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IMPORTANCE Sodium-glucose cotransporter 2 (SGLT-2) inhibitors improve outcomes in
patients with type 2 diabetes, heart failure, and chronic kidney disease, but their effect on
outcomes of critically ill patients with organ failure is unknown.

OBJECTIVE To determine whether the addition of dapagliflozin, an SGLT-2 inhibitor, to
standard intensive care unit (ICU) care improves outcomes in a critically ill population with
acute organ dysfunction.

DESIGN, SETTING, AND PARTICIPANTS Multicenter, randomized, open-label, clinical trial
conducted at 22 ICUs in Brazil. Participants with unplanned ICU admission and presenting
with at least 1organ dysfunction (respiratory, cardiovascular, or kidney) were enrolled
between November 22, 2022, and August 30, 2023, with follow-up through

September 27, 2023.

INTERVENTION Participants were randomized to 10 mg of dapagliflozin (intervention,
n = 248) plus standard care or to standard care alone (control, n = 259) for up to 14 days or
until ICU discharge, whichever occurred first.

MAIN OUTCOMES AND MEASURES The primary outcome was a hierarchical composite of

hospital mortality, initiation of kidney replacement therapy, and ICU length of stay through 28

days, analyzed using the win ratio method. Secondary outcomes included the individual
components of the hierarchical outcome, duration of organ support-free days, ICU, and
hospital stay, assessed using bayesian regression models.

RESULTS Among 507 randomized participants (mean age, 63.9 [SD, 15] years; 46.9%,
women), 39.6% had an ICU admission due to suspected infection. The median time from ICU
admission to randomization was 1day (IQR, O-1). The win ratio for dapaglifiozin for the

primary outcome was 1.01(95% Cl, 0.90 to 1.13; P = .89). Among all secondary outcomes, the

highest probability of benefit found was 0.90 for dapagliflozin regarding use of kidney
replacement therapy among 27 patients (10.9%) in the dapagliflozin group vs 39 (15.1%) in
the control group.

CONCLUSION AND RELEVANCE The addition of dapagliflozin to standard care for critically ill
patients and acute organ dysfunction did not improve clinical outcomes; however,
confidence intervals were wide and could not exclude relevant benefits or harms for
dapagliflozin.

TRIAL REGISTRATION ClinicalTrials.gov Identifier: NCTO5558098
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odium-glucose cotransporter 2 (SGLT-2) inhibitors are
effective at improving clinical outcomes in several ran-
domized clinical trials across the spectrum of cardio-
vascular, metabolic, and kidney diseases.! Their use in acute
illness, including patients with COVID-19*° or acute heart
failure®” and immediately after experiencing myocardial
infarction,®° have been recently tested with promising but non-
definitive results. Although the exact mechanism underlying
their benefits is debated,° various potential beneficial mecha-
nisms are proposed, several of which could be useful for pa-
tients with critical illness. These include improvements in en-
dothelial dysfunction, adrenergic tone modulation, oxidative
stress, and cardiorenal effects, lending biological plausibility
to their use in treating acute organ dysfunction. Experimen-
tal models that simulate acute intensive care unit (ICU) con-
ditions reveal that SGLT-2 inhibitors attenuate inflammation
and provide protection against organ injury.'!2 In particular,
nephroprotective effects of SGLT-2 inhibitors may be of inter-
est to those treating critically ill populations, given the high
incidence of acute kidney injury in this population.'®
There is no trial that assessed safety and effectiveness of
SLGT-2 inhibitors in a broad population of critically ill pa-
tients with organ failure. Therefore, we conducted a random-
ized clinical trial to assess the effects of dapagliflozin when
added to standard care of critically ill patients with acute or-
gan dysfunction. We hypothesized that dapagliflozin could re-
duce the composite outcome of hospital mortality, initiation
of kidney replacement therapy (KRT), and the duration of
ICU stay.

