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Abstract

The effects of glucagon-like peptide-1 receptor agonists (GLP-1RAs) on renal out-
comes in patients with type 2 diabetes at high cardiovascular risk are modest or neu-
tral. However, GLP-1RAs may confer clinical benefits in those at high risk of
progressive renal function loss. We examined the effects of once-weekly exenatide
(EQW) on estimated glomerular filtration rate (eGFR) slope and urinary albumin:cre-
atinine ratio (UACR) as a function of baseline UACR in 3503 EXSCEL participants
(23.7%) with eGFR data available and 2828 participants (19.2%) with UACR change
data available. EQW improved eGFR slope assessed via mixed model repeated mea-
sures, compared with placebo, in participants with baseline UACR >100 mg/g
(0.79 mL/min/1.73 m?/year [95% confidence interval {Cl} 0.24-1.34]) and UACR
>200 mg/g (1.32 mL/min/1.73 m?/year [95% Cl 0.57-2.06]), but not at lower UACR
thresholds. EQW reduced UACR, compared with placebo, assessed via analysis of
covariance, consistently across subgroups with baseline UACR >30 mg/g (28.2%
reduction), baseline UACR >100 mg (22.5% reduction) and baseline UACR >200 mg
(34.5% reduction). This post hoc EXSCEL analysis suggests that EQW reduces UACR,
with improvement in eGFR slope specifically in participants with elevated
baseline UACR.

KEYWORDS
diabetic kidney disease, exenatide, GLP-1RA, glucagon-like peptide-1 receptor agonists,
pooled analysis

1 | INTRODUCTION

Glucagon-like peptide-1 receptor agonists (GLP-1RAs) reduced the
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outcome trials.}~> However, the magnitude of this effect was modest,
and driven mainly by reductions in albuminuria. Interestingly, the
effects of GLP-1RAs on renal outcomes seem to be greater in patients
with established chronic kidney disease (CKD). Specifically, in a sub-
group analysis of the LEADER trial, the effect of liraglutide compared
with placebo on estimated glomerular filtration rate (eGFR) appeared
to be greater in participants with macroalbuminuria or in those with
eGFR between 30 and 60 mL/min/1.73 m.2¢ In addition, in the
AWARD-7 trial, the effect of dulaglutide on clinical kidney outcomes
and rate of eGFR decline was more pronounced in participants with
macroalbuminuria at baseline.” Whether this effect represents a class
effect, and which specific subpopulation of patients may derive renal
benefit from GLP-1RAs, remains incompletely understood.

The current established renal endpoints for clinical trials in
patients with type 2 diabetes and CKD are composites including dou-
bling of serum creatinine and end-stage renal disease. These are late
manifestations in the progression of CKD. Therefore, large trials of
long duration are required to establish drug efficacy using these out-
comes. eGFR decline (eGFR slope) is proposed as a valid surrogate for
major clinical kidney endpoints.2 A number of studies have shown a
strong and consistent relationship between eGFR slope and risk of
adverse kidney outcomes, cardiovascular disease and all-cause mortal-
ity. Importantly, treatment effects on eGFR slope are strongly associ-
ated with treatment effects on renal outcomes.’ ! These data
support use of eGFR slope as a valid endpoint for future trials in dia-
betes and CKD. In this context, it is relevant to obtain further insight
into the effects of exenatide on eGFR slope in patients with
type 2 diabetes at low, moderate and high risk of CKD progression.
Therefore, we examined the effects of once-weekly exenatide (EQW)
on eGFR slope and change in urinary albumin:creatinine ratio (UACR),
as a function of baseline UACR and other risk markers of CKD pro-
gression, in the subset of EXSCEL participants with UACR measured
at baseline.

2 | METHODS

The EXSCEL trial (NCT01144338) assessed the effect of EQW on car-
diovascular outcomes in a broad population of participants with type
2 diabetes mellitus, with or without known cardiovascular disease.
The study design, baseline characteristics and primary results have
been published previously.1?1® EXSCEL was conducted as a pragmatic
clinical trial; apart from calcitonin, which was assayed centrally, only
local laboratory values were collected, and measurement of UACR
was not mandated. As such, baseline UACR measurements are only
available for a subset of participants.

This analysis included all EXSCEL participants with eGFR
recorded at baseline and at least one post-baseline eGFR measure-
ment (to permit eGFR slope determination) or UACR recorded at
baseline and at least one post-baseline UACR measurement (to permit
percentage change in UACR determination). The main endpoints in
the present analysis were annual rate of eGFR decline (eGFR slope)

and UACR change. The effects of exenatide on these outcomes were

determined as a function of baseline UACR, other baseline demo-
graphics and clinical chemistry variables.

