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Article

Dapagliflozin and Kidney Outcomes in Hospitalized

Patients with COVID-19 Infection
An Analysis of the DARE-19 Randomized Controlled Trial

Hiddo J.L. Heerspink ®,"? Remo H.M. Furtado,®* Otavio Berwanger,” Gary G. Koch,” Felipe Martinez,®

Omar Mukhtar,” Subodh Verma,®® Samvel B. Gasparyan @,'° Fengming Tang,"' Sheryl L. Windsor,"’

Vicente Cés de Souza-Dantas,’? Mildren del Sueldo,’® Robert Frankel,'* Ali Javaheri,’® Rafael A. Maldonado ),°
Caryn Morse, 7 Marco Mota-Gomes @®),"¢ Douglas Shemin, 19 Osvaldo Lourenco Silva Jr.,%° Alexandre Pereira Tognon,‘g
Marcel Twahirwa,?’ Joan Buenconsejo,*? Russell Esterline,*? Jan Oscarsson,'® Philip Ambery,’® Anna Maria Langkilde,
and Mikhail N. Kosiborod*'"?3

Abstract

Background and objectives Patients who were hospitalized with coronavirus disease 2019 (COVID-19) infection
are at high risk of AKI and KRT, especially in the presence of CKD. The Dapagliflozin in Respiratory Failure in
Patients with COVID-19 (DARE-19) trial showed that in patients hospitalized with COVID-19, treatment with
dapagliflozin versus placebo resulted in numerically fewer participants who experienced organ failure or death,
although these differences were not statistically significant. We performed a secondary analysis of the DARE-19
trial to determine the efficacy and safety of dapagliflozin on kidney outcomes in the overall population and in
prespecified subgroups of participants defined by baseline eGFR.

Design, setting, participants, & measurements The DARE-19 trial randomized 1250 patients who were
hospitalized (231 [18%] had eGFR <60 ml/min per 1.73 m?) with COVID-19 and cardiometabolic risk factors to
dapagliflozin or placebo. Dual primary outcomes (time to new or worsened organ dysfunction or death, and a
hierarchical composite end point of recovery [change in clinical status by day 30]), and the key secondary kidney
outcome (composite of AKI, KRT, or death), and safety were assessed in participants with baseline eGFR <60 and
=60 ml/min per 1.73 m>.

Results The effect of dapagliflozin versus placebo on the primary prevention outcome (hazard ratio, 0.80; 95%
confidence interval, 0.58 to 1.10), primary recovery outcome (win ratio, 1.09; 95% confidence interval, 0.97 to 1.22),
and the composite kidney outcome (hazard ratio, 0.74; 95% confidence interval, 0.50 to 1.07) were consistent
across eGFR subgroups (P for interaction: 0.98, 0.67, and 0.44, respectively). The effects of dapagliflozin on AKI
were also similar in participants with eGFR <60 ml/min per 1.73 m? (hazard ratio, 0.71; 95% confidence interval,
0.29 to 1.77) and =60 ml/min per 1.73 m? (hazard ratio, 0.69; 95% confidence interval, 0.37 to 1.29). Dapagliflozin
was well tolerated in participants with eGFR <60 and =60 ml/min per 1.73 m.

Conclusions The effects of dapagliflozin on primary and secondary outcomes in hospitalized participants with
COVID-19 were consistent in those with eGFR below/above 60 ml/min per 1.73 m”. Dapagliflozin was well
tolerated and did not increase the risk of AKI in participants with eGFR below or above 60 ml/min per 1.73 m?.

CJASN 17: 643-654, 2022. doi: https:/ /doi.org/10.2215/CJN.14231021

Introduction
Although coronavirus disease 2019 (COVID-19) is pri-
marily a respiratory infection, it frequently manifests

when AKI occurs in the setting of COVID-19, it is
associated with high mortality. Two studies report
in-hospital mortality rates of approximately 60% in

as a systemic illness, affecting multiple organ systems.
COVID-19 frequently results in disease progression
and organ damage, especially in patients with under-
lying cardiometabolic risk factors, such as diabetes,
heart failure, and CKD (1-3). More specifically, AKI is
one of the common complications of COVID-19, espe-
cially among patients who are acutely hospitalized
with cardiometabolic risk factors (4). Furthermore,
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patients who were hospitalized with COVID-19 who
required AKl-related KRT (5,6). To date, few (if any)
therapies have been specifically developed and tested
in COVID-19 randomized controlled trials in terms of
their effects on kidney outcomes, including AKI.
Sodium-glucose cotransporter 2 (SGLT2) inhibitors
have been shown in large cardiovascular and kidney
outcome trials to reduce the risk of kidney failure in
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patients who are mostly ambulatory and have type 2 diabe-
tes, and in those with CKD and heart failure, regardless of
diabetes status (7-9). Systematic reviews and meta-analyses
from these large clinical trials have suggested protective
effects against AKI (10). SGLT2 inhibitors decrease pro-
inflammatory and oxidative stress pathways, suppress
cytokines, and improve endothelial function and oxygen
carrying capacity, which may prevent organ damage and
improve AKI outcomes after COVID-19 infection (11,12).
Inflammation, oxidative stress, and endothelial dysfunction
are frequently present in patients with CKD and are impli-
cated in the progressive decline of kidney function in these
patients, suggesting that the relative and absolute benefits
of SGLT2 inhibitors may be more pronounced in patients
with COVID-19 and CKD (13,14). However, whether
SGLT2 inhibitors can prevent AKI and improve kidney
outcomes in patients with CKD hospitalized with acute ill-
ness has not been previously investigated in clinical trials.
In fact, soon after the emergence of the COVID-19 pan-
demic, there were concerns raised about their continued
use in a setting of acute hospitalization for COVID-19, due
to the potential risk of volume depletion (possibly increas-
ing the risk of AKI) and diabetic ketoacidosis (15).

