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ABSTRACT

Glucagon-like peptide-1 receptor agonists (GLP-
1 RAs) are incretin-mimetic agents that are
effective adjuncts in the treatment of diabetes.
This class of medications is also associated with
promoting weight loss and a low risk of hypo-
glycemia, and some have been shown to be
associated with a significant reduction of major
cardiovascular events. Mounting evidence sug-
gests that GLP-1 RAs have benefits beyond
reducing blood glucose that include improving
kidney function in people living with type 2
diabetes mellitus (T2DM) and chronic kidney
disease (CKD), a common microvascular com-
plication of T2DM. Several large clinical studies,

J. L. Gorriz

Department of Nephrology, Hospital Clinico
Universitario de Valencia-INCLIVA, University of
Valencia, Valencia, Spain

I. Romera (P<)) - A. Cobo
Eli Lilly and Company, Madrid, Spain
e-mail: romera_irene@lilly.com

P. D. O’Brien
Eli Lilly and Company, Little Island, Co. Cork,
Ireland

J. F. Merino-Torres

Endocrinology and Nutrition Department, Hospital
Universitario y Politécnico de La Fe, University of
Valencia, Valencia, Spain

the majority of which are cardiovascular out-
come trials, indicate that GLP-1 RA therapy is
safe and tolerable for people living with T2DM
and compromised renal function, and also
suggest that GLP-1 RAs may have renoprotec-
tive properties. Although evidence from clinical
trials has shown GLP-1 RAs to be safe and effi-
cacious in people living with T2DM and renal
impairment, their use is uncommon in this
patient population. With continuing develop-
ments in the field of GLP-1 RA therapy, it is
important for physicians to understand the
benefits and practical use of GLP-1 RAs, as well
as the clinical evidence, in order to achieve
positive patient outcomes. Here, we review
evidence on GLP-1 RA use in people living with
T2DM and CKD and summarize renal outcomes
from clinical studies. We provide practical
considerations for GLP-1 RA use to provide an
added benefit to guide treatment in this high-
risk patient population.

GRAPHICAL ABSTRACT
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PLAIN LANGUAGE SUMMARY

Type 2 diabetes mellitus (T2DM) is a common
disorder characterized by insulin resistance and
dysfunction of insulin-producing beta cells of
the pancreas. People living with T2DM have an
increased risk of developing complications,
including chronic kidney disease (CKD), which
itself is associated with increased mortality.
Both the American Diabetes Association and
Kidney Disease Improving Global Outcomes
organization provide updated pharmacological
recommendations for treating T2DM in people
with CKD that include the use of sodium-glu-
cose co-transporter-2 inhibitors (SGLT2i) or
glucagon-like peptide-1 receptor agonists (GLP-
1 RAs). GLP-1 RAs are effective and safe treat-
ments for controlling blood sugar levels and
reducing body weight, and evidence from large
clinical trials also suggests that GLP-1 RAs may
be renoprotective. Despite the benefits of GLP-1
RAs, they are not commonly prescribed in
people living with T2DM and CKD. Healthcare
practitioners need to be aware of the most
recent information so that they can make
informed decisions when selecting treatment
options. The objective of this review is to sum-
marize the main renal outcomes from clinical
studies while providing practical guidance on
the use of GLP-1 RAs.

Keywords: Chronic kidney disease; Diabetic
kidney disease; Glucagon-like peptide-1
receptor agonists; Renal impairment; Type 2
diabetes mellitus

Key Summary Points

Chronic kidney disease (CKD),
characterized by a reduced estimated
glomerular filtration rate (eGFR) or the
presence of albuminuria and/or other
markers of kidney damage for over

3 months, is a common complication of
type 2 diabetes mellitus (T2DM)
associated with high morbidity and
mortality.

Glucagon-like peptide-1 receptor agonists
(GLP-1 RAs) are a safe and effective
treatment for T2DM that augment insulin
secretion and suppress glucagon release
via the stimulation of GLP-1 receptors.

Evidence from several large clinical studies
indicate that GLP-1 RA therapy is safe for
people living with T2DM and
compromised renal function and may
have renoprotective properties mediated
via direct and indirect mechanisms;
however, despite evidence of safety and
efficacy, and the low risk of
hypoglycemia, GLP-1 RA use is
uncommon in people living with T2DM
and renal impairment.

We review the evidence of GLP-1 RA use in
people living with T2DM and CKD and
summarize the renal outcomes from key
clinical studies. We also provide practical
considerations for GLP-1 RA use to
provide an added benefit to guide
treatment in this high-risk patient
population.

The current evidence indicates that GLP-1
RA could add to the arsenal available that
addressing persistent gaps in the care of
people living with T2DM with or at the
risk of developing CKD while reducing the
residual renal risk present in those who
have already developed CKD.
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G1 | Normal or high =90

G2 | Mildly decreased 60-89

Mild to moderately
decreased

G3a

Mild to severely

decreased R

G3b

G4 Severely decreased 15-29

GFR Categories (ml/min/1.73m?)
Description and Range

G5 | Kidney failure <15

Fig. 1 Classification of CKD based on GFR and
albuminuria categories. The risk of CKD progression,
morbidity, and mortality are depicted by color (green, low
risk; yellow, moderately increased risk; orange, high risk;
red, very high risk) and include general decision-making
recommendations that are based on expert opinion based
on GFR and albuminuria. “Monitor” indicates that eGFR

DIGITAL FEATURES

This article is published with digital features,
including an infographic, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.17315696

INTRODUCTION

Type 2 Diabetes Mellitus and Chronic
Kidney Disease

Chronic kidney disease (CKD) in people living
with type 2 diabetes mellitus (T2DM) involves

Persistent Albuminuria Categories
Description and Range
A1 A2 A3
Normal to
mildly Moderately Severely
icreased increased increased
<30 mg/g 30-300 mg/g >300 mg/g
<3 mg/mmol | 3-30 mg/mmol | >30 mg/mmol

and albuminuria be monitored more frequently. ‘Refer’
indicates referral to a nephrologist; “Refer*” indicates that
clinicians may wish to discuss treatment or referral with
their nephrology service. CKD Chronic kidney disease,
GFR glomerular filtration rate. Figure is reproduced with
permission (Kidney Disease: Improving Global Outcomes

CKD Work Group [133])

the gradual loss of kidney function, character-
ized by a reduced estimated glomerular filtra-
tion rate (eGFR) or the presence of albuminuria
for > 3 months [1]. The Kidney Disease:
Improving Global Outcomes (KDIGO) organi-
zation provide a classification system for deter-
mining CKD risk based on cause, GFR, and
albuminuria (Fig. 1) [2]. Of the complications
that arise from T2DM, CKD is among the most
common, affecting approximately 20-40% of
people [3]. Within 10 years of T2DM diagnosis,
24.9% of people develop microalbuminuria,
5.3% develop macroalbuminuria, and 0.8%
develop advanced CKD that includes persis-
tently elevated plasma creatinine or the need
for renal replacement therapy [4]. The progres-
sion of CKD can lead to end-stage renal disease
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(ESRD), increasing the risk of kidney failure
with a need for renal replacement therapy
involving dialysis or renal transplant. The pre-
dominance of CKD accounts for the increased
mortality observed in people living with T2DM
[S]. Despite advances in the understanding of
disease pathogenesis, and the increased avail-
ability of treatment options, the prevalence of
ESRD continues to rise in people living with
T2DM [6]. With diabetes and CKD projected to
be the seventh and fifth leading cause of pre-
mature mortality worldwide by 2040, respec-
tively [7], novel and effective treatment options
are critical.

Treatments for CKD in People Living
with T2DM

Findings from systematic reviews and meta-
analyses indicate that improved renal outcomes
can be achieved through obesity management
[8], intensive glycemic control using glucose-
lowering medications [9], and anti-hyperten-
sion drugs [10]. A caveat of using these medi-
cations is that many have reduced renal
clearance due to declining kidney function or
are contraindicated and often require careful
dose adjustments [11-13]. Furthermore, several
of these therapies have only a modest glucose-
lowering effect in people with reduced
glomerular filtration [14]. For these reasons,
limited treatment options exist for this patient
population.

Both the American Diabetes Association
(ADA), in conjunction with the European
Association for the Study of Diabetes (EASD),
and KDIGO provide clinical practice guidelines
for diabetes management in CKD [2, 3]. These
guidelines recommend a comprehensive strat-
egy be followed to reduce risks of CKD in people
living with T2DM and are summarized in Fig. 2.
In the Standards of Medical Care in Diabetes—
2021, the ADA recommend that for people with
indications of high risk or established CKD
either a sodium-glucose co-transporter-2 inhi-
bitor (SGLT2i) or a glucagon-like peptide-1
receptor agonist (GLP-1 RA) be considered as a
treatment option, independently of metformin
use [15]. Guidelines provided by KDIGO

similarly recommend SGLT2i for people with an
eGFR of > 30 ml/min/1.73 m? due to the vas-
cular and renal benefit, despite its modest effect
on glucose control [2]. The current KDIGO
guidelines do not recommend SGLT2i for peo-
ple in more advanced stages of CKD
(eGFR < 30 ml/min/1.73 m?), as the efficacy for
lowering glycated hemoglobin (HbAlc) is
blunted. This is indicated in the label informa-
tion for empagliflozin [16, 17] and canagliflozin
[18, 19], with both of these SGLT2i not recom-
mended for individuals with an eGFR < 30 ml/
min/1.73 m?. For dapagliflozin, recently upda-
ted prescribing information indicates that ini-
tiation of treatment with this SGLT2i is not
recommended in individuals with an eGFR <
25ml/min/1.73 m? [20, 21]. In people with
T2DM and CKD, who have not achieved indi-
vidualized glycemic targets despite use of met-
formin and SGLT2i, or are unable to use those
medications due to contraindications, long-
acting GLP-1 RAs are recommended [2]. The use
of GLP-1 RAs in this population is not only due
to the limited use of SLGT2i in more severe
stages but also because the glycemic lowering
efficacy of SLGT2i is reduced in individuals with
moderate renal impairment and likely absent in
those with severe renal impairment. These anti-
hyperglycemic therapies have shown promise
in directly improving renal outcomes and
reducing CKD progression independently of
glycemic control [2, 15]. The use of GLP-1 RAs is
also associated with a low risk for hypo-
glycemia, which is a limiting factor for many
other diabetes medications in people with renal
impairment.

