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POTENTIAL PILLAR 4: GLP- 1RAs
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Decreases inflammation
Decreases fibrosis
Decreases endothelial
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Decreases tissue remodeling
Decreases proteinuria
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PILLAR 1: RAS blockers
¢ Decrease efferent arteriole tone
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¢ Decrease endothelial
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e Decrease cardiac remodeling
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PILLAR 2: SGLT2 inhibitors
Increase afferent arteriole
tone

Improve tubuloglomerular
feedback

Decrease hyperfiltration
Decrease proteinuria
Decrease oxidative stress
Increase anti-inflammatory
and anti-fibrotic effects

« Diabetic kidney disease (DKD) affects 700 million people worldwide and has a threefold higher risk of all-cause

mortality than in people without DKD.

» Since the institution of the renin-angiotensin system (RAS) blockade, two additional evidence-based therapies,
sodium—glucose cotransporter 2 inhibitors and finerenone (a nonsteroidal mineralocorticoid antagonist) have
been demonstrated, when either is combined alone with maximally tolerated RAS blockade, to slow the decline

in DKD to about 2.5-3 mL/min/year.

« An additional class, the glucagon-like peptide 1 receptor agonists (GLP-1 RAs), is supported by retrospective
analyses but awaits confirmation in the ongoing outcome trial, A Research Study to See How Semaglutide Works
Compared to Placebo in People With Type 2 Diabetes and Chronic Kidney Disease (FLOW).

¢ The complex pathophysiology underlying DKD calls for a pillared approach to therapy similar to that for heart

failure management.
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Management of diabetic kidney disease (DKD) has evolved in parallel with our grow-
ing understanding of the multiple interrelated pathophysiological mechanisms that
involve hemodynamic, metabolic, and inflammatory pathways. These pathways and
others play a vital role in the initiation and progression of DKD. Since its initial discov-
ery, the blockade of the renin-angiotensin system has remained a cornerstone of
DKD management, leaving a large component of residual risk to be dealt with. The
advent of sodium-glucose cotransporter 2 inhibitors followed by nonsteroidal miner-
alocorticoid receptor antagonists and, to some extent, glucagon-like peptide 1 recep-
tor agonists (GLP-1 RAs) has ushered in a resounding paradigm shift that supports a
pillared approach in maximizing treatment to reduce outcomes. This pillared ap-
proach is like that derived from the approach to heart failure treatment. The ap-
proach mandates that all agents that have been shown in clinical trials to reduce
cardiovascular outcomes and/or mortality to a greater extent than a single drug class
alone should be used in combination. In this way, each drug class focuses on a spe-
cific aspect of the disease’s pathophysiology. Thus, in heart failure, (3-blockers,
sacubitril/valsartan, a mineralocorticoid receptor antagonist, and a diuretic are
used together. In this article, we review the evolution of the pillar concept of ther-
apy as it applies to DKD and discuss how it should be used based on the outcome
evidence. We also discuss the exciting possibility that GLP-1 RAs may be an addi-
tional pillar in the quest to further slow kidney disease progression in diabetes.

Diabetic kidney disease (DKD) is a serious microvascular complication that affects
approximately 40% of individuals with diabetes (1). Presently the leading cause
of end-stage kidney disease (ESKD) worldwide, DKD affects 700 million people,
and it disproportionately affects those who are socially disadvantaged (2). The global
percentage of prevalent ESKD patients with diabetes increased from 19.0% in 2000 to
29.7% in 2015, while the percentage of incident ESKD patients due to diabetes in-
creased from 22.1% to 31.3% (3). In 2017, half of all patients in the U.S. with ESKD had
diabetes reported as the primary etiologic cause (4). The current global prevalence of
diabetes is 564 million and is projected to grow to 600 million by 2035 (5), reaching
783 million by 2045 (6).

Further, the number of renal replacement treatment (RRT) recipients has steadily
climbed from 2.819 million in 2010 to a projected estimate of 4.35 million by 2030 (7).
Albeit lifesaving, RRT expansion is not economically tenable, given the unhealthy aging
trends of growing populations, and is often inaccessible to many low- and middle-
income countries.

Characterized by progressive kidney fibrosis resulting in loss of function, chronic kid-
ney disease (CKD) from diabetes or other causes is operationally defined by the Kidney
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Disease: Improving Global Outcomes (KDIGO)
group as abnormalities of kidney structure
or function, present for >3 months, with
implications for health, and it requires one
of two criteria documented or inferred for
>3 months: either estimated glomerular
filtration rate (eGFR) <60 mL/min/1.73 m?
or markers of kidney damage, including
albuminuria. The level of albuminuria is
defined as >30 mg/g or persistent albu-
minuria (>300 mg/24 h) spanning re-
peated measures of 3 or more months
irrespective of eGFR (8). Notably, a small
subgroup of people progress to ESKD
without significant albuminuria (9). While
the loss of kidney function can be devas-
tating, there is a remarkable underappre-
ciation of the significant contribution this
progressive condition has on cardiovascu-
lar disease (CVD) risk, particularly when
residual kidney function reaches eGFR
<45 mL/min (10-12). The foremost goal
of curtailing DKD progression is, therefore,
to reduce CVD risk and then to avoid dial-
ysis (11). Notably, death from cardiovas-
cular (CV) causes emerges as the single
most competing risk in CKD patients
before reaching stage 4 CKD (eGFR
<30 mL/min/1.73 m?), with 5.1% of peo-
ple in stage 3 CKD and only 0.3% of people
in stage 4 (13) (Fig. 1). Compared with lev-
els for the general population, DKD confers
a threefold higher risk of all-cause mortal-
ity and a 16-year loss in life expectancy.
Reduced eGFR and albuminuria indepen-
dently predict increased CV morbidity and
mortality, and the presence of both exerts
multiplicative effects on CV mortality risk
(11,14,15). Recognition of the marked CV
risk CKD portends is reflected in changes
to clinical practice guidelines (8,16) that
now include CKD among the highest-risk
groups in screening and treatment recom-
mendations (17).