The Dapagliflozin in Respiratory Failure in Patients with
COVID-19 (DARE-19) trial was designed to assess the effi-
cacy and safety of the SGLT2 inhibitor dapagliflozin in
1250 patients with cardiometabolic risk factors acutely hos-
pitalized with COVID-19 (16). The trial demonstrated that
dapagliflozin was well tolerated but did not result in a sta-
tistically significant risk reduction in the primary outcomes
of organ dysfunction or death or improvement in recovery
(17). We report the effects of dapagliflozin on the composite
kidney outcome and AKI, a key component of the compos-
ite kidney outcome, in prespecified subgroups of partici-
pants by baseline eGFR.

Materials and Methods
Study Design

The DARE-19 trial methods and primary results were
published previously (16,17). Briefly, DARE-19 was an
investigator-initiated, multicenter, international trial in
which patients acutely hospitalized with COVID-19 were
randomly assigned (1:1) in a double-blind manner to either
dapagliflozin 10 mg or matching placebo daily, in addition
to local standard of care, and treated for 30 days. The trial
was registered with ClinicalTrials.gov (NCT04350593) on
April 17, 2020. The Research Ethics Committee of the 95
participating institutions in seven countries approved the
protocol; all participants gave written informed consent,
and the study adhered to the Declaration of Helsinki. The
corresponding and senior authors had full access to all of
the trial data and take responsibility for its integrity and
the data analysis.

Study Participants

Participants were enrolled if they were =18 years of age,
hospitalized with laboratory-confirmed or clinically sus-
pected severe acute respiratory syndrome-related corona-
virus 2 infection =4 days before screening, had oxygen
saturation of =94% on supplemental oxygen (=5 L/min),

chest radiography or computed tomography findings
consistent with COVID-19, and history of at least one cardi-
ometabolic risk factor (hypertension, type 2 diabetes, ath-
erosclerotic cardiovascular disease, heart failure [regardless
of ejection fraction], and/or CKD [eGFR 25-59 ml/min per
1.73 m?]). Key exclusion criteria were evidence of critical
illness at the time of screening, eGFR <25 ml/min per
1.73 m? or acute kidney failure, type 1 diabetes, and history
of diabetic ketoacidosis.

Monitoring of Kidney Function

During hospitalization, monitoring of kidney function
was required at screening, day 1, day 3, and day 15 (or day
of discharge). Baseline eGFR was defined as the value at
screening. In addition, all other assessments of kidney func-
tion performed as a part of routine clinical care during index
hospitalization were also recorded in the case report forms.
After discharge from index hospitalization, no additional
laboratory evaluation of kidney function was required; how-
ever, participants were monitored for serious adverse events
(SAEs) of AKI via phone calls at day 15 and day 30 (as appli-
cable); if the participant had experienced a subsequent SAE
after discharge (including any hospitalization), the investi-
gator reviewed the associated medical records (source docu-
ments) and determined if the event was an AKIL

Outcomes

The DARE-19 trial had dual primary outcomes. The first
primary outcome was prevention and defined as a compos-
ite of time to new or worsened respiratory, cardiovascular,
or kidney organ dysfunction during the index hospitaliza-
tion, or death from any cause at any time during the
30-day treatment period. For this primary outcome, wors-
ening kidney function was defined as doubling of serum
creatinine or initiation of KRT during index hospitalization.
After the original protocol was designed, the rapid change
in the standard of care for treatment of COVID-19 resulted
in lower event rates. Accordingly, faster and more com-
plete recovery became an important treatment goal and a
frequently used trial end point in patients hospitalized
with COVID-19. The DARE-19 protocol was therefore
amended by the Executive Committee (which remained
fully blinded) to elevate the recovery from a secondary end
point to a dual primary outcome. The recovery end point
was defined as a hierarchical composite end point, which
ranked participants into categories using the severity and
timing of events during the 30-day treatment period: death
during the 30 days of follow-up, organ dysfunction during
the index hospitalization, supplemental oxygen require-
ment for participants hospitalized at day 30 without organ
dysfunction, and hospital discharge before day 30 without
in-hospital organ dysfunction event and alive at day 30.

