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of agents have also shown reductions in progression of renal insufficiency
and reductions in the development of end-stage renal disease. Canagliflozin
in a trial designed to evaluate the agents use in patients with DKD, showed
significant less risk in doubling of serum creatinine, progression to end-stage
renal disease compared to placebo. The agent also demonstrated a reduction
in cardiovascular morbidity. It can be considered the first therapeutic agent
in nearly twenty years to provide substantial improvement in outcomes in the
treatment of DKD.
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Abbreviations though the severity varies from increased albuminuria to significant
declines in renal function and ESRD [3,4]. Early detection and
appropriate management of diabetes and associated cardiovascular
risk factors are essential to the reduction in DKD related morbidity,
mortality and health care expenditures. Medicare expenditures for
CKD patients in 2017 reached $72 billion, accounting for 25% of the
total spending for all fee for service Medicare beneficiaries aged 65
and older [5]. Care of beneficiaries with CKD and concurrent diabetes
mellitus required $39 billion in 2017. Leading recommendations to
combat the consequences of DKD have for decades promoted the
importance of glycemic and blood pressure control, the latter with
the use of agents that block the Renin-Angiotensin System (RAS) [6].
The use of angiotensin converting enzyme inhibitors and angiotensin
Introduction receptor blockers has improved over the last two decades but use in
patients with CKD remains suboptimal [7]. Intensive glucose control
decreases the risk of microalbuminuria and microalbuminuria, but
the evidence is lacking as to whether intensive glycemic control
reduces the risk of significant renal outcomes such as ESRD or death
from renal disease. The effects of routine blood pressure lowering and
intensive glucose control are independent of one another and when
combined they produce additional reduction in clinically relevant
outcomes [8].

CKD: Chronic Kidney Disease; US: United States; DKD: Diabetic
Kidney Disease; ESRD: End Stage Renal Disease; RAS: Renin-
Angiotensin System; DPP4: Dipeptidyl Peptidase 4; CI: Confidence
Interval; GLP: Glucagon-Like Peptide; SGLT2: Sodium Glucose
Co-Transporter 2; FDA: Food and Drug Administration; CVOT:
Cardiovascular Outcome Trial; UACR: Urine Albumin: Creatinine
Ration; eGFR: Estimated Glomerular Filtration Rate; CREDENCE:
Canagliflozin and Renal Events in Diabetes with Established
Nephropathy Clinical Evaluation, MI: Myocardial Infarction;
SBP: Systolic Blood Pressure; CVD: Cardiovascular Disease; CrCl:
Creatinine Clearance; HR: Hazard Ratio; Subcut: Subcutaneous

The association between diabetes and Chronic Kidney Disease
(CKD) has progressed into a complex multifactorial public
health problem that continues to grow in spite of past advances in
therapeutics and medications. CKD and subsequent development of
End-Stage Renal Disease (ESRD) is associated with an increased risk of
cardiovascular morbidity as well as mortality [1,2]. The increasing and
often under recognized incidence of CKD corresponds to the dramatic
rise in diabetes. Diabetes remains the leading cause of CKD, referred
to as Diabetic Kidney Disease (DKD) and subsequently increases Newer treatment options in the management of type 2 diabetes
the risk for ESRD. With current therapeutic options the disease is ~ have been developed that offer effective improvements in glycemic
often slowed but rarely completely stopped. Approximately 20-40%  control and in some cases may improve cardiovascular morbidity or
of patients with diabetes will progress to the development of DKD ~ mortality based on Food and Drug Administration-required safety
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Table 1: Study parameters and renal outcomes derived from GLP-1 agonist cardiovascular safety studies.