Nothing beyond glycemic and blood
pressure control was available to halt CKD
progression until a trial of captopril in
1993 in people with type 1 diabetes (18).
Results from this trial revealed a key role
of the renin-angiotensin system (RAS)
blockade for slowing DKD by approxi-
mately 5-7 mL/min/year. The following
8 years of research on angiotensin recep-
tor blockers (ARBs) further solidified RAS
blockade in all patients with diabetes
(18-20). However, substantial residual risk
for DKD progression persisted, as the rate
of decline with RAS blockers was estimated
to be between 4 and 6 mL/min/year and
the normal annual decline is approximately
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Figure 1—Heat map representing CKD staging by GFR and albuminuria and risk of further CKD

deterioration. Adapted from Levey et al. (135).

0.7-0.9 ml/min/year. Thus, additional
therapies were needed. In 2014, the ser-
endipitous discovery of sodium—glucose
cotransporter 2 (SGLT2) inhibitors pro-
vided hope that DKD progression could
be further slowed. This has clearly been
shown in multiple outcomes trials (21).
Around the same time as the discovery
of SGLT2 inhibitors, trials were started
on a novel class of agents, the nonsteroi-
dal mineralocorticoid receptor antago-
nists (NS-MRAs), specifically finerenone.
This compound was distinctly different
from spironolactone and also slowed
DKD, independent of SGLT2 inhibitor
use (22). We now have two evidence-
based medications, which, when com-
bined with RAS inhibition, are proven to
slow DKD progression to approximately
2.5-3 mL/min/year, provided blood pres-
sure and glucose levels are at guideline
goals.

The purpose of this review is to provide
an update on what we now have as pillars
of therapy to slow DKD. We will also dis-
cuss the glucagon-like peptide 1 receptor
agonists (GLP-1 RAs), as they show promise
and are currently being evaluated for mod-
ifying the downward trajectory of DKD.

PATHOPHYSIOLOGIC MECHANISMS
AND POTENTIAL THERAPEUTIC
TARGETS

A detailed review of the mechanisms impli-
cated in DKD progression is beyond the
scope of this article; however, the reader is
referred to some comprehensive articles
on this topic (23,24). The mechanisms un-
derlying DKD can be broadly conceptualized

as stemming from an interplay of three key
processes, each with variable contributions
depending on the genetic makeup of an in-
dividual, which accounts for heterogeneity
in the hemodynamic, metabolic, and in-
flammatory components (Fig. 2).
Hemodynamic effects are central to
the maintenance of nephron homeostasis
and center around the renin-angiotensin-
aldosterone system. The enzyme renin is
key to the activation of the RAS. Produced
by the juxtaglomerular cells of the neph-
ron, renin is found in the area adjacent
to the afferent arterioles. Angiotensin II,
which is generated by activation of the
RAS, binds avidly to two specific receptors,
designated AT1 and AT2, that exert pleio-
tropic effects (25,26). AT1 activation medi-
ates increased efferent arteriolar resistance
of the nephron, which increases intraglo-
merular pressure to maintain the renal fil-
tration rate (27). AT2 receptor activation,
in contrast, modulates renal vasodilating
prostaglandin release, thereby exerting pro-
tective counterregulatory action on blood
pressure regulation, which opposes AT1
receptor action (28). High angiotensin I
levels exert several nonhemodynamic ef-
fects that contribute to renal injury, in-
cluding increased adrenal aldosterone
secretion, induction of fibrogenic chemo-
kines (monocyte chemoattractant protein-1
[MCP-1] and transforming growth factor-3
[TGF-B]), and macrophage activation, which
creates an inflammatory milieu (29-31) (Fig. 2).
Increases in intraglomerular pressure in-
duced by RAS activation are among the
early and well-characterized findings noted
in up to 75% and 40% of individuals with
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Figure 2—Metabolic, hemodynamic, and inflammatory pathways implicated in the underlying pathophysiology of DKD, underscoring the need
for multitargeted therapies to halt disease progression. MR is a pervasive ligand-activated transcription factor that exerts injury beyond the kid-
ney to endothelial cells, adipocytes, smooth muscle cells, and immune cells (55,136). Once released in local tissue, inflammatory cytokines ex-
ert pleiotropic effects, setting in motion inflammatory and profibrotic processes that affect adjacent compartments and contribute to increased
adverse cross talk between glomeruli, which contributes further to increased scarring (137). AA, afferent arteriole; AGE, advanced glycation
end products; EA, efferent arteriole; GM-CSF, granulocyte macrophage colony-stimulating factor; IFNvy, y-interferon; LPS, lipopolysaccharide;
MD, macula densa; NO, nitric oxide; NF-kB, nuclear factor k light-chain enhancer of activated B-cell; RAGE, receptor-bound advanced glycation

end products.