A key secondary outcome was a composite kidney end
point, which included AKI (defined as doubling of serum
creatinine during index hospitalization or investigator-
reported SAE of AKI after discharge), initiation of KRT, or
death from any cause. For participants who experienced
more than one kidney event during follow-up, survival
time to the first relevant end point was used in each analy-
sis. For the purposes of this analysis, we also performed
post hoc exploratory analyses to assess the effect of
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dapagliflozin compared with placebo on kidney function
(eGFR values) over time, using both protocol-mandated lab-
oratory evaluations and all local standard of care eGFR
assessments calculated with the CKD Epidemiology Collab-
oration equation (18). eGFR values after hospital discharge
or dialysis initiation were not included in the analysis.

Safety outcomes were on-treatment reportable SAEs,
adverse events leading to study medication discontinua-
tion, and adverse events of interest, which included AKI
and diabetic ketoacidosis.

All events were investigator reported. Rigorous meas-
ures were implemented to ensure data quality, including
source data verification for reported outcome and safety
events and thorough review of events to ensure compliance
with the protocol definitions.

Statistical Analysis

Efficacy analyses were performed in the intention-to-treat
population, including all randomized participants. A Cox
proportional-hazards regression model, stratified by coun-
try and adjusted for age and sex, was used to calculate the
hazard ratios (HR) and 95% confidence interval (95% CI) for
the primary outcome of prevention. This outcome was then
assessed within prespecified subgroups of participants by
baseline eGFR (25-59 [<60] versus =60 ml/min per 1.73 m?)
with the use of the same stratified Cox regression models,
and with the interaction term (treatment assignment * eGFR
subgroup) also added for the interaction test. Kaplan-Meier
estimates were used for visualization purposes.

The hierarchical primary outcome of recovery was ana-
lyzed using a win ratio (19) and 95% CI estimated from a
Cox regression model (stratified by country), applied to
ranks (with larger ranks for worse outcomes). The P value
for this analysis was calculated using a country-stratified
log-rank test. This outcome was then also assessed within
prespecified subgroups by baseline eGFR (<60 versus =60
ml/min per 1.73 m?) with the use of the same country-
stratified Cox regression models, and with the interaction
term (treatment assignment * eGFR subgroup) also added
for the interaction test.

The key secondary kidney composite outcome (AKI,
KRT, or death from any cause) was examined using a Cox
proportional-hazard regression model, stratified by coun-
try, and adjusted for baseline eGFR. This outcome (and its
individual components) was then assessed within prespeci-
fied subgroups of participants by baseline eGFR (<60
versus =60 ml/min per 1.73 m?) using the same country-
stratified Cox regression model, with the interaction term
(treatment assignment * eGFR subgroup) also added for
the interaction test.

eGFR values over time, using both protocol-mandated
laboratory assessments at baseline and days 1, 3, and dis-
charge (or day 15) and all combined protocol-mandated
laboratory assessments with available standard of care lab-
oratory values, were plotted using least squares mean val-
ues and standard errors estimated from general linear
model with repeated measures, adjusted for baseline eGFR
values, visit (day in hospital), randomized treatment, and
interaction of treatment and visit.

Safety analyses were performed on randomized partici-
pants who received at least one dose of study medication.
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All analyses were performed with SAS software, version
9.4 (SAS Institute). A P value <0.05 was considered to indi-
cate statistical significance.

Results
Baseline Characteristics
In total, 231 (18%) of the 1250 randomized patients had

an eGFR <60 ml/min per 1.73 m? at baseline. The baseline
characteristics of randomized patients stratified by eGFR
(=60 or <60 ml/min per 1.73 m?) are shown in Table 1.
The proportion of women and distribution by race were
similar across eGFR subgroups. Randomized participants
with eGFR <60 ml/min per 1.73 m? were older and more
likely to have type 2 diabetes, heart failure, atherosclerotic
cardiovascular disease, hypertension, and chronic obstruc-
tive pulmonary disease, although they were less likely to
be obese compared with individuals with an eGFR =60 ml/
min per 1.73 m?. Baseline characteristics were well balanced
between the dapagliflozin and placebo groups in partici-
pants with eGFR above or below 60 ml/min per 1.73 m?.

Primary and Secondary Outcomes by Baseline eGFR

The results for both primary end points were consistent
within subgroups of participants with eGFR below or
above 60 ml/min per 1.73 m”. The HR for the primary out-
come of prevention was 0.79 (95% CI, 0.45 to 1.40) and 0.80
(95% CI, 0.54 to 1.18; P for interaction=0.98; Figure 1, A
and B) in participants with eGFR <60 and =60 ml/min per
1.73 m?, respectively. The win ratio for the primary out-
come of recovery was 1.09 (95% CI, 0.83 to 1.42) and 1.07
(95% CI, 0.94 to 1.21; P for interaction=0.67) in participants
with eGFR <60 and =60 ml/min per 1.73 m?, respectively
(Figure 1, C and D).

