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ABSTRACT

Background In the Dapagliflozin and Prevention of Adverse Outcomes in Chronic Kidney Disease (DAPA-
CKD) randomized, placebo-controlled trial, the sodium-glucose cotransporter 2 inhibitor dapagliflozin signif-
icantly reduced risk of kidney failure and prolonged survival in patients with CKD with or without type 2
diabetes.

Methods Adults with eGFR of 25-75 ml/min per 1.73 m? and urinary albumin-to-creatinine ratio of 200-5000
mg/g had been randomized to receive dapagliflozin 10 mg/d or placebo. Here, we conducted a prespecified
analysis of dapagliflozin’s effects in patients with stage 4 CKD (eGFR,30 ml/min per 1.73 m?) at baseline. The
primary end point was a composite of time to =50% sustained decline in eGFR, ESKD, or kidney or cardiovas-
cular death. Secondary end points were a kidney composite (same as the primary end point but without car-
diovascular death), a composite of cardiovascular death or heart failure hospitalization, and all-cause death.

Results A total of 293 participants with stage 4 CKD received dapagliflozin and 331 received placebo.
Patients with stage 4 CKD randomized to dapagliflozin experienced a 27% (95% confidence interval [95%
Cl]: —2 to 47%) reduction in the primary composite endpoint, and 29% (—2 to 51%), 17% (—53 to 55%), and
32% (—21 to 61%) reductions in the kidney, cardiovascular and mortality endpoints, respectively, relative
to placebo. Interaction P-values were 0.22,0.13, 0.63, and 0.95, respectively, comparing CKD stages 4 versus
2/3. The eGFR slope declined by 2.15 and 3.38 ml/min per 1.73 m? per year in the dapagliflozin and placebo
groups, respectively (P=0.005). Patients treated with dapagliflozin or placebo had similar rates of serious
adverse events and adverse events of interest.

Conclusions Among patients with stage 4 CKD and albuminuria, the effects of dapagliflozin were consistent
with those observed in the DAPA-CKD trial overall, with no evidence of increased risks.
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Relative to patients with normal or near normal Randomized clinical trials conducted more than

kidney function, patients with CKD experience
higher rates of death, cardiovascular events, and
hospitalization,"* and experience poorer health
status, including impaired physical function, cog-
nitive function, and health-related quality of
life.>~® Patients with advanced (stage 4) CKD are
particularly vulnerable to cardiovascular events
and other complications, including progression to
kidney failure.
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two decades ago established the benefits of inhibi-
tors of the renin-angiotensin-aldosterone system
(RAAS) in attenuating progression of CKD associ-
ated with type 2 diabetes and other forms of protei-
nuric CKD. Thereafter, RAAS inhibitors became
widely recommended, and not only yielded benefits
on kidney disease-related composite end points
(e.g., death, the need for dialysis or kidney trans-
plantation, or doubling of serum creatinine), but
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also enhanced control of hypertension and reduced complica-
tions of heart failure, both of which frequently accompanied
CKD.” '°In practice, however, the persistence of RAAS inhib-
itor prescription has been limited by transient increases in
serum creatinine and/or hyperkalemia, often prompting
drug discontinuation, particularly among patients with
advanced CKD."'

Several sodium-glucose cotransporter 2 (SGLT2) inhibi-
tors have been shown to reduce rates of death and cardiovas-
cular events among patients with type 2 diabetes.*”"* Initially,
SGLT?2 inhibitors were not recommended for use in patients
with impaired kidney function, due to diminished efficacy
vis-a-vis glycemic control.'>'® The Canagliflozin and Renal
Events in Diabetes and Established Nephropathy Clinical
Evaluation (CREDENCE) trial was the first of the SGLT2
inhibitor trials with a primary cardiorenal composite end
point, conducted in a population with substantial albuminuria
and/or impaired kidney function. CREDENCE enrolled
patients exclusively with type 2 diabetes, urine albumin-to-
creatinine ratio (UACR) >300 to 5000 mg/g, and eGFR
30-90 ml/min per 1.73 m* at screening, and demonstrated sig-
nificant reductions in the risk of kidney and cardiovascular
events."” In contrast, the Dapagliflozin And Prevention of
Adverse Outcomes in Chronic Kidney Disease (DAPA-
CKD) trial enrolled patients with and without type 2 diabetes,
with UACR 200-5000 mg/g, and with eGFR 25-75 ml/min per
1.73 m” at screening.'®'” In DAPA-CKD, 624 of 4304 (14%)
randomized patients had stage 4 CKD at baseline, allowing
for a robust assessment of safety in this subpopulation, and
adetailed assessment of the effects of dapagliflozin on primary
and key secondary efficacy end points.