Treatment with GLP-1 RA in People Living
with T2DM and CKD

The GLP-1 RA class of medications are incretin-
mimetics that have been available from 2005, of
which exenatide was the first to receive
approval from the U.S. Food and Drug Admin-
istration (FDA). Since then, additional GLP-1
RAs have gained regulatory approval in both the
USA and Europe. These medications have been
demonstrated to be safe and effective in con-
trolling glycemia through HbAlc reduction
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Standards of Medical Care in T2DM for People with CKD

First-line therapy for T”2DM

Metformin and Lifestyle changes

Votformin and Lifestylochanges |
A

| Indication of high-risk or established CKD ‘

v

Preferably
SGLT2 inhibitor with primary evidence of reducing CKD progression

Add GLP-1 RA with proven CV benefit if SGLT2i
not tolerated or contraindicated

SGLT2 inhibitor and GLP-1 RA use should be considered independently of
baseline HbA1c, individualized A1C target, or metformin use

Clinical Practice Guidance for People with T2DM and CKD

Lifestyle therapy

Metformin

First-line therapy eGFR <45

\/

Reduce dose

eGFR < 30

Discontinue

Diet; Weight reduction; Physical activity

SGLT2 inhibitor
| Dialysis eGFR<30* | Dialysis
! \/ v : \/
1

Discontinue Do not initiate Discontinue

Additional drug therapy as
needed for glycemic control

Fig. 2 Summary of ADA and KDIGO guidelines of use for
glucose-lowering medication in people living with T2DM
and CKD. Upper panel: ADA guidelines were abbreviated
for specific treatment for people living with T2DM and
CKD. Proven CVD benefit means it has label indication of
reducing CVD events. For more context regarding glucose
lowering medication in this population, refer to the Standards
of Medical Care in Diabetes—2021 [15]. Lower panel:
KDIGO recommend guidelines of glycemic management for
people living with T2DM and CKD begin with lifestyle
therapy followed by first-line pharmacological therapy with
metformin and SGLT2i. For people contraindicated for
SGLT2i, GLP-1 RAs are recommended. Additional drug
therapy is guided by patient preferences, comorbidities, eGFR,

GLP-1 RA (preferred)

Alpha-glucosidase inibitor | Sulfonylurea

and cost, and includes people with ¢GFR < 30 ml/min per
1.73 m” or those treated with dialysis [2]. *: Dapagliflozin; it
is not recommended to initiate treatment with dapagliflozin
in patients with GFR < 25 ml/min/1.73 m* [20, 21]. ADA
American Diabetes Association, CV cardiovascular, CVOT
cardiovascular outcome trial, DPP-4 dipeptidyl peptidase-4,
¢GFR estimated GFR, GLP-I RA glucagon-like peptide-1
receptor antagonist, HbAcl glycated hemoglobin, SGLT2;
sodium-glucose  cotransporter-2 inhibitor, 72DM type 2
diabetes mellitus, 7ZD thiazolidinediones. The figure was
created by Lilly using the data from the American Diabetes
Association [15] and Kidney Disease: Improving Global
Outcomes Diabetes Work Group [2]. Permission is not
required as only data were used
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[22]. The glucose-lowering effect is due to GLP-1
RA binding to the glucagon-like peptide-1 (GLP-
1) receptor in the pancreas where insulin
secretion is promoted while glucagon secretion
is suppressed. Additional benefits include
improved metabolic control and weight loss by
acting on the gut, where they slow gastric
emptying, and the central nervous system,
where they suppress appetite [23, 24]. Target
tissues for GLP-1 are highlighted in Fig. 3 and
include the heart and kidney [25]. The GLP-1
RAs have been shown to improve cardiovascular
outcomes, with liraglutide, semaglutide,
albiglutide, and dulaglutide demonstrating a
reduction of major cardiovascular events in
people with established cardiovascular disease
[26-29]. Dulaglutide has also demonstrated
reduced cardiovascular outcomes in people
without established cardiovascular disease.
These agents act on the kidneys, with clinical
evidence suggesting they promote renal pro-
tection [30-33]. Direct renal benefits include
decreased glomerular atherosclerosis, inhibition
of the renin-angiotensin system, stimulation of
proximal tubule natriuresis, and reduced fibro-
sis, inflammation, and oxidative stress, while
they indirectly reduce renal risk factors by
reducing hypertension, decreasing weight, and
improving glycemic control. The potential
direct and indirect benefits mediated by GLP-1
RA are summarized in Fig. 4. For a more detailed
overview on the potential mechanisms by
which GLP-1 RA may exert these effects on the
kidney, we refer readers to recent review articles
[34, 35]. Importantly unlike many other glu-
cose-lowering medications, including met-
formin, sulfonylureas, and alpha-glucosidase
inhibitors [36], GLP-1 RAs do not have a relative

contraindication in people with renal
impairment.
Despite demonstrating benefits beyond

blood glucose control, GLP-1 RAs are not yet
commonly prescribed in people living with
T2DM and CKD [37]. The purpose of this review
is to summarize the clinical evidence regarding
the effect of GLP-1 RAs on renal outcomes in
people living with T2DM and CKD and to pro-
vide an overview of the practical aspects of use
of these compounds that include specific con-
siderations for this high-risk patient population.

EVIDENCE FROM CLINICAL TRIALS

General Overview of Cardiovascular
Outcome Trials

Currently, clinical trials that report kidney
outcomes as the primary endpoint of GLP-1 RA
therapy are lacking. The most reliable evidence
for positive renal outcomes from GLP-1 RA use
comes from cardiovascular outcomes trials
(CVOTs); however, these studies were not
designed or powered for this specific purpose.
These trials were conducted in response to
guidelines mandated by the U.S. FDA in 2008
which suggested that sponsors evaluate new
T2D therapies for cardiovascular risk [38]. Since
2015, seven CVOTs have been completed that
assess the cardiovascular safety and efficacy of
GLP-1 RAs, including ELIXA (lixisenatide) [39],
LEADER  (liraglutide) [26], SUSTAIN-6
(semaglutide) [27], EXSCEL (exenatide) [40],
HARMONY (albiglutide) [28], REWIND (du-
laglutide) [29], and PIONEER-6 (oral semaglu-
tide) [41]. Although only the CVOTs
investigating liraglutide, semaglutide, albiglu-
tide, and dulaglutide independently demon-
strated a reduction in the three-component
major adverse cardiovascular events (MACE-3)
score (consisting of cardiovascular death,
myocardial infarction, and stroke), a meta-
analysis combining results demonstrated that
GLP-1 RA treatment decreased MACE-3 by 12%
(hazard ratio [HR] 0.88, 95% confidence interval
[CI] 0.82-0.94), indicating improved cardiovas-
cular outcomes in people living with T2DM and
established cardiovascular disease [42].

Evidence Regarding Renal Outcomes With
GLP-1 RA Use

Although no clinical trials have been published
reporting kidney outcomes as the primary end-
point of GLP-1 RA therapy, several CVOTs
indicate that GLP-1 RAs may promote renal
benefits and delay CKD progression through
secondary or exploratory endpoints that
include decreased onset of macroalbuminuria
and reduced eGFR decline [43-45]. Secondary
endpoints of the CVOTs LEADER [46],
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Fig. 3 Physiological targets of GLP-1. GLP-1 exhibits
pleotropic attributes that affect various tissues and organs,
including the pancreas, stomach, brain, liver, adipose,
heart, and kidney. GLP-1 Glucagon-like peptide-1, VLDL

SUSTAIN-6 [27], and REWIND [32] showed
reduced progression of nephropathy with no
increase in acute kidney injury. Although the
reported outcomes differ from trial to trial,
there are strong indications that give confi-
dence to the net benefit of GLP-1 RAs. Indeed,
in a meta-analysis of CVOTs examining renal
outcomes of GLP-1 RAs, the authors found that
GLP-1 RAs clearly reduced the risk of worsening
of kidney function when assessed using a broad
composite renal outcome [42]. A summary of
these large clinical studies is presented below
and summarized in Table 1.

The ELIXA Trial (Once-Daily Lixisenatide)

The Evaluation of Lixisenatide in Acute Cor-
onary Syndrome (ELIXA) CVOT trial assessed
the effects of lixisenatide on cardiovascular
outcomes in people living with T2DM with a
previous acute coronary event [47]. In a

4 Insulin secretion/biosynthesis
4 Somatostatin secretion

4 R-cell proliferation

¥ Glucagon secretion

¥ R-cell apoptosis

Brain

v Food intake
¥ Water intake
4 Neuroprotection

4 Neurogenesis

White adipose tissue

4 Perfusion e s
2 2

A Lipolysis =
A Glucose uptake d

Brown adipose tissue

4 Thermogenesis » %

@

very-low-density lipoprotein. The figure was created by
Lilly using the data from Muskiet et al. [25]; permission is
not required as only data were used

following exploratory analysis, renal outcomes
were investigated that consisted of percentage
change in urine albumin-to-creatinine ratio
(UACR) and eGFR according to prespecified
albuminuria status at baseline using a mixed-
effect model with repeated measures. Lixisen-
atide was associated with a reduced risk of new-
onset macroalbuminuria (> 300mg/g) and
reduced progression of UACR in people with
macroalbuminuria when compared with pla-
cebo; however, no significant differences in
eGFR decline were identified in any of the
treatment groups [44].