The key secondary composite kidney outcome occurred
in 48 participants (8%) in the dapagliflozin group and 65
(10%) in the placebo group (HR, 0.74; 95% CI, 0.50 to 1.07;
Figure 2). Of these, 23 participants in the dapagliflozin and
30 in the placebo group died without experiencing a kidney
outcome. A total of 25 participants in the dapagliflozin
group and 35 in the placebo group experienced a kidney
outcome, of whom 18 in the dapagliflozin and 23 in the
placebo group subsequently died (Figure 3). Examining the
composite kidney outcome by baseline kidney function, in
those with baseline eGFR <60 ml/min per 1.73 m?, 19 par-
ticipants (17%) in the dapagliflozin group and 21 (18%) in
the placebo group experienced this outcome (HR, 0.91; 95%
CIL, 049 to 1.69). In those with eGFR =60 ml/min per
1.73 m?, 28 participants (6%) in the dapagliflozin group
and 42 (9%) in the placebo group experienced this outcome
(HR, 0.65; 95% CI, 0.40 to 1.05; P for interaction=0.44; Fig-
ure 2). The point estimates of each individual component
of the composite outcome are also shown in Figure 2. The
effects of dapagliflozin versus placebo on AKI (including
both doubling of serum creatinine during hospitalization
or SAE of AKI postdischarge) were consistent in partici-
pants with eGFR <60 ml/min per 1.73 m*> (HR, 0.71; 95%
CI, 0.29 to 1.77) and =60 ml/min per 1.73 m? (HR, 0.69;
95% CI, 0.37 to 1.29; P for interaction=0.98). The majority
of participants (39, 68%) who experienced AKI during the
study subsequently died (Figure 3A). This was true for
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Table 1. Demographic, clinical characteristics, and inclusion risk factors of the participants in the Dapagliflozin in Respiratory Failure
in Patients with COVID-19 trial at baseline according to baseline eGFR"

eGFR <60 ml/min per 1.73 m* eGFR =60 ml/min per 1.73 m®®
Characteristics Dapagliflozin Placebo Total Dapagliflozin ~ Placebo Total
(n=115) (n=116) (n=231) (n=498) (n=490) (n=988)
Age, mean (SD), yrs 71 (11) 71 (11) 71 (11) 59 (13) 60 (13) 59 (13)
Female sex, 1 (%) 51 (44) 53 (46) 104 (45) 205 (41) 214 (44) 419 (42)
Race, n (%)°
American Indian or Alaska Native 1(1) 1(1) 2(1) 6 (1) 9 (2) 15 (2)
Asian 5 (4) 7 (6) 12 (5) 30 (6) 22 (4) 52 (5)
Black 10 (9) 13 (11) 23 (10) 74 (15) 69 (14) 143 (14)
Native Hawaiian or other Pacific Islander 0 0 0 1(0.2) 0 1(0.1)
White 96 (83) 86 (74) 182 (79) 349 (70) 363 (74) 712 (72)
Other 3(3) 9 (8) 12 (5) 38 (8) 27 (6) 65 (7)
Ethnicity, n (%)°
Hispanic or Latino 63 (56) 58 (50) 121 (53) 323 (65) 296 (60) 619 (63)
Not Hispanic or Latino 36 (32) 42 (36) 78 (34) 130 (26) 135 (28) 265 (27)
Not reported /unknown 16 (14) 16 (14) 32 (14) 45 (9) 59 (12) 104 (11)
Inclusion risk factors, n (%)
Type 2 diabetes 65 (57) 62 (53) 127 (55) 240 (48) 253 (52) 493 (50)
Heart failure 19 (17) 13 (11) 32 (14) 24 (5) 29 (6) 53 (5)
Hypertension 106 (92) 103 (89) 209 (90) 409 (82) 417 (85) 826 (84)
Atherosclerotic cardiovascular disease 28 (24) 27 (23) 55 (24) 64 (13) 73 (15) 137 (14)
Known CKD (eGFR 25-60 ml/min 25 (22) 37 (32) 62 (27) 12 2) 7 (1) 19 (2)
per 1.73 m?)4
Participants with two or more 82 (71) 80 (69) 162 (70) 203 (41) 229 (47) 432 (48)
inclusion risk factors, n (%)
Other risk factors, n (%)
Age =60 years 102 (89) 98 (84) 200 (87) 231 (46) 257 (52) 488 (49)
BMI =30 51 (44) 45 (39) 96 (42) 240 (48) 251 (51) 491 (50)
Chronic obstructive pulmonary disease 9 (8) 6 (5) 15 (6) 15 (3) 24 (5) 39 (4)
Current smoker 3 (3) 5 (4) 8 (3) 26 (5) 15 (3) 41 (4)
Vitals signs, mean (SD)
Heart rate, beats/min 80 (17) 78 (14) 79 (15) 79 (13) 80 (13) 80 (13)
Blood pressure, mm Hg
Systolic 127 (19) 130 (22) 128 (20) 127 (15) 126 (15) 126 (15)
Diastolic 76 (14) 77 (13) 77 (13) 77 (10) 76 (10) 76 (10)
Temperature, °C 36 (1) 36 (1) 36 (1) 36 (1) 36 (1) 36 (1)
Oxygen saturation, %° 95 (2) 95 (2) 95 (2) 96 (2) 95 (2) 95 (2)
Laboratory values at baseline, mean (SD)
eGFR (ml/min per 1.73 m?) 46 (11) 47 (10) 47 (10) 93 (18) 92 (18) 93 (18)
Severe acute respiratory syndrome-related
coronavirus 2 test result at baseline, n (%)
Positive 103 (93) 112 (97) 215 (95) 469 (96) 448 (94) 917 (95)
Negative 8(7) 4 (3) 12 (5) 22 (4) 29 (6) 51 (5)
Medication at screening, n (%)
ACE inhibitor and/or ARB 46 (40) 45 (39) 91 (39) 175 (35) 165 (34) 340 (34)
Beta blocker 37 (32) 27 (23) 64 (28) 56 (11) 68 (14) 124 (13)
Calcium blocker 21 (18) 22 (19) 43 (19) 61 (12) 65 (13) 126 (13)
Loop diuretic 25 (22) 22 (19) 47 (20) 24 (5) 40 (8) 64 (6)
Statin 30 (26) 33 (28) 63 (27) 91 (18) 104 (21) 195 (20)
Glucose-lowering medication
Biguanide 15 (13) 14 (12) 29 (13) 66 (13) 60 (12) 126 (13)
Sulfonylurea 8 (7) 3(3) 11 (5) 16 (3) 18 (4) 34 (3)
DPP-4 inhibitor 4(3) 1(0.9) 5 (2) 13 (3) 9 (2) 22 (2)
GLP-1 receptor analog 4 (3) 1 (0.9) 5(2) 2 (0.4) 7 (1) 9 (0.9)
Insulin 40 (35) 43 (37) 83 (36) 182 (37) 171 (35) 353 (36)
Anticoagulant 96 (83) 99 (85) 195 (84) 421 (85) 413 (84) 834 (84)
Concomitant COVID-19 medication
Remdesivir 23 (20) 21 (18) 44 (19) 91 (18) 90 (18) 181 (18)
Systemic corticosteroids
Dexamethasone 24 (21) 22 (19) 46 (20) 106 (21) 104 21) 210 (21)
Other systemic glucocorticoid 12 (10) 13 (11) 25 (11) 37 (7) 39 (8) 76 (8)