macroalbuminuria

replacement therapy

replacement therapy

replacement

Study Lixisenatide Liraglutide Semaglutide (weekly Exenatide Dulaglutide Semaglutide
Parameter (daily) [25,27] (daily) [28] subcut) [29] (weekly) [31,32] (weekly) [30] (daily oral) [26]
Subjects (n) 6068 9340 3297 14752 9901 3183
Study duration 21 38 21 3.2 5.4 13
n
Duration of 9.3 12.8 13.9 12 105 14.9
diabetes
h/o CVD (%) 100 81 83 73 31 85
Baseline > 90 (30%)
eGFR (mi/ 60 - <90 (42%)
min/1.73 nv’) 75 80 76 77 74
30 - <60 (25%)
< 30 (3.3%)
17 Mean not reported Mean not reported Mean not
reported
5 -
Baseline UACR | 19% subjects with | 26% subjects with UACR 15-21% subjects with 3?.’ % subjects
Not reported . N 16 with UACR >
(mg/g) UACR 30-300 mg/g 30-300 mg/g microalbuminuria 300 mg/g
7% subjects with 10% subjects with UACR 2.6-13% subjects with
UACR > 300 mg/g >300 mg/g macroalbuminuria*
Patients
receiving RAS 85 82 84 80 81 Not reported
therapy at
baseline (%)
Composite 1: First
New-onset persistent New or worsening event of a 40%
macroalbuminuria, nephropathy decline in eGFR, renal | New macroalbuminuria,
Composite doubling of serum Cr and (macroalbuminuria, replacement, or renal sustained decline
Renal Oputcome NA eGFR< 45 ml/min/1.73 | doubling of serum Cr and death in eGFR>30% from NA
m?, need for renal CrCl< 45 ml/min/1.73 baseline, or need for
replacement, or renal m?, or need for renal  'Composite 2: Composite| ~ enal replacement
death replacement therapy) 1 plus incident
macroalbuminuria
Composite 1
) HR 0.84 (0.67-1.04)
Composite
Renal Outcome NA 0.78 (0.67-0.92) 0.64 (0.46-0.88) 0.85 (0.77-0.93) NA
HR (95% ClI) .
Composite 2
0.85 (0.74-0.98)
Persistent Persistent eGFR ratio
Individual % Change in UACR R - New macroalbuminuria | New macroalbuminuria | baseline to end
macroalbuminuria macroalbuminuria
of study
Renal HR 0.74 (0.60-0.91) HR 0.54 (0.37-0.77) HR 0.84 (0.70-1.07) HR 0.77 (0.68-0.87)
Qutcome(s)
+34% Placebo Placebo 0.98
Doubling of serum Cr and| Doubling of serum Cr and Sustained decline in
+24% Lixisenatide | persistent eGFR< 45 ml/ | persistent CrCL< 45 ml/ | Mean change in eGFR
) ) eGFR>30%
min/1.73 m? min/1.73 m?
i 2
(p=0.004) HR 0.89 (0.67-1.19) HR 1.28 (0.64-2.58) 021 m"(”,\]';';”?’ m HR 0.89 (0.78-1.01) | Semaglutide
0.98
Persistent Need for renal Need for renal Need for renal

HR 0.84 (0.68-1.02)

HR 0.87 (0.61-1.24)

HR 0.91 (0.40-2.07)

HR 0.75 (0.39-1.44)

Doubling of serum Cr

Renal death

HR 1.16 (0.74-1.83)

HR 1.59 (0.52-4.87)

GLP: Glucagon-Like Peptide; CVD: Cardiovascular Disease; UACR: Urine Albumin-To-Creatinine Ratio; NA: Not Assessed; NS: Not Significant; eGFR: Estimated
Glomerular Filtration Rate; CrCl: Creatinine Clearance; HR: Hazard Ratio; Subcut: Subcutaneous; RAS: Renin-Angiotensin System
* Assessed by questionnaire not by UACR, % of patients with either micro- or macroalbuminuria was presented based on chronic kidney disease stage (1-3b), not
collectively of the study population.

studies. These include Dipeptidyl Peptidase-4 (DPP-4) inhibitors,
Glucagon-Like Peptide (GLP) 1 agonists, and Sodium Glucose Co-

Transporter 2 (SGLT2) inhibitors. This review assesses each class as
to potential renal benefits evaluating clinical trials in patients with
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type 2 diabetes with or without DKD, large scale Cardiovascular
Outcome Trials (CVOT) that also evaluated renal outcomes, and one
large landmark study specifically designed to assess a SGLT2 inhibitor
effects on renal outcomes in patients with DKD.
Dipeptidyl peptidase 4 inhibitors

Renal outcomes from diabetes studies: potential renal benefits
of DPP4 inhibitors have been studied in a handful of trials involving
patients with diabetes with or without existing CKD. The studies are
mixed in patient population evaluated, length of study and specific
renal outcomes explored. Sitagliptin in conjunction with asulfonylurea
was shown to reduce Urine Albumin-To-Creatinine Ratio (UACR)
by 43 mg/g in 82 Japanese patients as a secondary outcome of an
efficacy and safety study assessing the combination of agents for one
year [9]. Alogliptin was also shown to reduced UACR mildly (5 mg/g)
at 12 weeks compared to placebo in 61 Japanese patients with type 2
diabetes [10]. UACR with the use of linagliptin in combination with a
RAS inhibitor was assessed in a pooled retrospective analysis of four
phase III clinical trials in patients with type 2 diabetes [11]. Linagliptin
showed a greater reduction in adjusted geometric mean UACR (28%)
compared to placebo. In another linagliptin study the agent, when
added to a RAS inhibitor in 360 patients with type 2 diabetes and
residual albuminuria did not significantly reduce UACR or improve
estimated glomerular filtration rate (eéGFR) compared to placebo over
24 weeks [12]. In a pooled analysis of the use of saxagliptin either
as monotherapy or in combination with other agents involving 20
controlled studies and including over 9000 patients found no effect,
positive or negative, on renal function [13].