The LIRA-RENAL Trial (Once-Daily
Liraglutide)

The Efficacy and Safety of Liraglutide Versus
Placebo as Add-on to Glucose-Lowering Ther-
apy in Patients With Type 2 Diabetes and
Moderate Renal Impairment (LIRA-RENAL) trial
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Direct Effects

» Proximal tubular natriuresis simulation

* Modulation of cAMP/PKA signaling

* Inhibition of renin angiotensin system

» Decreased renal hypoxia

» Decreased glomerular atherosclerosis?

* Renal endothelial dependent vasodilation
* Increased tubuloglomerular feedback

* Increased ANP?

Fig. 4 Potential direct and indirect renoprotective effects
of GLP-1 RAs. cAMP/PKA Cyclic adenosine monophos-
phate/protein kinase A, ANP atrial natriuretic peptide.

investigated the efficacy and safety of liraglutide
as an add-on to existing glucose-lowering
medications in people with inadequately con-
trolled T2DM and moderate renal impairment
(stage 3 CKD, eGFR 30-59 ml/min/1.73 m?)
[48]. After 26 weeks, along with a greater change
in HbAlc from baseline, no changes in renal
function were observed with liraglutide when
compared to placebo.

Indirect Effects

» Improved glycemic control

* Improved blood pressure control

+ Weight loss

* Increased insulin sensitivity

» Decreased postprandial glucagon

» Decreased intestinal lipid uptake

* Increased brown adipose tissue activation
« Effects on microbiome?

The figure was created by Lilly using the data from Greco
et al. (see Table 1) [35]. Permission is not required as only
data were used

The LEADER Trial (Once-Daily Liraglutide)

The LEADER trial primarily assessed the car-
diovascular safety of once-daily liraglutide
compared to placebo [26]. The trial included
9340 participants (> 50 years; HbAlc > 7.0%),
the majority with established cardiovascular
disease (81%). Renal outcomes were explored in
a prespecified secondary analysis [30]. The sec-
ondary renal outcome was a composite of the
following components: new-onset persistent

I\ Adis



Diabetes Ther (2022) 13:389-421

398

(FH66'0 = ¢ HI'L 03 6T°L —
1D %56 $9°€ AS) €0°0 — JNST BLNUIUNQ[EOIRIAL
(0€$1°0 = 4 :86'0 03 979 —
1D %S6 ‘S8'T 4S) $9°C7 — NS BHnUIUNgeodIA
(6¥55°0 = 4960 01 08T — 1D
%S6 L0 dS) TH'0 — JNST EUnUILNGEOUION
iSNIEIS BLNUIWN[E dUTaseq

£q paynens y o9 ur a3ueyd aSeruadiad WS
m&:Oum juaunean :uuéun_ ﬁum«uﬂuﬁﬁ

9I9M JUI[IIP YD UT SIDUIPIP u:uuﬁ:mﬁ ON
16%0°0 = 4 1666'0-599°0

1D %S6 ‘ST8'0 ¥H PTVH [eM3-uo pue durpseq
$0%00 = ¢

166:0-099°0 1D %S6 ‘808°0 YH TVH 2ul[seq
2103 parsnipe uaym oqodeyd
r—ufx/ ﬁuuwnmEOu NCSEMESS—wOuUWE 19SUO-MmaUu

JO SII Paonpal ® (3L PIIBIOOSSE SEM IPIIBUISIXITT

(0£00°0 = 4 %86 — 02 €589 — 1D %S6)
%81 '6E — OPIEUSIXI] YIIM dUI[ISEq WO YDV
ur a8ueypd oFeruadiad ST parsnipe-oqaselq

eLMUTWNeoIdTW Yam syudned

%00T: *qAD Feauadidg
68¢ = # 9//3w 0p¢ = =YOVN
NCSA\—_ESA?O‘GNE ﬁﬂd

P11 =  B/8wr 00¢ > 02 0¢ < YOVN
= wESCMESAidOuu_E ,~§ =u Aw

/3w 0¢ > YDV = BUNUILNGEOWION]

0STLYTITOLON

oqooeyd “sa (‘fur

ur YOV jo uorssarSord soompar spreussixry ﬁcwmu% SI1SIA [[e $s010¢ 0qooe[d pue sprEudsIXI] sy2am 80T U243 A191re £reuorod Aqrep-oouo 9 o
(€80°0 = ¢ 20°'T-89°0 isoInseaw u2am2q (100°0 > 5720 — 01 1€'0 — 1D %S6) :dn-sofroy U021 T pUE WAZL i 2doad 10 01) PRI
ID %S6) $8°0 YH :womnno [eudr ssodwor) reuay syutod ae3uadiad 70 — Jo sdudIRyIp AFeroay UBIPII 8/6S = N %% ‘6¢] VX114
soansesur uoneanp JPYnuapy
I0 S5W03IN0 Apnas 10 A0$:spers 1 [esrur))
SIWO0INO [eUdI Jo Arewrwng Teusy STVqHy w sSuey) dn-mojog sdnoxdqns fuonemdog  ‘YYI-gTO “Apmg

Tbuuonﬁuu SINSEIW JO SOWIOIINO Jeual 1M STEL1) [edSTUI[d umwcowwuﬁw

101d2001 [-opndad ayij-uoSeon;s o8reT 1 9qel

A\ Adis



399

Diabetes Ther (2022) 13:389-421

(3000 = 4 <160-09°0
1D %S6) ¥£°0 YH ‘eHnurmngeosews

u:vum_mth H—CUCOH—EOU —mﬂ—uTﬁ@EH

(€000 = ¢ :T6:0-L9°0 IO %S6) ELNUIINGeoIsew 8706L1T0.LON
8,°0 YH wodno [eudr asodwor) 195U0 MIN] :2WOIINO [eNPIAIPU] oqaoed
%18 *dAD A (-
dnoig oqaserd yaeap [euar Jo ‘Aderays juswadeldax ¥ sa (fur Lqrep
a3eauadiog Sw o

a1 ur ueyd dnoid spanSerry oy ur ssay [euas jo uonentur ‘uoneddnp surunes sqauowr 9¢ 3¢ oqadeld pue sprnjSerr s1eak §8°¢ -opu0 B ')
Ppa1Imd20 eLINUTWNG[EOIdEW Ud3sIsId WIS PauTeIsns ‘CLINUIWUNG[EOIEW u2M1q (K0 — 03 SF'0 — ID %S6) :dn-moyjo5 NATL Yy ddoag spnnjderry
pue Qwomnno asodwod [euds oy, 125U0 MIN] Pwocno Asoduron) syutod a8eruddiad (p ) — Jo duLIYIP UL URIPIJA! 0%€6 = N [0€ ‘9] ¥AAVAT

pauyap 10N
0>d : 3

(6ro=4d (10000 > AAD PTRERR - (ep07910.10N

01'T-29°0 10 %S6) €80 = MLA YOVN {16977 = 02 786 —] €70 = 01060 ~ 1D %56) (€L un oqaoerd

(9c0=4d [low/joww ¢7°/ —] %990 — Jo AL /T8 6S—0€ YAD?) sa (fur qrep

.NOA|$@O HU gm@v WQO = NM.HL‘W Mnﬁwu wVMDUQV WN Jje O@UUdﬁm uEUEu_NQEM _.N:U.— -9duo nmE WHV
oqeoeyd Spam 97 ur [Jow/joww g1% —] 9%8¢°() — JO UOLINPIY dreIopow pue spunpderry

01 paredwod usyM PaAIdsqo d1am e 0qaoe[d 01 paredwod uoym YO VN sypam 97 Ie spnnjSeny AT Y 2fdoag [8%]
:Oﬂ-UEE —.N:Uu ur muwﬂ.mr—u ou ,mv—uva ON u< muﬂ—.m MH,—UU ur MUM:.NLU saInseawr —.NEUM ur :OE\TUEE wﬂﬂ |~ OAVWOM MO EOEUE@UM mv—uua QN GR.N =N 1H<Z§|§H\H
uoneinp JYnUapY
Apnis 10 sdnoi§qns  a0$-spers 1 [esrury)
$OW05INO [eUdI Jo Arewrwng SOINSEIW JO SIUIOIINO [EUNY STVqHy ur aSuey) dn-mofog cwopemdog ‘WY I-J'TO ‘Apmis

ponunuod 1 9[qeJ,

I\ Adis



Diabetes Ther (2022) 13:389-421

400

(€00 = 4 :86°0-%L0 ID %S6)
$8'0 MH pasnlpe ((£0°0 = 4 10'T-9L0
HU ﬁym&v wwO mm NN 2WOdINOo MuMwO&EOU

(€10 = 4 %0°T 01 €£0 ID %S6)
£8°0 IH pasnlpe {(91°0 = ¢ *S0'T-$L0
ID %S6) 88°0 YH T dwomnno asodwoD)

sask[eue parsnfpeun ur aprEUIND

s paonpar sem asodwod [eusr YN

(110 = 4 %07
01 £9°0 1D %S6) ¥8'0 H passnipe

eLnurwnge
ADU YIedp [euar d:uEuum_mE [eua1

QUIPIP YID? %0¥ 7 dwonno aisodwor)

Yaesp Jeuat .uﬁu&uu.m—&uu Jeuar

[eL12 9Y2 JO 38IN0D
a3 Surmp ogade[d 01 paredwod spreusxd

ut (10070 > 4 050 — 03 LSO — “ID %S6)