BMI, body mass index; ACE, angiotensin-converting enzyme; ARB, angiotensin-receptor blocker; DPP-4, dipeptidyl-peptidase 4;

GLP-1, glucagon-like peptide-1.

“Numbers may differ for some parameters on the basis of data availability.

PeGFR recorded at screening.

“Reported by the participant.

4Known history of CKD before admission. The number of participants with known history of CKD is less than those with eGFR
<60 ml/min per 1.73 m? at baseline possibly due to unknown CKD status.

“Measured on supplemental oxygen.
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A

Primary prevention outcome: eGFR <60 mL/min/1.73 m?

25 Hazard ratio, 0.79 (95% ClI, 0.45-1.40)

Placebo: 26 events

Dapagliflozin: 23 events

Cumulative Incidence (%)

T T T T T T T T T T
0o 3 6 9 12 15 18 21 24 27 30

Days since Randomization
No. at Risk
Dapagliflozin
Placebo

115 113 105 101 95 91 91 90 90 89 89
116 109 102 97 91 88 87 87 87 87 87

Cc

Primary recovery outcome: eGFR <60 mL/min/1.73 m?

Win ratio, 1.09 (95% CI 0.83, 1.42)

== Placebo

== Dapagliflozin

Discharge (0-3 days)
Discharge (3-6 days)
Discharge (6-9 days)

Discharge (9-12 days)

Discharge (12-15 days)

Discharge (15-30 days)

Improvement

Hospitalized without oxygen support
Hospitalized with oxygen support
Hospitalized with high flow oxygen support

Deterioration Stable

One organ dysfunction 4.3 6.0
Mulitple organ dysfunction oo17
Death 14.8 15.5
T T 1
40 20 ] 20 40

Percentage of Patients
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B Primary prevention outcome: eGFR >60 mL/min/1.73 m?

o5 Hazard ratio, 0.80 (95% Cl, 0.54-1.18)

Placebo: 58 events

Dapagliflozin: 46 events

Cumulative Incidence (%)

T T T T T T T T T T
0O 3 6 9 12 15 18 21 24 27 30

Days since Randomization
No. at Risk
Dapagliflozin
Placebo

498 485 463 455 453 452 449 447 447 447 446
490 474 451 441 438 433 433 432 431 431 430

D Primary recovery outcome: eGFR >60 mL/min/1.73 m?