METHODS

DAPA-CKD was a randomized, double-blind, placebo-con-
trolled, multicenter clinical trial; manuscripts describing trial
design, baseline characteristics, primary results, and results
stratified by diabetes status and history of cardiovascular
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Significance Statement

Relatively little is known about the relative safety and efficacy of
sodium-glucose cotransporter 2 (SGLT2) inhibitors in patients
with advanced (stage 4) CKD. The Dapagliflozin and Prevention
of Adverse Outcomes in Chronic Kidney Disease (DAPA-CKD) trial
enrolled patients with CKD with or without type 2 diabetes (mean
eGFR 43 = 12 ml/min per 1.73m?), finding that patients receiving
the drug had lower risks of major kidney and cardiovascular events
and an attenuation of progressive eGFR loss compared with
patients receiving placebo. In this analysis within a subgroup of
patients with stage 4 CKD and albuminuria, the authors found
that the benefits of the SGLT2 inhibitor dapagliflozin in patients
with baseline eGFR<30 ml/min per 1.73m? were consistent with
those observed in the DAPA-CKD trial overall, with no evidence
of increased risks.

disease have been previously published.'®** The trial was spon-
sored by AstraZeneca and conducted at 386 sites in 21 countries
from February of 2017 through June of 2020 and registered at
ClinicalTrials.gov (NCT03036150). All participants provided
written, informed consent before any study-specific procedure
commenced. The safety of patients in the trial was overseen by
an independent data and safety monitoring committee.

Participants

Adults with or without type 2 diabetes, with eGFR 25-75 ml/min
per 1.73 m?, and with UACR 200-5000 mg/g were eligible for
participation. We required patients to be treated with a stable
dose of RAAS inhibitor for =4 weeks unless medically contra-
indicated. Key exclusion criteria included a documented diagno-
sis of type 1 diabetes, polycystic kidney disease, lupus nephritis,
or ANCA-associated vasculitis. A complete list of inclusion and
exclusion criteria and the trial protocol have been previously
published."®*

Procedures

Participants were randomly assigned to dapagliflozin 10 mg
once daily or matching placebo, in accordance with the
sequestered, fixed-randomization schedule, with the use of
balanced blocks to ensure an approximate 1:1 ratio of the
two regimens. Randomization was stratified by diabetes sta-
tus and UACR (= or >1000 mg/g). We calculated eGFR
using the Chronic Kidney Disease Epidemiology Collabora-
tion equation and incorporated results from the equation as
originally defined, including a term for self-reported race
(Black versus non-Black). Recruitment of participants with
eGFR 60-75 ml/min per 1.73 m”> was limited to no more
than 10% of trial participants. Whereas participants with
eGFR<25 ml/min per 1.73 m* at screening were not enrolled,
participants only discontinued study drug (dapagliflozin or
placebo) if they developed diabetic ketoacidosis, became
pregnant, or developed an adverse event (AE) that in the
opinion of the investigator was a contraindication to ongoing
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treatment. The protocol did not mandate discontinuation of
study drug when participants reached a certain eGFR thresh-
old. Participants and all study personnel (except the Indepen-
dent Data Monitoring Committee) were masked to treatment
allocation.

After randomization, in-person study visits were per-
formed after 2 weeks; after 2, 4, and 8 months; and at
4-month intervals thereafter. At each follow-up visit, study
personnel recorded vital signs, obtained blood and urine sam-
ples, and recorded information on potential study end points,
AEs, concomitant therapies, and study drug adherence.

End Points

The primary composite end point was time to =50% sustained
decline in eGFR (confirmed by a second serum creatinine
measurement after at least 28 days), onset of ESKD (defined
as maintenance dialysis for at least 28 days, kidney transplan-
tation, or eGFR<15 ml/min per 1.73 m* confirmed by a sec-
ond measurement after at least 28 days), or death from kidney
or cardiovascular cause. Key secondary end points were time
to: (I) a composite kidney end point of =50% sustained
decline in eGFR, kidney failure, or death from kidney disease;
(2) a composite cardiovascular end point defined as hospital-
ization for heart failure or cardiovascular death; and (3) all-
cause death. Additional prespecified and post hoc exploratory
end points included a composite of dialysis, kidney transplan-
tation, or kidney death; a composite of cardiovascular death,
myocardial infarction or stroke, time to first hospitalization
for heart failure, ESKD or all-cause death, ESKD, or heart fail-
ure hospitalization; a composite of ESKD, myocardial infarc-
tion, stroke, hospitalization for heart failure, or cardiovascular
death; and a composite of ESKD, hospitalization for heart fail-
ure, or all-cause death. We also considered change in eGFR
slope as an exploratory efficacy end point.

