246 (4%) 6458 /273 (5%) 0.88 (0.74 to 1.05)
S = :
o E :
5_3 AMPLITUDE-O - R 2717 1 121 (5%) 1350 /76 (6%) 0.77 (0.57 to 1.02)
5 3 ?
=5 REWIND - i 4949 /169 (3%)  4952/237 (5%) 0.70 (0.57 to 0.85)
Qo © :
=2 E :
g - LEADER - R 4668 /109 (2%) 46727128 (3%) 0.85 (0.66 to 1.10)
g2 :
£ :
ox SUSTAIN 6 : — 1648/21(1%) 1649 /20 (1%) 1.20 (0.65 to 2.20)
03 :
Meta-analysis* o 0.84 (0.73 to 0.95)
0.0 0.5 1.0 15 2.0

Favours GLP-1 RA

Favours placebo

Figure 2. (Continued]
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3-component MACE outcome

3034 /392 (13%)
7396 / 905 (12%)
1359 / 125 (8%)
4732 / 428 (9%)
4952 / 663 (13%)
4672/ 694 (15%)
1649 /146 (9%)

1591 /76 (5%)

1.02 (0.89 to 1.17)
0.91 (0.83 to 1.00)
0.73 (0.58 to 0.92)
0.78 (0.68 to 0.90)
0.88 (0.79 to 0.99)
0.87 (0.78 to 0.97)
0.74 (0.58 to 0.96)

0.79 (0.58 to 1.11)

ELIXA- % 3034 /400 (13%)
EXSCELH F@a 7356 /839 (11%)
AMPLITUDE-O-| —— : 2717 1 189 (7%)
HARMONY o 4731 / 338 (7%)
REWINDA @4 4949/ 594 (12%)
LEADER @a 4668 / 608 (13%)
SUSTAIN 6 —— 1648 / 108 (7%)
PIONEER 6 % 1591/ 61 (4%)

Meta-analysis’ - HH

0.0 0.5 1.-0 1.5 2.0

Favours GLP-1 RA Favours placebo

0.86 (0.80 to 0.93)

Figure 2. Kidney outcomes and primary MACE outcome from CVOTs with GLP-1 receptor agonists.

#Meta-analysis (random effects) from Sattar et al.3” *Meta-analysis using the random effects method that assumes varying treatment effects across
the included cardiovascular outcomes trials; /2=28.7. CVOT, cardiovascular outcomes trial; GLP-1, glucagon-like peptide-1; MACE, major adverse
cardiovascular event; RA, receptor agonist. Composite kidney outcome?”: ELIXA: new-onset macroalbuminuria; EXSCEL: new-onset persistent
macroalbuminuria, =40% worsening of eGFR, kidney replacement therapy, death due to kidney disease; AMPLITUDE-O: new macroalbuminuria with
UACR increase =30% from baseline, sustained eGFR decrease = 40% from baseline, sustained eGFR < 15ml/min/1.73m2, or kidney replacement
therapy (=90days).; REWIND: new-onset macroalbuminuria, =30% eGFR decrease, kidney replacement therapy; LEADER and SUSTAIN 6: new-
onset macroalbuminuria, doubling of serum creatinine, kidney replacement therapy, death due to kidney disease. Composite kidney outcome without
macroalbuminuria: ELIXA38: doubling of serum creatinine; EXSCEL?: = 40% worsening of eGFR, kidney replacement therapy, death due to kidney
disease; AMPLITUDE-02: kidney function outcome [eGFR of at least 40% for 30 days or more, end-stage kidney disease (defined as dialysis for
=90days, kidney transplantation, or an eGFR of <15ml per minute per 1.73m? for = 30days), or death from any causel; REWIND%: sustained = 40%
worsening of eGFR; LEADER3?: persistent doubling of serum creatinine (and eGFR <45ml/min/1.73m?) or need for continuous renal replacement
therapy (end-stage kidney disease); SUSTAIN 6 (Novo Nordisk, data on file): doubling of serum creatinine; kidney replacement therapy, death due to
kidney disease. 3-component MACE: cardiovascular death, myocardial infarction and stroke.?’

Lixisenatide: ELIXA

Lixisenatide was evaluated for its cardiovascular
effects in the ELIXA CVOT.26:38 This trial was
different from the remainder of the CVOTs dis-
cussed in this review in that only ELIXA enrolled
people with a recent acute coronary syndrome.
Moreover, although lixisenatide like some other
GLP-1 RAs is to be dosed once daily, the half-life
of lixisenatide is considerably shorter (2-3 h) than
that of all other once-daily GLP-1 RAs.