%eS0 — JO dUIBYPIP NST [[BIA0

%eL *AAD

a3eauadiog

SCCHFITOLON
oqaoerd "sa

(*fur &ppam-aduo

(61°0 = 4:L0'T-0L0 ID %S6) sypuow 9 3¢ ogaoerd sk 7¢
£8°0 YH ‘EUMUIWING[EOIEW 195UO SUIPAP YAD? %0% 1 dwosno aysodwory PUE 9pIIBULXD UIMI] (9°() — 01 L) — :dn-mofoy INAZL s 2doog Sw 7) spneudxy
AU JO 21eI Y1 9INPAI 10U PIP IPLEUIXY eLnuIwNgEOITW MIN  [D %66) siutod afeauddiad /o) — Jo duazpIq UBIPIJA! L% =N [6% ‘0%] TIDSXA
S F0T
1e oqaoe[d pue spunjdewos Swr ('] usamIdq
(10000 > ¢ [0'01 — 0 0°€T =] 60 —
a7y — 1D Qomav [fow/oww ¢'TT —] syurod
ageauoorad 17 — jo (QIA) 2OULTPIP UBDN
dnoig spnngBewas Swr 1
(1000 = 7 :£L0-LE0 ur s3pRm 0T e [[our/[owtr 7'9¢] 9¢'L 01
ID %S6) $$°0 YH ‘ernurungeoIsew aurpaseq 3¢ [[ow/[owWw 9'T/] 9%/'§ WOIJ 3583109
1U2IsISIOJ uduodwod [enprarpuy Sypom 301 3¢ ogeoerd pue spunBeurss Sur ¢
(5000 = 4 88°0-9%°0 ID PLINUTWNG[e JUIISISIOJ :IWOdINO [ENPIAIPUL  u2am3dq (1000°0 > ¢ [£'S — 03 £'8 —] S0 — 9¥70CLIOLON
9%S6) $9°0 YH :womno Jeua1 asodwor) yreap [euas 10 Adeso 0180 — ID %S6) [Jow/joww 7'z —] syurod s — Ao oqaoed
. 0 = . .
dnoig oqaserd aya auswooedar [euar Jo uonentur ¢ w ¢/ Brauaiad 10 — jo (ALLT) 2uaRyIp uLaW sa (fur Appas
T 3eauadiog 350 Qu ¢
ur ueyy dnoid spunjSewas a1 ur ssaf JUTW/[W GE > Y52 Suryoear surunessn dnoid sprnfSewss Sw ¢ YoM H( T 0T
pa1mod0 eLMurwNgeoIdew 1udisisiod wnds SUNqnop eLINUIUNGEOIdewW ur sYPam HQ e [[ow/jowwr /£'66] 9%9°/ 01 :dn-mofjog WATL i 2pdoag 1o ¢70) dpundewog
pue swonno asodwod [euss oy, 195U0 MON] :dwomno Asodwor)  durpseq e [[ow/[oWW 9 T/] 9%/'§ WO 58310 UBIPIJA! 167€ =N [L7] 9-NIVISNS
uoneinp IPYNUPpY
Apnis 30 sdnoxdqns  AoS:spersy esrur)
S3WO02INO [eudl Jo Areurumng SOINSELIW IO SIWOIINO [eUN SIVqH ut a8uey) dn-smoyjoq cwopemdog ‘WY I-4TD ‘Apmis

penunuod [ Jqe],

A\ Adis



401

Diabetes Ther (2022) 13:389-421

(€0 T1LT —
IO %S6) %0°€T — ST Putdre[s urnsuy
9y - 1€ — 10
%S6) %1°02- NST 2prniSemp Sw ¢/0
(§L—0 16— 1D
%$6) %STT NST =prnjiemp Sw ¢'1
suidre[8 urmsur 03 paredwod
DV ur ssusagp auesyruds oN
@ooo.o = Rhu::umun_
'sa) ouidre[d urmnsur A PA] (LRSS
(2L20°0 = ¢ ouidre[d urmsur sa)
sprmpBenp Swr ¢/°0 w ¢/ T /ur/ur £
(€220°0 = ¢ ouiSre[3 urmnsur "sa)
spunfdemp Sw ¢ w ¢/ T/unuy/[w <o
dnoi8
8/8w 00€ < YOV U SUIPIP YIH?

(L0 WHS)

LU €L T/uTuy/ [ ¢ ¢ souidrefd unmsu
(6000 = 4 L0 WAS) ;W

€L1/unw/[w gr¢g punjdemp Sw /70
(000 = ¢ ‘L'0 WAS)

AU €L T/unw/[w %€ dprniSeqnp Sw ¢y

10000 > 4 IV

[T gS) Tow/foww 601 —]

(1'0 dS) %01 — :ouidre[3 urmsuy
(€T aS) Tow/jowwr ggY —]

(10 aS) %I'T — :apungSemp Swr ¢/ 0

(1 gs) jow/oww o] —]
(10 dS) %I'T — :oprmnjdemp Sw ¢'1

"mduva Nm [ox] MCJUmNL EO.@ UME.NLU 2%4

(€T gS) Tow/joww gy —]

paugap 10N
(10 dS) %1'T — uidred uinsuy

:JAD eaumdidg
[(€T dS) [ow/joww 77T —]

(AI-TII sa8eas)
(10 4S) %1'T — =punfdemp Sw ¢/

MID 219438

-03-93EI9pOoW pue

(31 dS) Tow/oww ¢y —]

8LITZ9TOLON
suidrefd urmnsur
'sa (fur Appram

-uo Gw ¢’ 10

YoM 76
sypam 7 1e surSred urnsur 1 suidre urnsur 01 paredwos YOy (10 4S) %T'T — pun@emp w ¢'1 Spom 7€ INQZL ym adosg  ¢/0) apunfSeng
ue spnndemp Yam 10yS1Y SEM YDP  PUE YD UI UL SOW0INO0 ATEPU0IDG :SPam 97 01 dureseq woxy AFuEyd ST puE 97 LIS =N [€€] L-AAVAY
wonemp IoYnUAPY
Apms 10 sdnoiSqns  aoSspesy peorur)
$5W02IN0 [euss Jo Arewrumg SOIMSESW 10 SIWOIINO [eUIy >1vqy w aSueyy  dn-amofjog cwonemdog  ‘VYI-ITO ‘Apms

peonunuod 1 dqel,

I\ Adis



Diabetes Ther (2022) 13:389-421

402

onel urwnqye-oi-Areunn

YOF] smpw saaqeip 7 2dA gz ‘ursw 943 JO I01I5 PIEPUEIS Jy7§ ‘UONEIAIP pIepuels (7§ ‘ueawr saxenbs 1sea] jyg7 ‘uondafur “uz ‘onel prezey yx ‘uiqojdoway paiedk(3 sy pgpy astuodeiue 101dodox

1-opndad oyr-uodeon3 Yy [-g7H Osuodsar 3udwIedn) Jo PUd Y77 GOUIIIP JUIWIEIII PAIBWNSD (77 3Ll UOHEN[Y IR[IIDWO[S PIIBWNSD Y,J0)a SEISIP IL[NISLAOIPIEd (T,4,) ‘[EAIdIUT DUIPYUOD) )

_uuu._Onmo._ JOU 2I9M SIUIOIINO IO SIINSEIUN [EUIT PIULIP SE PIISI[ J0U ST JE11] SWOIINO JE[NISTAOIPIEd O-YHINOId Y.L, 2IEp Eo_uwuw—ﬁz& JO I9PIO UI PIASI $31pMI§

(6£0 = 4 HHT-6£0 ID %S6) SLO
JH :Aderays quswadeydar Teuar sruory)
(9900 = 4 T0'T-8L0 ID %S6) 680
MH :9%0€ > YA Ul duIPIp pauresng

(10000 > 4 ££8'0-89°0 ID
ﬁvm@v NNO mz ”NM.:‘::EBA:NOHUNE BUZ

(%0S < / %0% <) ¥ID?

%I¢ *AAD
a3eauadrog

(%0°5€)
LOYE = u
‘eunurunge jo

UUEM?.»Uu& UE:um.mm
(LTT as) ;w
CLT/uTw/[Ww 69/

HMWUU E.muz

sausuodwod fenprarpuy I SUIPOP POUIVISTS TLNUILINGROIITW (%6°L) 16L = TS6H6ETOLDON
. . . BLINUIWUNG[EOIEIA
#0000 = 4 *€60-LL0 1D %S6) 195U0 MON] DWI0dINO [eNPIAIPU] ogaoerd
¢80 YH :Pwomno [eudt asodwo)) Adesaq quswosedar U2 sA (fur Apppom
0qaoeyd 03 paredwod [EUSI JO UOWENIUT 10 ‘040 > YID? pourad dn mofjoy a1mua o3 Surmp oqaserd pue s1eak G O 3H AAD Y -ou0 Bur ¢'7)
usyM sowodmo [euar asoduwrod JO DUIPOP PAUTLISTS BLINUIWING[EOIIEUL spuniSemnp wam13q (10000 > ¢ ‘$9°0-85°0 :dn-mofjog NAZL Y ddodg spundeng
pasnpar yamm pajeosse spnnSen(y 195U0 MON] dwodIno asodwo) D) %S6) %19°0 JO udtapp dnoxd-usamaq NST ueIpaAl 1066 = N [2€ ‘67] ANILATY
sqauow 97 3¢ (130 03 STSS9%C0LON
9TT — ID %S6) ;W €LT/UI/[W €0 — (570 — ogaoerd
syqauow g 1e (6€°0) — 03 01860 — ID %S6) %S0 — Syiuow 9] %001 *dAD 'sa (fur Approm
. . . a3eauaorog )
P81 — IO %S6) ;W €L T/uruy/[w 117 — e 0qaoe[d 01 paredwod spunjdiqre jo dusIIT -aouo Guwr (g
oqaoeyd 01 paredwos uaym sqauow 91 pue g e oqade[d Suraredax (850 — s1eak ¢'] dAD s 10 0€) dprnBIqry
SqIUOW g PUE 9 1B UIPIP YIOH? asoys pue apunSiqe Surardar siuedpnred 01 69°0 — ID %S6) %EY'Q — Syruow g :dn-mofjog WAz s 2doag [27] sswoomQ
U1 95B2100p € patensuowdp pnnBiqry U203q YO UT 2IUIJIP uedly e 0qaded 01 paredwos apnnidiqe jo adudrPIq UBIPIJA €9%6 = N ANONMVH
uoneinp IPYNUPpY
Apnis 30 sdnoxdqns  AoS:spersy esrur)
S3WO02INO [eudl Jo Areurumng SOINSELIW IO SIWOIINO [eUN SIVqH ut a8uey) dn-smoyjoq cwopemdog ‘WY I-4TD ‘Apmis

penunuod [ Jqe],

A\ Adis



Diabetes Ther (2022) 13:389-421

403

macroalbuminuria, persistent doubling of the
serum creatinine level, ESRD, or death due to
renal disease. The composite renal outcome was
observed less frequently in participants using
liraglutide than placebo (HR 0.78, 95% CI
0.67-0.92; p =0.003). Of the individual com-
ponents, only new-onset persistent macroalbu-
minuria was observed less frequently in people
treated with liraglutide (HR 0.74, 95% CI
0.60-0.91; p = 0.004) [30].