All efficacy end points were adjudicated by a masked,
independent Clinical Events Committee, except for the quan-
titative assessments of eGFR which were obtained from our
central laboratory.

Safety

Given extensive prior experience with dapagliflozin, we lim-
ited our ascertainment of AEs to serious adverse events
(SAEs), AEs resulting in the discontinuation of study drug,
and AEs of special interest (symptoms of volume depletion,
kidney-related events, major hypoglycemia, bone fractures,
amputations, and potential diabetic ketoacidosis). Potential
diabetic ketoacidosis events were adjudicated by an indepen-
dent adjudication committee.

Statistical Analyses

The overall analytic approach, power calculation, and prespeci-
fied statistical analysis plan have been previously published.'®"
All analyses presented here followed the intention-to-treat prin-
ciple. Briefly, we conducted time-to-event analyses using a
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proportional hazards (Cox) regression stratified by randomiza-
tion factors (diabetes status and UACR), adjusting for baseline
eGFR, yielding hazard ratios (HRs) and 95% confidence inter-
vals (95% CIs) from model parameter coefficients and standard
errors. For the purpose of the current prespecified analysis, we
evaluated the primary, key secondary, and other prespecified
efficacy end points in patients within the subcohort of patients
with baseline stage 4 CKD (eGFR<30 ml/min per 1.73 m?),
and compared results with the larger subpopulation (86%) of
patients with stages 2/3 CKD (eGFR=30 ml/min per 1.73 m?),
including a multiplicative interaction term between randomized
treatment group and stage. For time-to-event analyses, we
assessed for nonuniformity of HRs with the Akaike’s informa-
tion criterion. We considered P values <0.05 to be statistically
significant.

We conducted two post hoc exploratory analyses within the
stage 4 CKD subgroup, comparing results for the primary
composite and kidney composite end points by diabetes status
and by higher versus lower levels of albuminuria.

We analyzed the effects of dapagliflozin on the mean
on-treatment eGFR slope by fitting a two-slope mixed effects
linear spline model (with a knot at week 2) with a random
intercept and random slopes for treatment. The model
included fixed effects for treatment, CKD stage, and stratifica-
tion factors (diabetes status and UACR), and a continuous,
fixed covariate for time-to-visit. To determine eGFR slopes
for the CKD stage subgroups (4 versus 2/3), we added to the
model all possible interaction terms for treatment effect,
CKD stage, and time-to-visit, assuming an unstructured
variance-covariance matrix. We computed the mean total
slope as a weighted combination of the acute and chronic
slopes to reflect the mean rate of eGFR change until the last
on-treatment visit. We also presented the pattern of change
in mean eGFR using a restricted maximum likelihood
repeated measures approach. This latter analysis included
fixed effects of treatment, visit, treatment-by-visit interaction,
and treatment-by-CKD stage interaction. We added interac-
tion terms between CKD stage, visit, and treatment assign-
ment to assess the change in eGFR for the CKD stage
subgroups (4 versus 2/3).

We performed all analyses with SAS version 9.4 (SAS Insti-
tute) or R version 4.0.2 (R Foundation).

RESULTS

Six hundred and twenty-four (14%) of 4304 randomized
patients had stage 4 CKD at baseline. Figure 1 shows the Con-
solidated Standards of Reporting Trials (CONSORT) diagram
for patients enrolled in DAPA-CKD and those randomized by
baseline CKD stage (4 versus 2/3). Supplemental Figure 1 shows
the distribution of baseline eGFR<30 ml/min per 1.73 m” in the
dapagliflozin (n=293) and placebo (n=331) groups.