Win ratio, 1.07 (95% CI 0.94, 1.21)

== Placebo

== Dapagliflozin

Discharge (0-3 days)
Discharge (3-6 days)
Discharge (6-9 days)
Discharge (9-12 days)
Discharge (1215 days)
Discharge (15-30 days)

Improvement

Hospitalized without oxygen support
Hospitalized with oxygen support
Hospitalized with high flow oxygen support

One organ dysfunction
Mulitple organ dysfunction

Deterioration Stable

Death

Percentage of Patients

Figure 1. | Effects of dapagliflozin compared with placebo on the primary outcome in participants with eGFR <60 and 260 ml/min per
1.73 m?. The prevention outcome is shown in participants with baseline eGFR <60 ml/min per 1.73 m? (A) and =60 ml/min per 1.73 m?
(B). The recovery outcome is shown in participants with baseline eGFR <60 ml/min per 1.73 m? (C) and =60 ml/min per 1.73 m? (D).

95% Cl, 95% confidence interval.

participants assigned to dapagliflozin and placebo and for
those with eGFR <60 ml/min per 1.73 m* and =60 ml/
min per 1.73 m? (Figure 3, B and C).

When examining doubling of serum creatinine during
index hospitalization, the HR was 0.79 (95% CI, 0.27 to 2.38)
for participants with eGFR <60 ml/min per 1.73 m? and
0.70 (95% CI, 0.37 to 1.31; P for interaction=0.96; Figure 2)
for participants with eGFR =60 ml/min per 1.73 m?. Over-
all, 13 participants in the dapagliflozin and 22 in the placebo
group initiated KRT with a corresponding HR in partici-
pants with eGFR <60 and =60 ml/min per 1.73 m* of 0.47
(95% CI, 0.12 to 1.88) and 0.59 (95% CI, 0.26 to 1.35), respec-
tively (P for interaction=0.78; Figure 2). The number of par-
ticipants who died during the study was 41 (7%) in the
dapagliflozin group and 54 (9%) in the placebo group, with
no evidence that this effect was modified by baseline eGFR
(P for interaction=0.56). There was also no heterogeneity in
the effect of dapagliflozin compared with placebo on the
secondary kidney outcome in other prespecified subgroups
including type 2 diabetes, heart failure, atherosclerotic car-
diovascular disease, hypertension, or chronic obstructive
pulmonary disease status (Supplemental Figure 1).

eGFR over Time
Mean (SD) baseline eGFR values were 84 (25) ml/min
per 1.73 m? in the dapagliflozin group and 83 (25) ml/min

per 1.73 m” in the placebo group. The eGFR values over
time were slightly lower in participants treated with dapa-
gliflozin compared with placebo, whether examining
protocol-mandated laboratory values or all available data
(Figure 4 and Supplemental Figure 2). As illustrated in
Supplemental Figure 3, there was a wide variation in eGFR
changes from baseline to day 3 in the dapagliflozin and
placebo groups. In participants with baseline eGFR <60
ml/min per 1.73 m?, the least squares mean change from
baseline in eGFR at 3 days was 4.12 ml/min per 1.73 m* in
the dapagliflozin group and 9.57 ml/min per 1.73 m? in the
placebo group (between group difference, —5.48 ml/min
per 1.73 m?; 95% CI, —8.43 to —2.53) (Figure 4). In partici-
pants with baseline eGFR =60 ml/min per 1.73 m?, it was
—1.32 ml/min per 1.73 m? in the dapagliflozin group and
2.09 ml/min per 1.73 m? in the placebo group (between
group difference, —3.38 ml/min per 1.73 m*; 95% CI, —5.06
to —1.70) (Figure 4). Small numerical between-group differ-
ences in eGFR were sustained throughout follow-up
(Supplemental Figure 2).

Safety by Baseline eGFR

Numerically fewer participants treated with dapagliflo-
zin versus placebo experienced SAEs, adverse events that
led to death, or adverse events of AKI; this was observed
regardless of baseline eGFR status, although none of these
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Initiation of kidney replacement therapy
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Acute kidney injury?

Overall 26/625 36/625
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Figure 2. | Effects of dapagliflozin compared with placebo on the kidney composite outcome and its component in the overall popula-
tion and in participants with baseline eGFR <60 and 260 ml/min per 1.73 m? “Defined as either a doubling of serum creatinine during
hospitalization or an adverse event of AKI after discharge through to day 30. Participants may experience multiple composite kidney out-
comes. The total number of each component are reported in the forest plot. One participant in the placebo group died after withdrawing
informed consent. This participant was included in the analysis of all-cause mortality, but not included in the analysis of the composite
kidney outcome, because the occurrence of AKI or initiation of KRT could not be ascertained in this participant after withdrawal of

consent.

differences reached statistical significance (Table 2). Dia-
betic ketoacidosis did not occur among participants with
eGFR <60 ml/min per 1.73 m? and was reported in two
participants (0.4%) with eGFR =60 ml/min per 1.73 m?
who had a history of type 2 diabetes and were receiving
dapagliflozin. These were SAEs but were considered non-
severe and resolved after discontinuation of the study
medication.

