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unoglobulin A (IgA) nephropathy is a common form of
merulonephritis, which despite use of renin-
iotensin-aldosterone-system blockers and
unosuppressants, often progresses to kidney failure. In
Dapagliflozin and Prevention of Adverse Outcomes in
onic Kidney Disease trial, dapagliflozin reduced the risk
idney failure and prolonged survival in participants
h chronic kidney disease with and without type 2
betes, including those with IgA nephropathy.
ticipants with estimated glomerular filtration rate
FR) 25-75 mL/min/1.73m2 and urinary albumin-to-
atinine ratio 200-5000 mg/g (22.6-565 mg/mol) were
domized to dapagliflozin 10mg or placebo, as adjunct
tandard care. The primary composite endpoint was a
tained decline in eGFR of 50% or more, end-stage
ney disease, or death from a kidney disease-related or
diovascular cause. Of 270 participants with IgA
hropathy (254 [94%] confirmed by previous biopsy),
were randomized to dapagliflozin and 133 to placebo,
followed for median 2.1 years. Overall, mean age was

2 years; mean eGFR, 43.8 mL/min/1.73m2; and median
ary albumin-to-creatinine ratio, 900 mg/g. The primary
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ome occurred in six (4%) participants on dapagliflozin
20 (15%) on placebo (hazard ratio, 0.29; 95%
dence interval, 0.12, 0.73). Mean rates of eGFR decline
dapagliflozin and placebo were L3.5 and L4.7 mL/
1.73m2/year, respectively. Dapagliflozin reduced the
ry albumin-to-creatinine ratio by 26% relative to
bo. Adverse events leading to study drug
ntinuation were similar with dapagliflozin and
bo. There were fewer serious adverse events with
gliflozin, and no new safety findings in this
lation. Thus, in participants with IgA nephropathy,
gliflozin reduced the risk of chronic kidney disease
ression with a favorable safety profile.
International (2021) 100, 215–224; https://doi.org/10.1016/
021.03.033

ORDS: chronic kidney disease; dapagliflozin; DAPA-CKD; IgA ne-

athy; randomized controlled clinical trial; sodium-glucose cotrans-

inhibitor

ight ª 2021, International Society of Nephrology. Published by

er Inc. This is an open access article under the CC BY license (http://

vecommons.org/licenses/by/4.0/).

nephropathy is the most common primary glomerular
sease worldwide.1 Despite advances in our understanding
its pathogenesis, treatment strategies have changed little
the last 2 or 3 decades.2 Over a period of 4 to 15 years
n, 6.1 years), approximately 30% of patients with IgA
ropathy progress to kidney failure, and risk factors for
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c l i n i ca l t r i a l DC Wheeler et al.: Dapagliflozin in IgA nephropathy

2

eterioration of kidney function include decreased estimated
lomerular filtration rate (eGFR), persistent proteinuria, and
ypertension.3

There are no commercially available disease-specific
herapies for IgA nephropathy,4 in part because no large-
cale, randomized clinical trials have demonstrated a
eduction in mortality or in major adverse kidney or car-
iovascular events with any therapeutic intervention. The
stablished treatment approach for most patients with IgA
ephropathy is to apply supportive measures that include
he use of renin-angiotensin-aldosterone system blockade,5

hich is recommended for patients with at least moderate
roteinuria (>1 g/d) in global clinical practice guidelines.6

ish oil is also a treatment option suggested for IgA ne-
hropathy based on mixed data from largely underpowered
linical trials and a favorable safety profile.7 Although IgA
ephropathy is an immune-mediated disease, with mucosal-
erived IgA forming circulating immune complexes that
eposit in the mesangium,1 the role of immunosuppressive
herapy remains controversial and is usually reserved for
atients who do not respond to supportive measures. Many
atients are offered corticosteroid therapy, or other immu-
osuppressive agents, such as azathioprine, mycophenolate
ofetil, cyclophosphamide, or rituximab, despite a lack of
onsensus on whether the benefits of these therapies
utweigh the risks.2,4

Dapagliflozin is a sodium-glucose cotransporter-2
SGLT2) inhibitor that reduces glucose reabsorption in the
roximal convoluted tubule of the kidney, thereby enhancing
rinary glucose excretion.8 Because they improve glycemic
ontrol, SGLT2 inhibitors were initially developed for the
reatment of type 2 diabetes. Subsequently, in large cardio-
ascular outcome trials involving participants with type 2
iabetes, empagliflozin, canagliflozin, and dapagliflozin
lowed the rate of decline of eGFR and reduced albuminuria,
ith a similar eGFR trend observed for ertugliflozin.9–12 In
ype 1 and type 2 diabetes, clinical studies have shown that
arly and reversible reductions in eGFR occurred on initiation
f SGLT2 inhibitor therapy, including in those participants
ith good glycemic control,13–15 suggesting that SGLT2 in-
ibitors reduce intraglomerular pressure, which may preserve
ong-term kidney function. This same effect was also
bserved in patients with proteinuric chronic kidney disease
CKD) without diabetes,16 providing a rationale for the use of
hese agents as renoprotective therapies in patients with CKD
ue to causes other than diabetes.
The Dapagliflozin and Prevention of Adverse Outcomes in

KD Trial (DAPA-CKD) tested the hypothesis that dapagli-
ozin was superior to placebo in reducing the risk of major
dverse kidney and cardiovascular events as well as prolong-
ng overall survival in a broad group of individuals with
roteinuric CKD.17 The primary results showed that in pa-
ients with CKD, regardless of the presence or absence of type
diabetes and regardless of CKD etiology, dapagliflozin

ignificantly reduced the risk of the primary composite
utcome and the secondary outcomes, including all-cause
16
ortality, compared with placebo.18 As previously reported,
he DAPA-CKD study included 270 participants with a
iagnosis of IgA nephropathy.19 In this prespecified analysis,
e investigated the effects of dapagliflozin on progression of
KD and other major adverse kidney and cardiovascular
vents in patients with IgA nephropathy.