type 1 and type 2 diabetes, respectively
(32). Angiotensin Il and endothelin contrib-
ute to the earliest changes in glomeruli
exposed to hyperglycemia, which results
in a mesangial expansion (33-36). These
changes, along with inflammation, contrib-
ute to glomerulosclerosis over time (37).
Podocytes are critical for maintaining the
permselectivity of the glomerular filtration
barrier (38). Podocyte injury leads to foot
process effacement and podocyte loss, the
unifying mechanism underlying albuminuria
in diabetes (Fig. 3). RAS blockade improves
permselectivity, whereas dihydropyridine
calcium blockers like nifedipine, when
used alone, worsen permselectivity (39).
Changes in tubular function can trigger
glomerular hemodynamic changes via im-
paired tubuloglomerular feedback (40). In
diabetes, supraphysiologic levels of glucose
delivered to the proximal tubule upregulate
SGLT1 and SGLT2 to maximize the reabsorp-
tion of glucose and sodium (41,42). Reduced
sodium delivery to the distal nephron re-
sults in negative tubuloglomerular feedback
(Fig. 2). Studies of individuals with type 1

diabetes demonstrate that to increase
glomerular perfusion, local angiotensin
production is upregulated, which triggers
afferent arteriole dilatation and efferent
arteriole constriction (41,43). This explains,
in part, the renoprotective role of SGLT2 in-
hibitors under conditions of normal kidney
function. By blocking glucose reabsorption
at the proximal tubule and diverting it
into the urine, tubuloglomerular balance
is restored, with the net effect of lower-
ing intraglomerular pressure and reduc-
ing hyperfiltration (44,45). However, this
is not feasible when the eGFR is below
45 mL/min/1.73 m?, when autoregulation
is not functional (46). Hence, the mecha-
nism of renoprotection in advanced kid-
ney disease is unclear. Note that these
mechanisms have not been studied in
type 1 diabetes.

Hyperglycemia, insulin resistance, and
dyslipidemia commonly coexist, which
sets in motion several dysregulated met-
abolic pathways inextricably related to oxi-
dative stress and inflammatory processes,
ultimately creating a vicious cycle where

one process potentiates another (47,48).
Most notable are the polyol and protein ki-
nase C (PKC) pathways, which augment
oxidative stress and deplete endothelial
nitric oxide synthase, respectively, leading
to higher endothelin-1 and vascular endo-
thelial growth factor levels.

Endothelial instability and nuclear
factor-kB (NF-kB)-mediated cytokines
(tumor necrosis factor-o. [TNF-a] and in-
terleukin-6 [IL-6]) favor an inflammatory
response. The hyperglycemic milieu also
encourages the accumulation of advanced
glycation end products (AGEs). AGEs are a
heterogeneous group of nonenzymatically
glycated molecules. Upon engaging with
their receptors (RAGEs), which are found
throughout the kidney, they trigger cellular
function perturbations, including NF-xB
upregulation, which induces a cascade of
proinflammatory cytokines (TNF-a and
IL-6). AGEs reduce the bioavailability of
endothelium-derived nitric oxide and in-
crease reactive oxygen species production,
which is linked to impaired vasodilatation
in diabetes (49) (Fig. 2).
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Figure 3—Local mechanisms underlying glomerular hypertension. Endothelin 1, reactive oxygen species, and thromboxane A2 increase efferent
vessel tone, whereas insulin resistance upregulates cyclooxygenase 2 (COX-2), prostanoids, and the kallikrein-kinin system, resulting in afferent ar-
teriole dilatation (138). RAS activation damages glomerular endothelial cells (GEC), which increases fenestrations and induces apoptosis. Hypergly-
cemia leads to advanced glycation end products (AGEs), which bind to their receptors (RAGEs), which decreases nitric oxide (NO) availability and
stimulates transforming growth factor-B (TGF-B), a profibrotic factor. Diabetes further accelerates endothelial progenitor cell (EPC) aging, which
reduces their reparative function. Vascular endothelial growth factor (VEGF) synthesis by podocytes is dysregulated. Podocyte injury leads to foot
process effacement and podocyte loss, the unifying mechanism underlying albuminuria in diabetes (33-37).

Inflammation and fibrosis are major in-
terrelated contributors to DKD progres-
sion. Mounting evidence implicates an
intricate interaction between the mineral-
ocorticoid receptor (MR) aldosterone and
RAS-related C3 botulinum toxin substrate 1
(Racl) in driving the inflammatory pro-
cesses that lead to the final common path-
way of fibrosis in DKD. The deleterious
effects of MR activation in modulating in-
flammation and fibrosis were long recog-
nized in animal studies of the heart and
provide the therapeutic basis for MR an-
tagonism (50,51). Animal studies showed
similar benefits of MR blockade on the
kidneys (52) and vasculature (53).

MR activation occurs in the aldoste-
rone-responsive distal nephron, causing
sodium reabsorption and potassium ex-
cretion. Aldosterone secretion is stimu-
lated by RAS activation in response to
decreased circulating plasma volume or
significant increases in serum potassium
levels. While critical for survival in states of
low sodium intake, it becomes pathologic
in the setting of persistently high sodium
intake (54), as exemplified by Western and
many Asian diets.

Inappropriate aldosterone signaling com-
bined with high sodium intake results in

hypertension, a direct contributor to glo-
merular injury and fibrosis. The MR pos-
sesses a binding affinity for cortisol and
corticosterone similar to that of aldoste-
rone. These cells typically coexpress 11B-
dehydrogenase isoenzyme 2 (11B-HSD2),
which neutralizes cortisol and thereby mit-
igates MR overactivation. Outside the dis-
tal nephron, MRs are expressed on other
cell types, including podocytes, fibroblasts,
vascular cells, and macrophages; these
cells, however, do not uniformly coexpress
the steroid-blunting effects of 11B-HSD2,
which permits unbridled MR activation
(55). MR is upregulated in hyperglycemia,
insulin resistance, dyslipidemia, and obesity.
This results in increased gene transcription
of profibrotic factors plasminogen activator
inhibitor-1 (PAI-1) and TGF-1, connective
tissue growth factor, and extracellular ma-
trix proteins, all of which contribute to pro-
gressive DKD (56) (Fig. 3).