Renal outcomes from cardiovascular safety studies: Sitagliptin’s
effect on change in eGFR was analyzed as a secondary outcome in
its CVOT. Sitagliptin had a very small, but statistically significant,
change in eGFR from baseline compared to placebo with an estimated
difference of -1.34 mL/min/1.73m? (95% CI, -1.76 to -0.91;p<0.001)
between groups and no significant changes in eGFR were noted in
patients with chronic kidney disease at baseline over the 3 year study
[14,15]. Additionally in the analysis for safety in patients with CKD
with an eGFR < 60 mL/min/1.73m? was compared to those without
CKD (eGFR > 60 mL/min/1.73m?), serious adverse events were higher
in those with poorer baseline renal function but the study found no
significant difference in the development of microalbuminuria or
renal failure in patients receiving sitagliptin compared to placebo.
An exploratory analysis of saxagliptin’s renal safety and efficacy
compared to placebo over 2.1 years the saxagliptin CVOT did not
show a difference in the prespecified composite outcome (doubling
of serum creatinine, initiation of chronic dialysis, renal transplant,
or serum creatinine >6.0 mg/dL), and change in eGFR was similar
between groups over the time frame analysed [16]. With regards to
alogliptin, no difference in a change in eGFR or initiation of dialysis
was seen in patients with type 2 diabetes in the agent’s CVOT [17].
The linagliptin CVOT showed the agent did not significantly alter the
composite renal outcome (sustained end-stage renal disease, renal
failure death, or sustained decrease of >40% in eGFR from baseline)
but did show a favorable 14% relative reduction in progression of
albuminuria [18]. Thus DPP-4 inhibitors show positive to neutral
effect in reducing UACR but fail to show any profound evidence that
the class reduces the risk for inhibiting significant decline in renal
function or attenuating the risk for the development of CKD.

Glucagon-like Peptide 1 Receptor Agonists

Renal outcomes from diabetes studies: There are a handful
of studies that directly assess the use of GLP-1 agonists on renal
outcomes. The outcomes assessed in these studies, the populations
evaluated, and duration of study vary significantly. In a twelve-week
study of 55 overweight patients with type 2 diabetes with no history
of chronic kidney disease, neither liraglutide or sitagliptin showed an
effecton eGFR or UACR [19]. Inastudy involving 31 subjects with type
2 diabetes and baseline microalbuminuria, exenatide twice daily by
subcutaneous administration showed a reduction in 24-hour urinary
albumin compared to subjects taking glimepiride after 16 weeks of
treatment [20]. After 12 months of therapy with liraglutide in 84
patients with Type 2 diabetes another study found an improvement in
eGFR in subjects with a baseline eGFR < 90 ml/min/1.73 m? (absolute
change 5-6 ml/min) but no change in those with a baseline eGFR > 90
ml/min/1.73 m? [21]. Urine albumin excretion in twenty-four hours
improved mildly in both groups. No changes compared to placebo in
eGFR or UACR were noted in 277 subjects with type 2 diabetes and
moderate renal impairment (30-59 ml/min/1.73 m?) in a 26-week trial
designed to assess efficacy and safety of liraglutide in this population
[22]. Oral semaglutide has also been evaluated for safety and efficacy
in 324 patients with type 2 diabetes and moderate renal impairment
(30-59 ml/min/1.73 m?) [23]. After 26 weeks of treatment, the study
found no difference between semaglutide or placebo in changes in
eGFR or urine albumin:creatinine ratio. Once-weekly dulaglutide was
compared to insulin glargine for efficacy and safety in 577 patients
with type 2 diabetes and moderate-to-severe chronic kidney disease
(baseline eGFR at randomization 38 ml/min/1.73 m?) [24]. While
the primary outcome of this study was the evaluation of changes in
Alc, prespecified secondary outcomes included changes in eGFR
and UACR. After one year of treatment, eGFR in subjects receiving
dulaglutide was 2.7 ml/min/1.73 m? higher than in subjects receiving
insulin therapy despite similar reductions in Alc. Changes in UACR
were not statistically different between the two groups however
dulaglutide did reduce the ratio more than insulin treated subjects
in those with macroalbuminuria (>300 mg/g) at baseline. The latter
three studies discussed were not designed to assess renal benefit but
rather to assess Alc reduction in subjects with renal insufficiency.
Together, the above studies provide some insight into improvements
in urinary albumin excretion within this class of agent and variable,
limited improvement in eGFR. As in the case of DPP4 inhibitors, the
studies do not provide sufficient insight into reducing more robust
renal outcomes such as decreasing the likelihood of significant renal
insufficiency or progression to end stage renal disease.