Lixisenatide reduced the wurinary albumin-to-
creatinine ratio (UACR); the placebo-adjusted
reductions were statistically significant in partici-
pants with macroalbuminuria (39.2%; 95%
CI=-68.5 to —9.8) but not in those with normoal-
buminuria (1.7%; 95% CI=-11.7 to 8.3) or
microalbuminuria (21.1%; 95% CI=-42.3 to
0.04). A nominal benefit was shown in terms of the
effect of lixisenatide on the risk of new-onset mac-
roalbuminuria (HR=0.84; 95% CI=0.68-1.02)

(Figure 2); when adjusting for baseline HbA,_, a
statistically significant relative risk reduction of
19% was found (0.81; 95% CI=0.66-0.99).38

Exenatide: EXSCEL

Exenatide is an exendin-4-based GLP-1 RA, the
cardiovascular effects of which were investigated
in the EXSCEL CVOT.?7 Kidney outcomes were
reported separately using two pre-specified com-
posite outcomes*!; one with and one without new
macroalbuminuria. For each of the two outcomes,
a relative risk reduction of 12% was shown for
exenatide based on the unadjusted HR of 0.88
(Figure 2).The relative risk reduction for the out-
come that includes new macroalbuminuria was
statistically significant when adjusting for various
demographic factors (HR=0.85, 95% CI=0.73—
0.98). Onset of macroalbuminuria during the
EXSCEL trial was less frequent with exenatide
than with placebo but the difference was not
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statistically significant (adjusted HR=0.84, 95%
CI=0.70-1.07).

Efpeglenatide: AMPLITUDE-O

The most recently completed CVOT among
the GLP-1 RAs is the AMPLITUDE-O trial,
which evaluated the once-weekly exendin-4-
based GLP-1 RA efpeglenatide versus placebo.?8
Efpeglenatide was associated with a statistically
significant 32% relative risk reduction (HR=0.68;
95% CI=0.57-0.79) for the composite kidney
outcome, including macroalbuminuria compared
with placebo (Figure 2). For a pre-defined kidney
function outcome (=40% eGFR decline for
= 30 days, kidney failure or all-cause death), a HR
of 0.77 (95% CI=0.57-1.02) was found (Figure
2). In addition, efpeglenatide treatment appeared
to attenuate the decline in eGFR when compared
with placebo [estimated treatment difference
0.87ml/min/1.73m? (95% CI=0.27-1.51)].

Dulaglutide: REWIND and AWARD-7

Most data on the renal effects of the GLP-1 RA
dulaglutide originate from the REWIND CVOT
in individuals with T2D and increased CV risk,2°
as well as from the AWARD-7 randomised con-
trolled trial comparing dulaglutide versus glargine
for metabolic effect in people with T2D and
advanced CKD.*2 In REWIND, dulaglutide sta-
tistically significantly reduced the risk of a pre-
defined kidney outcome by 15% wversus placebo
(HR=0.85, 95% CI=0.77-0.93) (Figure 2),
driven mainly by the lower incidence of new-onset
macroalbuminuria (HR=0.77, 95% CI=0.68—
0.87), whereas there were nominal but no statis-
tically significant effects on the two other
components [sustained decline in eGFR of at
least 30% (HR=0.89, 95% CI=0.78-1.01) and
need for chronic kidney replacement therapy
(HR=0.75,95% CI=0.39-1.44)].2° A sensitivity
analysis found a statistically significant relative
risk reduction in terms of a sustained decline in
eGFR of at least 50% (HR=0.56,95% CI=0.41—
0.76). In AWARD-7, a secondary endpoint was
the decline in eGFR, which was statistically sig-
nificantly more subtle after 1year in participants
treated with dulaglutide (especially the highest
dose tested, that is, 1.5 mg once weekly) compared
with those treated with insulin glargine.4? Of note,
the eGFR decline was in general more pronounced
in AWARD-7 participants with pre-existing mac-
roalbuminuria (urinary UACR>300mg/g).

Liraglutide: LEADER

In LEADER,*? the CVOT for once-daily liraglu-
tide, a secondary endpoint evaluated a composite
kidney outcome (new onset of macroalbuminuria,
doubling of serum creatinine, the need for con-
tinuous kidney replacement therapy or death from
kidney disease), the risk of which was reduced by
22% (HR=0.78, 95% CI=0.67-0.92) with lira-
glutide compared with placebo (Figure 2) primar-
ily driven by a reduction in new-onset persistent
macroalbuminuria.3® Importantly, data from
LEADER have shown that liraglutide treatment
appears to reduce the cardiovascular risk [as eval-
uated using the 3-component major adverse car-
diovascular event (MACE) outcome] regardless of
the presence of CKD.**Additional analyses for
the cardiovascular effects of liraglutide have been
consistent across subgroups by albuminuria or
kidney function, and analyses of LEADER have
suggested kidney benefits of liraglutide, especially
in people with CKD.444° Evaluations of data from
LEADER have also contributed to establishing
the safety of GLP-1 RAs in people with type dia-
betes and CKD as reviewed below.>?