ETHODS
rial design and study participants
APA-CKD was a multicenter, double-blind, placebo-controlled,
andomized trial conducted at 386 study sites in 21 countries. The
rial was designed to assess the effects of dapagliflozin on kidney and
ardiovascular outcomes in patients with CKD, with or without type

diabetes, and was registered with ClinicalTrials.gov as
CT03036150. The trial was approved by Ethics Committees at each
articipating center. All participants provided written informed
onsent before commencement of any study-specific procedure. An
ndependent Data Monitoring Committee provided oversight. The
tudy protocol, statistical analysis plan, and patient eligibility criteria
ave been previously published, as have articles describing trial
esign, baseline characteristics, primary results, and results stratified
y diabetes status and history of cardiovascular disease.17–21

Briefly, eligible participants had an eGFR between 25 and 75 ml/
in per 1.73 m2 and urinary albumin-to-creatinine ratio (UACR)
etween 200 and #5000 mg/g (22.6–#565.6 mg/mmol) and were
eceiving a stable dose of an angiotensin-converting enzyme inhib-
tor (ACEi) or angiotensin receptor blocker (ARB) for at least 4
eeks before enrollment into the trial, unless contraindicated.
xclusion criteria included patients receiving immunotherapy for
rimary or secondary kidney disease within the previous 6 months
efore trial enrollment.17,18

aseline categorization of cause of kidney disease
t the screening visit, investigators recorded the diagnosis of kidney
isease and were asked to indicate whether this diagnosis was based
n information obtained from a prior kidney biopsy. IgA ne-
hropathy was included as a prespecified category among partici-
ants with glomerulonephritis.

andomization and study procedures
s described previously,17,18 participants were randomly assigned to
apagliflozin, 10 mg once daily, or matching placebo, in accordance
ith the sequestered, fixed randomization schedule, using balanced
locks to ensure an approximate 1:1 ratio of the 2 regimens.
andomization was conducted using an interactive voice- or web-
ased system and stratified on the diagnosis of type 2 diabetes and
ACR (#1000 or >1000 mg/g). Study personnel (except the Inde-
endent Data Monitoring Committee) and participants were blinded
o the treatment allocation. Drug and placebo were identically
ackaged, with uniform tablet appearance, labeling, and adminis-
ration schedule. After randomization, study visits occurred at 2
eeks, at 2, 4, and 8 months, and at 4-month intervals thereafter. At
ach visit, blood and urine samples were collected for laboratory
ssessment, vital signs were recorded, and information was gathered
n potential study endpoints, adverse events, concomitant therapies,
nd study drug adherence. The study was stopped early because of
lear efficacy following a recommendation by the Independent Data
onitoring Committee.
Safety analyses included all the participants who had undergone

andomization and received at least one dose of study drug. Selected
Kidney International (2021) 100, 215–224
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Table 1 | Baseline characteristics

Characteristic Dapagliflozin (n [ 137) Placebo (n [ 133) Total (n [ 270)

Age, mean (SD), yr 52.2 (13.1) 50.1 (13.1) 51.2 (13.1)
Female sex, n (%) 44 (32.1) 44 (33.1) 88 (32.6)
Race, n (%)

White 54 (39.4) 54 (40.6) 108 (40.0)
Black 0 (0) 1 (0.8) 1 (0.4)
Asian 82 (59.9) 77 (57.9) 159 (58.9)
Other 1 (0.7) 1 (0.8) 2 (0.7)

Weight, mean (SD), kg 75.1 (15.4) 78.7 (20.2) 76.8 (18.0)
BMI, mean (SD), kg/m2 26.3 (4.2) 27.6 (6.1) 27.0 (5.3)
Current smoker, n (%) 13 (9.5) 20 (15.0) 33 (12.2)
Blood pressure, mean (SD), mm Hg

Systolic 127.7 (16.2) 127.0 (13.9) 127.4 (15.1)
Diastolic 78.7 (11.8) 79.5 (10.1) 79.1 (11.0)

HbA1c, mean (SD), % 5.7 (0.7) 5.6 (0.5) 5.6 (0.6)
Hemoglobin, mean (SD), g/l 133.7 (18.7) 131.3 (15.4) 132.5 (17.2)
Potassium, mean (SD), mmol/l 4.6 (0.5) 4.6 (0.5) 4.6 (0.5)
eGFR, mean (SD), ml/min per 1.73 m2 44.3 (12.4) 43.2 (12.0) 43.8 (12.2)
Urinary albumin-to-creatinine ratio, median (Q1–Q3), mg/g 889.5 (557.5–1472.0) 902.5 (500.5–1633.0) 900 (539.6–1515.0)
Type 2 diabetes diagnosis, n (%) 24 (17.5) 14 (10.5) 38 (14.1)
History of heart failure, n (%) 4 (2.9) 2 (1.5) 6 (2.2)
Baseline medication, n (%)

ACE inhibitor 44 (32.1) 41 (30.8) 85 (31.5)
ARB 89 (65.0) 96 (72.2) 185 (68.5)
Diuretic 29 (21.2) 36 (27.1) 65 (24.1)
Statin 68 (49.6) 67 (50.4) 135 (50.0)

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BMI, body mass index; eGFR, estimated glomerular filtration rate; HbA1c, hemoglobin A1c; Q1,
quartile 1; Q3, quartile 3.