Methods

Trial Design and Oversight

The trial protocol (available in Supplement 1) was approved by
the institutional review board from each site, and all patients
or legal representatives provided written informed consent.
The trial design and statistical analysis plan (Supplement 2)
were previously published.!* This was an investigator-
initiated, multicenter, open-label, randomized clinical trial con-
ducted across 22 ICUs in Brazil. The trial operations were co-
ordinated by the Academic Research Organization of the
Hospital Israelita Albert Einstein. An independent data and
safety monitoring board (DSMB) reviewed unblinded study
data for safety. The trial was conducted in accordance with
the Good Clinical Practice guidelines and is reported follow-
ing the Consolidated Standards of Reporting Trials (CONSORT)
2010 reporting guideline statement for parallel-group ran-
domized trials.'®

Participants

Eligible participants were aged 18 years or older, admitted to
the ICU with an expected length of stay of 48 hours or longer,
with at least 1 organ dysfunction criterion, (1) hypotension
(mean arterial pressure <65 mm Hg, systolic blood pressure
<90 mm Hg, or use of vasopressors), (2) signs of acute kidney
injury (increase in 0.3 mg/dL [22.88 pmol/L] in serum creati-
nine or decrease in urine output <0.5 mL/kg/h for =6 hours),
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Key Points

Question Does the addition of dapagliflozin to standard of care
improve the hierarchical outcome of hospital mortality, initiation
of kidney replacement therapy, and the length of stay in the
intensive care unit (ICU) among critically ill patients with acute
organ dysfunction?

Findings In this multicenter, open-label, randomized clinical trial
that included 507 participants with at least 1acute organ
dysfunction (hypotension, kidney injury, or respiratory), the use of
10 mg of dapagliflozin for up to 14 days did not significantly reduce
the combined outcome of hospital mortality, initiation of kidney
replacement therapy, and ICU length of stay, assessed by the win
ratio method (win ratio, 1.01, not significant) through 28 days after
randomization.

Meaning The addition of dapagliflozin to standard care for
individuals with critical illness and acute organ dysfunction did not
improve clinical outcomes.

or (3) need of new use of high-flow nasal catheter, noninva-
sive, or invasive ventilation (Table 1). Key exclusion criteria
were the presence of organ dysfunction criteria for more than
24 hours, end-stage kidney disease undergoing maintenance
dialysis, prior use of dapagliflozin or other SGLT-2 inhibitor,
known type 1diabetes, a history of diabetic ketoacidosis, and
planned ICU admission following elective surgery (Figure 1).
Further details are found in eTables 1 and 2 in Supplement 3.

Randomization, Allocation Concealment, and Blinding
Eligible patients were randomized in a 1:1ratio to receive either
10 mg of open-label dapagliflozin in addition to standard care
(dapagliflozin intervention group) or standard care alone
(control group). Randomization was performed by a central,
concealed, web-based automated system (Research Elec-
tronic Data Capture [REDCap]), stratified by study site with
variable block sizes of 4, 8, and 12. There was no blinding.

Interventions

Dapagliflozin, 10 mg/d, was given orally within 24 hours of ran-
domization, preferably in the morning without fasting, for a
duration of 14 days or until ICU discharge, whichever oc-
curred first. For participants who were unable to swallow pills,
dapagliflozin was administered enterally after macerating the
medication and diluting it in water before administration.*>
Study protocol mandated that dapagliflozin administration was
discontinued in the following situations: (1) absolute fasting
or the inability to access the enteral route for drug adminis-
tration, (2) occurrence of euglycemic diabetic ketoacidosis
(blood glucose <250 mg/dL [13.88 mmol/L], metabolic acido-
sis, and moderate ketonuria [>2 on urine stick] or ketonemia
[blood ketones >1.5 mmol/L]), (3) more than 1 episode of se-
vere hypoglycemia (blood glucose <50 mg/dL [2.77 mmol/L]),
(4) withdrawal of consent, (5) suspected allergic reaction, and
(6) initiation of KRT. Adherence was assessed daily for 14 days.
Each study site was expected to provide standard of care treat-
ment for critical illness for all trial participants, which was de-
termined solely by the local site health care team and aligned
with institutional protocols and international guidelines.
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Table 1. Baseline Characteristics of Study Participants

Dapagliflozin group (n = 248) Control group (n = 259)
Age, mean (SD), y 63.3(14.9) 64.5 (15.2)
275y, No. (%) 63 (25.4) 70 (27.0)
Sex at birth, No. (%)
Female 109 (44.0) 129 (49.8)
Male 139 (56.0) 130(50.2)
Race, No. (%) [n =244] [n =256]

Asian 2(0.8) 1(0.4)

Black 10 (4.1) 14 (5.5)

Indigenous 0 1(0.4)

White 177 (72.5) 181 (70.7)

Multiracial 55 (22.5) 59 (23.8)

Admission type, No. (%)
Medical 205 (82.7) 219 (84.6)
Nonelective surgery 43 (17.3) 40 (15.4)
ICU admission source, No. (%)

Emergency department 143 (57.7) 156 (60.2)

Operating room 44 (17.7) 40 (15.4)

Transfer from another hospital 35(14.1) 29(11.2)

Hospital ward 26 (10.5) 34(13.1)

Reason for ICU admission, No. (%)?