The SUSTAIN-6 Trial (Once-Weekly
Semaglutide)

The Trial to Evaluate Cardiovascular and Other
Long-term Outcomes with Semaglutide in Sub-
jects with Type 2 Diabetes (SUSTAIN-6) con-
sisted of 3297 people living with T2DM, 83%
with established cardiovascular disease, receiv-
ing once-weekly semaglutide (0.5 and 1.0 mg)
or placebo. New or worsening nephropathy,
defined as persistent macroalbuminuria, persis-
tent doubling of the serum creatinine level, and
a creatinine clearance of < 45 ml/min/1.73 m?
or the need for continuous renal-replacement
therapy, was observed less in participants trea-
ted with semaglutide (3.8%) than placebo
(6.1%) [27].

A recent post-hoc analysis of the SUSTAIN
trials (SUSTAIN 1-5 and SUSTAIN 7) assessed
the effects of semaglutide (0.5 and 1.0 mg) ver-
sus comparators (active treatments or placebo)
on kidney function (eGFR), albuminuria status
(UACR), and adverse kidney events in 8416
people living with T2DM [31]. Semaglutide was
associated with initial reductions in eGFR that
plateaued and marked reductions in UACR
when compared to active comparators.

The EXSCEL Trial (Once-Weekly Exenatide)

The Exenatide Study of Cardiovascular Event
Lowering (EXSCEL) was a multinational, pla-
cebo-controlled, randomized CVOT designed to
assess the impact of once-weekly exenatide
compared to placebo when added to usual care
in people living with T2DM and risk of cardio-
vascular disease. In a recent post-hoc analysis,
renal outcomes were measured, including new
macroalbuminuria and two composite out-
comes consisting of 40% decline in eGFR, renal

replacement, and renal death, with or without
new macroalbuminuria. Neither renal compos-
ite was reduced with exenatide in unadjusted
analyses; however, the second renal composite
containing macroalbuminuria was reduced after
adjustment when compared to placebo (HR
0.85, 95% CI 0.74-0.98) [49].

The AWARD-7 Trial (Once-Weekly
Dulaglutide)

The Assessment of Weekly Administration of
LY2189265 in Diabetes-7 (AWARD-7) study
assessed the glycemic efficacy and overall safety
of once-weekly 1.5 and 0.75 mg dulaglutide
compared to insulin glargine in 577 people liv-
ing with T2DM and moderate-to-severe CKD
(eGFR < 60 ml/min/1.73 m?) [33]. At 52 weeks,
in addition to producing glycemic control sim-
ilar to that achieved with insulin glargine but
with lower rates of symptomatic hypoglycemia,
dulaglutide was associated with a reduced
decline in eGFR. However, the reduction of
UACR with dulaglutide was not significantly
different from that of insulin glargine. This
study was the first to demonstrate that in people
with moderate-to-severe CKD, GLP-1 RA treat-
ment may slow eGFR decline.

The Harmony Outcomes Trial (Once-Weekly
Albiglutide)

The Harmony Outcomes study evaluated the
cardiovascular safety of once-weekly treatment
with 30 or 50 mg albiglutide in 9463 people
living with T2DM and cardiovascular disease
compared with placebo. Renal outcomes were
not reported, however, eGFR was measured [28].
The mean difference in eGFR between partici-
pants receiving albiglutide and those receiving
placebo was — 1.11 and — 0.43 ml/min/1.73
m? at 8 and 16 months, respectively. In August
2017, GlaxoSmithKline announced that it
would discontinue albiglutide due to limited
prescribing of the drug and not because of safety
concerns.

The REWIND Trial (Once-Weekly Dulaglutide)
The Researching Cardiovascular Events with a
Weekly Incretin in Diabetes (REWIND) trial con-
sisted of 9901 participants, of whom 31.5% had
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previous cardiovascular disease, with a median
follow-up of 5.4 years [29]. Predefined secondary
outcomes showed that 1.5mg once-weekly
dulaglutide was associated with reduced composite
renal outcomes, defined as the first occurrence of
new macroalbuminuria, sustained decline in eGFR
of > 30%, or chronic renal replacement therapy
[32]. A post-hoc analysis evaluated the effect of
dulaglutide and placebo on renal outcomes related
to kidney function, defined as the composite end-
point of sustained eGFR decline > 40%, ESRD, or
all-cause death [50]. The incidence rate of the
composite endpoint was determined to be signifi-
cantly lower in participants treated with dulaglu-
tide compared with placebo (HR 0.83, 95% CI
0.75-0.92, p < 0.001).

The PIONEER-6 Trial (once-daily semaglutide)
The Peptide Innovation for Early Diabetes
Treatment-6 (PIONEER-6) trial assessed CV
safety of oral semaglutide in 3,183 participants
of whom 856 had an eGFR < 60 ml/min/1.73
m? and 1051 had microalbuminuria or pro-
teinuria [41]. Renal or microvascular composite
endpoints were not assessed; however, a CVOT
of oral semaglutide is planned with renal out-
comes as secondary endpoints (A Heart Disease
Study of Semaglutide in Patients With Type 2
Diabetes [SOUL]) [51].

Future studies are needed dedicated to
understanding the primary kidney outcomes of
GLP-1 RA use and to confirm the renoprotective
benefits of this drug class.

The FLOW (A Research Study to See How
Semaglutide Works Compared to Placebo in
People With Type 2 Diabetes and Chronic Kid-
ney Disease) trial will be the first study designed
to specifically examine the effects of a GLP-1 RA
on primary kidney outcomes.[52]. The trial is
ongoing with results to be expected between
2024 and 2025. Challenges for conducting such
trials include their expense, due to being both
large and long-term, a high regulatory bar, and
difficulty in enrolling enough participants in
this particular population [53, 54].

Other Clinical Evidence for GLP-1 RAs

In addition to the larger randomized controlled
trials described above, evidence for GLP-1 RA
use in people living with CKD comes from non-
randomized clinical studies and clinical trials
with small sample sizes. In a prospective study
published in 2017, the Hiramatsu group repor-
ted that in Japanese people living with T2DM
and mild renal impairment (eGFR 30-60 ml/
min/1.73 m?) liraglutide was associated with
decreased albuminuria (baseline B2-microglob-
ulin 2.52 +£ 0.7 mg/dL, 24-month p2-mi-
croglobulin 2.13 4+ 0.9 mg/dL; p < 0.05) and an
increased eGFR after 24 months (baseline eGFR
51.2 + 8.1 mL/min/1.73 m? 24-month eGFR
60.5 + 13.8 mL/min/1.73 m? p <0.05) [55].
Two other studies with low participant number
also reported that liraglutide positively impac-
ted renal function while demonstrating reduc-
tions in HbAlc and body weight [56, 57].
Inamura et al. reported that 12-month admin-
istration of liraglutide decreased both the rate of
eGFR decline (6.6 = 1.5 to 0.3 + 1.9 ml/min/
1.73 m?/year; p=0.003) and proteinuria
(2.53 £ 0.48 to 1.47 +0.28g/g creatinine;
p=0.002) [57] while von Scholten et al.
showed, in a randomized, placebo-controlled,
crossover trial, that liraglutide reduced the uri-
nary albumin excretion rate (32% reduction,
95% CI 7-50; p=0.017) and eGFR (— 5 mL/
min/1.73 m?, 95% CI — 11 to 2;p=0.15) over a
12-week period, a reduction that may be
attributed to decreased 24-h systolic blood
pressure [56]. As hyperglycemia can affect fil-
tration rates [58], a limitation of these studies is
that the renal findings reported were not
determined to be independent of glucose
lowering.

Evidence from Real-world Studies

Other supporting evidence for the use of GLP-1
RAs in this patient population comes from real-
world evidence studies. A retrospective study
examining the effects of initiating GLP-1 RA
therapy on eGFR in people living with T2DM
with renal impairment showed that after 1 year
from initiating GLP-1 RA therapy, people living
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with stage 4 CKD (eGFR of < 30 and > 15 ml/
min/1.73 mz) or stage 5 CKD (eGFR of < 15 ml/
min/1.73 m?) had a significantly smaller decline
in eGFR compared to those using other glucose-
lowering agents [37]. In a retrospective study
evaluating the effectiveness of dulaglutide in
routine clinical practice that included patient
subgroups underrepresented in clinical trials,
including elderly people, non-obese individu-
als, and those with CKD, a significant and
consistent improvement in HbAlc with declin-
ing body weight was observed [59]. Specifically,
of the participants in the study who had CKD,
dulaglutide achieved significant reductions in
HbAlc (- 0.9%) and body weight (— 4.6 kg),
consistent with results of the AWARD-7 trial
[33].