Renal outcomes from cardiovascular safety studies: Some of
the GLP1 agonist CVOT studies performed pre-specified secondary
outcome or post-hoc exploratory assessment of renal outcomes
in patients with or at high risk for cardiovascular disease. Table 1
describes some of these differences in these studies. The trials differ
in many ways including baseline cardiorenal risk, duration of study
and hence drug exposure time, duration of diabetes, and type of renal
outcomes assessed. Some studies included a specific composite renal
outcome while others made no general renal outcome assessment.
However, these trials are significantly larger in scope and length than
the trials described above. Baseline subject renal insufficiency is mild
in each of the studies. UACR are inconsistently reported among the
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Table 2: Study parameters and renal outcomes derived from SGLT2 inhibitor cardiovascular safety studies.

Study
Empagliflozin [40] Canagliflozin [41,42] Dapagliflozin [43]
Parameter
Subjects (n) 7020 10,142 17,160
Study duration
2.6 3.6 4.2
()
57% of subjects
Duration of diabetes 14 10.5
> 10 years
h/o CVD (%) 100 65 41
Baseline
eGFR (mlimin/1.73 m?) & i 85
NR” 12 NR”

<30 mg/g: 59%

< 30 mg/g: 70% <30 mg/g: 56-71%

Baseline UACR (mg/g)
30-300 mg/g: 29%

30-300 ma/g: 23% 30-300 mg/g: 23-31%

> 300 mg/g: 11%

> 300 mg/g: 8% > 300 mg/g: 6-14%

Patients receiving RAS

therapy at baseline (%) 81

80 81

Progression to UACR > 300 mg/g, doubling of
serum Cr and decline in eGFR< 45 ml/min/1.73m?,
initiation of renal replacement, or renal death

Composite Renal
Outcome

40% reduction in eGFR, renal
replacement initiation, or renal

Sustained decrease of 40% or greater in eGFR and
< 60 ml/min/1.73 m?, new end-stage renal disease,

death or death due to cardiovascular or renal cause

Composite Renal

Outcome HR (95% CI) 0.61(0.53-0.70)

0.60 (0.47-0.77) 0.76 (0.67-0.87)

Individual Progression to UACR > 300 mg/g

Progression of albuminuria*

Sustained decrease of 40% or greater in eGFR and
< 60 ml/min/1.73 m?, new end-stage renal disease,
or death due to renal cause

Renal Outcome(s) HR 0.62 (0.54-0.72)

HR 0.73 (0.67-0.79) HR 0.53 (0.43-0.66)

Doubling of serum Cr and decline in eGFR< 45 ml/
min/1.73 m?

Regression of albuminuria**

Sustained 40+% decrease in eGFR and eGFR< 60
ml/min/1.73 m?

HR 0.56 (0.39-0.79)

HR 1.70 (1.51-1.91) HR 0.54 (0.43-0.67)

Initiation of renal replacement therapy

40% reduction in eGFR End-stage renal disease

HF 0.45 (0.21-0.97)

HR 0.60 (0.47-0.78) HR 0.31 (0.13-0.79)

Doubling of serum creatinine

HR 0.50 (0.30-0.84)

CVD: Cardiovascular Disease; NR: Not Reported; UACR: Urine Albumin-To-Creatinine Ratio; Egfr: Estimated Glomerular Filtration Rate; HR: Hazard Ratio; N:

Number Of Subjects; RAS: Renin-Angiotensin System.

~ Levels of albuminuria reported based on baseline eGFR range, mean baseline not reported
* Defined as a 30% increase in albuminuria and a change from normoalbuminuria to microalbuminuria (30-300 mg/g) or macroalbuminuria (> 300 mg/g) or

microalbuminuria to macroalbuminuria.

** Defined as development of normoalbuminuria if baseline was micro- or macroalbuminuria or development of microalbuminuria if baseline was macroalbuminuria.

studies but doesn’t appear a significant issue in the subjects in these
trials. The use of RAS inhibitors was high (80+%) and consistent
between studies that reported the use of these agents.

The studies evaluating once daily lixisentide or once daily oral
semaglutide did not assess a composite renal outcome in their CVOT
studies [25,26]. However lixisentide demonstrated a smaller increase
in urine albumin excretion compared to subjects receiving placebo
but found no difference in the development of macroalbuminuria or
the doubling of serum creatinine [27]. The CVOT of oral semaglutide
did not evaluate changes in UACR and found no difference in the
ratio of baseline and end of study eGFR between those receiving the
GLP-1 agonist or placebo. In comparison, once daily liraglutide, once
weekly semaglutide and dulaglutide showed significant reductions
(15-36%) in the composite renal outcome evaluated in their respective
CVOT studies (Table 1) [28-30]. When the individual outcomes

making up the composite renal outcome are further assessed, it
appears reducing the development of persistent macroalbuminuria
likely drives the composite outcome reduction in those receiving the
GLP-1 agonist compared to placebo. Once weekly exenatide did not
show a reduction in the main renal composite outcome (which didn’t
include change in albuminuria status) but their secondary renal
composite outcome, which included macroalbuminuria, did show a
significant 15% relative reduction [31,32]. However the risk for the
development of macroalbuminuria was not found to improve with
the use of exenatide compared to placebo when evaluated separately.
None of the studies demonstrated a significant reduction in the
decline of eGFR or development of ESRD.