Infection 100 (40.3) 104 (40.2)
Pneumonia 53(21.4) 52(20.1)
Gastrointestinal 16 (6.5) 16 (6.2)
Urinary 14 (5.6) 12 (4.6)
Other 12 (4.8) 13 (5.0)

Cardiovascular 80(32.3) 82 (31.7)

Neurological 31(12.5) 39(15.1)

Respiratory 10 (4.0) 13 (5.0)

Abdominal 7 (2.8) 6(2.3)

Kidney 4(1.5) 7.7)

Other® 16 (6.4) 8(3.1)

Body mass index, median (IQR)© 25.1(22.1-28.7) [n = 243] 25.4(22.1-29.3) [n = 256]
Coexisting conditions, No. (%)

Hypertension 152 (61.3) 179 (69.1)

Type 2 diabetes 77 (31.0) 91 (35.1)

Dyslipidemia 56 (22.6) 71(27.4)

Heart failure 47 (19.0) 40 (15.4)

Localized cancer 34(13.7) 35(13.5)

Metastatic cancer 13(5.2) 13 (5.0)

Hematological cancer 4(1.6) 4(1.5)

Prior myocardial infarction 38(15.3) 28(10.8)

Prior stroke 19(7.7) 30(11.6)

Chronic kidney disease 29(11.7) 24 (9.3)

HIV infection 2(0.8) 3(1.2)

Solid organ transplant 2(0.8) 1(0.4)

Tobacco use
Current 46 (18.5) 40 (15.4)
Prior 43 (17.3) 48 (18.5)

Outpatient pharmacology therapy, No. (%)

RAS inhibitor? 110 (44.4) 134 (51.7)

Statin 75(30.2) 87 (33.6)

Insulin 25(10.1) 33(12.7)

Immunosuppressants or glucocorticoids® 12 (4.8) 17 (6.6)

(continued)
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Table 1. Baseline Characteristics of Study Participants (continued)

Dapagliflozin group (n = 248)

Control group (n = 259)

Hospitalization in the last month, No. (%) 30(12.1) 31(12.0)
Illness severity at randomization, No. (%)
Use of respiratory support
Invasive mechanical ventilation 115 (46.4) 120 (46.3)
Supplemental oxygen 54 (21.8) 42 (16.2)
Noninvasive mechanical ventilation 17 (6.9) 19 (7.3)
High-flow nasal cannula 8(3.2) 9 (3.5)
Use of vasopressors
Norepinephrine 128 (51.6) 125 (48.3)
Vasopressin 30(12.1) 29(11.2)
Use of inotrope 40 (16.1) 37 (14.3)
Serum creatinine level, median (IQR), mg/dL 1.35(0.91-2.09) 1.33(0.90-2.10)
>2.5 mg/dL, No. (%) 40 (16.1) 53(20.5)
Platelet count, median (IQR), x 10°/L 201 (153-273) 210 (160-287)
Platelet count <150 x 10%/L, No. (%) 59(23.8) 58 (22.4)
Organ dysfunction eligibility criteria, No. (%)
Hypotension? 118 (47.6) 109 (42.1)
Acute kidney injury" 100 (40.3) 112 (43.2)
Respiratory support' 123 (49.6) 126 (48.6)
Time from ICU admission to randomization, median (IQR), d’ 1(0-1) 1(0-1)

Abbreviation: ICU, intensive care unit; RAS, renin-angiotensin system.

Sl conversion factor: To convert creatinine from mg/dL to pmol/L, multiply by
88.4.

@ According to the Simplified Acute Physiology Score 3 (SAPS-3) subgroup.