Evidence from Kidney Transplant
and People Living with Dialysis

Currently, no prospective clinical trials have yet
assessed the effectiveness, safety, and tolerabil-
ity of GLP-1 RAs in people living with T2DM
and stage 5 CKD in dialysis programs or in those
who have undergone kidney transplant [60].
Several retrospective studies indicate no signif-
icant changes in renal function and suggest that
GLP-1 RAs have no effect on transplant out-
comes [61, 62]. In a retrospective review of
kidney transplant recipients with pre- or post-
transplant diabetes who initiated a GLP-1 RA
therapy for at least 12 months, recipients
showed a significant reduction in the total daily
insulin dose, a reduction in the risk of hypo-
glycemia, and the maintenance of kidney
function with no acute rejection, indicating
that GLP-1 RA may be a relatively safe and
effective treatment for kidney transplant recip-
ients with T2DM [62]. Another retrospective
study involving people living with T2DM trea-
ted with GLP-1 RAs who had received kidney
transplants showed decreased HbAlc and
weight but no change in renal function after a
mean follow-up period of 12 months [61]. In a
separate smaller study (n = 7), improvements in
renal function were observed along with HbAlc
and weight reductions after a mean follow-up
period of 19.4 £ 7.6 months [63]. Furthermore,

a retrospective chart review of people living
with T2DM and a solid organ transplant, of
which the majority had a kidney transplant
(81%), dulaglutide treatment resulted in a sus-
tained reduction in weight, body mass index
(BMI), and insulin use over a 24-month period
with no increase in graft failure, cardiovascular
morbidity, or all-cause mortality [64]. The lack
of major concerns indicates that GLP-1 RAs may
be a viable treatment for people living with
T2DM post-Kidney transplant, although more
studies are needed to determine whether these
medicines improve patient survival.

Limited studies have been performed exam-
ining GLP-1 RA use in individuals with ESRD
(eGFR < 15 ml/min/1.73 m?), and the recom-
mendations of their use in this population differ
depending on GLP-1 RA as well as the pre-
scribing information set by the regulator (sum-
marized in Fig.5). Clinical pharmacology
studies have demonstrated that renal impair-
ment, including ESRD requiring dialysis, does
not impact the pharmacokinetics of semaglu-
tide or dulaglutide as indicated in their label
information [65, 66]. The pharmacokinetic
characteristics of GLP-1 RAs together with the
potential benefit of these drugs in reducing
HbA1lc without risk of hypoglycemia, warrant
further research on the possible use of GLP-1 RA
in people with advanced CKD and those on
dialysis.

PRACTICAL USE OF GLP-T RAS
IN PEOPLE LIVING WITH CKD

In this section we provide general recommen-
dations for GLP-1 RA use in people with CKD.
The information for GLP-1 RA use for patients
without CKD will also be included to enhance
the context.

Current Treatment Guidelines for People
Living with CKD

By nature, T2DM is a heterogenous and pro-
gressive disease for which a wide variety of
treatment options exist and where treatment
paradigms continue to evolve. Several
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.
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US Prescribing Information®
Exenatide BID

Liraglutideb
Lixisenatide®

Exenatide QW

30-59 60-89 i 200

Semaglutide

Semaglutide (oral)

Dulaglutide

EMA Summary of Product Characteristics

Exenatide BID

Liraglutide

Lixisenatide

Exenatide QW

Semaglutide

Semaglutide (oral)

Dulaglutide

Il Not recommended [ Use with caution [1 No specific recommendations

Fig. 5 Information on the use of GLP-1 RA in people
with T2DM and CKD based on USPI and the European
Union SmPC. The FDA-approved prescribing informa-
tion and EMA-approved SmPC summarizing GLP-1RA
use in populations with renal impairment. Recommenda-
tions are depicted by color (white, no specific recommen-
dation; gray, use with caution; black, not recommended). *:
For the purposes of graphically summarizing the informa-
tion on GLP-1 RA use in people with renal impairment,
end-stage renal disease, as described in the SmPC and
USPL, is defined as ¢GFR < 15/mL/min/1.73* when

international organizations have provided clin-
ical practice guidelines to aid physicians in
optimizing therapy for people living with CKD.

The general guidelines for management of
T2DM that are provided by the ADA can aid
physicians in navigating the overall treatment
landscape. Pharmacologic intervention is

specific ¢GFR values are not provided in the label
information. “Information is based on FDA-approved
label unless superseded by the most recent USPI as of 20
May 2021. "Limited experience exists for liraglutide use in
people with end-stage renal disease. “Limited experience
exists for lixisenatide in people with an ¢GFR from 15 to
30 ml/min/1.73 m> BID twice daily, EMA European
Medicines Agency, FDA U.S. Food and Drug Adminis-
tration, QW once weekly, SmPC Summary of Product
Characteristics, USPI U.S. Prescribing Information

usually initiated with a single oral agent, usually
metformin, combined with lifestyle modifica-
tions [15]. If HbAlc remains elevated, met-
formin treatment is followed by sequential
addition of oral agents before intensification to
injectables in a stepwise approach. Although
the primary goal of diabetes management is to
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reduce glycemia and diabetes-related complica-
tions, special consideration needs to be taken in
people living with compromised renal function.
For example, metformin is regarded as con-
traindicated if eGFR < 30 ml/min/1.73 m? due
to the increased risk of hypoglycemia [2, 67].

In 2020, the ADA provided a revision to the
Standards of Medical Care in Diabetes with
updated guidelines recommending the use of
SGLT2i and GLP-1 RAs to treat people living
with T2DM and CKD independently of baseline
A1C, individualized A1C target, or metformin
use [68] (summarized in Fig. 2). These revised
changes take into consideration the latest trial
findings on SGLT2i and GLP-1 RA and suggest
that these medications are the preferred option
for people when CKD predominates, indepen-
dent of HbAlc. If CKD is the predominant
condition, the recommendation is to start with
an SGLT2i with evidence of reducing CKD pro-
gression, assuming eGFR is adequate. If SGLT2i
is not tolerated or contraindicated, or if eGFR is
less than adequate (< 30 ml/min/1.73 m?), then
a GLP-1 RA is recommended.

The KDIGO 2020 Clinical Practice Guideline
for Diabetes Management Chronic Kidney Dis-
ease recommend that people living with T2DM
and CKD with eGFR > 30 ml/min/1.73 m?
should receive metformin and SGLT2i (Fig. 2).
For those who do not achieve glycemic targets
with lifestyle therapy, metformin, and SGLT2i,
or who cannot tolerate these agents, whether
due to adverse events or because other restric-
tions apply, other medications are recom-
mended. Of these, GLP-1 RAs are generally
preferred because of their demonstrated car-
diovascular benefits and potential for improved
renal outcomes [2]. In addition, GLP-1 RAs are
particularly effective in reducing HbAlc, which
is especially relevant as HbAlc levels > 6.5%
have been shown to be associated with
increased incidence of microvascular complica-
tions [69] while it is challenging to achieve
HbAlc levels < 6.5% with other treatments
without increasing the risk of hypoglycemia.

The Lancet Commission on Diabetes recently
performed a comprehensive analysis of avail-
able data on diabetes care to provide a summary
of the best evidence for effectively managing
diabetes [70]. Of the key messages provided in

their summary, the commission states that
SGLT2i and GLP-1 RA therapies can reduce
cardiovascular-renal diseases and all-cause
death by up to 40% in people living with T2DM,
independently of their effect on lowering blood
glucose concentration.

Should a physician decide that a GLP-1 RA
would benefit their patient, the next challenge
is deciding upon which to prescribe as there are
a variety of GLP-1 RAs with regulatory approval
in U.S. and European markets, each with dif-
ferent profiles in relation to duration of action
(short-acting vs. long-acting), indications
(monotherapy and/or combined therapy), tim-
ing and ease of dosing, efficacy, and tolerability
[71-73]. The variation in profiles means that
GLP-1 RAs can be used for treating most stages
of CKD, although as described above, there is an
exception for people with ESRD (< 15 ml/min/
1.73 m? or on dialysis) that is dependent on the
prescribing information set by regulators.
According to the U.S. and European prescribing
information, the majority of GLP-1 RAs can be
used without dose adjustments in people with
mild (eGFR 60-89 ml/min/1.73 m?) or moderate
(eGFR 30-59 ml/min/1.73 m?) renal impair-
ment. The use of exenatide and its analog,
lixisenatide, both GLP-1RAs that cannot be
metabolized in circulation and must be cleared
renally, is more restricted depending on the
CKD grade and prescribing information set by
regulators. Currently, dulaglutide, semaglutide,
and liraglutide are the only GLP-1 RAs recom-
mended by the European Medicines Agency
(EMA) without any dose adjustment in people
living with mild, moderate, or severe renal
impairment (eGFR > 15 ml/min/1.73 mz)
[65, 66, 74]. Figure 5 summarizes the use of
GLP-1 RAs in people with renal impairment that
is based on either the FDA-approved U.S. pre-
scribing information or the EMA-approved
summary of product characteristics.

Recommendations when Combining
a GLP-1 RA with Other Glucose-Lowering
Medication

In general, GLP-1 RAs are indicated for use in
combination with metformin and with oral
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glucose-lowering agents, including SGLT2i,
when glycemic control is not achieved [75, 76].
When metformin is considered unsuitable as
therapy due to intolerance or contraindications,
or if there is inadequate glycemic control, sev-
eral GLP-1 RAs are indicated as monotherapy,
including  liraglutide,  dulaglutide, and
semaglutide.

General Recommendations on the Use
of a GLP-1 RA Add-on to Insulin

Basal insulin is effective in reducing fasting
blood glucose but is associated with a high risk
of hypoglycemia and weight gain [77]. In the
revised ADA guidelines, GLP-1 RAs are priori-
tized as the first injectable glucose-lowering
medications ahead of insulin if HbAlc is above
the individual target [15]. When compared to
insulin, GLP-1 RAs have shown the same or
even more efficacy in lowering HbAlc in head-
to-head trials, with lower risk of hypoglycemia
[78-80]. Additional benefits of GLP-1 RA use
over insulin include weight reduction, rather
than weight gain, which is associated with
insulin use, and for GLP-1 RAs administrated
weekly, less frequent injections [81].