Discussion

In the DARE-19 trial, which evaluated patients who were
hospitalized with COVID-19 and cardiometabolic risk fac-
tors, dapagliflozin compared with placebo did not result in
a statistically significant reduction in the primary outcome
of organ failure or death and the key secondary composite
kidney outcome (AKI, KRT, or death from any cause),
although numerically fewer participants treated with dapa-
gliflozin experienced these outcomes (17). In this analysis,
we demonstrate that these observations were consistent
regardless of baseline eGFR (below or above 60 ml/min
per 1.73 m?). Importantly, dapagliflozin was well tolerated
in these acutely ill participants, with a safety profile that was
also consistent in those with or without eGFR <60 ml/min
per 1.73 m?

Dapagliflozin is indicated for the treatment of type 2 dia-
betes, CKD, and heart failure with reduced ejection fraction
according to current clinical practice guidelines from endo-
crinology, nephrology, and cardiology societies (20,21). In
addition, SGLT2 inhibitors as a class are emerging as an
integral component for the treatment of CKD and heart

failure, with an increasing number of patients already
using these agents or being considered for initiation in the
near future. Despite their robust demonstrated outcome
benefits in these patient groups under more stable, ambula-
tory conditions, the contemporary practice is to routinely
discontinue SGLT2 inhibitors in patients who are acutely
hospitalized due to potential risks of dehydration, AKI,
and diabetic ketoacidosis (15). However, adequate random-
ized controlled clinical trial evidence to substantiate these
recommendations are lacking. In DARE-19, the largest clin-
ical trial to date examining initiation of an SGLT2 inhibitor
in patients hospitalized with acute infectious illness and at
high risk for complications, dapagliflozin was well toler-
ated even among participants with eGFR <60 ml/min per
1.73 m?, suggesting that routine discontinuation of SGLT2
inhibitors in this clinical setting may not be necessary as
long as patients are adequately monitored.

Although the effect of dapagliflozin compared with pla-
cebo on the secondary kidney outcome (and its components)
in the DARE-19 trial did not reach statistical significance,
the direction and magnitude of the effect were generally
inline and consistent with other dedicated outcome trials of
SGLT2 inhibitors in patients with heart failure and CKD
(with and without type 2 diabetes) (8,9). Furthermore, the
mechanisms by which SGLT2 inhibitors slow the progres-
sion of kidney function decline and reduce the risks of KRT
may be similar in patients who are ambulatory with CKD
and those with acute illnesses. SGLT2 inhibitors exert favor-
able effects on proinflammatory cytokines, including those
involved in COVID-19-induced cytokine release (22). More-
over, beneficial effects of SGLT2 inhibitors on oxidative
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Figure 3. | “Swimmer plots” of time to death or hospital discharge for participants with a composite kidney end point event. Data are
shown by the overall population (A) and in participants with eGFR <60 (B) and =60 ml/min per 1.73 m? (C). Plots present the first event
of AKI or KRT.
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Figure 4. | Least squares mean eGFR (standard error) at protocol mandated timepoints in participants with eGFR <60 and 260 ml/min

per 1.73 m?.

stress, endothelial function, glycolysis, and lipolysis can pro-
tect the kidney in the ambulatory and acute settings. How-
ever, despite the consistency in the effects of dapagliflozin
in our trial and other trials and a sound mechanistic ratio-
nale for how dapagliflozin may reduce complications in
patients who are hospitalized with COVID-19, we cannot
rule out a chance finding due to the lack of statistical
significance.

In our trial, we defined a doubling of serum creatinine
during hospitalization compared with baseline as a prespe-
cified component of AKI. This definition is consistent with

Kidney Disease Improving Global Outcomes—defined stage
2 AKI and has been associated with a high risk of KRT and
mortality (23). In the DARE-19 trial, the rate of AKI events
in participants with eGFR <60 ml/min per 1.73 m*> was
approximately twice as high compared with those with
eGFR =60 ml/min per 1.73 m? consistent with previous
studies (7,8). In both subgroups, the HRs for dapagliflozin
versus placebo-treated participants were of similar magni-
tude as that observed in two other kidney and cardiovas-
cular outcome trials with dapagliflozin using the same
definition for AKI (9,24). This is further buttressed by the

Table 2. Safety outcomes by baseline eGFR and treatment assignment
eGFR <60 ml/min per 1.73 m? eGFR =60 ml/min per 1.73 m®
. . Risk Difference, % . . Risk Difference, %
Daaaﬁlllilzlo)zm (I;licﬂj g; (95% Confidence Dagqaé{ig;))zm (I’nla=c4e;310) (95% Confidence
Interval) Interval)
Any SAE? 22 (19.3) 28 (24.1) —4.8 (—15.5 to 5.9) 42 (8.6) 52 (10.8) —2.2 (6.0 to 1.6)
AE with the outcome of death 13 (11.4) 14 (121) —0.7 (—9.3 to 8.0) 19 (3.9) 32(6.7) —2.8(-57t00.1)
Discontinuation due to AE 17 (14.9) 15 (12.9) 2.0 (=7.2 to 11.2) 26 (5.3) 38 (79) —2.6 (=5.8 to 0.6)
AE of interest
AKIP 7 (6.1) 11 9.5) —3.3 (=109 to 3.9) 14 (2.9) 22 (46) —17 (—43t0 0.7)
Diabetic ketoacidosis 0 0 — 2 (0.4) 0 04 (—04 to 1.5)

AIncludes death.

event of AKIL.