Renal outcomes were also assessed in a systematic review and
meta-analysis of the GLP-1 agonist CVOTs that reported such data
at the time of their analysis [33]. This study found a 17% relative
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reduction over a median follow-up of 3.2 years in the composite
outcome defined as the development of macroalbuminuria, worsening
of kidney function (doubling of serum creatinine or a >40% decline
in eGFR), ESRD, or renal death). As in the above individual CVOT
data, this composite outcome was primarily due to a reduction in
albuminuria. When assessed separately, a worsening of renal function
was not found to be significantly affected.

Sodium glucose co-transporter 2 inhibitors

Renal outcomes from diabetes studies: Trials assessing SGLT2
inhibitors have the same limitations as discussed above in terms of
not being designed to specifically assess the renal benefit of this class
of agent on preventing progression of renal impairment, are typically
short in duration, and evaluate rather small groups of patients. A 26-
week study designed to evaluate canagliflozin in terms of Alcreduction
in 269 patients with type 2 diabetes and stage 3 CKD found a larger
decrease in overall eGFR in subjects receiving canagliflozin compared
to those receiving placebo [34]. The decrease in renal function
occurred during the first few weeks of the study and trended toward
baseline at the study’s end. Subjects receiving canagliflozin showed
a 21-30% reduction in UACR compared to those receiving placebo,
7.5% reduction. A secondary analysis of a previously published
study of 1450 patients with type 2 diabetes evaluated two-year data
of canagliflozin compared to glimepiride [35]. Subjects receiving
canagliflozin showed a modest slowing in eGFR decline compared to
those receiving the sulfonylurea. Despite similar decreases in Alc, the
canagliflozin group also showed a slightly larger reduction in UACR
compared to the glimepiride group in those with a baseline ratio >30
mg/g. A 52-week study evaluating the use of empagliflozin in 290
patients with diabetes and CKD showed improvements in UACR
in those receiving the SGLT2 inhibitor compared to placebo [36].
The effect of empagliflozin in those subjects with baseline elevated
UACR (> 30 mg/g) was evaluated in a pooled assessment of five phase
five studies [37]. The investigators found a 32% reduction in UACR
compared to placebo in those with baseline UACR 30-300 mg/g and
a 41% reduction in those with baseline UACR > 300 mg/g. A two-
year study pooling two controlled trials evaluating ertugliflozin to
glimepiride or placebo in patients without significant baseline CKD
found ertugliflozin was associated with smaller decreases in eGFR at
the study’s end compared to placebo or sulfonylurea treated subjects
[38]. The investigators also found ertugliflozin treated subjects had
between a 29 to 33% reduction in UACR compared to subjects not
receiving the SGLT2 inhibitor. Dapagliflozin was assessed in a post-
hoc analysis of the effects of the agent in 166 subjects with diabetes
and both chronic kidney disease (eGFR >30-60 ml/min/1.73m?) and
increased albuminuria (>30 mg/g) [39]. The investigators noted at
the end of the two-year study a larger reduction in UACR in subjects
receiving the SGLT-2 inhibitor compared to placebo (-44-57%
placebo-corrected).

Renal outcomes from cardiovascular safety studies: Three of
the four currently approved SGLT2 inhibitors have completed and
reported their required CVOT data and, like many of the CVOT
studies evaluating the other two classes of agents, had prespecified
renal outcomes included in their analysis [40-43]. The three CVOTs
in this class, as with the GLP1 agonist and DPP4 inhibitor studies,
are much larger than the above discussed studies and typically
of much longer duration. They also vary in study duration, size,

Table 3: Baseline characteristics and outcome results of the CREDENCE study
[45].

Baseline Characteristic

Age (years) 63

Female sex (%) 34

Ethnicity or Race (%)

White 67
Black 5
Asian 20
Other 8.4
Duration of diabetes (years) 15.8
Existing cardiovascular disease (%) 50
Alc (%) 8.3
eGFR (ml/min/1.73 m?) 56
Urinary albumin:creatinine (Median, mg/g) 927
Hazard Ratio (95% Confidence

Study Outcome Interval)

0.70 (0.59-0.82)

Primary composite outcome *

Doubling of serum creatinine 0.60 (0.48-0.76)
0.68 (0.54-0.86)
0.60 (0.45-0.80)
0.74 (0.55-1.00)
0.78 (0.61-1.00)

0.80 (0.67-0.95)

End stage kidney disease **

eGFR < 15 ml/min/1.73m?