Innate immunity plays a critical role in
the pathogenesis of DKD, but a detailed
discussion is beyond the scope of this re-
view. Briefly, macrophage infiltration has
been identified as one of the hallmarks of
DKD, the burden of which is associated
with worse disease (57). Hyperglycemia,
endothelial cell dysfunction, angiotensin

Il, AGEs, and oxidized LDL recruit macro-
phages (58). Macrophage-MR activation
polarizes macrophage differentiation to-
ward the M1 phenotype, which promotes
inflammation via a cascade of injurious cyto-
kines (59) (Figs. 2 and 4). Of note, however,
is that MR inhibition favors macrophage
switching toward an M2 anti-inflammatory
phenotype with demonstrated beneficial ef-
fects in CKD (60). The therapeutic effects of
MR antagonism in curtailing DKD were first
reported in 2001 using animal models (61).
There are no outcome trials with the steroi-
dal MRAs due to tolerability issues. How-
ever, they have been shown in people with
early DKD to reduce albuminuria and blood
pressure significantly. In contrast, the NS-
MRAs in the phase 2 trials of the Mineralo-
corticoid Receptor Antagonist Tolerability
Study-Diabetic Nephropathy (ARTS-DN) and
ARTS-DN Japan demonstrate up to 38%
albuminuria reduction with finerenone
compared with placebo in patients with
albuminuric DKD (62,63). Other NS-MRAs,
namely, finerenone, esaxerenone, and
apararenone, also have demonstrated sig-
nificant albuminuria reduction and a very
low adverse effect profile in advanced
DKD (64,65), although esaxerenone is only

1577
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Figure 4—The timeline of the major therapeutic outcome trials focused on delaying DKD in patients with type 2 diabetes and CKD following the
publication of RENAAL and IDNT (73-79). MoAs, mechanisms of action.

available in Japan (66). None of these
agents have ever been tested in outcome
trials.

Mechanism Application to Outcome
Data and Guidelines: Pillars of
Therapy

DKD management has evolved over the
last 50 years. However, following the 2001
trials that showed a clear benefit of ARBs
in slowing DKD progression, nothing was
proven to further curtail advancing DKD
until the advent of SGLT2 inhibitors. Many
trials using novel targeted therapies were
attempted between 2002 and 2010, all
of which failed to show any benefit in
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changing the trajectory of DKD (Fig. 5).
Since the approval of the first SGLT2 inhibi-
tor, dapagliflozin, in January 2014, the field
has added other drugs to this class. Addi-
tionally, approval of the NS-MRA finere-
none, in July 2021, has further advanced
the field from one to three therapies in
the tool kit. Questions remain concerning
when and how to use these drugs.
Albuminuria is an established continu-
ous variable, where levels exceeding
30 mg/day predict adverse CV outcomes
and those exceeding 300 mg/day are typi-
cally diagnostic of underlying kidney dis-
ease and are associated with accelerated
decline in DKD (67,68). Many trials have
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established that a reduction in albumin-
uria is associated with slowed DKD pro-
gression and reduced CV event rates
(69-72).

Given the advent of many new thera-
pies over the past decade, we put forth
the concept of pillars of therapy, originally
adopted by heart failure cardiologists.
The concept is akin to any building struc-
ture where no single beam alone can sup-
port its standing. Hence, we now have
three established, proven therapies that,
when used together, will maximally decel-
erate DKD progression.

Before discussing DKD outcome studies,
it should be clear that these trials included

Macrophage
switching
from MO to M1

Figure 5—Obesity reduces the production of adiponectin in favor of leptin. Gene transcription of inflammatory mediators such as IL-1, IL-6, IL-7,
IL-8, and TNF-a is increased, which creates a proinflammatory state and oxidative stress. Profibrotic factors plasminogen activator inhibitor-1
(PAI-1) and TGF-B1, connective tissue growth factor, and extracellular matrix proteins are increased, all contributing to progressive diabetic
nephropathy. IL, interleukin; TNF-c, tumor necrosis factor-a; MCP-1, monocyte chemoattractant protein-1.
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people at high risk for DKD progression,
defined by eGFR <60 mL/min/1.73 m? as
well as a urine albumin excretion rate
(urine albumin-to-creatinine ratio [UACR])
>300 mg/day. This does not imply that
those with high albuminuria, formerly
called microalbuminuria, do not derive
benefit from treatment—in fact, they do,
and the benefits are predominantly CV.
However, the slowing of the DKD trajec-
tory in these cohorts was detected in
post hoc analyses.

Pillar 1: RAS Blockers

The captopril trial was the first study to
conclusively establish the value of ACE in-
hibition in delaying DKD, in patients with
type 1 diabetes, where using an angioten-
sin | converting enzyme (ACEI) achieved a
slower rate of decline in creatinine clear-
ance (11% vs. 17% in placebo) and a strik-
ing 50% risk reduction in combined renal
end points (dialysis, transplantation, or
death) independent of blood pressure,
which was managed with agents other
than the experimental drug (18). This ush-
ered in two additional landmark trials
conducted in patients with type 1 diabe-
tes, Reduction of Endpoints in NIDDM
with the Angiotensin Il Antagonist Losar-
tan (RENAAL) (20) and Irbesartan Diabetic
Nephropathy Trial (IDNT) (19), before
RAS blockers became formally integrated
into the standard of care (16). The mod-
est improvement in eGFR decline to
4 mL/min/year in these trials implied a
high residual risk of DKD progression;
hence, other targeted therapies were de-
veloped. These included dual ACEI/ARB
blockade (Veterans Affairs Nephropathy in
Diabetes Study [VA NEPHRON D]), renin
inhibition (Aliskiren Trial in Type 2 Diabetes
Using Cardiovascular and Renal Disease
Endpoints [ALTITUDE]), inhibition of PKC-3,
endothelin antagonism, and inhibition of tu-
mor growth factor3 production inhibition,
among others, the results of which were all
disappointing in attenuating DKD progres-
sion (73-79) (Fig. 5).