If HbAlc remains elevated after treatment
with GLP-1 RA, basal insulin can be added as
adjuvant to the treatment regimen [15] Several
meta-analyses of randomized controlled trials
found that adding GLP-1 RA to basal insulin led
to decreased HbAlc, weight loss, and a lower
rate of hypoglycemia when compared to basal
bolus insulin [79, 80, 82-84]. Caution needs to
be exercised when combining a GLP-1 RA and
insulin and, in most cases, the insulin dose
needs to be adjusted. Based on reported evi-
dence, the dose of basal insulin should be
reduced by 10%, and a decrease of prandial
insulin by 30-40% is recommended when
starting concomitant treatment with the addi-
tion of a GLP-1 RA [85]. Recently, injection
devices that deliver both GLP-1 RA and basal
insulin simultaneously have become available,
which may have additional benefits, such as
improved adherence [86]. Although there is an
increased risk of gastrointestinal side effects
along with increased costs when adding a GLP-1

RA to the therapeutic regimen, this combina-
tion therapy has been shown as an offset to the
weight gain observed with insulin therapy [87].

Treatment Decisions: GLP-1 RA, SGLT2i,
or Both?

Both GLP-1 RAs and SGLT2i are recommended
after metformin in the treatment of T2DM, as
both are associated with renal and cardiovas-
cular disease benefits, a low risk for hypo-
glycemia, improved glycemia efficacy, and
weight loss [15]. Guidelines provided by KDIGO
recommend metformin with SGLT2i as first-line
therapy in people with eGFR > 30 ml/min/1.73
m? [2], with a GLP-1 RA as the preferred agent if
additional therapy is needed for glycemic con-
trol. The preference for SGLT2i is due to more
robust evidence regarding renal outcomes.
Based on the results of the CREDENCE study
[88], canagliflozin is currently allowed in people
with eGFR > 30 ml/min/1.73 m? if they have an
albuminuria/creatinine ratio > 300 mg/g [89].
Similarly, as a result of the positive findings
from the recent DAPA-CKD trial [90], dapagli-
flozin is now indicated for the treatment of
CKD, and can be initiated if eGFR > 25 ml/min/
1.73 m?. The higher cost of GLP-1 RAs may also
be a factor in this choice [91]. For people living
with T2DM and CKD who (1) do not achieve
glycemic targets with lifestyle intervention,
metformin, and SGLT2i, (2) cannot take these
medications due to intolerances, or (3) have
eGFR < 30 ml/min/1.73 m?, GLP-1 RAs are the
preferred agent [2]. As GLP-1 RAs are con-
traindicated for people with gastrointestinal
disease, pancreatitis, or a family history of
mutations in multiple endocrine neoplasia type
2/medullary thyroid carcinoma (MEN2/MTC),
SGLT2i is the preferred treatment for these
patients groups. For people at risk of lower limb
ulcerations and neuropathy, GLP-1 RAs are
recommended over SGLT2i. Although the find-
ings in the CANVAS trial showed a higher risk of
amputation when taking canafliglozin com-
pared to placebo [92], no significant difference
in the risk of this complication was observed in
the CREDENCE study [88]. However, caution is
recommended in the use of SGLT2i in people
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with a high risk of amputation or skin ulcers in
the lower extremities [89].

Clinical evidence suggests that combined
SGLT2i and GLP-1 RA therapy is additive in
terms of lowering HbAlc levels, systolic blood
pressure, and body weight. In the DURATION-8
study, the SGLT2i dapagliflozin was used in
combination therapy with exenatide and
showed reductions in HbAlc, systolic blood
pressure, and blood glucose, with improved
weight loss, when compared to monotherapy
[93]. More recently in AWARD-10, the addition
of dulaglutide to an SGLT2i also resulted in
weight loss, reduced HbAlc, and lower systolic
blood pressure [94]. Although combined ther-
apy is still not common practice because of the
relatively recent regulatory approval, these
studies highlight the potential of dual GLP-1 RA
+ SGLT2i therapy to synergistically reduce car-
diovascular disease and decelerate renal
decompensation [75].

Adverse Events, Side Effects, and Safety
Considerations

Overall, GLP-1 RAs are very well tolerated con-
sidering their high efficacy in controlling gly-
cemia and the net effect they exert on multiple
organ systems (Fig. 3). The adverse events asso-
ciated with GLP-1 RA use are generally mild and
include nausea and vomiting. In addition, there
are precautions for their use in people with
pancreatitis and diabetic retinopathy, the inci-
dence of which is generally increased in T2DM.
Based on several studies, it appears that GLP-1
RAs are safe and effective regardless of renal
function status. In a post-hoc analysis of
AWARD-11, the effect of dulaglutide treatment
was associated with consistent safety and effi-
cacy patterns regardless of their renal function
status at baseline, with no more gastrointestinal
adverse effects nor hypoglycemic events in
those subjects with lower renal function [95]. In
a post-hoc analysis of LEADER, the use of
liraglutide in those with CKD was safe, with no
difference in the frequency of serious adverse
events between those participants with and
without CKD [96]. More detail on adverse
events, plus information on side effects and

safety considerations, is provided below and
summarized in Table 2.

Gastrointestinal Adverse Events

Of the adverse effects reported during GLP-1 RA
clinical trials, gastrointestinal symptoms were
the most frequent, with nausea and diarrhea
very common, and vomiting, constipation,
abdominal pain, and dyspepsia considered to be
relatively common [97]. These symptoms are
primarily due to the mode of action of GLP-1
RAs on the gut, as a GLP-1 may directly or
indirectly regulate electrolyte and fluid home-
ostasis by influencing feeding and drinking
behavior as well as electrolyte transport in the
kidneys and gastrointestinal tract [25]. Ensuring
adequate hydration is therefore an important
consideration with GLP-1 RA treatment, as is
recommended by the label, particularly for
people with renal impairment, as dehydration is
known to be associated with renal dysfunction
[98]. Individuals should seek medical attention
if they have prolonged nausea or vomiting, or
an inability to take in fluids. Both nausea and
vomiting are usually transient and of mild-to-
moderate severity, with the frequency more
pronounced at the beginning of treatment and
people developing a tolerance over time [99].
Adherence to GLP-1 RA therapy may be
improved by slowing dose escalation, as per
label instructions, and setting patient expecta-
tions for possible gastrointestinal adverse out-
comes that should subside over time. Close
monitoring by the primary care physician is
important for effective management of these
effects.

Precaution for Use in People with Pancreatitis
A retrospective analysis of the US FDA’s data-
base of reported adverse events from 2004 to
2009 found exenatide increased the odds ratio
(OR) for reported pancreatitis by tenfold com-
pared with other therapies [100]. In contrast,
recent meta-analyses suggest that GLP-1 RA use
does not increase the risk of pancreatitis and/or
pancreatic cancer, compared to placebo and/or
other treatments [101-103]. From a practical
standpoint, people should be informed of the
characteristic symptoms of acute pancreatitis,
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Table 2 General recommendations

General recommendations

Inform individuals that if gastrointestinal symptoms
appear they are generally mild or moderate in severity
and disappearance over time is common. Recommend
that individuals avoid administering a GLP-1 RA
close to a large or high-fat meal because doing so is
likely to cause nausea. Consider progressive dose

escalation

Individuals treated with GLP-1 RA should be advised of
the potential risk of dehydration, particularly in
relation to gastrointestinal adverse reactions. and take

precautions to avoid fluid depletion

Individuals should be informed of the symptoms of
acute pancreatitis. Discontinue if pancreatitis is

suspected and do not restart if confirmed

Monitor blood pressure in individuals with high dose of

diuretics and normal-to-low blood pressure

In people with concomitant use of sulfonylureas or
insulin, consider reducing the dose of sulphonylurea

or insulin to reduce the risk of hypoglycemia

and treatment with GLP-1 RA should be dis-
continued if pancreatitis is suspected and not
restarted if confirmed. In the absence of signs
and symptoms, elevations in pancreatic
enzymes alone are not predictive of acute
pancreatitis.

Precaution for Use in People with Diabetic
Retinopathy

The prevalence of both CKD and diabetic
retinopathy, a microvascular complication of
diabetes, is known to increase proportionally to
T2DM duration [47]. In LEADER, there was a
higher, albeit non-significant, rate of adverse
retinal events with liraglutide compared with
placebo (HR 1.15, 95% CI 0.87-1.52; p = 0.33)
[26]. In the SUSTAIN-6 trial, semaglutide was
associated with a significant increased risk of
diabetic retinopathy complications, including
vitreous hemorrhage, blindness, or conditions
requiring treatment with an intravitreal agent

or photocoagulation (HR 1.76, 95% CI
1.11-2.78) [27]. Conversely, population studies
have found no association between increased
risk of diabetic retinopathy and GLP-1 RA use
[104, 105], with a low odds ratio observed for
exenatide (OR 0.16), liraglutide (OR 0.18),
albiglutide (OR 0.09), and dulaglutide (OR 0.11)
[106]. In addition, recent clinical evidence from
the AngioSafe T2DM Study demonstrated no
association between GLP-1 RAs and severe dia-
betic retinopathy [107], suggesting that GLP-1
RA does not have a causal influence on
retinopathy independent of glucose lowering.
The general consensus is that any increased risk
of retinopathy with GLP-1 RA treatment is likely
to be related to the abrupt improvement in
glycemic control [108], a phenomenon similar
to that reported for other neuropathological
complications [109].

Natriuresis and Diuresis

Studies in people living with T2DM and obesity
have shown that GLP-1 RA administration can
induce diuresis and natriuresis [110, 111] that
likely contribute to the renoprotective effects of
GLP-1 RA. The diuretic and natriuretic effects of
GLP-1 are mediated through downregulation of
sodium-hydrogen exchanger 3 (NHE3) activity
in the renal proximal tubule that consequently
affects renal hemodynamics [112]. Although a
decrease in systolic blood pressure is observed
with GLP-1 RAs (ranging from — 1.84 mmHg
[95% CI —3.48 to —0.20] to — 4.60 mmHg
[95% CI — 7.18 to — 2.03]) [113], the possibility
of requiring adjustment of simultaneous diure-
tic treatment should be considered.