DC Wheeler et al.: Dapagliflozin in IgA nephropathy c l i n i ca l t r i a l
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dverse event data were collected during the trial. These included
erious adverse events, adverse events leading to discontinuation of
tudy drug, and adverse events of interest, including major hypo-
lycemia and potential diabetic ketoacidosis. Major hypoglycemia
as defined by the following criteria, confirmed by the investigator:
ymptoms of severe impairment in consciousness or behaviour, need
or external assistance, intervention to treat hypoglycemia, and
rompt recovery from acute symptoms after the intervention.

utcomes
he primary outcome of the trial was a composite endpoint of
ustained $50% decline in eGFR (confirmed by a second serum
reatinine after at least 28 days), onset of end-stage kidney disease
ESKD; defined as maintenance dialysis for at least 28 days, kidney
ransplantation, or eGFR <15 ml/min per 1.73 m2 confirmed by a
econd measurement after at least 28 days), or death from a kidney
isease–related or cardiovascular cause. The secondary outcomes, in
ierarchical order, were a kidney-specific outcome, similar to the
rimary outcome but excluding cardiovascular death; a composite
ndpoint of cardiovascular death or hospitalization for heart failure;
nd all-cause mortality. An independent event adjudication com-
ittee assessed all clinical endpoints using these prespecified
ndpoint definitions.

tatistical analysis
e prespecified analyses of the effects of dapagliflozin on the pri-
ary and secondary efficacy endpoints in participants according to

he etiology of kidney disease, with the glomerulonephritis category
urther subcategorized by underlying cause, including IgA ne-
hropathy. We included data from all randomized patients according
o the intention-to-treat principle. Study data in tables and text are
resented as mean � SD (or mean � SE for slope data), or as
edian with 25th and 75th percentile range.
idney International (2021) 100, 215–224
We fitted a series of Cox proportional hazards regression models,
tratified by type 2 diabetes and UACR and adjusted for baseline
GFR to estimate the hazard ratio (HR) and 95% confidence in-
ervals (CIs; dapagliflozin versus placebo) for the primary composite
ndpoint, secondary endpoints, and prespecified exploratory end-
oints. We also assessed the effects of dapagliflozin versus placebo in
ubgroups by baseline eGFR and UACR. Testing for heterogeneity
as done by adding interaction terms between eGFR or UACR, fitted
s continuous variables, and randomizing treatment assignment to
he relevant Cox model. Sensitivity analysis was restricted to par-
icipants with biopsy-proven IgA nephropathy.

The effects of dapagliflozin on the mean on-treatment eGFR
lope were analyzed by fitting a 2-slope mixed effects linear spline
odel (with a knot at week 2) to eGFR values, with random inter-
ept and random slopes for treatment. The variance-covariance
atrix was assumed to be unstructured (i.e., purely data depen-
ent). The mean total slope was computed as a weighted combina-
ion of the short- and long-term slopes to reflect the mean rate of
GFR change to last on-treatment visit. We also visually presented
he pattern of change in mean eGFR using a restricted maximum
ikelihood repeated measures approach. This analysis included the
xed, categoric effects of treatment, visit, and treatment-by-visit
nteraction as well as the continuous, fixed covariates of baseline
GFR and baseline eGFR-by-visit interaction. The same repeated
easures approach was used to fit the change in systolic blood
ressure and UACR over time.
All analyses were performed using SAS version 9.4 (SAS Institute)

r R version 4.0.2 (R-Foundation).

ole of funding source
he sponsor of the study was involved in the study design, analysis,
nterpretation of data, writing of the report, and the decision to
ubmit the article for publication.
217
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Figure 1 | Cumulative incidence curves in IgA nephropathy for the (a) primary composite endpoint, (b) kidney-specific secondary
composite endpoint, (c) primary composite outcome in patients with IgA nephropathy confirmed by a biopsy, and (d) kidney-specific
secondary composite outcome in the patients with IgA nephropathy confirmed by a biopsy. CI, confidence interval; FAS, full analysis set.

c l i n i ca l t r i a l DC Wheeler et al.: Dapagliflozin in IgA nephropathy
RESULTS
The trial included 270 participants with investigator-
reported IgA nephropathy, of whom 254 (94%) had a
kidney biopsy to substantiate this diagnosis. Of these 270
participants, 137 were randomized to dapagliflozin and 133
to placebo. Participants assigned to dapagliflozin or pla-
cebo had similar baseline characteristics (Table 1). Overall,
the mean age was 51.2 years, 67.4% were male, 58.9% were
Asian, and 14.1% had type 2 diabetes. Mean eGFR (SD)
was 43.8 (12.2) ml/min per 1.73 m2 and median UACR
(25th–75th percentile range) was 900 mg/g (540–1515 mg/
g). Mean overall systolic and diastolic blood pressures were
127 (15) and 79 (11) mm Hg, respectively. The median
follow-up was 2.1 years (minimum–maximum, 0.025–3.2
ears).

Effects of dapagliflozin on the primary composite and other
endpoints
The primary composite outcome occurred in 6 (4%) partic-
ipants in the dapagliflozin group and 20 (15%) participants in
218
the placebo group (HR, 0.29 [95% CI, 0.12–0.73]; P ¼ 0.005;
Figures 1a and 2). Absolute risk difference was �10.7% [95%
CI, �17.6% to �3.7%]). We observed similar results for the
secondary kidney-specific outcome (HR, 0.24 [95% CI, 0.09–
0.65; P ¼ 0.002]; Figures 1b and 2). Five participants (4%) in
the dapagliflozin group and 16 (12%) in the placebo group
developed ESKD during the trial (HR, 0.30 [95% CI, 0.11–
0.83]; P ¼ 0.014; Figure 2).