Pillar 2: SGLT2 Inhibitors

The introduction of SGLT2 inhibitors in
January 2014 created a resounding para-
digm shift and renewed excitement in im-
proving DKD management. Although they
were originally designed to lower glucose
by promoting urinary glucose excretion, it
was ultimately appreciated that SGLT2 in-
hibitors were, in effect, cardiorenal risk—
reducing agents (80).

The renoprotective benefits of SGLT2
inhibitors were initially gleaned from sec-
ondary data analyses of trials with time
to major adverse CV events as primary
outcomes. In a meta-analysis of six dou-
ble-blinded randomized trials of SGLT2 in-
hibitors in patients with type 2 diabetes,
a consistent reduction in hospitalization
for heart failure and progression to ESKD
was found (81). Four of the trials, how-
ever, included patients with baseline GFR
60-98 mL/min/1.73 m? or albuminuria
that did not exceed 300 mg/day, arguing
for a patient population that was at rela-
tively low risk for rapid DKD decline. How-
ever, in three landmark trials that followed,
where kidney outcomes were the defined
primary end points in a high-risk cohort,
the benefits of SGLT2 inhibitors when com-
bined with optimized RAS blockade became
universally accepted.

The Canagliflozin and Renal Events in
Diabetes with Established Nephropathy
Clinical Evaluation (CREDENCE) trial was
the first nephropathy outcome trial to
specify its primary outcome as ESKD, dou-
bling of creatinine level, or death from re-
nal or CV causes with an SGLT2 inhibitor.
Canagliflozin achieved a 30% lower rela-
tive risk of reaching the primary end point
and a 32% lower relative risk of ESKD pro-
gression. The unequivocal renal benefits
prompted early trial termination (82). The
Dapagliflozin and Prevention of Adverse
Outcomes in Chronic Kidney Disease
(DAPA-CKD) trial, which was published a
year later than the CREDENCE trial, ran-
domized a mixed cohort of participants,
i.e., two-thirds with diabetes and one-
third without diabetes, to receive dapagli-
flozin versus placebo. Similar to findings in
the CREDENCE trial, dapagliflozin achieved
a 44% reduction in relative risk of sus-
tained =50% reduction in eGFR, ESKD, or
death from renal or CV causes and a 29%
relative risk reduction in death from CV
causes, a finding that was consistent
across patients irrespective of diabetes
status (83).

Most recently, The Study of Heart and
Kidney Protection With Empagliflozin
(EMPA-KIDNEY) outcome trial adds to the
substantial body of evidence underscor-
ing the robust salutary effects of SGLT2
inhibitors on renal outcomes. Over 6,600
participants with and without diabetes,
with a wide range of GFR declines, from
mild to severe, and with normal or high
albuminuria, were randomized to empa-
gliflozin versus placebo in addition to
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standard-of-care therapies. Over 2 years’
median duration, empagliflozin reduced
the risk of ESKD progression or CV death
by 28% compared with placebo (hazard
ratio [HR] 0.72; 95% Cl 0.64-0.82; P <
0.001), findings that generalized to pa-
tients with and without diabetes. Addition-
ally, the empagliflozin group evidenced a
14% risk reduction in hospitalization from
any cause compared with placebo (HR
0.86; 95% Cl 0.78-0.95; P = 0.003) (84). It
should further be noted that there were
many people with normal and high albu-
minuria in this trial.

To put this in perspective, when all the
SGLT2 inhibitor data are evaluated in con-
cert with ACEI/ARB use, the declines seen
in kidney function are diminished by nearly
30-40% above those of ACEI/ARB use
alone (85). Hence, SGLT2 inhibitors serve
as a solid second pillar to slow DKD pro-
gression (21).

Pillar 3: NS-MRAs

Mechanistically, blocking angiotensin I
generation or action should partially in-
hibit aldosterone secretion, yet this is
not long-standing due to “aldosterone
escape,” which is the upstream accumula-
tion of renin in the setting of long-term
ACEI/ARB therapy, resulting in plasma aldo-
sterone rise by overcoming RAS inhibition
or by alternative pathways that bypass
RAS. In one study using UACR as an indica-
tor of the renoprotective effects of trando-
lapril (the longest-acting ACEI), aldosterone
breakthrough was observed in 40% of pa-
tients at 40 weeks, when UACR started to
increase during a relatively long period of
ACEI use (86).

The hazardous sequela of MR activa-
tion by aldosterone shifted attention to
developing therapies downstream of the
RAS target, which ultimately addresses
the inflammatory and ensuing profibrotic
processes that contribute to DKD progres-
sion and heart failure. MR antagonism is
not new. Steroid-based MRAs, including
first- and second-generation spironolactone
and eplerenone, respectively, continue to
be used extensively in symptomatic heart
failure patients (87). Use in DKD has been
much more limited given the scarcity of
supporting data and concern about hyper-
kalemia and further declines in kidney func-
tion, particularly if given in addition to
ACEI/ARBs.