Hypoglycemia

Despite having a pronounced anti-hyper-
glycemic effect, GLP-1 RAs are not typically
associated with hypoglycemia when used as
monotherapy. Caution is advised, with dose
reduction recommended in some cases, when
they are combined with a sulphonylurea or
insulin as the risk of hypoglycemia is higher. In
clinical trials examining GLP-1 RA in combina-
tion with a sulphonylurea (with or without
metformin) or insulin, the incidence of hypo-
glycemia was low overall, but increased when
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compared with placebo [114]. When GLP-1 RAs
are not used concomitantly with a sulphony-
lurea or insulin, routine glucose monitoring is
unnecessary due to the low risk of developing
hypoglycemia.

Weight Loss

In addition to improving glycemic control,
GLP-1 RAs demonstrate a benefit on body
weight. This is an important treatment aspect,
as weight reduction most likely plays an
important role in the prevention and reduced
progression of CKD, an association demon-
strated in people with macroalbuminuria hav-
ing undergone bariatric surgery [115]. Data
from an early meta-analysis of 18 trials provided
evidence that in people living with T2DM, GLP-
1 RAs promote a mean weight loss of 2.8 kg
(— 3.4 to— 2.3kg) [116]. Weight loss varies
depending on the dose and type of medication,
with differences observed in head-to-head
studies [117]. In SUSTAIN-7, a study comparing
semaglutide to dulaglutide in patients with
inadequately controlled T2DM, a greater
reduction in body weight was observed with
0.5 mg semaglutide (4.6 kg, standard error [SE]
0.28) compared with 0.75mg dulaglutide
(2.3 kg, SE 0.27) (estimated treatment difference
[ETD] —2.26kg, 95% CI —3.02 to —1.51;
p <0.0001) and with 1.0mg semaglutide
(6.5kg, SE 0.28) compared with 1.5mg
dulaglutide (3.0kg, SE 0.27) (ETD - 3.55Kkg,
95% CI — 4.32 to — 2.78; p < 0.0001) [118] at 40
weeks. Significant reductions in body weight are
observed with 3.0 mg and 4.5 mg dulaglutide,
doses which have been recently approved for
people living with T2DM who are taking met-
formin but experiencing inadequate glycemic
control [66, 119]. In the AWARD-11 trial, the
efficacy and safety of 3.0mg and 4.5mg
dulaglutide was evaluated at 36 and 52 weeks;
the results also demonstrated that these doses
led to significant reductions in body weight.
Specifically, with 4.5 mg dulaglutide, the weight
reduction was 5.0 kg at 52 weeks of treatment
[120]. Compared with the 1.5 mg dulaglutide
group, body weight was significantly decreased
in the 3.0mg (ETD - 0.9, 95% CI —14 to
—0.4kg; p<0.05 and 4.5 mg (ETD — 1.6, 95%

Cl —2.1 to —1.1kg; p<0.001) dulaglutide
groups at 36 weeks.

General Practical Considerations

Patient-centered Care

Patient-centered care in the treatment of dia-
betes is considered to be essential in effective
disease management. People who are more
involved in their treatment decisions and have
a better understanding of the treatment strategy
are more likely to be satisfied with their
healthcare [121], while a lack of shared deci-
sion-making between patient and prescriber can
affect patient satisfaction and may result in
non-adherence [122]. These factors are reflected
in the joint ADA-EASD guidelines, which place
a focus on putting the patient at the center of
the treatment paradigm and consider that
shared decision-making between patient and
provider is essential to create an effective man-
agement plan [68]. An emphasis is placed on
assessing the patient’s individual factors and
engaging the patient prior to creation of a
management plan. Once the patient consents
to the plan, the next steps involve implemen-
tation, routine monitoring and support, and
review of the plan. It is essential that people are
involved in treatment decisions as this can
influence how likely they are to continue taking
a medication, which can, in turn, affect treat-
ment success.

Considering the large variety of therapies
available, each with different attributes and
mechanisms of action, along with the
heterogenous nature of T2DM, the treatment
landscape is understandably complicated. An
important factor in helping healthcare profes-
sionals and their patients decide on the best
medication for the individual is determining
patient preference on the frequency (daily vs.
weekly) and route of administration (in-
jectable vs. oral), as well as medication costs. In
circumstances where patients cover the cost of
treatment, where reimbursement is restricted,
or when insurance coverage is limited, the
financial expense may influence selection of
GLP-1 RA therapy [123]. In a recent review of
GLP-1 RA patient preferences, important

I\ Adis



412

Diabetes Ther (2022) 13:389-421

attributes driving patient choice included dose
frequency, device characteristics (including
type of device and needle size), change in
HbAlc, and adverse event profile [124].

Dose Frequency

The recommended dosages and administration
requirements for each of the GLP-1 RAs are
described in greater detail elsewhere [73].
Briefly, the first GLP-1RA started with adminis-
tration twice-daily (BID; exenatide BID) fol-
lowed by once-daily (lixisenatide and
liraglutide) and then once-weekly (QW;
semaglutide, exenatide and dulaglutide). A
summary of the dosing characteristics for cur-
rently available GLP-1 RAs is summarized in
Table 3. As anticipated, patient preference is
towards GLP-1 RA profiles associated with less
frequent dosing, with once-weekly preferred to
once-daily, with the latter preferred over twice-
daily [123-125].

Injection Device Characteristics

The GLP-1 RA injection devices consist of either
a single-use or multi-dose pen that varies by
needle size and thickness, which can be factors
in predicting patient preference [125] (Table 4).
Injections are subcutaneous and therefore tend
to be less painful than intramuscular injections,
particularly as the needles are smaller. The pen
injectors are pre-filled, which is more conve-
nient than carrying bottles or syringes. The
complexity of dose regimens, the patient’s per-
ception of administration, and fear of injections
may affect the rate of commencing
injectable treatment. Understanding the char-
acteristics and features of these devices can
therefore aid both physicians and their patients
in selecting the most appropriate agent.

Daily formulations of GLP-1 RAs, including
exenatide BID, liraglutide, and lixisenatide,
require dose selection and attachment of a dis-
posable needle each time the injection device is
to be used. Both prolonged-release exenatide
QW and dulaglutide are weekly formulations
that come in single-use devices and do not
require dose selection, while semaglutide comes
in a multi-dose pen where the specific dose
needs to be set by the user. An older version of

the exenatide QW device consists of a pre-filled
pen with two chambers containing exenatide
powder and solvent that require reconstitution.
A newer device is now available that features a
pre-attached hidden needle with automatic
dose administration that requires 15 s of mixing
before administration [126]. The dulaglutide
device is ready to use and includes a hidden,
pre-attached needle with dose selection or
reconstitution not required, which allows for
greater ease of use [66].

In an uncontrolled study of 214 people liv-
ing with T2DM, 99% of participants considered
the single-dose pen “easy” or “very easy” to use
[127]. In a separate study that evaluated patient
perceptions of the injection devices for liraglu-
tide and dulaglutide, the dulaglutide device was
associated with a slightly higher score for ease of
use and convenience [128]. Patient preferences
between liraglutide and twice-daily exenatide
BID were also evaluated, with 96% of respon-
dents reporting a preference for the liraglutide
device compared to that of exenatide [129]. The
PREFER study was an open-label, multicenter,
randomized, crossover study assessing patient
preference for dulaglutide and semaglutide
injection devices [130]. Participants with T2DM
preferred the dulaglutide injection device to the
semaglutide injection device [130]. An impor-
tant consideration is that, if people prefer a
device, they may be more willing to use the
medication, potentially resulting in improved
health outcomes.

Route of Administration

The majority of GLP-1 RAs are delivered via
injection although an oral formulation has
recently become commercially available [131].
While oral administration is less invasive than
injection, a recent study indicated no difference
in preference between oral semaglutide and
dulaglutide [132]. However, it is worth consid-
ering that routes of administration cannot be
easily compared as dose frequency and specific
details of the treatment process administration
can impact patient preference. From a patient
burden standpoint, people living with advanced
CKD take a number of oral medications and
may prefer a once-weekly injection to an addi-
tional daily oral medication. The once-weekly
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Table 4 Administration characteristics of currently approved GLP-1 RA prefilled pen devices

Generic name Exenatide twice Liraglutide Lixisenatide Exenatide Dulaglutide ~ Semaglutide
(commercial) daily (Byetta©®) (Victoza©) (Lyxumia©/ QW (Trulicity©®) (Ozempic©)
Adlyxin©) (Bydureon®©)
Is reconstitution  No No No Yes No No
required?
Is dose No No No Yes® Yes No
administration
automatic?
Does the device Yes Yes Yes No No Yes
need to be
primed?
Does a needle Yes Yes Yes No No Yes
need to be
attached?
Is dose selection ~ Yes Yes No No No Yes
required?
Is the device for No No No Yes Yes No

single use?

*The current device that delivers exenatide once weekly is the Bydureon BCise© pen (AstraZeneca ple, Cambridge, UK)

that automatically administers the dose. Previous versions

injection has received positive patient accep-
tance [123]; however, shared decision-making
between the primary care physician and patient
is important for improving patient outcomes.

CONCLUSION

In summary, there is strong evidence from
clinical trials for the use of GLP-1 RAs in the
management of T2DM in people living with
CKD; however, studies that assess renal out-
comes as the primary outcome are needed. The
recent position statement by the ADA advocat-
ing the use of both SGLT2i and GLP-1 RAs is
encouraging, indicating that CKD in T2DM is
under the spotlight. As different guidelines exist
for nephrologists, cardiologists, endocrinolo-
gists, primary care practitioners, pharmacists
and nurse practitioners, confusion can arise
when there is no consensus on the treatment
strategy. Guidelines across these specialties

of the pen device do not automatically deliver the dose

must be written and harmonized for the overall
betterment of patient welfare. With the advent
of additional GLP-1 RAs, it is critical that the
treatment landscape be monitored and
reviewed so that healthcare practitioners have
the most current information when addressing
their patients’ needs. The evidence currently
available indicates that GLP-1 RA could add to
the arsenal available to address persistent gaps
in the care of people living with T2DM with, or
at the risk of, developing CKD and to reduce the
residual renal risk present in those who have
already developed CKD.

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.
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