The effect of EQW on eGFR slope was estimated using a mixed
model repeated measures analysis, with eGFR as the dependent vari-
able, time and baseline eGFR as linear covariates, treatment arm and
treatment-by-time interaction as fixed effects, and participant as a
random effect. eGFR was calculated from site-reported serum creati-
nine values using the Modification of Diet in Renal Disease equa-
tion.'* Percentage change in UACR with EQW treatment was
calculated by analysis of covariance using log-transformed UACR
values, with baseline log-transformed UACR as a covariate. Partici-
pants with baseline UACR values recorded as zero were excluded
before log-transformation. All analyses were performed in the
intention-to-treat population. EXSCEL was not designed or powered
to examine eGFR slope or UACR. As such, this post hoc analysis is
exploratory, and all reported P values are nominal with values <0.05
considered nominally significant. Data were prepared in sas 9.4, and
all analyses were performed in R version 3.4.1.

3 | RESULTS

Of 14 752 EXSCEL participants, eGFR slope data were available for
13 826 (93.7%), and baseline UACR measurements were available for
3503 (23.7%). Data regarding percentage UACR change from baseline
to first post-baseline measurement were available for 2828 partici-
pants (19.2%). Baseline characteristics of participants with baseline
UACR measurements were generally similar to the overall EXSCEL
population, and balanced between treatment groups (Supplementary
Table S1).

3.1 | Effects of EQW on eGFR slope

The median (interquartile range) follow-up for eGFR in participants with
UACR measured at baseline was 3.3 (2.1, 4.3) years, and with an aver-
age of 6.8 eGFR measurements per participant. In EXSCEL participants
with UACR measured at baseline, the mean (SE) eGFR decline was
—0.87 (0.07) mL/min/1.73 m?/year in the placebo arm and —0.85 (0.07)
mL/min/1.73 m?/year in the EQW arm, resulting in a neutral estimated
EQW treatment effect on eGFR slope (0.02 mL/min/1.73 m?/year
[95% Cl —0.18 to 0.22]; Supplementary Table S2). In the subgroup of
participants with baseline UACR >100 mg/g, the mean (SE) eGFR slope
was —2.85 (0.20) mL/min/1.73 m?/year in the placebo group and
—2.07 (0.20) mL/min/1.73 m?/year in the EQW group, leading to a
between-group difference of 0.79 mL/min/1.73 m?/year (95% Cl
0.24-1.34) in favour of EQW (Figure 1A). Among participants with
baseline UACR >200 mg/g, the mean (SE) eGFR slope was —3.73 (0.26)
mL/min/1.73 m?/year in the placebo group and —2.43 (0.27)
mL/min/1.73 m?/year in the EQW group, leading to a between-group
difference of 1.32 mL/min/1.73 m?/year (95% Cl 0.57-2.06). In partici-
pant subgroups with baseline UACR values <30 mg/g, or with a base-
line UACR cut-off >30 mg/g, no EQW effect on eGFR slope was
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FIGURE 1  Once-weekly exenatide (A) EQW effect on eGFR slope, as a function of baseline UACR

(EQW) effects on renal disease

pr9gression, as a func.ti.on of l:.)aseline UACR category EQW vs placebo, n P value
urinary albumin:creatinine ratio (UACR).
A, EQW effect on estimated glomerular UACR = 30 mg/g 1191 vs.1135 e 0.84
filtration rate slope, as a function of
baseline UACR. B, EQW effect on UACR > 30 mg/g 572 vs.605 R 0.76
percent change in UACR, as a function of
baseline UACR UACR > 100 mg/g 238 vs.289 ° 0.005
UACR > 200 mg/g 130 vs.176 0.0005
—e——
T T T T T 1
-0.5 0.0 0.5 1.0 1.5 2.0 25
EQW treatment effect on eGFR slope
(mL/min/1.73 m2/year)
(B) EQW effect on percent change in UACR, as a function of baseline UACR
UACRcategory  EQW vs placebo, n P value
UACR<30mg/g  932vs.902 == 0.001
UACR>30mg/g 487 vs.507 —e— 0.0001
UACR>100mg/g 203 vs.237 o | 0.07
UACR > 200 mg/g 107 vs.139 d 0.02
—_——
1

observed. The effect of EQW compared with placebo on eGFR slope
was consistent regardless of baseline eGFR, cardiovascular disease his-
tory, renin-angiotensin-aldosterone system (RAAS) inhibitor use, and
systolic blood pressure, with a small difference observed in subgroups
defined by baseline body mass index (Figure 2A).

3.2 | Effects of EQW on UACR

The median (interquartile range) time until first follow-up UACR mea-
surement in participants with baseline and at least one follow-up
UACR measurement was 8.9 (5.7, 13.7) months, and the EQW effect
on UACR change was —25.0% (95% Cl —33.0 to 16.0; from 15.0 to
13.0 mg/g and 15.9 to 17.4 mg/g in the EQW and placebo groups,
respectively; Supplementary Tables S3 and S4). The EQW effect on
UACR change, compared with placebo, was similar across the UACR
subgroups examined, with a nominally significant improvement in the
UACR <30 mg/g, UACR >30 mg/g and UACR >200 mg/g groups
(change —21.6% [95% CI —32.2 to —9.1], —28.2% [95% Cl —-39.2 to
—15.2] and —34.5% [95% Cl| —54.4 to —6.0], respectively [Figure 1B,

1 I 1
-60 -40 -20 0 20
EQW treatment effect on

% change in UACR from baseline
to first follow-up measurement

Supplementary Table S3]). The effect of EQW on UACR was also con-
sistent across subgroups defined by baseline eGFR, cardiovascular dis-
ease history, RAAS inhibitor use, systolic blood pressure and body
mass index (Figure 2B).