Data from outcome trials inform us
that a sustained reduction in UACR of at
least 30% is associated with slowing of
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DKD and decreased overall mortality (88,89).
This has been adopted by the U.S. Food
and Drug Administration as evidence of
benefit and as a guideline by the American
Diabetes Association. The exception is
when a dual RAS blockade is used. In a
meta-analysis of 829 patients on dialysis,
MRA achieved a 66% reduction in CV mor-
tality but a threefold increase in hyperkale-
mia risk compared with the control group
(90). Therefore, MRAs have been generally
contraindicated in advanced kidney disease
(91).

Finerenone, apararenone, esaxerenone,
and ocedurenone are members of a new
class of NS-MRAs with pharmacologic
properties distinct from those of their
distant cousins, the steroidal agents.
Finerenone is the only one developed and
approved for cardiorenal risk reduction,
whereas the others are approved only for
blood pressure control, with no outcome
data supporting use in DKD. Finerenone
demonstrates superior anti-inflammatory
and antifibrotic outcomes compared with
its steroidal counterparts in preclinical
studies (92-95). Unlike the steroidal MRAs,
the NS-MRAs achieve balanced tissue dis-
tribution between the heart and kidney
rather than affecting the kidney alone (22).
Finerenone was studied in two complemen-
tary phase 3 randomized, double-blinded,
placebo-controlled clinical trials that in-
cluded over 13,000 participants with type 2
diabetes optimized on maximally tolerated
RAS blockade before randomization to the
NS-MRA or placebo (96,97). These trials
were developed with the same protocol
but different inclusion criteria, which al-
lowed for an individual pooled patient
analysis in the Finerenone in Chronic Kid-
ney Disease and Type 2 Diabetes: Com-
bined FIDELIO-DKD and FIGARO-DKD Trial
Programme Analysis (FIDELITY) (98).

The Finerenone in Reducing Kidney Fail-
ure and Disease Progression in Diabetic
Kidney Disease (FIDELIO-DKD) trial dem-
onstrated that finerenone significantly
reduced the kidney composite outcome
of ESKD, sustained reduction in eGFR of
>40%, or sustained reduction in renal
death of 18% compared with placebo as
well as the prespecified secondary CV end
point of death from CV causes (nonfatal
myocardial infarction, nonfatal stroke, or
heart failure hospitalization) by 14% (96).
Despite the similar frequency of adverse
effects in both groups, the incidence of
trial discontinuation related to hyperkale-
mia was slightly higher with finerenone

than with placebo (2.3% and 0.9%, respec-
tively). In Finerenone in Reducing Cardiovas-
cular Mortality and Morbidity in Diabetic
Kidney Disease (FIGARO-DKD), which in-
cluded patients with higher CV risk and less
advanced DKD than patients in FIDELIO-
DKD, finerenone reduced the primary CV
outcome (composite death from CV causes,
nonfatal myocardial infarction, nonfatal
stroke, or heart failure hospitalization) by
13%, a benefit attributed largely to a lower
incidence of heart failure hospitalizations.
The frequency of reported adverse effects
was similar to that for placebo, and the
incidence of trial discontinuation related
to hyperkalemia was slightly higher with
finerenone than with placebo (1.2% and
0.4%, respectively).

The FIDELITY individual pooled patient
analysis included 13,026 patients with
type 2 diabetes and a wide range of CKD
stages, from 1 to 4, and high to very high
albuminuria. In this analysis, there was a
23% reduction in doubling of creatinine,
ESKD, and renal death, with a significant
20% reduction in ESKD alone. There was
also a 14% decreased risk in the composite
CV outcomes that was largely driven by a
significant reduction in heart failure (98).
This is a very important finding given the
notably higher risk of heart failure and pre-
mature death associated with having both
diabetes and CKD (4,99,100). Studies of fi-
nerenone in type 1 diabetes are currently
underway.

The incidence of clinically important ad-
verse effects related to hyperkalemia was
slightly higher for finerenone, with 1.7%
treatment discontinuation versus 0.6% for
the placebo, in a cohort of >6,500 patients
per arm. However, unlike many other trials,
all participants were required to be on max-
imally tolerated RAS blockade. Additionally,
many participants at randomization had
potassium levels that had increased to
5 mEq/L but were still randomized (98).
Hence, the Food and Drug Administra-
tion label allows the use of finerenone
with potassium levels up to 5 mEq/L.

Differences in hyperkalemia risk between
the NS-MRA finerenone and its steroidal
counterpart, spironolactone, are exempli-
fied by a comparative outcome of a sub-
group with resistant hypertension from the
FIDELITY analysis and the Spironolactone
With Patiromer in the Treatment of Resis-
tant Hypertension in Chronic Kidney Disease
(AMBER) trial (101). In this analysis, both
groups had eGFR of 37 mL/min/1.73 m?,
documented resistant hypertension, and
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the need for a fourth drug. In the FIDELITY
study, the incidence of hyperkalemia was
11.2% with finerenone and 64.1% in the
spironolactone group without a potassium
binder (102).

Evidence for Potential Addition of Pillar 4:
GLP-1RAs

GLP-1 RAs are recommended for patients
with DKD who have not met their glycemic
targets despite optimization with metfor-
min and SGLT2 inhibitors (103). A wave of
CV outcome trials (CVOT) have demon-
strated a significant reduction in athero-
sclerotic CV events by GLP-1 RAs and led
to guideline revisions in 2020 that recom-
mend the integration of GLP-1 RAs in the
setting of type 2 diabetes, atherosclerotic
disease, and/or high risk for CV events
(104-106).