Table 1 shows baseline characteristics of randomized
patients stratified by CKD stage (4 versus 2/3) and randomized
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Adverse event (n=3)

3213 participants not randomized
Eligibility critcria not met (n=3138)
Withdrawal by participant (n=72)

| 4304 participants randomized to treatment |

Dapagliflozin 10 mg
N=2152

293 with stage 4 CKD
0 participants did not receive study drug

1859 with stage 2/3 CKD
3 participants did not receive study drug

61 participants discontinued study drug
Participant decision (n=31)
Adverse event (n=28)
Other (n=2)

213 participants discontinued study drug
Participant decision (n=111)
Adverse event (n=90)
Severe protocol non-compliance (n=1)
Other (n=11)

Placebo
N=2152

331 with stage 4 CKD
0 participants did not receive study drug

1821 with stage 2/3 CKD
3 participants did not receive study drug

79 participants discontinued study drug
Participant decision (n=36)
Adverse event (n=36)
Development of specific discontinuation
criteria (n=2)
Other (n=5)

230 participants discontinued study drug
Participant decision (n=124)
Adverse event (n=87)
Severe protocol non-compliance (n=3)
Development of specific discontinuation
criteria (n=1)
Other (n=15)

1 participants discontinued study
Withdrew consent (n=1)

9 participants discontinued study
Withdrew consent (n=7)
Lost to follow-up (n=2)

292 (99.7%) participants completed
the study

1850 (99.5%) participants completed
the study

0 participants discontinued study

5 participants discontinued study
Withdrew consent (n=3)
Lost to follow-up (n=2)

331 (100%) participants completed
the study

1816 (99.7%) participants completed
the study

Figure 1. Participant flow chart by CKD stage. Box indicates subgroups in the current prespecified analysis; stage 4 CKD, eGFR<30 ml/
min per 1.73 m?; stage 2/3 CKD, eGFR=30 ml/min per 1.73 m?.

Table 1. Characteristics of the patients at baseline according to CKD stage and randomized treatment assignment

Characteristic

Baseline Stage 4 CKD

Baseline Stages 2/3 CKD

(n=624) (n=3680)
Dapagliflozin Placebo Dapagliflozin Placebo
(n=293) (n=331) (n=1859) (n=1821)

Age (years) 61.9 (11.8) 62.6 (12.4) 61.8 (12.1) 61.8 (12.1)
Female sex, n (%) 103 (35.2) 122 (36.9) 606 (32.6) 594 (32.6)
Race, n (%)

White 155 (52.9) 180 (54.4) 969 (52.1) 986 (54.2)

Black 12 (4.1) 11 (3.3 92 (5.0) 76 (4.2)

Asian 96 (32.8) 113 (34.1) 653 (35.1) 605 (33.2)

Other 39 (10.2) 33(8.2) 145 (7.8) 154 (8.5)
Body mass index (kg/m?) 29.6 (6.7) 29.0 (6.2) 29.4 (5.9) 29.8 (6.3)
Current smoker, n (%) 43 (14.7) 44 (13.3) 240 (12.9) 257 (14.1)
Blood pressure (mmHg)

Systolic 139.4 (19.1) 137.1 (18.4) 136.3 (17.2) 137.5(17.1)

Diastolic 78.0 (10.9) 76.4 (10.9) 77.4 (10.6) 77.7 (10.1)
eGFR (ml/min per 1.73 m?) 26.8 (1.8) 26.8 (1.8) 45.8 (11.2) 45.9 (11.2)
Hemoglobin (g/L) 120.8 (16.7) 120.0 (16.2) 129.8 (18.0) 129.3 (18.0)
Serum potassium (mEg/L) 4.8 (0.6) 4.8 (0.6) 4.6 (0.5) 4.6 (0.5)
Median UACR (Q1-Q3) 1279 (642-2470) 1212 (577-2289) 920 (448-1841) 911 (472-1791)
UACR>1000 mg/g, n (%) 168 (57.3) 183 (55.3) 880 (47.3) 848 (46.6)
Type 2 diabetes diagnosis, n (%) 190 (64.9) 211 (63.8) 1265 (68.1) 1240 (68.1)
Cardiovascular disease, n (%) 98 (33.5) 133 (40.2) 715 (38.5) 664 (36.5)
Baseline medication, n (%)

ACE inhibitor/ARB 278 (94.9) 310 (93.7) 1816 (97.7) 1770 (97.2)

Diuretic 154 (52.6) 176 (53.2) 774 (41.6) 778 (42.7)

Statin 180 (61.4) 214 (64.7) 1215 (65.4) 1185 (65.1)