There was no evidence that the effect of dapagliflozin on
the primary composite endpoint differed across subgroups
defined by prespecified baseline eGFR and UACR categories
(Figure 3). Compared with participants with eGFR $45 ml/
min per 1.73 m2 or UACR <1000 mg/g, the incidence of the
primary composite outcome was 3.5-fold higher in partici-
pants with baseline eGFR <45 ml/min per 1.73 m2 or UACR
>1000 mg/g. In these high-risk subgroups, the HR for the
primary composite outcome was 0.41 (95% CI, 0.15–1.14) and
0.27 (95% CI, 0.09–0.82). The absolute risk differences for the
primary composite outcome in participants with baseline
eGFR <45 ml/min per 1.73 m2 or UACR >1000 mg/g
Kidney International (2021) 100, 215–224
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Figure 2 | Forest plot of the key endpoints. Estimated glomerular filtration rate (eGFR) is expressed as ml/min per 1.73 m2. CI, confidence
interval; CV, cardiovascular; ESKD, end-stage kidney disease; NC, not calculable.
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K

ere �9.2% (95% CI, �20.0% to 1.5) and �18.3% (95%
I, �31.0% to �5.7%).

ensitivity analyses for the primary endpoint
he effects of dapagliflozin among participants with biopsy-proven
gA nephropathy were consistent with the overall analyses; HR for
he primary composite endpoint was 0.28 (95% CI, 0.11–0.72;
¼ 0.005) and for the secondary kidney-specific endpoint was
.23 (95% CI, 0.09–0.63; P ¼ 0.002; Figure 1c and d).
When the effect of dapagliflozin on the primary composite

ndpoint was investigated in participants with IgA nephrop-
thy based on their diabetes status at baseline, there was a
onsistent effect in those without diabetes (HR [95% CI],
.32 [0.13–0.82]; P ¼ 0.013). In the 38 participants with IgA
ephropathy and type 2 diabetes at baseline, there was only
ne event (in a participant randomized to placebo) and
herefore more detailed analysis could not be performed.

ffects of dapagliflozin on continuous outcomes
he least mean squares eGFR slopes from baseline to end of
reatment in the dapagliflozin and placebo groups were �3.5
SE, 0.5) and �4.7 (SE, 0.5) ml/min per 1.73 m2 per year,
espectively, resulting in a between-group difference of 1.2
l/min per 1.73 m2 per year (95% CI, �0.12 to 2.51 ml/min
er 1.73 m2 per year; Figure 4a). During the first 2 weeks, the
GFR reduction was larger in the dapagliflozin than placebo
roup (�3.4 [�0.4] vs. �0.5 [0.4] ml/min per 1.73 m2).
hereafter, annual mean eGFR change was smaller with
apagliflozin compared with placebo (�2.2 [0.5] and �4.6
0.47], respectively), resulting in a between-group difference
f 2.4 ml/min per 1.73 m2 per year (95% CI, 1.08–3.71 ml/min per
.73 m2 per year).
At baseline, median UACR (25th–75th percentile

ange) in the dapagliflozin and placebo groups were 890
558–1472) mg/g and 903 (501–1633) mg/g, respectively.
idney International (2021) 100, 215–224
The mean percentage difference in UACR between dapagli-
flozin and placebo at month 4 was �35.0% (95%
CI, �51.0% to �18.9%; P < 0.001). This difference in UACR
was sustained throughout follow-up, resulting in a least
squares mean difference in change from baseline in UACR
between dapagliflozin and placebo during follow-up of �26%
(95% CI, �37.0% to �14.0%; P < 0.001; Figure 4b).

At baseline, mean systolic and diastolic blood pressure levels
in the dapagliflozin and placebo groups were 127.7 mm Hg and
27.0 mm Hg, and 78.7 mm Hg and 79.5 mm Hg, respectively.
uring follow-up, blood pressures were lower in patients ran-
omized to dapagliflozin. The mean difference in systolic and
iastolic blood pressure between the dapagliflozin and placebo
roups was 3.5 (95% CI, 5.7�1.3; P ¼ 0.002) and 2.2 (95% CI,
.7�0.8; P ¼ 0.003) mm Hg, respectively (Figure 4c and d).

Safety
Overall, adverse events leading to discontinuation of study drug
were similar in the dapagliflozin and placebo groups. There
were fewer serious adverse events with dapagliflozin versus
placebo (Table 2). None of the participants developed major
hypoglycemia. There were no events of diabetic ketoacidosis.

DISCUSSION
The DAPA-CKD study assessed the effect of dapagliflozin, 10
mg, in patients with CKD due to several different underlying
etiologies, all of whom had albuminuria. Investigator-reported
causes of CKD were collected at the time of participant
enrollment. After diabetic nephropathy and ischemic/hyper-
tensive nephropathy, participants with IgA nephropathy (n ¼
270) comprised the third largest group with a single specific
kidney disease.19 The diagnosis of IgA nephropathy was based
on a kidney biopsy in 94% of these participants. In this pre-
specified analysis, we demonstrate that, among participants
with IgA nephropathy, dapagliflozin reduced the risk of the
219
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rimary composite outcome by 71% and the secondary
idney-specific outcome by 75%. Accepting that this study
ncluded a small subgroup of DAPA-CKD participants and that
he number of events was also small, no prior trial of any
herapeutic agent in IgA nephropathy has demonstrated an
ffect of this magnitude.
The inclusion criteria for DAPA-CKD required partici-

ants to be receiving a stable dose of an ACEi or ARB for at
east 4 weeks before study enrollment, unless these drugs
ere contraindicated. Current international guidelines
ecommend the use of ACEi/ARBs in patients with IgA
ephropathy and proteinuria (>1 g/d) with up-titration
epending on blood pressure.6 Evidence for use of ACEi/
RB therapy in IgA nephropathy is based largely on small
rials of short duration demonstrating favorable changes in
iochemical parameters, with no study demonstrating a
eduction in progression to kidney failure.22–24 The benefits
f ACEi/ARB therapy are also supported by data extrapo-
ated from larger studies that have included a broader range
f patients with nondiabetic kidney disease and albumin-
ria.25,26 Given the paucity of event-driven trials in IgA
ephropathy, clinicians and patients are likely to welcome a
ovel therapeutic approach that can be used as an adjunct to
CEi/ARB treatment (or where ACEi/ARB treatment is
ontraindicated).
The DAPA-CKD study excluded participants receiving