Initiation of dialysis or renal transplantation

Cardiovascular death

Cardiovascular death, M, or stroke

Hospitalization for heart failure 0.61 (0.47-0.80)

End of study difference in Alc compared to

placebo (%) 011
End of study difference in Alc compared to

-2.38
placebo (%)
End of study difference in Alc compared to 0.88

placebo (%)
Egfr: Estimated Glomerular Filtration Rate; MI:
Systolic Blood Pressure

* Defined as dialysis for at least 30 days, renal transplantation, eGFR of < 15 ml/
min/1.73 m? for at least 30 days, doubling of serum creatinine concentration from
baseline, or death from cardiovascular or renal disease.

** Defined as eGFR < 15 ml/min/1.73 m?, initiation of dialysis, or renal
transplantation.

Myocardial Infarction; SBP:

and baseline cardiorenal risk and are placebo-controlled rather
than comparative between agents or across class of agent. (Table
2) As in the GLP1 agonist studies, baseline renal function was not
significantly impaired and most subjects had normal albuminuria
concentrations. Use of RAS inhibitors in study subjects was high
at 80% or greater. While the prespecified renal outcome differed
between studies, a significant reduction (24-40%) in their composite
renal outcome were noted. Some important differences in the renal
results of the SGLT2 inhibitor CVOT compared to the GLP1 agonist
studies are noteworthy. First, in the case of both the dapagliflozin and
canagliflozin composite outcomes, changes in degree of albuminuria
was not part of the assessed outcome so this composite outcome
cannot be said to be driven primarily by changes in UACR. Second,
both the empagliflozin and dapagliflozin studies showed a greater
than 40% significant reductions in worsening of renal function as well
as a 55-69% relative reduction in progression to ESRD. However, the
latter absolute difference between those receiving a SGLT2 inhibitor
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versus placebo is quite small, 0.1-0.3%. The canagliflozin CVOT
showed a 40% relative reduction in having a 40% reduction in eGFR
and a 50% reduction in a doubling of serum creatinine, the latter also
having a very small absolute reduction. Secondary renal outcomes of
limiting progression of albuminuria were positively impacted with
the use of canagliflozin and empagliflozin. Both the dapagliflozin
and canagliflozin studies showed a reduction in their composite
outcome regardless of baseline eGFR or cardiovascular risk. Results
of the effects of ertugliflozin on cardiovascular safety are pending but
perhaps could shed additional light on any potential renal benefit in
patients with diabetes and established vascular disease. The CVOT
with this agent concluded late in 2019 and results should be available
in 2020.

A meta-analysis of the current three CVOTs evaluating more than
34,000 patients found a significant 45% relative risk reduction in the
composite renal outcome of worsening renal function, ESRD, or renal
death. [44] This analysis did not assess the changes in the individual
endpoints making up the composite outcome. The reduction in the
composite renal outcome was independent of baseline atherosclerotic
risk however the risk reduction was lower in subjects with poorer
baseline eGFR compared to those with higher eGFR.

Canagliflozin and Renal Events in Diabetes with
Established Nephropathy Clinical Evaluation (CREDENCE)

As with the previous classes of agents reviewed, the effect of an
SGLT2 inhibitor used for the treatment of type 2 diabetes had not
been studied specifically to reduce the risk of end stage renal disease.
The landmark CREDENCE study reported in 2019 has changed this
[45]. A multicentered, multinational study, CREDENCE included
4401 patients with diabetes and established albuminuric CKD. At
baseline the average eGFR was less than 60 ml/min/1.73 m* and
median UACR was greater than 900 mg/g. (Table 3) Patients were
randomly assigned to either 100 mg daily of canagliflozin or placebo
and all subjects were receiving stable doses of RAS inhibitors. The
primary composite outcome was the development of end stage
kidney disease. A third of the subjects evaluated were female, the
average age of subjects was greater than 60 years of age, most were
white, the average duration of diabetes was nearly 16 years, and
half had established cardiovascular disease. The study was stopped
early after an interim analysis met prespecified efficacy criteria.
The median duration of the study was 2.62 years. The investigators
found a 30% relative reduction in the primary composite outcome.
(Table 3) Results evaluating components of the primary outcome
showed a 40% in the risk for doubling of serum creatinine and a
32% reduction in progression to ESRD. The risk of the composite
of myocardial infarction, stroke or death due to cardiovascular
disease was also reduced by 20% as was the risk for hospitalization
for heart failure (39% reduction). Renal death, cardiovascular death,
and all-cause mortality were not significantly reduced. There were
small improvements at the study’s conclusion in Alc, systolic blood
pressure, and body weight in those receiving the SGLT2 inhibitor.
Prespecified safety outcomes assessment found no increased risk for
fracture, cancer, or amputation. The latter a concern from the CVOT
of canagliflozin that found a small but concerning and statistically
significant increase in the high-risk patients assessed for that outcome
[46]. Subjects receiving canagliflozin showed a significant early
decrease in eGFR but thereafter had a slower decline in renal function

the remainder of the study compared to subjects receiving placebo.