Data are shown as mean (SD) unless otherwise stated. Stage 4 CKD, eGFR<30 ml/min per 1.73 m?; stages 2/3 CKD, eGFR=30 ml/min per 1.73m?. Q1, 25th percentile;
Q3, 75th percentile; ACE, angiotensin converting enzyme; ARB, angiotensin receptor blocker.
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Figure 2. Kaplan—Meier curves for the cumulative incidence of (A) the primary composite end points, (B) the kidney composite end
point, (C) hospitalization for heart failure or cardiovascular death, and (D) all-cause death in patients with stage 4 CKD at baseline.
Primary composite end point, sustained eGFR decline =50%, ESKD, or kidney or cardiovascular death; secondary kidney composite

end point, sustained eGFR decline =50%, ESKD, or kidney death.

treatment group. The mean age, proportion female, and distri-
bution by race were similar across CKD stages. Randomized
patients with stage 4 CKD were less likely to have type 2 dia-
betes, had higher UACR, were less likely to be treated with
RAAS inhibitors, and were more likely to be treated with
diuretics.

Effects of Dapagliflozin on Discrete Events

Fifty-nine of 293 (20%) patients with stage 4 CKD at baseline
randomized to dapagliflozin experienced a primary composite
end point, compared with 87 of 331 (26%) randomized to pla-
cebo. Figure 2A shows the cumulative incidence of the pri-
mary composite end point in patients with stage 4 CKD at
baseline in both groups (HR 0.73; 95% CI, 0.53 to 1.02). Figure
2, B, C, and D, shows cumulative incidence curves for the key
secondary end points: =50% sustained decline in eGFR, kid-
ney failure, or death from kidney disease (HR 0.71; 95% CI,
0.49 to 1.02); hospitalization for heart failure or cardiovascular
death (HR 0.83; 95% CI, 0.45 to 1.53); and all-cause death (HR
0.68;95% CI, 0.39 to 1.21). Forty-nine, 18, and 19 patients with
stage 4 CKD at baseline randomized to dapagliflozin and 73,
24, and 31 patients with stage 4 CKD at baseline randomized

2356 JASN

to placebo experienced the key secondary end points,
respectively.

The trial was not powered to detect a statistically significant
difference in the primary and key secondary end points in
modest-sized subgroups. However, when comparing treat-
ment effects in patients with stage 4 CKD at baseline with
those in patients with stages 2/3 CKD, there were no signifi-
cant differences (interaction P values for treatment assign-
ment by CKD stage 0.22, 0.13, 0.63, and 0.95, respectively,
for the primary composite end point and the three key second-
ary end points in sequence shown above). Figure 3 shows For-
est plots for the primary and secondary outcomes by baseline
CKD stage. Supplemental Figures 2 and 3 show Forest plots for
prespecified and post hoc exploratory end points, respectively.
For all end points, HRs for dapagliflozin were below 1.0, and
there were no significant interactions (effect modification)
by CKD stage.

Post Hoc Exploratory Sub-Subgroup Analyses

Within the stage 4 CKD subgroup, there was no detectable
heterogeneity of effect of dapagliflozin on the primary com-
posite or kidney composite end points by diabetes status or

JASN 32: 2352-2361, 2021
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Figure 3. Forest plots for the primary and secondary end points by baseline CKD stage. Stage 4 CKD, eGFR<30 ml/min per 1.73 m?;
stages 2/3 CKD, eGFR=30 ml/min per 1.73 m?. CV, cardiovascular; n, number with events; N, total number.

degree of albuminuria. For the primary composite end point,
HRs were 0.84 (95% CI, 0.57 to 1.23) and 0.52 (95% CI, 0.27 to
1.02) in patients with and without diabetes, respectively (inter-
action P=0.23), and 0.79 (0.37 to 1.69) and 0.72 (0.50 to 1.05)
in patients with UACR=1000 mg/g and >1000 mg/g, respec-
tively (interaction P=0.94). Corresponding HRs for the kid-
ney composite end point were 0.92 (95% CI, 0.60 to 1.42)
and 0.48 (0.24 to 0.96), respectively (interaction P=0.11),
and 0.63 (0.24 to 1.69) and 0.73 (0.49 to 1.08), respectively
(interaction P=0.71).