®Multiple trauma, oncological, and endocrinological emergencies, suspected
intoxication, or surgical complications.

€ Calculated as weight in kilograms divided by height in meters squared.

9 Defined as use of angiotensin-converting enzyme inhibitor or angiotensin II
receptor blocker.

¢ Defined as dose greater than 20 mg/d of prednisone equivalent.

f Defined as new organ dysfunction lasting less than 24 hours. Percentages may

not sum to 100 due to participants’ fulfilling multiple criteria. A detailed
description of the intersection between the organ dysfunction criteria is
provided in eFigure 1in Supplement 3.

8 Defined as mean arterial pressure of less than 65 mm Hg, systolic blood
pressure of less than 90 mm Hg, or vasopressor use.

" Defined as an increase in 0.3 mg/dL in serum creatinine or decrease in urine
output lower than 0.5 mL/kg/h for at least 6 hours.

' Defined as need of new use of high-flow nasal catheter or noninvasive or
invasive ventilation.

) Counted from the first ICU admission irrespective of hospital transfers.

This included various aspects of care, such as ventilation strat-
egies, management of sepsis, delirium prevention and man-
agement, prophylaxis for deep venous thrombosis, sedation
practices, pain management, and other relevant components
of critical care. A minimum daily carbohydrate intake 0of 100 g
of glucose was suggested for all study participants.

Study Procedures

Baseline demographic information, comorbidities, concomi-
tant medications, reasons for ICU admission, and illness se-
verity were collected at enrollment. From days 1 to 5, moni-
toring included laboratory parameters such as blood gas
analysis and serum creatinine levels. Participants were fol-
lowed up for 28 days or until discharged home from the hos-
pital. Adverse events were observed until trial follow-up was
complete. Hospital outcomes were documented either at the
time of hospital discharge or after 28 days of follow-up,
whichever occurred earlier. All data collection was per-
formed by trained site personnel using a dedicated electronic
data capture system, and comprehensive data monitoring was
conducted across all sites, either through remote means or on-
site evaluations. Records of screening failures were docu-
mented in the form of weekly screening logs for each enroll-
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ing and active site. To ensure trial representativeness and
diversity, self-reported race and ethnicity information was col-
lected by site personnel, using available data from electronic
medical records or directly from participants when feasible.

Outcomes

The primary outcome was a hierarchical composite of hospi-
tal mortality, initiation of KRT, and ICU length of stay through
28 days after randomization. For ICU length of stay, the
cumulative number of calendar days (without fractions)
spent in the ICU was calculated from randomization until
hospital discharge.

The 7 prespecified secondary outcomes included hospi-
tal mortality, KRT use, ICU-free days, hospital-free days,
vasopressor-free days, mechanical ventilation-free days, and
KRT-free days. All secondary outcomes were evaluated within
28 days after randomization. To be considered free of vaso-
pressor and mechanical ventilation, a cutoff of 6 hours or less
within a calendar day was used. The ICU-free days, hospital-
free days, and KRT-free days were defined as the count of full
calendar days (without fractions) in which participants were
alive and free from each respective component. These out-
comes were measured on an ordinal scale ranging from O to
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Figure 1. Flow of Participants Through the DEFENDER Randomized Clinical Trial

4435 Participants assessed for eligibility

3927 Excluded?

1642 Did not meet organ dysfunction criteria
761 Had planned ICU admission after elective surgery
383 Had organ dysfunction >24 h
291 Had an expected ICU length of stay <48 h
231 Had end-stage kidney disease
on maintenance dialysis
185 Had other or unknown reasons
146 Were using an SGLT-2 inhibitor
140 Were unable to receive medication
due to total fasting
75 Declined or had legal representative
who declined consent
61 Had limited life expectancy or were
under limitation of life support
12 Had prior diabetic ketoacidosis or type 1 diabetes

(507 Randomized ;

248 Randomized to standard care plus dapagliflozin
248 Received intervention as randomized

259 Randomized to standard care
259 Received intervention as randomized

2Information was obtained via
screening logs, reporting the single

v

criterion that did not meet eligibility.

248 Included in primary analysis ‘ ‘

259 Included in primary analysis

ICU indicates intensive care unit;
SGLT-2, sodium-glucose

cotransporter 2.