mmunotherapy for primary or secondary kidney disease
ithin the 6 months before enrollment. Several clinical trials
20
n IgA nephropathy have assessed immunosuppressive regi-
ens. A meta-analysis published in 2012 suggested that there
ere benefits resulting from the use of corticosteroid therapy,
ut it was noted that trials included in the meta-analysis were
mall and of poor quality, with adverse outcomes not fully
eported.27 Since then, larger clinical trials have addressed the
ole of steroids in the management of IgA nephropathy. The
herapeutic Evaluation of Steroids in IgA Nephropathy
lobal (TESTING) trial recruited 262 participants with an
GFR of 20 to 120 ml/min per 1.73 m2 and proteinuria,
andomized to oral methylprednisolone (0.6–0.8 mg/kg per
ay) or matching placebo for 2 months, before weaning over
to 6 months.28 The primary composite endpoint was ESKD
r a 40% decrease in eGFR, which could not be fully assessed
ecause the trial was terminated early due to an excess of
erious adverse events occurring in participants randomized
o methylprednisolone. Recruitment has since restarted with a
odified steroid regimen (ClinicalTrials.gov NCT01560052).
he Supportive Versus Immunosuppressive Therapy of Pro-
ressive IgA Nephropathy (STOP-IgAN) trial recruited pa-
ients with proteinuria ranging from 0.75 to 3.5 g/d and eGFR
30 ml/min per 1.73 m2 and randomized those who did not
respond” to a 6-month run-in period of supportive care to
ontinued supportive care or to receive additional immuno-
uppressive therapy. The latter comprised steroids (in patients
ith an eGFR >60 ml/min per 1.73 m2) or steroids plus
ither azathioprine or cyclophosphamide. Analysis of the
ooled data showed no benefits of immunosuppression on
Kidney International (2021) 100, 215–224
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roteinuria, eGFR decline, or development of ESKD after 3
ears29 and no benefit on the long-term primary composite
ndpoint (all-cause mortality, ESKD, and decline in eGFR
40%) after up to 10 years of follow-up.30
o
n
s
a
a
(
t
a

able 2 | Safety

haracteristic
Dapagliflozin
(n [ 137)

Placebo
(n [ 133)

dverse events leading to
discontinuation of study drug

6 (4.4) 7 (5.3)

erious adverse eventsa 22 (16.1) 34 (25.6)

alues are n (%).
Including death.

idney International (2021) 100, 215–224
An alternative approach to immunosuppression is the use
formulation of the glucocorticoid budesonide that targets
ucosal-associated lymphoid tissues in the gut. In a phase 2b

rial that enrolled 150 patients, The Effect of Nefecon� in
atients With Primary IgA Nephropathy at Risk of Devel-
ping End-stage Renal Disease (NEFIGAN) study, budeso-
ide reduced urinary protein-to-creatinine ratio and
tabilized eGFR decline compared with placebo in patients
lready receiving ACEi/ARBs.31 The drug is now being
ssessed in an ongoing phase 3 trial (NEFIGARD)
ClinicalTrials.gov Identifier: NCT03643965).32 Other po-
ential therapeutic approaches, some of which are being
ssessed in ongoing trials, include inhibition of endothelin-1
221
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NCT04663204 and NCT04573478), inhibition of comple-
ent activation, and proteasome inhibitors.4

Our findings in the IgA nephropathy subgroup of DAPA-
KD are consistent with findings from other smaller, mech-
nistic trials of SGLT2 inhibitors in patients without dia-
etes.16 In a small, crossover study including patients with
roteinuric CKD but without diabetes, of whom nearly 50%
ad IgA nephropathy, 10 mg of dapagliflozin led to a short-
erm but reversible reduction in measured glomerular filtra-
ion rate, suggesting that dapagliflozin reduces intra-
lomerular pressure consistent with observations in patients
ith diabetes. In addition, the study showed that dapagli-
ozin reduced body weight and increased hematocrit, sug-
esting enhanced glycosuria and natriuresis.16 These
hysiological changes are believed to preserve long-term
idney function in patients with and without type 2 dia-
etes, as was observed in the current study. Although the
22
echanisms by which SGLT2 inhibitors protect kidney
unction are not fully understood, other proposed pathways
nclude suppression of inflammation and fibrosis, possibly
hrough inhibition of the renin-angiotensin-aldosterone sys-
em, and reductions in ischemia in the kidney.33,34

Our findings have clinical implications for the manage-
ent of patients with IgA nephropathy who share the clinical
haracteristics of the trial participants and who are already on
enin-angiotensin-aldosterone system blocking therapy.
APA-CKD is the first event-driven trial of an SGLT2 in-
ibitor to include patients with CKD due to a range of un-
erlying etiologies, including patients with IgA nephropathy,
nd to demonstrate a beneficial effect on major adverse kid-
ey events. We demonstrated a significant absolute risk dif-
erence in the primary composite outcome of the trial, which
xtended to those with lower baseline eGFR and higher
aseline albuminuria. Dapagliflozin was well tolerated in the
Kidney International (2021) 100, 215–224
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gA nephropathy population, confirming its established safety
rofile. Clinicians will be reassured by the fact that there were
o cases of diabetic ketoacidosis or major hypoglycemia in
articipants with IgA nephropathy receiving dapagliflozin.
lthough these results are encouraging, the ongoing EMPA-
IDNEY trial (The Study of Heart and Kidney Protection
ith Empagliflozin; ClinicalTrials.gov Identifier:
CT03594110) has recruited a larger population of CKD
atients and is likely to shed more light on the safety of
GLT2 inhibitors in patients with IgA nephropathy.
With respect to limitations, the DAPA-CKD study was