Effects of Dapagliflozin on eGFR Slopes

Figure 4 shows least squares mean change in eGFR slope
(£SEM) in the stage 4 CKD dapagliflozin and placebo groups:
total slope —2.15 (0.32) and —3.38 (0.31) ml/min per 1.73 m?
per year, corresponding to a between-groups difference of 1.23
ml/min per 1.73 m* per year (95% CI, 0.36 to 2.09; P=0.005).
The acute decline in eGFR (baseline to 2 weeks) was more pro-
nounced in patients treated with dapagliflozin compared with
placebo: acute decline —2.10 (0.37) and —0.68 (0.35) ml/min
per 1.73 m” per 2 weeks (P=0.005), whereas the chronic slopes
(week 2 and beyond) were —1.33 (0.32) and —3.16 (0.31) ml/min
per 1.73 m* per year, corresponding to a between-groups differ-
ence of 1.82 ml/min per 1.73 m” per year (95% CI, 0.96 to 2.68;
P<0.0001).

JASN 32: 2352-2361, 2021

The magnitude of benefit of dapagliflozin on the total eGFR
slope was similar in patients with stage 4 CKD at baseline com-
pared with patients with stages 2/3 CKD at baseline (difference
[*SEM]: 1.23 [0.44] versus 0.89 [0.17] ml/min per 1.73 m? per
year; interaction P value=0.48).

SAEs

Table 2 shows a summary of SAEs and AEs of special interest
observed in patients stratified by treatment group and CKD
stage. As expected, patients with stage 4 CKD at baseline
were more likely to experience one or more SAEs or AEs result-
ing in discontinuation of study drug. Overall incidence of SAEs
was numerically lower in patients treated with dapagliflozin
versus placebo across both CKD stage strata. Although
kidney-related AEs were observed more frequently in patients
with stage 4 CKD at baseline, neither the proportion of patients
(15% versus 13%) nor the relative odds of experiencing kidney-
related AEs (1.12; 95% CI, 0.71 to 1.77) were significantly
increased in patients randomized to dapagliflozin.

DISCUSSION

In this prespecified subgroup analysis of the DAPA-CKD trial,
we show beneficial effects of dapagliflozin on kidney and
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Baseline stage 2/3 CKD
Dapagliflozin
Placebo 1821
Baseline stage 4 CKD
Dapaglifiozin 293

Placebo 331

1859 1762 1733 1643 1594 1558 1493
1723 1691 1594 1539 1509 1449

269 268 253 238 227 212
306 290 272 256 244 223

24 28 32 36

1302 864 450 148
1245 811 394 140
180 114 46 9
198 124 53 17

Figure 4. LS mean change in eGFR over the study in those with baseline stage 4 or stages 2/3 CKD. On the basis of the two-slope
model. Total slopes (SEM): stage 4 CKD, dapagliflozin —2.15 (0.32), placebo —3.38 (0.31); stage 2/3 CKD, dapagliflozin —2.98
(0.12), placebo —3.87 (0.12) ml/min per 1.73 m? per year. Chronic slope (SEM): stage 4 CKD, dapagliflozin —1.33 (0.32), placebo
—3.68 (0.12); stage 2/3 CKD, dapagliflozin —1.73 (0.12), placebo —3.68 (0.12) ml/min per 1.73 m? per year. Acute slope (SEM): stage
4 CKD, dapagliflozin —2.10 (0.37), placebo —0.68 (0.35); stage 2/3 CKD, dapagliflozin —3.19 (0.15), placebo —0.64 (0.15) ml/min per
1.73 m? per two weeks. Stage 4 CKD, eGFR<30 ml/min per 1.73 m?; stages 2/3 CKD, eGFR 30 ml/min per 1.73 m. Error bars indicate

SEM. LS, least squares; SEM, standard error of the mean.

cardiovascular end points in patients with stage 4 CKD at
baseline, similar in magnitude to the larger group of patients
with stages 2/3 CKD, and significant attenuation of loss of kid-
ney function as reflected by the eGFR slopes over time.

The first series of randomized cardiovascular outcome tri-
als using SGLT2 inhibitors were primarily designed to meet
regulatory requirements for ensuring cardiovascular safety
in patients with type 2 diabetes according to the 2008 Guid-
ance for Industry.">”'* These trials included relatively few
patients with CKD at baseline, and very few participants devel-
oped kidney failure requiring dialysis or kidney transplanta-
tion, or died from kidney disease.”>** Moreover, these studies
were not primarily designed to assess the effects of SGLT2
inhibitors on kidney disease-related end points.