29, with higher values signifying more favorable outcomes. Par-
ticipants who did not survive until hospital discharge were as-
signed a value of O. For those discharged to home before day
28, it was assumed that they remained alive and free from the
specified outcome beyond their discharge date.

Safety

Adverse events of special interest were collected during the
trial: (1) elevation of elevated serum liver transaminases
(exceeding 3 times the reference range), (2) skin lesions,
(3) hypoglycemia (blood glucose <50 mg/dL), (4) urinary tract
infections, (5) bloodstream infections, and (6) occurrence
of diabetic ketoacidosis (metabolic acidosis and moderate ke-
tonuria [>2 on urine stick] or ketonemia [blood ketones
>1.5 mmol/L]). These events were reported without regard to
their severity or causality assessment. All serious adverse
events occurring during study follow-up were recorded, re-
gardless of presumed causality.

Statistical Analysis

The sample size was calculated under the hypothesis that da-
pagliflozin would lead to reductions in all the individual com-
ponents of the hierarchical composite primary outcome, an-
ticipating a 2% absolute reduction in hospital mortality (from
30% to 28%), a 3% absolute reduction in the initiation KRT
(from 10% to 7%), and a mean reduction in ICU length of stay
by 0.5 days (with an assumed variance of 1.1 days). In simula-
tions, enrolling 500 participants would provide the study with
at least 85% statistical power to detect an intervention effect,
with a 95% CI for the win ratio exceeding 1.0 and a resulting
median simulated value for the win ratio of 1.40. Ten thou-
sand simulations with samples of 500 participants each were
conducted, with 95% CIs calculated using bootstrapping.
Additional information is shown in Supplements 1 and 2.

jama.com

The hierarchical composite primary outcome was ana-
lyzed using the generalized pairwise comparison method'® and
the treatment effect quantified using the win ratio method. This
approach involved comparing each participant in the dapagli-
flozin group with every participant in the control group, gen-
erating all conceivable participant pairs across trial groups. In
each pairwise comparison, a win, loss, or tie was defined based
on the comparative assessment of participant outcomes in hi-
erarchical fashion. The primary composite outcome hierar-
chy consisted of 3 hierarchical levels, (1) hospital mortality,
(2) initiation of KRT, and (3) ICU length of stay. For the first level
of comparison, if both participants in a pair died before dis-
charge, it was classified as an early tie. This signifies that the
pair is not subjected to further comparison for the second or
third hierarchical levels, thus emphasizing the higher impor-
tance of hospital mortality.!” If both participants survived, the
pair was subsequently evaluated for the initiation of KRT.
In the event of a tie, the participants were then compared
with respect to ICU length of stay. The win ratio was calcu-
lated by dividing the total number of wins in the dapagli-
flozin group by the total number of losses. A detailed win ra-
tio hierarchy flowchart is shown in the eMethods section in
Supplement 3, and review of the generalized pairwise method
is found elsewhere.!®

The secondary binary outcomes were assessed with a
bayesian hierarchical logistic regression (multilevel) model, ad-
justed for study site (random intercept), participant age, clini-
cal suspicion of sepsis, and the use of vasopressors and me-
chanical ventilation at randomization using a normally
distributed neutral prior, centered at an odds ratio (OR) of 1.0
(corresponding to a 95% credible interval [CrI] ranging be-
tween 0.5 and 2.0).!° Days-free secondary outcomes were ana-
lyzed with a hierarchical ordinal bayesian model adjusted for
the same covariates. Treatment effects were quantified using
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Table 2. Primary and Secondary Outcomes