Semaglutide: SUSTAIN 6 and PIONEER 6

The cardiovascular effects of semaglutide were
evaluated in the SUSTAIN 63! and PIONEER
632 CVOTs with once-weekly s.c. semaglutide
and once-daily oral semaglutide, respectively.
While SUSTAIN 6 included the same composite
kidney outcome as evaluated in LEADER,
PIONEER 6 evaluated the renal effects of oral
semaglutide based on continuous eGFR meas-
urements only. In SUSTAIN 6, s.c. semaglutide
once weekly was associated with a statistically sig-
nificant 36% relative risk reduction for the com-
posite endpoint (Figure 2), which was driven
primarily by the macroalbuminuria component.

Pooled analyses of LEADER, SUSTAIN é and
PIONEER 6

A post hoc analysis using participant-level data
pooled from LEADER and SUSTAIN 6 showed
that liraglutide and semaglutide treatment was
associated with a reduced risk of sustained CKD
progression (assessed by eGFR).5! The benefit
was most pronounced in trial participants with
pre-existing CKD and micro- and macroalbumi-
nuria; in these participants, the risk of sustained
=30%, =40%, =50% or =57% eGFR decline
was statistically significantly lower by 35%, 36%,
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43% and 44%, respectively (HRs wversus placebo of
0.65, 0.64, 0.57 and 0.56, respectively; p<<0.001)
when treated with liraglutide or semaglutide.?!
Likewise, kidney function as assessed by the eGFR
slope declined less with liraglutide or semaglutide
treatment compared with placebo’?; this trend
was more pronounced in participants who enrolled
in LEADER or SUSTAIN 6 with pre-existing
kidney disease (eGFR<60ml/min/1.73 m?2).
Similarly, in comparison with placebo, liraglutide
or semaglutide treatment significantly reduced the
risk of a persistent 30% reduction in the UACR
(p<<0.0001) as well as the risk of progressing from
normoalbuminuria to micro- or macroalbuminu-
ria (p<0.0001) or from microalbuminuria to
macroalbuminuria (p=0.0002).53

When pooling data from SUSTAIN 6 and
PIONEER 6, the decline in eGFR over a 2-year
period was statistically significantly lower with
semaglutide than with placebo [estimated treat-
ment difference: 1.21 (95% CI=0.62-1.80)]%%
again, while statistically significant regardless of
pre-existing kidney impairment, the treatment
effect at year 2 was numerically more pronounced
in participants with a baseline eGFR between 30
and 60 ml/min/1.73 m2.

Meta-analyses and effectiveness

In a recently updated>> meta-analysis of kidney
outcome data from six of the above-mentioned
CVOTs, Sattar and colleagues showed that the
GLP-1 RA drug class as a whole appears to be
associated with a 21% reduction in incident kid-
ney risk (HR=0.79;95% CI=0.73-0.87) as eval-
uated using a composite kidney outcome that
included macroalbuminuria.3” Conducting the
meta-analysis for this review while leaving out
the macroalbuminuria component gave a statisti-
cally significant HR of 0.84 (95% CI=0.73-0.95)
(Figure 2). In a different analysis (excluding
ELIXA), Sattar ez al.3”7 showed a statistically sig-
nificant 18% relative risk reduction (HR=0.82;
95% CI=0.69-0.98) for a worsening of kidney
function.

Results from CVOTs and randomised controlled
trials largely represent assessments of efficacy
obtained in controlled settings and from certain,
pre-defined trial populations; the real-world
effectiveness of GLP-1 RAs on kidney outcomes
may be different in clinical practice. Interestingly,
database studies supplying real-world evidence

have indeed corroborated the above-mentioned
data from the controlled clinical trials. In a
Scandinavian cohort of people seen in clinical
practice in Denmark, Norway and Sweden, seri-
ous kidney events were fewer in individuals using
GLP-1 RAs compared with those who were on
DPP-IV inhibitors; the risk of such events was
24% lower with GLP-1 RAs (HR=0.76, 95%
CI=0.68-0.85).5% In a Swedish cohort study, the
corresponding relative risk reduction (GLP-1 RA
use wversus DPP-IV use) was 28% (adjusted
HR=0.72, 95% CI=0.53-0.98) for the evalu-
ated composite kidney outcome (sustained dou-
bling of creatinine, kidney failure or kidney
death).5” Similarly, US military veterans using
GLP-1 RAs had a 28% lower risk of a composite
kidney outcome compared with those in the
cohort who used sulfonylureas or DPP-VI inhibi-
tors (HR=0.68; 95% CI=0.63-0.74).58