ot specifically designed to test our hypothesis in patients
ith IgA nephropathy (e.g., we did not have available data
n MEST-C score), and the relatively small sample size in
his subgroup limited the precision of estimates of treatment
ffects on the study endpoints. However, the analysis pre-
ented herein was included in the original study design,
ithout knowing a priori how many participants with IgA
ephropathy would ultimately be enrolled. We only learnt
fter recruitment was complete that the largest number of
articipants with glomerular disease had a diagnosis of IgA
ephropathy. Another limitation is that 6% (16) of IgA
ephropathy participants had not undergone a kidney bi-
psy. The diagnosis of IgA nephropathy in these participants
as based on the clinical acumen of the investigator, and it is
ossible that some or all had another glomerular or kidney
isease. Excluding these 16 patients did not alter our con-
lusions. Furthermore, although we would have liked to have
ssessed mortality and cardiovascular endpoints in partici-
ants with IgA nephropathy, only 3 participants died (2 of
ardiovascular disease) and only 1 participant was hospi-
alized for heart failure. Thus, the small number of events
recluded our ability to assess the effect of dapagliflozin on
hese endpoints in the IgA nephropathy subgroup. Another
imitation was that eGFR data were not collected after
iscontinuation of study drug. We were therefore unable to
etermine whether initial reductions in eGFR were revers-
ble after discontinuation of dapagliflozin. Finally, although
he findings in this particular subgroup of participants with
gA nephropathy are robust, we did not investigate the ef-
ects of dapagliflozin in patients with normoalbuminuria or
ormal glomerular filtration rate, and hence the applica-
ility of the current data to a broader population may be
imited.
In conclusion, this prespecified analysis of the DAPA-CKD

tudy demonstrates that in patients with IgA nephropathy,
hen added to ACEi/ARB therapy, dapagliflozin significantly
nd substantially reduces the risk of CKD progression with a
avorable safety profile.

ISCLOSURE
CW provides ongoing consultancy services to AstraZeneca and has
eceived honoraria and/or consultancy fees from Amgen,
straZeneca, Boehringer Ingelheim, Bayer, GlaxoSmithKline, Janssen,
app, Mundipharma, Medscape, Merck Sharp and Dohme,
harmacosmos, Reata, Takeda, and Vifor Fresenius. RDT is a
onsultant for AstraZeneca, Amgen, Bayer, Boehringer-Ingelheim,
idney International (2021) 100, 215–224
edscape, Otsuka, Reata, and Relypsa. BVS, CDS, and AML are em-
loyees and stockholders of AstraZeneca. GMC has received fees
rom AstraZeneca for the Dapagliflozin and Prevention of Adverse
utcomes in CKD Trial (DAPA-CKD) trial steering committee, research
rants from the National Institute of Diabetes and Digestive and
idney Diseases, and Amgen; he is on the board of directors for
atellite Healthcare, has received fees for advisory boards for Baxter,
ricket, DiaMedica, and Reata; holds stock options for Ardelyx,
loudCath, Durect, DxNow, and Outset; has received fees from Ake-
ia, Sanifit, and Vertex for trial steering committees; and has received
ees for the Data and Safety Monitoring Board service from Angion,
ayer, and ReCor. TG has received grants for statistical consulting
rom AstraZeneca, CSL, and Boehringer-Ingelheim; and has received
ersonal fees from Janssen Pharmaceuticals, DURECT Corporation,
nd Pfizer for statistical consulting. FFH has received honoraria from
bbVie and AstraZeneca. Payments were made to the employer of
JVM, Glasgow University, for their work on clinical trials, consulting,
nd other activities: Alnylam, Amgen, AstraZeneca, Bayer, BMS, Car-
urion, Cytokinetics, GSK, Novartis, Pfizer, Theracos; personal lecture
ees: the Corpus, Abbott, Hickma, Sun Pharmaceuticals, Medsca. RP-F
eceived research grants from Fresenius Medical Care, National
ouncil for Scientific and Technological Development, and honoraria
paid to employer) from AstraZeneca, Boehringer-Lilly, Novo Nordisk,
kebia, and Bayer for participation in advisory boards and educa-
ional activities. RC-R has received honoraria from AbbVie, AstraZe-
eca, GlaxoSmithKline, Medtronic, and Boehringer Ingelheim; has
ectured for Amgen, Janssen, Takeda, AstraZeneca, and Boehringer
ngelheim; and has received research support from GlaxoSmithKline,
ovo Nordisk, and AstraZeneca. PR has received honoraria to Steno
iabetes Center Copenhagen for consultancy from AstraZeneca,
stellas, Bayer, Boehringer Ingelheim, Gilead, Novo Nordisk, Merck,
undipharma, Sanofi, Vifor; and research support from Astra Zeneca
nd Novo Nordisk. KU has received research funding and consulting
ees from AstraZeneca and has also received consulting fees from
ovo Nordisk. HJLH is a consultant for AbbVie, AstraZeneca, Bayer,
oehringer Ingelheim, Chinook, CSL Pharma, Gilead, Janssen, Merck,
undi Pharma, Mitsubishi Tanabe, Novo Nordisk, and Retrophin and
eceived research support from Abbvie, AstraZeneca, Boehringer
ngelheim, and Janssen. All the other authors declared no competing
nterests.

ATA STATEMENT
ata underlying the findings described in this article may be obtained
n accordance with AstraZeneca’s data sharing policy described at
ttps://astrazenecagrouptrials.pharmacm.com/ST/Submission/
isclosure.
CKNOWLEDGEMENTS
he authors thank all investigators, trial teams, and patients
or their participation in the trial. The authors would also like
o acknowledge Parita Sheth, inScience Communications,
ondon, UK, for assistance in editing and preparation of
gures. This support was funded by AstraZeneca.

UTHOR CONTRIBUTIONS

CW was involved in the study design, conduct of the study,
ata collection and interpretation, and wrote the first draft of
he manuscript. HJLH and RDT were involved in the study
esign, data collection, conduct of the study, data analysis and
nterpretation, and critical revision of all drafts of the
anuscript. GMC, JJVM, TG, FFH, PR, and RC-R are members
f the executive committee of the Dapagliflozin and Prevention
223

MPI EXHIBIT 1299 PAGE 9

http://ClinicalTrials.gov
http://ClinicalTrials.gov
https://astrazenecagrouptrials.pharmacm.com/ST/Submission/Disclosure
https://astrazenecagrouptrials.pharmacm.com/ST/Submission/Disclosure
https://astrazenecagrouptrials.pharmacm.com/ST/Submission/Disclosure
https://astrazenecagrouptrials.pharmacm.com/ST/Submission/Disclosure


c l i n i ca l t r i a l DC Wheeler et al.: Dapagliflozin in IgA nephropathy
of Adverse Outcomes in CKD Trial (DAPA-CKD) study and
were involved in the study design and data collection, analysis,
and interpretation. NJ performed the data analyses. RP-F and
KU were national lead investigators and were involved in the
data collection and interpretation. AML, CDS, and BVS were
involved in the study design, conduct of the study, and data
collection and interpretation. DCWand HJLH had full access to
all data and had the final responsibility to submit for
publication. All authors reviewed the manuscript drafts,
provided approval of the final version for submission, and take
responsibility for the accuracy and integrity of the data.