CREDENCE was the first SGLT2 inhibitor trial restricted
to patients with CKD and with a primary end point that was
kidney disease-related. The trial showed a 30% lower relative
risk of the primary composite end point of kidney failure
(defined as the provision of dialysis, kidney transplantation,
or a sustained eGFR<15 ml/min per 1.73 m?), doubling of
serum creatinine, or death from kidney or cardiovascular
causes in patients randomized to canagliflozin.'"” The mean
eGFR in CREDENCE was 56.2 ml/min per 1.73 m?; 174 of
4401 (4%) randomized patients had stage 4 CKD at baseline.
CREDENCE investigators recently reported effects of canagli-
flozin on eGFR slope in patients with stage 4 CKD.>* The
reported placebo-adjusted difference in eGFR slope was 1.91
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ml/min per 1.73 m” per year (95% CI, 0.18 to 3.64), similar
in magnitude to what we observed in DAPA-CKD.

Results presented here from DAPA-CKD extend the find-
ings from CREDENCE by demonstrating safety and efficacy of
dapagliflozin in a cohort of patients with stage 4 CKD more
than 3.5-fold larger, and which included patients with CKD
without type 2 diabetes. Moreover, we demonstrate numeri-
cally lower composite event rates, and a 32% lower rate of
death from any cause, with benefits similar to those observed
among patients with mild-to-moderate (stages 2/3) CKD, and
no safety signals.

These results build upon findings reported by Dekkers et al.
who demonstrated benefits of dapagliflozin relative to placebo
on surrogate kidney and cardiovascular outcomes (including
UACR and eGFR) in a pooled analysis of patients from 11
placebo-controlled trials with baseline eGFR 12 to <45 ml/min
per 1.73 m? (n=220).”° Among 136 (62%) patients with baseline
UACR>30 mg/g, dapagliflozin 5 mg and 10 mg resulted in rel-
ative reductions in UACR of 47% (21% to 65%) and 38% (10% to
58%), respectively. Change in eGFR did not differ among groups.
In addition, in the EMPagliflozin outcomE tRial in patients with
chrOnic heaRt failure with reduced ejection fraction (EMPEROR-
Reduced) trial, empagliflozin reduced the risks of cardiovascular
death or heart failure hospitalization (the primary composite
end point) and kidney failure or a sustained =40% decline in
eGFR in 3730 patients with heart failure and reduced ejection frac-
tion with and without CKD and type 2 diabetes.”” Two hundred

JASN 32: 2352-2361, 2021
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Table 2. Safety outcomes by baseline CKD stage and treatment assignment
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Outcome,
n/N (%)

Dapagliflozin

Discontinuation due to AE

Baseline stage 4 CKD
Baseline stages 2/3 CKD
Any SAE?®

Baseline stage 4 CKD
Baseline stages 2/3 CKD

AEs of interest

Amputation®
Baseline stage 4 CKD
Baseline stages 2/3 CKD
Any definite or probable diabetic ketoacidosis
Baseline stage 4 CKD
Baseline stages 2/3 CKD
Fracture®
Baseline stage 4 CKD
Baseline stages 2/3 CKD
Renal-related AE®
Baseline stage 4 CKD
Baseline stages 2/3 CKD
Major hypoglycemia®
Baseline stage 4 CKD
Baseline stages 2/3 CKD
Volume depletion®
Baseline stage 4 CKD
Baseline stages 2/3 CKD

28 of 293 (9.6)
90 of 1856 (4.8)

101 of 293 (34.5)

532 of 1856 (28.7)

3 of 293 (1.0)
32 of 1856 (1.7)

0
0

11 of 293 (3.8)
74 of 1856 (4.0)

43 of 293 (14.7)
112 of 1856 (6.0)

2 of 293 (0.7)
12 of 1856 (0.6)

14 of 293 (4.8)
113 of 1856 (6.1)

Placebo Odds Ratio P Value Interaction
(95% ClI)

0.61

36 of 331 (10.9) 0.87 (0.51 to 1.45)

87 of 1818 (4.8) 1.01 (0.75 to 1.37)
0.49

138 of 331 (41.7) 0.74 (0.53 to 1.02)

591 of 1818 (32.5)  0.83 (0.72 to 0.96)
0.95

4 of 331 (1.2) 0.85 (0.17 to 3.87)

35 of 1818 (1.9) 0.89 (0.55 to 1.45)
NC

1 of 331 (0.3) NC
1 0of 1818 (0.1) NC

0.26

15 of 331 (4.5) 0.82 (0.36 to 1.81)