Safety and tolerability of GLP-1 RAs in

people with CKD

The safety and tolerability of GLP-1 RAs are well
established based on the clinical development
programmes as well as extensive post-marketing
experience.l7-59-61 In general, the drug class is
associated with gastrointestinal side effects, pri-
marily nausea, which are transient, related to
treatment initiation and dose escalation, and
mild to moderate in the majority of cases. To
improve tolerability, gastrointestinal side effects
are mitigated using a dose-escalation regimen.
Gastrointestinal events, which can also include
vomiting, may in rare cases lead to dehydration
and, especially in people with pre-existing CKD,
dehydration can lead to acute kidney injury. This
is reflected in the prescribing information for
GLP-1 RAs. However, analysis of data for sema-
glutide pooled from seven of the trials from the
clinical development programme (SUSTAIN)
did not find an increased risk of acute kidney
injury with this GLP-1 RA®2; similar findings
were also apparent for liraglutide in the data from
LEADER.50

Data from the CVOTs discussed in this review
have corroborated the safety and tolerability of
the use of GLP-1 RA in people with T2D and
CKD. In LEADER, there was no difference in
the overall occurrence of adverse events in the
liraglutide wersus placebo group according to the
presence or absence of albuminuria,> and same
trend was observed based on eGFR.
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Because GLP-1 RAs function in a blood glucose-
dependent manner, the risk of severe hypoglycae-
mic episodes is low!” and primarily observed if
treatment is combined with insulins or SUs. The
risk of severe hypoglycaemia was found to be
lower with liraglutide compared with placebo for
people with reduced eGFR or albuminuria in
LEADER (HRs=0.63; 95% CI=0.43-0.91 and
0.57, 95% CI=0.40-0.82, respectively).>®

The clearance of drug compounds often happens
via the kidneys and may be lower when kidney
function is impaired. In those cases, the blood
concentration and half-life of the compound can
be increased, resulting in an elevated risk of side
effects. In persons with diabetes and impaired
kidney function, many diabetes medications
therefore need to be used with caution (e.g. at a
reduced dose level) if at all. However, no reduc-
tion in dose is required for any of the GLP-1 RAs
marketed today according to kidney function.
Indeed, most of the agents can be used also in
people with advanced CKD, while some are sub-
ject to restrictions due to lack of data.

In summary, safety and tolerability of the GLP-1
RAs have been thoroughly investigated in people
with CKD and are well established.

Mechanisms of action

Currently, the mechanisms of action underlying
the potential kidney-protective benefits of GLP-1
RAs in DKD are not fully elucidated (Figure 1). It
has been speculated that the beneficial effects on
CKD risk factors, such as blood glucose, systolic
blood pressure and body weight indirectly improve
kidney function, and mediation analyses using
data from the LEADER, SUSTAIN 6 and
REWIND CVOTs suggest that these effects par-
tially, but only to a minor extent, explain the
potential kidney benefits of GLP-1 RAs.2946
Nevertheless, considering the importance of obe-
sity/overweight in CKD®%3% and that SGLT2
inhibitors only modestly reduce body weight, the
weight-reducing benefit of GLP-1 RAs may argu-
ably be of importance in the management of CKD.
In AWARD-7, a clinical benefit on kidney func-
tion (attenuated eGFR decline) of dulaglutide was
observed even though glycaemic equipoise was
ensured using an active comparator (insulin glar-
gine), indicating that the kidney benefit was not
driven by improvements in glycaemic control.4?

Multiple direct actions have been suggested,
including reductions in inflammation and oxida-
tive stress and improved kidney oxygenation
or perfusion; however, only a few smaller non-
clinical and clinical studies have explored this.
Furthermore, these studies have primarily
focussed on the acute-phase response immedi-
ately after GLP-1 exposure in the setting of nor-
mal kidney function with or without diabetes.

While the effects of GLP-1 and GLP-1 RAs on
oxidative stress have only been sparsely stud-
ied,%%:%% accumulating evidence are available to
suggest that GLP-1 RAs reduce systemic inflam-
mation and that semaglutide specifically down-
regulate the expression of several pro-inflammatory
genes.%7-70 Additional studies are warranted to
investigate whether the potential anti-inflamma-
tory effects of GLP-1 receptor agonism may in
fact play a role in the potential kidney-protective
benefit of the GLP-1 RA drug class or certain of
the specific compounds.