REFERENCES
1. Wyatt RJ, Julian BA. IgA nephropathy. N Engl J Med. 2013;368:2402–2414.
2. Floege J, Barbour SJ, Cattran DC, et al. Management and treatment of

glomerular diseases (part 1): conclusions from a Kidney Disease:
Improving Global Outcomes (KDIGO) Controversies Conference. Kidney
Int. 2019;95:268–280.

3. Lv J, Zhang H, Zhou Y, et al. Natural history of immunoglobulin A
nephropathy and predictive factors of prognosis: a long-term follow up
of 204 cases in China. Nephrology. 2008;13:242–246.

4. Selvaskandan H, Cheung CK, Muto M, et al. New strategies and
perspectives on managing IgA nephropathy. Clin Exp Nephrol. 2019;23:
577–588.

5. Cheng J, Zhang W, Zhang XH, et al. ACEI/ARB therapy for IgA
nephropathy: a meta analysis of randomised controlled trials. Int J Clin
Pract. 2009;63:880–888.

6. Kidney Disease: Improving Global Outcomes (KDIGO) Glomerulonephritis
Work Group. KDIGO clinical practice guideline for glomerulonephritis.
Kidney Int Suppl. 2012;2:139–274.

7. Chou HH, Chiou YY, Hung PH, et al. Omega-3 fatty acids ameliorate
proteinuria but not renal function in IgA nephropathy: a meta-analysis of
randomized controlled trials. Nephron Clin Pract. 2012;121:c30–c35.

8. Vallon V. The mechanisms and therapeutic potential of SGLT2 inhibitors
in diabetes mellitus. Annu Rev Med. 2015;66:255–270.

9. Wanner C, Inzucchi SE, Lachin JM, et al. Empagliflozin and progression of
kidney disease in type 2 diabetes. N Engl J Med. 2016;375:323–334.

10. Neal B, Perkovic V, Mahaffey KW, et al. Canagliflozin and cardiovascular
and renal events in type 2 diabetes. N Engl J Med. 2017;377:644–657.

11. Mosenzon O, Wiviott SD, Cahn A, et al. Effects of dapagliflozin on
development and progression of kidney disease in patients with type 2
diabetes: an analysis from the DECLARE-TIMI 58 randomised trial. Lancet
Diabetes Endocrinol. 2019;7:606–617.

12. Cannon CP, Pratley R, Dagogo-Jack S, et al. Cardiovascular outcomes
with ertugliflozin in type 2 diabetes. N Engl J Med. 2020;383:1425–1435.

13. Sridhar VS, Rahman HU, Cherney DZI. What have we learned about renal
protection from the cardiovascular outcome trials and observational analyses
with SGLT2 inhibitors? Diabetes Obes Metab. 2020;22(suppl 1):55–68.

14. Cherney DZ, Perkins BA, Soleymanlou N, et al. Renal hemodynamic effect
of sodium-glucose cotransporter 2 inhibition in patients with type 1
diabetes mellitus. Circulation. 2014;129:587–597.

15. Heerspink HJ, Perkins BA, Fitchett DH, et al. Sodium glucose
cotransporter 2 inhibitors in the treatment of diabetes mellitus:
cardiovascular and kidney effects, potential mechanisms, and clinical
applications. Circulation. 2016;134:752–772.

16. Cherney DZI, Dekkers CCJ, Barbour SJ, et al. Effects of the SGLT2 inhibitor
dapagliflozin on proteinuria in non-diabetic patients with chronic kidney
224
disease (DIAMOND): a randomised, double-blind, crossover trial. Lancet
Diabetes Endocrinol. 2020;8:582–593.

17. Heerspink HJL, Stefansson BV, Chertow GM, et al. Rationale and protocol
of the Dapagliflozin And Prevention of Adverse outcomes in Chronic
Kidney Disease (DAPA-CKD) randomized controlled trial. Nephrol Dial
Transplant. 2020;35:274–282.

18. Heerspink HJL, Stefánsson BV, Correa-Rotter R, et al. Dapagliflozin in
patients with chronic kidney disease. N Engl J Med. 2020;383:1436–1446.

19. Wheeler DC, Stefansson BV, Batiushin M, et al. The dapagliflozin and
prevention of adverse outcomes in chronic kidney disease (DAPA-CKD)
trial: baseline characteristics. Nephrol Dial Transplant. 2020;35:
1700–1711.

20. Wheeler DC, Stefánsson BV, Jongs N, et al. Effects of dapagliflozin on
major adverse kidney and cardiovascular events in patients with
diabetic and non-diabetic chronic kidney disease: a prespecified
analysis from the DAPA-CKD trial. Lancet Diabetes Endocrinol. 2021;9:
22–31.

21. McMurray JJV, Wheeler DC, Stefánsson BV, et al. Effect of dapagliflozin
on clinical outcomes in patients with chronic kidney disease, with and
without cardiovascular disease. Circulation. 2020;143:438–448.

22. Coppo R, Peruzzi L, Amore A, et al. IgACE: a placebo-controlled,
randomized trial of angiotensin-converting enzyme inhibitors in children
and young people with IgA nephropathy and moderate proteinuria.
J Am Soc Nephrol. 2007;18:1880–1888.

23. Li PK, Leung CB, Chow KM, et al. Hong Kong study using valsartan in IgA
nephropathy (HKVIN): a double-blind, randomized, placebo-controlled
study. Am J Kidney Dis. 2006;47:751–760.