Post hoc analyses of these CVOT, like
analyses of SGLT2 inhibitors, also demon-
strated possible benefits in delaying DKD
progression (107). Additionally, a large
analysis of more than 12,500 participants
pooled from the earliest trials of GLP-1
RAs, Trial to Evaluate Cardiovascular and
Other Long-term Outcomes With Sema-
glutide in Subjects With Type 2 Diabetes
(SUSTAIN-6) (108) and Liraglutide Effect
and Action in Diabetes: Evaluation of Car-
diovascular Outcome Results (LEADER)
(109), evaluated changes in albuminuria,
rate of annual eGFR change, and time to
persistent eGFR declines. Compared with
placebo, semaglutide and liraglutide evi-
denced a 24% reduction in albuminuria
from baseline to 2 years (95% Cl 20-27%;
P < 0.001). Semaglutide and liraglutide
were associated with significant slow-
ing of annual eGFR decline, 0.87 and
0.26 mL/min/1.73 m?/year (P < 0.0001
and P < 0.001), respectively, compared
with placebo, with benefits being more
pronounced in patients with baseline
eGFR <60 mL/min/1.73 m?%. Semaglu-
tide and liraglutide also lowered the
risk of persistent eGFR declines to 40%
and 50% (HR 0.86 [95% Cl 0.75-0.99], P =
0.039, and HR 0.80 [95% CI 0.66-0.97],
P =0.023), respectively (110).

Effect of Efpeglenatide on Cardiovascu-
lar Outcomes (AMPLITUDE-O) is the latest
published trial as of this writing to exam-
ine the efficacy of efpeglenatide com-
pared with that of placebo on time to
first major adverse CV event and second-
ary composite kidney outcomes (incident
UACR of >300 mg/g, >30% UACR from
baseline, sustained reduction in eGFR
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>40% for >30 days, sustained eGFR
<15 mL/min/1.73 m? for >30 days, or
need for RRT >30 days) (111). This trial
enrolled 4,076 patients with known type 2
diabetes and either current CKD (eGFR
25.0-60 mL/min/1.73 m?) or a history of
CVD plus at least one other CV risk factor.
Notably, there was a higher prevalence of
CKD in the trial cohort than in the seven
CVOT studies completed to date. Addition-
ally, 21.8% of the participants had both
DKD and CVD. Participants were on guide-
line-recommended cardiorenal protective
therapies, but only 80% were on RAS
blockade. Since 15.2% of participants were
using SGLT2 inhibitors at study entry, strati-
fied randomization was performed based
on the current or potential future use of
SGLT2 inhibitors to ensure group balance.
Efpeglenatide achieved a 32% relative
risk reduction in the composite kidney
outcome compared with placebo (HR 0.68;
95% Cl 0.57-0.79), independent of base-
line SGLT2 inhibitor use (112).

The substantial and sustained weight
loss, reaching 20% with some GLP-1 RAs,
is important to note (113). Abdominal
obesity is independently associated with
albuminuria despite normoglycemia and
normotension (114) and addresses an im-
portant subgroup of patients who have
obesity-related glomerulopathy and who,
by conventional screening, may be classi-
fied as metabolically healthy yet are still
at risk for developing ESKD (115). This is
not surprising given the inflammatory
milieu engendered by excess adiposity
(Fig. 5).

FLOW (A Research Study to See How
Semaglutide Works Compared to Placebo
in People With Type 2 Diabetes and
Chronic Kidney Disease) is an ongoing
randomized placebo-controlled trial that
assesses the efficacy of semaglutide in
type 2 diabetes and CKD and the first de-
signed with primary renal end points
(116). The renoprotective properties as-
sociated with GLP-1 RAs reviewed here
were drawn from post hoc analyses of
major CVOT, the evidence of which has
been compelling, nonetheless.

CLINICAL APPLICATION

DKD management should start with maxi-
mally dosed RAS blockade; this is based
on the doses used in the original RAS
blocking trials, wherein dose reduction to
avoid hyperkalemia resulted in markedly
reduced protection against DKD decline.

This was observed in a large analysis (N =
205,108) showing that submaximal ACEI/
ARB dosing was associated with worse
cardiorenal outcomes (117).

Each drug class that provided improved
outcomes was coupled with RAS blockade
and independently showed benefits on
kidney and heart outcomes. These find-
ings provide impetus to adopt a pillared
approach for reducing cardiorenal events
similar to how heart failure cardiologists
have approached heart failure manage-
ment. Notably, there has never been a
trial that evaluated the simultaneous use
of all four agents in heart failure or that
compared different drug combinations
against each other. Each trial was assessed
on its merits within each drug class and
then combined in retrospect to provide
the best results. We currently have three
agents with additive effects on albumin-
uria and heart failure outcomes (118)
when combined individually with RAS
blockade. An adequately statistically pow-
ered study that evaluates the three, or
possibly soon-to-be four, different agents
together would require well over 100,000
participants; therefore, extrapolation, which
the cardiologists have done successfully,
uses all three agents together over a short
time.