A meta-analysis that included all three existing CVOT
studies plus the data from CREDENCE comprising nearly 39,000
subjects assessed the composite renal outcome of dialysis, renal
transplantation, or renal death. [47]. The analysis found a significant
33% relative risk reduction in this composite outcome and also found
a significant 35% reduction in the development of ESRD. While
all groups assessed based on baseline eGFR benefited with SGLT2
inhibitor therapy compared to placebo, there again appeared to be a
lower risk reduction in the composite endpoint in those with worse
baseline renal function.

Proposed mechanisms of renal benefit

The small changes in Alc in the CVOT and Credence study is
likely not significant enough to be the sole cause of the renal benefits
seen with these agents. GLP1 agonists and SGLT2 inhibitors may
have direct and indirect effects on the vascular system. Each of these
drug types have some common effects and class-specific effects that
may explain, at least in part, the improvement in cardiorenal benefits.
Some of the non-glycemic effects of the SGLT2 inhibitors and GLP1
agonists are decreases in body weight, blood pressure, improvements
in lipid profile, and reduction in visceral fat [48,49]. However, it
appears that these effects alone, many of which are quite small, are not
the only root cause eliciting renal benefits when using such agents.

With regards to GLP agonists, GLP receptors are expressed in
the human kidney with functional receptors in proximal tubular
cells and in the renal vasculature. Proposed mechanism for inducing
renal benefits is GLP-1 induced natriuresis and diuresis, mediated by
inhibition of sodium-hydrogen exchanger isoform 3 activity in the
renal proximal tubule [48-51]. GLP1 agonists may inhibit the activity
of this isoform, thereby enhancing natriuresis and diuresis. These
changes may contribute to reducing albuminuria and possibly some
blood pressure reduction, although the summative hemodynamic
changes associated with this natriuretic effect is not completely
elucidated. GLP-1 activity may also have a direct vasodilatory effect
on the afferent arteriole, which is in part dependent on increased
production of nitric oxide [51,52]. Experimental data indicate GLP-
1 agonists are able to indirectly suppress other factors known to
contribute to efferent arteriole vasoconstriction, such as suppression
of angiotensin-II and reduced production of reactive oxygen
species [49]. The net effect of these changes could possibly result in
a reduction in diabetes-related glomerular hyperfiltration [51,52].
While there is no definitive answer at this time, it seems that the net
effect of vasodilatory activity, inhibition of glomerular hyperfiltration
and possible anti-atherosclerotic potential provide some cursory
explanation for renal benefits seen with GLP1 agonists [49].

The case for renal protection with SGLT2 inhibitors is slightly
clearer than with the GLP1 agonists. SGLT2 inhibition induces acute
osmotic and natriuretic effects that impact both systemic and renal
hemodynamic parameters [53,54]. The known benefit of systemic
hemodynamic changes associated with SGLT?2 inhibitors is generally
reflected in a small reduction of systolic blood pressure. There is some
evidence to suggest that SGLT2 inhibition also provides very modest
RAS activation in response to contraction of plasma volume related
to osmotic diuresis, which may lead to vasodilation [54,55]. Secondly,
in the diabetic kidney, SGLT2 is upregulated causing a distortion in
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the tubular glomerular feedback system resulting in hyperfiltration.
This feedback system, in the presence of SGLT2 inhibition, results
in afferent arteriole vasoconstriction, which in turn decreases
intraglomerular pressure, thereby normalizing the GFR. The net
effect of these modulations is seen with the typical reduction in
albuminuria when employing this class of drugs [54]. Furthermore,
SGLT?2 inhibition theoretically mitigates renal hypoxia and may even
improve oxygenation to the kidney through several mechanisms. The
preservation of cardiac function and cardiac output seen with SGLT2
inhibitors would result in increased renal perfusion, which is also
enhanced by the increased hematocrit, and resultant oxygen carrying
capacity, seen with SGLT2 inhibitors [53,54].

Lastly, SGLT?2 inhibitors have been shown to reduce production
of interleukin-6 and other pro-inflammatory markers in the presence
of hyperglycemic conditions. Also, some experimental models have
linked SGLT2 inhibition with reduction in fibrosis. This, in part,
leads to the hypothesis that the anti-inflammatory and anti-fibrotic
activities associated with SGLT2 inhibitors could protect against
progression of DKD [53,54].