4 | DISCUSSION

In this EXSCEL post hoc sub-analysis, we assessed the effects of EQW
on eGFR slope and albuminuria, as a function of renal and cardiovascu-
lar risk markers in participants with type 2 diabetes, with or without
known cardiovascular disease. EQW treatment slowed the progression
of eGFR decline in participants with elevated baseline albuminuria
(>100 mg/g) but not among those with lesser degrees of albuminuria.
The effect of EQW on eGFR slope was consistent regardless of the
presence or absence of other risk markers of CKD progression. In con-
trast to the effect of EQW on eGFR, which was seen only in subgroups
with higher degrees of baseline albuminuria, the effect of EQW on
albuminuria was observed in all subgroups, independent of baseline

albuminuria or other risk markers of CKD progression.
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(A) EQW effect on eGFR slope, as a function of other risk factors at baseline.

FIGURE 2 Once-weekly exenatide

(EQW) effects on renal disease
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RAAS:I includes angiotensin-converting enzyme inhibitors, angiotensin-receptor

blockers and direct renin inhibitors.

Glucagon-like peptide-1 receptor agonists have beneficial effects
on traditional risk factors for CKD such as hyperglycaemia, hyperten-
sion, obesity and dyslipidaemia. However, data from preclinical stud-
ies suggest that GLP-1RAs also exert direct effects on the kidney.
GLP-1RAs may
NHE3-dependent sodium reabsorption in the proximal tubule. Other

induce natriuresis and diuresis by inhibiting
effects that may contribute to the renal benefits of GLP-1RAs include
reduction of renal RAAS activation, reduction of renal hypoxia, and
inhibition of pro-inflammatory pathways.>1¢

The observed effect of EQW on albuminuria in the present analy-
sis is consistent with previous observations for exenatide, lixisenatide,
liraglutide and semaglutide, where reductions in albuminuria and/or
new persistent macroalbuminuria were observed.1*41” The effect of
GLP-1RAs on eGFR slope is less well characterized. However, our
observation that EQW reduces eGFR slope specifically in participants
with higher albuminuria is consistent with data from other studies in

which GLP-1RAs slowed progression of eGFR decline in participants
with moderate-to-severe CKD.3’

Albuminuria is a strong predictor of declining renal function and
end-stage renal disease in patients with type 2 diabetes. In line with
previous studies, the rate of eGFR decline was higher in subgroups
with higher degrees of baseline albuminuria in EXSCEL participants.
The greater effects of EQW on eGFR slope in participants with higher
degrees of baseline albuminuria, who are at higher risk of end-stage
renal disease, suggest that future randomized controlled clinical trials
assessing the effects on renal outcomes of EQW could consider
focusing on those with higher degrees of albuminuria. The greater rel-
ative effects of EQW in participants at high risk of CKD progression
also suggest greater absolute benefits, leading to lower numbers-
needed-to-treat and potentially higher cost-effectiveness.

In addition to GLP-1RAs,
(SGLT2) inhibitors have also been shown to slow eGFR decline in

sodium-glucose co-transporter-2
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post hoc analyses from cardiovascular safety trials. However, in con-
trast to GLP-1RAs, the benefits of SGLT2 inhibitors on eGFR slope
appear to be independent of baseline albuminuria, as shown, for
example, by the effects of dapagliflozin on eGFR in the DECLARE
TIMI 58 trial.® Similar findings were observed in the CANVAS pro-
gramme, where canagliflozin slowed the loss of kidney function in all
subgroups, including participants with normoalbuminuria.?” The bene-
fits of SGLT2 inhibitors extend to patients with high albuminuria and
impaired eGFR.?° Taken together, the available data suggest that
SGLT2 inhibitors exert kidney protection across the spectrum of albu-
minuria whereas GLP-1RA benefits are mainly restricted to individuals
at higher risk of CKD progression.

This analysis has several limitations. Firstly, this was a post hoc
analysis in a subgroup of participants and therefore the results can
only be considered as hypothesis-generating and should be confirmed
in prospective clinical trials. Secondly, UACR collection was not man-
dated in the EXSCEL protocol, introducing a potential for bias in the
population with albuminuria measurements available. In addition,
albuminuria was measured in a single spot urine sample, which may
have introduced random measurement variability. However, despite
possible random error in albuminuria measurements, strong and con-
sistent effects of EQW were observed.

In conclusion, the results of this analysis, combined with the exis-
ting literature, support the hypothesis for a GLP-1RA class effect in
improving albuminuria in a broad population, and slowing eGFR
decline specifically in patients with elevated albuminuria. Prospective
clinical trials are needed to confirm the benefits of exenatide in
slowing progression of CKD in patients with type 2 diabetes and ele-

vated albuminuria.
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