Dapagliflozin

Absolute risk

group Control group difference Win ratio
Outcome (n =248) (n =259) (95% Crl) (95% Cl) P value®
Primary outcome through 28 d, total No. of wins (%)
Hospital mortality 14240 (22.2) 14960 (23.3)
Initiation of KRT 2774 (4.3) 2088 (3.3)
Shorter ICU length of stay 10129 (15.8) 9881 (15.4)
Hierarchical composite of hospital mortality; 27 143 (42.3) 26929 (41.9) 1.01 (0.90 to 1.13) .89
initiation of KRT; and shorter ICU length of stay
Secondary outcomes through 28 d° Adjusted OR Probability
(95% Crl) of benefit®
Hospital mortality, No. (%) 88 (35.5) 89 (34.4) 1.1 (-5.5t07.4)° 1.06 (0.76 to 1.52)¢ .36
Initiation of KRT, No. (%) 27 (10.9) 39(15.2) -2.9(-7.4t01.7)°  0.76 (0.51 to 1.18)¢ .90
Days free, median (IQR)®
Icuf 18 (0 to 24) 16.5 (0 to 24) 1.03 (0.77 to 1.38)¢ 48
Hospital" 8.5 (0to22) 2.5(0to21) 1.14 (0.84 to 1.55)° .63
Mechanical ventilation’ 25(0to 29) 23 (0to 29) 1.00 (0.74 to 1.39)¢ .50
KRT 29 (0t0 29) 29 (0t029) 0.98 (0.71t0 1.37)? 55
Vasopressor’ 26 (0to 29) 25 (0to 29) 1.07 (0.78 to 1.44)° .39

Abbreviations: Crl, Credible interval; ICU, intensive care unit; KRT, kidney
replacement therapy; OR, odds ratio; WR, win ratio.

2 P value for the win ratio primary hierarchical outcome and probability of
benefit for all secondary outcomes, obtained from the bayesian models.
Probability of benefit (from O to 1.0) for the dapagliflozin group, obtained
from the percentage of posterior probability distribution favoring dapagliflozin
(detailed in Supplement 3).

b Data for secondary outcomes of ICU-, hospital-, mechanical ventilation-, KRT-
and vasopressor-free days were missing for 3 transferred participants from the
control group. All models used for secondary outcomes were adjusted for
study site, age, sepsis at randomization, use of vasopressors at randomization,
and use of mechanical ventilation.

© Adjusted absolute risk difference (dapagliflozin minus control). Average
marginal effect calculated from the posterior probability distribution.

9 Adjusted odds ratio. An OR less than 1.0 indicates a favorable impact of
dapagliflozin on hospital mortality and the initiation of KRT.

¢ Days free were defined as the number of calendar days the patient was alive
without aid or service.

f Not admitted to the ICU.

8 Adjusted proportional odds ratio. An OR greater than 1.0 is indicative of a
favorable effect on the secondary outcomes of ICU-, hospital-, mechanical
ventilation-, KRT-, and vasopressor-free days.

"Not hospitalized.
i Without use of mechanical ventilation (=6 hours in an entire calendar day).
J Without use of vasopressors (=6 hours in an entire calendar day).

adjusted OR, bayesian 95% Crls, and probability of benefit for
the dapagliflozin group. Further details regarding secondary
models’ assumptions are provided in Supplement 2 and in the
eMethods section in Supplement 3.

To complement the bayesian analysis, additional pre-
specified frequentist analyses were conducted for the sec-
ondary outcomes. For hospital mortality and initiation of
KRT, a logistic regression model was used, adjusting for the
same covariates used in the bayesian models. For the ordinal
secondary outcomes, differences between the groups were
computed using the Hodges-Lehmann estimator, with results
presented as differences in days between groups along with
their corresponding 95% ClIs. Comparisons of trends in serum
creatinine and pH levels between study groups were con-
ducted from days 1 to 5 using a linear mixed-effects model for
repeated measures.

The efficacy and safety analyses included all the partici-
pants who underwent randomization (intention-to-treat prin-
ciple). An additional sensitivity analysis for safety outcomes
was conducted in the safety analysis population, comprising
participants who received at least 1 dose of dapagliflozin.

Prespecified subgroup analyses for the primary outcome
were conducted using the stratified win ratio method?2° for the
following subgroups, (1) presence of clinical suspicion of sep-
sis at randomization, (2) prior diabetes, (3) serum creatinine

JAMA August 6,2024 Volume 332, Number 5

levels at enrollment (<1.5mg/dL, 1.5-3.0 mg/dL, and >3.0 mg/dL
[to convert creatinine from mg/dL to pmol/L, multiply by
88.4]), (4) reason for ICU admission due to cardiovascular
causes (from the table of reasons for ICU admission of Simpli-
fied Acute Physiology Score 3 [SAPS 3]),%' and (5) age (<65 years
and >65 years).