24. Praga M, Gutiérrez E, González E, et al. Treatment of IgA nephropathy
with ACE inhibitors: a randomized and controlled trial. J Am Soc Nephrol.
2003;14:1578–1583.

25. Ruggenenti P, Perna A, Gherardi G, et al. Renoprotective properties of
ACE-inhibition in non-diabetic nephropathies with non-nephrotic
proteinuria. Lancet. 1999;354:359–364.

26. Maschio G, Alberti D, Locatelli F, et al., The ACE Inhibition in Progressive
Renal Insufficiency (AIPRI) Study Group. Angiotensin-converting enzyme
inhibitors and kidney protection: the AIPRI trial. J Cardiovasc Pharmacol.
1999;33(suppl 1):S16–S20. discussion S41–43.

27. Lv J, Xu D, Perkovic V, et al. Corticosteroid therapy in IgA nephropathy.
J Am Soc Nephrol. 2012;23:1108–1116.

28. Lv J, Zhang H, Wong MG, et al. Effect of oral methylprednisolone on
clinical outcomes in patients with IgA nephropathy: the TESTING
randomized clinical trial. JAMA. 2017;318:432–442.

29. Rauen T, Eitner F, Fitzner C, et al. Intensive supportive care plus
immunosuppression in IgA nephropathy. N Engl J Med. 2015;373:2225–
2236.

30. Rauen T, Wied S, Fitzner C, et al. After ten years of follow-up, no
difference between supportive care plus immunosuppression and
supportive care alone in IgA nephropathy. Kidney Int. 2020;98:1044–
1052.

31. Fellström BC, Barratt J, Cook H, et al. Targeted-release budesonide versus
placebo in patients with IgA nephropathy (NEFIGAN): a double-blind,
randomised, placebo-controlled phase 2b trial. Lancet. 2017;389:2117–
2127.

32. Barratt J, Rovin BH, Cattran D, et al. Why target the gut to treat IgA
nephropathy? Kidney Int Rep. 2020;5:1620–1624.

33. Woods TC, Satou R, Miyata K, et al. Canagliflozin prevents intrarenal
angiotensinogen augmentation and mitigates kidney injury and
hypertension in mouse model of type 2 diabetes mellitus. Am J Nephrol.
2019;49:331–342.

34. Sen T, Heerspink HJL. A kidney perspective on the mechanism of action of
sodium glucose co-transporter 2 inhibitors. Cell Metab. 2021;33:732–739.
Kidney International (2021) 100, 215–224

MPI EXHIBIT 1299 PAGE 10

http://refhub.elsevier.com/S0085-2538(21)00396-3/sref1
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref1
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref2
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref2
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref2
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref2
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref2
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref2
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref2
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref2
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref3
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref3
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref3
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref3
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref3
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref3
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref4
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref4
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref4
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref4
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref4
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref4
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref5
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref5
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref5
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref5
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref5
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref5
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref6
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref6
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref6
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref6
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref6
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref6
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref106
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref106
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref106
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref106
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref106
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref106
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref7
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref7
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref7
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref7
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref8
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref8
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref8
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref8
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref9
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref9
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref9
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref9
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref10
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref10
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref10
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref10
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref10
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref10
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref10
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref10
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref11
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref11
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref11
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref11
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref12
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref12
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref12
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref12
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref12
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref12
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref13
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref13
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref13
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref13
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref13
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref13
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref14
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref14
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref14
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref14
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref14
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref14
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref14
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref14
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref15
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref15
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref15
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref15
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref15
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref15
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref15
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref15
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref16
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref16
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref16
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref16
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref16
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref16
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref16
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref16
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref17
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref17
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref17
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref17
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref18
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref18
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref18
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref18
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref18
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref18
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref18
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref18
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref19
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref19
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref19
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref19
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref19
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref19
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref19
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref19
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref19
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref19
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref20
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref20
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref20
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref20
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref20
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref20
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref21
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref21
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref21
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref21
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref21
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref21
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref21
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref21
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref22
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref22
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref22
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref22
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref22
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref22
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref23
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref23
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref23
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref23
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref23
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref23
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref24
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref24
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref24
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref24
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref24
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref24
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref25
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref25
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref25
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref25
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref25
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref25
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref25
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref25
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref26
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref26
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref26
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref26
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref27
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref27
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref27
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref27
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref27
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref27
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref28
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref28
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref28
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref28
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref28
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref28
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref29
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref29
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref29
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref29
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref29
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref29
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref29
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref29
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref30
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref30
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref30
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref30
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref30
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref30
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref30
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref30
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref31
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref31
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref31
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref31
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref32
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref32
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref32
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref32
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref32
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref32
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref32
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref32
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref34
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref34
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref34
http://refhub.elsevier.com/S0085-2538(21)00396-3/sref34

	A pre-specified analysis of the DAPA-CKD trial demonstrates the effects of dapagliflozin on major adverse kidney events in  ...
	Methods
	Trial design and study participants
	Baseline categorization of cause of kidney disease
	Randomization and study procedures
	Outcomes
	Statistical analysis
	Role of funding source

	Results
	Effects of dapagliflozin on the primary composite and other endpoints
	Sensitivity analyses for the primary endpoint
	Effects of dapagliflozin on continuous outcomes
	Safety

	Discussion
	Disclosure
	Data Statement
	Acknowledgements
	Author Contributions
	References