Conclusion

While all three drug classes discussed have at least some potential
for benefit in reducing the impact of diabetes on renal outcomes, the
SGLT?2 inhibitors appear best poised to help in this key therapeutic
area based on current data. While the DPP4 inhibitors and GLP1
agonists may provide some benefit in reducing albuminuria,
they have not been shown to reduce more key renal outcomes, in
particular, significant decline in renal function, end stage renal
disease, or renal death. While UACR is strongly associated with the
risk for renal insufficiency, improved changes in albuminuria do
not necessarily suggest it will decrease the risk for such [56,57]. The
positive effects of SGLT2 inhibitors, in particular canagliflozin, on
renal outcomes surpass those with the other two class of agents. In
addition to decreasing UACR, the CVOTs in this class have shown
more significant reductions in robust renal outcomes including the
attenuation of renal function decline and small reductions in the risk
for ESRD in patients with or at high risk for cardiovascular events. The
landmark CREDENCE study with canagliflozin showed in patients
with diabetes along with existing renal insufficiency and significant
albuminuria, a marked reduction in worsening renal function and
a risk reduction in proceeding toward ESRD compared to placebo.
The study also found a reduction in heart failure admissions and
cardiovascular events in this population.

As a result of the CREDENCE study, the manufacturer of
canagliflozin was granted a change in their product’s approved
indications. In addition to the indication to improve glycemic control
in patients with type 2 diabetes, the agent as of the fall of 2019 is
now also indicated to reduce the risk of end stage kidney disease,
doubling of serum creatinine, cardiovascular death, and admissions
for heart failure in patients with both type 2 diabetes and existing
kidney disease and albuminuria. This is the first new indication for
a drug to reduce the risk for diabetic kidney disease in nearly two
decades. Whether the benefits seen with the use of canagliflozin in
the CREDENCE study can be applied to the other three agents in this
class is yet to be determined. Until such time that the renal benefits are
convincingly a class effect, canagliflozin should be considered the best

option within the class. An ongoing study evaluating dapagliflozin’s
effects on the progression of chronic kidney disease is expected to be
completed in late 2020. Empagliflozin’s effects on renal outcomes is
also being evaluated but the study with this agent is not expected to
conclude until the middle of 2022.

Recent changes in national guidelines have also occurred as
a result of the newer renal outcomes trial data. Previous ADA
recommendations stated to consider either a SGLT2 inhibitor or GLP1
agonist shown to reduce the risk of progression of chronic kidney
disease in patients with type 2 diabetes and chronic kidney disease.
[58,59]. This recommendation is primarily based on the composite
renal outcome data from the CVOT studies in both classes. The 2020
ADA Standards of Medical Care in Diabetes now recommend the
use of SGLT?2 inhibitors to reduce the risk of chronic kidney disease
progression , cardiovascular events, or both in patients with type 2
diabetes and kidney disease in patients with eGFRs at least 30 ml/
min/1.73m* and some degree of albuminuria, especially those with
UACR greater than 300 mg/g [4]. They recommend a GLP1 agonist in
patients with chronic kidney disease to reduce the risk of albuminuria
progression, cardiovascular events, or both in patients at an increased
risk for cardiovascular events but the recommendation is not as
strong as the one for use of SGLT2 inhibitors. The 2020 executive
summary by the American Association of Clinical Endocrinologists
and American College of Endocrinology are less specific on class of
agent stating either class should be considered, regardless of glycemic
control, in those with established or high cardiovascular risk and/or
CKD [60].

Thus it appears we are entering a new era in attempting to curb
the progression of CKD in patients with diabetes, one that has been
too long in coming. In addition to obtaining optimal blood pressure
control with agents known to affect the RAS and optimizing glycemic
control, clinicians should consider adding a SGLT2 inhibitor in
patients with type 2 diabetes and chronic kidney disease as long as the
eGFR is greater than 30 ml/min/1.73 m?. An early reduction in eGFR
should be expected with the use of this class of agent but data with the
use of canagliflozin in this patient population suggests the decrease in
eGFR over time is slower than that in subjects receiving placebo and
should notbe a deterrent in their use as the benefits appear to outweigh
the risks in the long run. The use of DPP4 inhibitors in such patients is
not likely to provide more than a reduction in albuminuria. The same
can be expected with the use of GLP1 agonists in high-risk patients
but this class may provide some degree of cardiovascular benefit in
such patients [60]. Specifically how these agents work to minimize
renal outcomes may not be fully understood. With appropriate use
of these agents, in particular SGLT2 inhibitors, in the right patient
population, the clinical burden to patients and the economic burden
to society of diabetic chronic kidney disease could likely be lessened.
Perhaps future cost-effectiveness will shed light on the latter. It is
unknown if any class of agent reviewed above could have an effect on
robust renal outcomes in patients with type 1 diabetes or in patients
with CKD without diabetes. It is also unknown if these agents would
slow progression of diabetic kidney disease in those with moderate
loss of kidney function but in the absence of albuminuria, a patient
population often undertreated [61].
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