The DSMB led all planned safety analyses after the enroll-
ment of 100, 250, and 375 participants. These analyses in-
cluded the absolute and relative frequencies of all serious
adverse events, adverse events of special interest, hospital mor-
tality, and initiation of KRT, according to study groups. Anin-
terim analysis was performed when half of the intended trial
population (250 participants) was enrolled. At this analysis,
the DSMB would recommend halting the trial for safety rea-
sons if the posterior probability of harm associated with da-
pagliflozin for the composite outcome of hospital mortality or
KRT exceeded 80%. No interim analyses were conducted for
efficacy or futility (see Supplement 3).

Post hoc exploratory analyses were conducted to assess
the effect of dapagliflozin on (1) modified major adverse kid-
ney events (MAKEs), defined as the composite outcome of
death, initiation of KRT, or doubling the serum creatinine level
during the first 5 days after enrollment, and (2) the use of KRT
while accounting for the competing risk of death (see the
eMethods section in Supplement 3).
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Figure 2. Win Ratio Analysis for the Primary Outcome

64232 Pairs of participants
(248 in dapagliflozin groupx 259 in control group)

Hierarchical
outcome levels

! )

|
} !

Hospital 14240 Wins (22.2%) for ‘

7832 Early ties (12.2%)

‘ ‘ 27200 Ties (42.3%) ‘ 14960 Losses (23.3%) for

mortality the dapagliflozin group

the dapagliflozin group

!

! )

Initiation of kidney 2774 Wins (10.2%) for ‘

22338 Ties (82.1%) ‘ 2088 Losses (7.7%) for

replacement therapy the dapagliflozin group

the dapagliflozin group

!

)

2328 Ties (10.4%) ‘ 9881 Losses (44.2%) for

the dapagliflozin group

ICU length 10129 Wins (45.3%) for ‘
of stay the dapagliflozin group
Overall 27143 Wins (42.3%) for

‘ 10160 Total ties (15.8%) ‘

26929 Losses (41.9%) for

the dapagliflozin group

the dapagliflozin group

Distribution of wins, ties, and losses for the dapagliflozin group among the

64 232 paired comparisons, stratified by each level of the hierarchical primary
composite outcome. Every possible pair of participants between groups

was compared in a hierarchical fashion with a win, a loss, or a tie determined by
the outcome evaluated at each level of the hierarchy. Early ties were

determined when both participants in the pair died during hospitalization.
Percentages are calculated for each level of the hierarchy. The win ratio equals
the total wins for the dapagliflozin group divided by the total losses for the
dapagliflozin group: 27143/26 929 = 1.01(95% Cl, 0.90-1.13; P = .89).

ICU indicates intensive care unit.

For the primary outcome, a 2-sided P value of less than .05
was considered to indicate statistical significance and 95% Cls
were calculated using the bootstrap method.'® P values are
presented exclusively for the primary outcome and subgroup
analyses. The analyses of secondary outcomes were not ad-
justed for multiple comparisons. All analyses were conducted
using R software version 4.2.1 or higher (R Foundation for
Statistical Computing).??

. |
Results

Patients

From November 22, 2022, to August 30, 2023, 4434 partici-
pants were screened, and 507 participants from 22 sites in
Brazil were randomized: 248 to receive dapagliflozin plus stan-
dard care and 259 to receive standard care (Figure 1; eTable 3
in Supplement 3). All 507 participants (mean age, 63.9 (SD, 15)
years; 46.9% women) were included in the analysis, with no
loss to follow-up. The database lock was performed on Octo-
ber 20, 2023. Two hundred four (39.6%) had ICU admission
due to suspected infection, and the median time from ICU ad-
mission to randomization was 1 day (IQR, O-1 day, Table 1). At
randomization, 235 participants (46.4%) required respira-
tory support with mechanical ventilation and 253 (49.9%) re-
ceived norepinephrine. Furthermore, and the number of trial
participants who met the organ dysfunction eligibility crite-
ria were 249 (49.5%) for respiratory, 227 (44.2%) for hypoten-
sion, and 212 (42.2%) for kidney injury. The most common in-
clusion criterion was kidney injury in isolation (140 patients
[27.6%])), followed by respiratory dysfunction in isolation (120
patients [23.6%]), and hypotension in isolation (96 patients

jama.com

[18.9%]); remaining possible combinations and their frequen-
cies are shown in eFigure 1in Supplement 3.