Safety analyses were performed on randomized participants who received at least one dose of study medication. Risk difference
for dapagliflozin versus placebo, confidence intervals, and two-sided P value are calculated from the score test for two
independent proportions. SAE, serious adverse event; AE, adverse event.

Defined in hospital as doubling of s-creatinine compared with baseline and in an outpatient setting as a reported serious adverse
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directionally consistent results observed with dapagliflozin
for other components of the key secondary kidney outcome
(including KRT and death from any cause). Of importance,
when AKI occurred, and regardless of treatment allocation,
the risk of mortality was high in the DARE-19 participants
in accordance with previous reports (4,25). It is noteworthy
that the secondary composite kidney outcome included
few participants who died and was therefore not driven by
the mortality outcome.

In patients who are stable with or without type 2 diabe-
tes, SGLT2 inhibitors cause an acute decline in eGFR that is
followed by a marked attenuation of kidney function loss
during prolonged treatment (9,26). Among the participants
in the DARE-19 trial, eGFR values in the dapagliflozin
group were slightly lower compared with placebo, consis-
tent with data from trials of stable individuals with dia-
betes, heart failure, and CKD. We speculate that these
findings indicate that the slight initial decline in eGFR seen
with SGLT2 inhibitors in the acute setting is not a harbinger
of increased AKI risk, similar to what has been observed in
ambulatory settings.

The results of this study should be interpreted in the con-
text of limitations that merit consideration. First, the rates
of organ dysfunction and death were lower than initially
anticipated, and the study did not achieve statistical signifi-
cance; therefore, the subgroup analyses should be inter-
preted with caution, in particular given the small number
of events within the subgroups on the basis of baseline
eGFR. Accordingly, no definitive conclusions can be drawn
regarding the effects of dapagliflozin on kidney outcomes
in patients who are hospitalized with COVID-19. Ongoing
clinical trials such as Accelerating COVID-19 Therapeutic
Interventions and Vaccines 4 ACUTE (ACTIV-4A)
(NCT04505774) and Randomised Evaluation of COVID-19
Therapy (RECOVERY) (NCT04381936) will provide more
definitive evidence about the efficacy and safety of SGLT2
inhibitors in patients who are hospitalized with COVID-19.
Second, DARE-19 participants were selected on the basis of
detailed inclusion and exclusion criteria and other factors
that influence participation in trials. This generally leads to
a more selective, lower-risk population than the all-comers
population and may limit generalizability. Furthermore, a
small proportion of participants (<8%) did not have a con-
firmatory positive test for COVID-19 due to the lack of test-
ing supplies at the beginning of the trial. Finally, SAEs of
AKI were ascertained using follow-up phone visits after
hospital discharge; the associated records were then
reviewed by the local investigator who determined if the
event qualified as an AKI. The SAE collection via phone
visits may have led to some AKI events postdischarge
being missed. However, it is unlikely this has influenced
the treatment effect estimates because of the double-blind
design and standardized definitions.

In conclusion, the effects of dapagliflozin compared with
placebo in hospitalized participants with COVID-19 on the
primary and secondary outcomes were consistent in those
with eGFR below or above 60 ml/min per 1.73 m>. Dapa-
gliflozin was well tolerated and did not increase the risk of
AKI in the overall population and in participants with
eGFR below or above 60 ml/min per 1.73 m?.
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Supplemental Figure 2. Least squares mean eGFR (standard

error) for all recorded local standard of care assessments in partici-
pants with eGFR <60 and =60 ml/min per 1.73 m>.

Supplemental Figure 3. Histogram of the change in eGFR from

baseline to day 3 in participants with baseline eGFR <60 ml/min
per 1.73 m? (A) and those with baseline eGFR =60 ml/min per
1.73 m* (B).
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Supplemental Figure 1. The secondary kidney outcome by pre-specified subgroups
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Supplemental Figure 2: LS Mean eGFR (standard error) for all recorded local standard of care assessments in participants
with eGFR <60 and 260 mL/min/1.73m?
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Supplemental Figure 3: Histogram of the change in eGFR from baseline to Day 3 in
participants with baseline eGFR <60 mL/min/1.73m? (A), and those with baseline eGFR
260 mL/min/1.73m? (B)
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Supplemental Figure 3: Histogram of the change in eGFR from baseline to Day 3 in
participants with baseline eGFR <60 mL/min/1.73m? (A), and those with baseline eGFR
260 mL/min/1.73m? (B)
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