Practice guidelines articulate that clini-
cians should start first by titrating to
maximally tolerated RAS blockade before
introducing these medications (SGLT2 in-
hibitors, NS-MRAs, and GLP-1 RAs), as
was done in pivotal clinical trials (119).
This is challenging for many clinicians due
to eGFR dipping observed at treatment
initiation, reaching 10-30% (120,121) de-
pending on hydration status and duration
of suboptimally controlled hypertension,
but this response is reassuring (Fig. 6). In
a study examining long-term renal dis-
ease progression among patients with
preexisting CKD (creatinine >1.4 mg/dL)
who received ACEI, a strong correlation
emerged between acute serum creati-
nine elevations of up to 30% and long-
term renal function preservation (120),
a pattern consistently observed across
other studies (122,123). Initial changes
in eGFR and associated long-term ame-
lioration of renal function decline have
also been reported with SGLT2 inhibitors
(124) and finerenone, albeit to a lesser
degree than with RAS blockers (96,120,
125-128).
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THE ADDITIVE VALUE OF DRUG
COMBINATION

An elegant study that used an animal
model of preclinical hypertension—induced
cardiorenal disease with a low-dose combi-
nation therapy of finerenone and empagli-
flozin revealed additive cardiorenal benefit
above that of the respective dose-dependent
monotherapy, as measured by reductions
in blood pressure, proteinuria, cardiac fi-
brosis, vasculopathy, and mortality (129).
These findings further argue strongly for
distinct pharmacodynamic actions that
counteract the manifold pathophysiologi-
cal mechanisms involved in end-organ dam-
age (Fig. 7).

Additionally, in a small open-label ran-
domized crossover clinical study, the effi-
cacy and safety of dapagliflozin and a low
dose of the steroidal MRA eplerenone
were evaluated in a cohort of patients
with CKD. The combination of the two
drugs was associated with an additive ef-
fect on albuminuria reduction compared
with the use of either drug alone. Impor-
tantly, the incidence of hyperkalemia was
significantly less in the combination group
than in the group that received eplere-
none alone (130). This is consistent with
data from the larger FIDELIO-DKD trial
that demonstrated greater protection from
hyperkalemia when an SGLT2 inhibitor was
combined with finerenone (131).

The use of combination therapies with
NS-MRAs and SGLT2 inhibitors was further
explored in the FIDELITY subgroup analysis,
which revealed that, compared with pla-
cebo, cardiorenal benefits of finerenone
were appreciably higher irrespective of
concomitant GLP-1RA or SGLT2 inhibitor
use at baseline or anytime during the trial.
An important caveat is that GLP-1 RA and
SGLT2 inhibitor users comprised 6.9% and
4.6% of the study population, respectively,
precluding meaningful conclusions due to
limited statistical power. More importantly,
there was no sign that drug coadministra-
tion with finerenone increased any risk of
kidney injury (132).

When combined with finerenone, SGLT2
inhibitors reduced hyperkalemic events
compared with levels found in nonusers
(8.1% vs. 18.7%). These are separate ret-
rospective analyses of renal outcome tri-
als clearly showing a protective effect of
SGLT2 inhibitors from hyperkalemia in the
setting of NS-MRA and MRA use (98,133).
The Study to Learn How Well the Treat-
ment Combination of Finerenone and
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POTENTIAL PILLAR 4: GLP- 1RAs
e Decrease weight
e Decrease dyslipidemia
* Decrease oxidative stress
.
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Figure 6—The manifold pathophysiological mechanisms involved in end-organ damage argue for a pillared approach with targeted therapies that

have distinct pharmacodynamic actions (135).

Empagliflozin Works and How Safe It Is
Compared to Each Treatment Alone in
Adult Participants With Long-term Kidney
Disease (Chronic Kidney Disease) and
Type 2 Diabetes (CONFIDENCE) trial is
an ongoing three-arm, double-blinded
trial that will compare the efficacy of

A

combined therapy with empagliflozin
and finerenone versus that of each
drug alone on the relative change in
UACR over 8 months using a patient
pool with type 2 diabetes and CKD
stages 2 and 3 and UACR in the range
of 300-5,000 mg/g (134).

B

CONCLUSIONS

Since the institution of the RAS blockade
in the 1990s, we have witnessed signifi-
cant strides in addressing the unmitigated
risk associated with DKD progression. We
now have two additional drug classes to
add to the RAS blockers, SGLT2 inhibitors
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Figure 7—Acute changes in GFR slopes with three distinct classes of drugs with unique mechanisms that slow kidney disease progression associ-
ated diabetes. A: Estimated mean changes (SE) in GFR (mL/min/1.73 m?) from baseline through follow-up in three drug interventions (127).
B: Rate of eGFR decline between finerenone and placebo. Despite equivalent GFR at baseline, the finerenone group shows stabilization of slowed
GFR declines (96) and higher GFR declines at 4 months, which are associated with better long-term outcomes. C: Initial decline in GFR decline in
the empagliflozin group compared with placebo at month 4 (128). The slopes eventually cross over at week 76, and analyses of the slopes in the
long-term phase shows higher GFR decline in the placebo group than the empagliflozin group, P < 0.05. EMPA-REG Outcome, Bl 10773 (Empagli-
flozin) Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus Patients; LS, least squares.
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and NS-MRAs, bolstered by a robust body
of outcome data, and a possible third
class. The efficacy of GLP-1 RAs is supported
by retrospective analyses but needs to be
proven in the ongoing FLOW randomized
clinical trial. The safety and tolerability of
these two drug classes, when given to-
gether against a backdrop of maximal RAS
blockade, are very encouraging and reflect
the complexity of the underlying patho-
physiology that drives DKD progression.
Moreover, the protective role of SGLT2 in-
hibitors in preventing hyperkalemia with
finerenone use is very heartening. In clos-
ing, endocrinologists, nephrologists, and
cardiologists are strongly encouraged to
use a pillared approach to DKD using the
framework described, irrespective of the
degree of kidney impairment, down to an
eGFR of 25 mL/min/1.73 m?.
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