Changes in kidney haemodynamics induced by
GLP-1 RAs might depend on baseline kidney func-
tion and these observations have not been consist-
ent across studies.”-7> In the acute phase, GLP-1
RA therapy has been shown to induce natriuresis,
and the increased salt delivery in the distal nephron
could reduce intraglomerular pressure via tubular
glomerular feedback.”® Moreover, the compounds
also suppress angiotensin II and renin,”!-7> thereby
modulating the renin—angiotensin—aldosterone
system (RAAS). The relevance of these findings is
not fully established, however, and should be inves-
tigated in mechanistic clinical trials.

Summary and future perspectives

While results from the large, controlled clinical tri-
als, meta-analyses and the available real-world evi-
dence implies a potential kidney-protective effect of
GLP-1 RAs in people with T2D and high cardio-
vascular risk, a dedicated, properly powered kidney
outcomes trial in participants with CKD remains
needed to confirm this hypothesis. To that end,
the FLOW trial has been initiated (Clinicaltrials.
gov ID NCT03819153); FLOW is a multinational,
randomised, placebo-controlled, outcomes trial
with a composite kidney outcome as the primary,
confirmatory endpoint. The trial is currently ongo-
ing testing the 1.0mg s.c. version of the GLP-1 RA
semaglutide wversus placebo on top of standard of
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care. As the primary objective, FLOW will evaluate
whether semaglutide can delay the progression of
kidney impairment and lower the risk of death from
kidney failure or CVD in people with T2D and
CKD, of whom the vast majority enrolled in the
trial has been selected for very high risk of CKD
progression. FLOW/, which will enrol around 3,500
participants, is expected to finalise in mid 2024.

In addition, studies investigating the kidney-spe-
cific mechanisms of action for GLP-1 RA are war-
ranted. Here, the REMODEL trial (ClinicalTrials.
gov Identifier: NCT04865770), which enrols a
trial population similar to the one in FLOW, is
ongoing. REMODEL, as well as the SMART trial
(ClinicalTrials.gov Identifier: NCT04889183) in
people with overweight/obesity and elevated albu-
minuria but without diabetes, are expected to
complement and expand on the scientific insights
gained from the FLOW trial.

Another area that needs clarification is if there are
particular segments among people with diabetes
and CKD that may benefit the most from GLP-1
RA treatment. As discussed above, the most pro-
nounced kidney risk reduction seems to be seen
for individuals with pre-existing CKD. Studies
like REMODEL and FLOW may provide insights
that could help optimising therapy.

Dual agonists activating the GLP-1 receptor and
the receptor of the other major hormone of the
incretin system, gastric inhibitory polypeptide
(GIP), are also in clinical development.”” Such
and other combination therapies that integrate a
GLP-1 RA and additional relevant compounds
may hold additional potential.”” Results from the
SURPASS programme for tirzepatide have shown
that this dulaglutide-based GLP-1/GIP dual ago-
nist provide profound glycaemic and weight-
related benefits,’”® which may translate into
corresponding kidney-protection. Furthermore,
the combination of the once-weekly GLP-1 RA
semaglutide and the amylin analogue, cagrilint-
ide, has displayed similar promising efficacy
results on body weight that seem to go beyond
what is achievable with semaglutide alone.”®
Amylin clearance predominantly happens via the
renal route,8 suggesting the effects of amylin,
whether beneficial or risk-associated, could be
more pronounced in people with CKD.

The current KDIGO guideline recommends
blockade of the RAAS and SGLT-2 inhibitors in

people with DKD.!® In addition, the American
Diabetes Association now recommends finer-
enone in case of SGLT-2 inhibitor intolerance or
inadequacy.?! Further expanding the treatment
options for people with DKD, GLP-1 RA treat-
ment may provide additional benefits (Figure 1),
including body weight reduction. Recent evi-
dence supports the safe combined use of SGLT-2
inhibitors and GLP-1 RAs82 and that the benefits
of finerenone are independent of GLP-1 RA
treatment in people with DKD.® Thus, com-
bined appropriate use of these three drug classes
may offer added or even synergistic benefits to
people with DKD.

In conclusion, data from clinical trials and real-
world evidence suggest a potential kidney-protec-
tive effect of GLP-1 RAs in DKD as reflected by
the prioritisation of the drug class in current treat-
ment guidelines.!8 Confirmatory and mechanistic
trials are ongoing, which will provide additional
insights, potentially allowing for the approved use
of GLP-1 RAs to address the profound current
unmet medical need for kidney protection in dia-
betes, alone or in combination with other treat-
ment options.
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