54 of 1818 (3.0) 1.36 (0.95 to 1.95)
0.13

44 of 331 (13.3) 1.12 (0.71 to 1.77)

144 of 1818 (7.9) 0.75 (0.58 to 0.96)
0.37

8 of 331 (2.4) 0.28 (0.04 to 1.12)

20 of 1818 (1.1) 0.59 (0.28 to 1.18)
0.39

15 of 331 (4.5)
75 of 1818 (4.1)

1.06 (0.50 to 2.24)
1.51 (1.12 to 2.04)

Stage 4 CKD, eGFR<30 ml/min per 1.73 m?; stages 2/3 CKD, eGFR=30 ml/min per 1.73 m?. NC, not calculable; n, number with events; N, total number.

Includes death.

PSurgical or spontaneous/nonsurgical amputation, excluding amputation due to trauma.

“On the basis of predefined list of preferred terms.

9AE with the following criteria confirmed by the investigator: (1) symptoms of severe impairment in consciousness or behavior; (2) need of external assistance; (3)
intervention to treat hypoglycemia; (4) prompt recovery of acute symptoms after the intervention.

and four patients had stage 4 CKD at baseline; patients with base-
line eGFR as low as 20 ml/min per 1.73 m* were enrolled. The
effects of empagliflozin on cardiovascular and kidney end points
did not differ significantly across five eGFR categories: >90, 60
to <90, 45 to <60, 30 to <45, and <30 ml/min per 1.73 m>.
That dapagliflozin and other SGLT2 inhibitors can be
safely used in patients with advanced CKD offers clinicians a
strategy to provide additional benefit in patients on RAAS
inhibitors. Indeed, we found that the acute effects (baseline
to 2 weeks) of dapagliflozin on eGFR were attenuated in
patients with stage 4 CKD relative to those with stages 2/3
CKD (1.42 versus 2.56 ml/min per 1.73 m” per 2 weeks).
Although patients with more advanced (stage 5) CKD at base-
line were not enrolled in DAPA-CKD, it is noteworthy that
neither dapagliflozin nor placebo was discontinued when
eGFR declined to <15 ml/min per 1.73 m>. Moreover, there
was no increase in SAEs or AEs of special interest in patients
with stage 4 CKD at baseline randomized to dapagliflozin,
30 (10%) of whom developed kidney failure during the trial.
There are several strengths to this analysis. Data were
derived from a randomized trial and major kidney and cardio-
vascular events were adjudicated by an independent panel.
Trial participants were diverse by age, sex, country of origin,
and primary cause of kidney disease. Background therapy

JASN 32: 2352-2361, 2021

was excellent, with nearly all patients treated with RAAS
inhibitors and other agents proven to reduce rates of cardio-
vascular disease. There are also several limitations. First, the
trial was stopped early following a recommendation from
the Independent Data Monitoring Committee. As a result,
the trial accrued fewer than 75% of its anticipated number
of events, and the precision of our estimated treatment effects
in the stage 4 CKD subgroup was diminished. We did not col-
lect eGFR after the completion of the trial, which might have
increased the observed difference in eGFR slope between
groups if a fraction of the initial decline observed in treated
patients were reversible. Finally, the proportion of Black
patients in DAPA-CKD was relatively low, although, in aggre-
gate, the number and proportion of Black patients treated with
dapagliflozin across multiple trials with type 2 diabetes, CKD,
and heart failure is substantial,'>'>*® and a favorable benefit
risk profile has been demonstrated across racial groups.

In summary, among patients with stage 4 CKD and albumin-
uria, with and without type 2 diabetes, the effects of dapagliflozin
on reducing the risks of major kidney and cardiovascular events
and attenuating progressive loss of eGFR are consistent with
those observed in the trial overall, with no evidence of increased
risks. Dapagliflozin should be considered part of the therapeutic
armamentarium for patients with stage 4 CKD and albuminuria.
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Figure S1. Distribution of eGFR values at baseline in patients with baseline eGFR <30
mL/min/1.73m?
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75 mL/min/1.73m? as per the inclusion criteria.



Figure S2. Forest plots for the prespecified exploratory endpoints by baseline CKD stage
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Cl, confidence intervals; CV, cardiovascular; ESKD, end-stage kidney disease; n, number with events; N, total number.



Figure S3. Forest plots for the post-hoc exploratory endpoints by baseline CKD stage
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Cl, confidence intervals; CV, cardiovascular; ESKD, end-stage kidney disease; n, number with events; N, total number.
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