Adherence to Trial Interventions

All 248 participants randomized to receive dapagliflozin re-
ceived at least 1 dose of the study medication. None of the con-
trol group participants received dapagliflozin or any other
SGLT-2 inhibitor during study follow-up (eFigure 2 and eTable 4
in Supplement 3).

Primary Outcome

Dapagliflozin treatment did not result in a higher number of
wins than the standard care alone group for the primary hier-
archical composite outcome. The total number of wins was
27143 (42.3%) in the dapagliflozin group and 26 929 (41.9%)
in the standard care alone group, a win ratio of 1.01 (95% CI,
0.90 to 1.13; P = .89; Table 2). Among all pairwise compari-
sons, there were 10160 ties (15.8%), with 7832 (12.2%) occur-
ring in the hospital mortality comparison and classified as early
ties (Figure 2).

Secondary Outcomes

Within 28 days, hospital mortality occurred in 88 of 248 par-
ticipants (35.5%) in the dapagliflozin group compared with 89
of 259 participants (34.4%) in the standard care alone group. The
adjusted OR for the bayesian model, accounting for study site,
age, sepsis at randomization, use of vasopressors at random-
ization, and use of mechanical ventilation, was 1.06 (95% Cr1,
0.76-1.52; Table 2). Initiation of KRT occurred in 27 partici-
pants (10.9%) in the dapagliflozin group compared with 39
participants (15.1%) in the standard care alone group (adjusted
OR, 0.76; 95% CrI, 0.50-1.18). The posterior probabilities
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Figure 3. Primary Outcome in the Prespecified Subgroup Analyses

No. of wins
No. of Dapagliflozin  Control Win ratio Favors i Favors P value for

Subgroup participants (n=248) (n=259) (95% Cl) control | dapagliflozin interaction
Suspected sepsis?

Yes 204 4024 4600 0.87(0.73-1.05) —— 3

No 303 10241 9278 1.10(0.95-1.28) —— ’
Diabetes

Yes 168 2722 2996 0.91(0.74-1.12) —a— 5

No 339 12667 11839 1.07 (0.93-1.23) M ’
Serum creatinine, mg/dLP

>3 65 409 449 0.91 (0.66-1.26) —_—

1.5-3 161 2773 2571 1.08 (0.87-1.33) —— .90

<15 281 8319 8463 0.98 (0.84-1.15) ——
Cardiovascular reason for ICU admission®

Yes 162 2744 2924 0.94(0.77-1.15) —— 7

No 345 12604 12050 1.05(0.91-1.21) i ’
Age,y

<65 230 5279 6236 0.85(0.71-1.00) —— 19

265 277 8420 7247 1.16 (0.99-1.37) —— ’

0.5 1 2

Win ratio (95% Cl)

2Determined by physician’s assessment.

bBaseline serum creatinine levels. To convert creatinine from mg/dL to pmol/L,
multiply by 88.4.

“According to the Simplified Acute Physiology Score 3 subgroup.

Shown is the win ratio for the composite hierarchical primary outcome of
hospital mortality, initiation of kidney replacement therapy, and intensive care

unit (ICU) length of stay stratified for prespecified subgroups. A win ratio
greater than 1.0 indicates a favorable effect for the dapagliflozin group. The
width of point estimates are scaled according to the number of participants in
each subgroup. The 95% Cls were not adjusted for multiple comparisons and
should not be used to infer treatment effects.

indicating that the use of dapagliflozin reduced the risk of hos-
pital mortality and initiation of KRT compared with standard
of care alone, were .36 and .90, respectively (Table 2 and eFig-
ures 3 and 4 in Supplement 3).

For the secondary ordinal outcomes of ICU-free days,
hospital-free days, mechanical ventilation-free days, KRT-
free days, and vasopressor-free days, the results from the
bayesian hierarchical logistic regression models were incon-
clusive about treatment effect on these outcomes, yielding
posterior probabilities of benefit for dapagliflozin between
0.39 to 0.63 (Table 2 and eFigures 5-10 in Supplement 3). The
complementary frequentist analyses of the secondary out-
comes yielded results that were consistent with bayesian
analysis, with an adjusted OR of 1.08 (95% CI, 0.73-1.60) for
hospital mortality and 0.67 (95%CI, 0.39-1.13) for use of KRT
(eTable 5 in Supplement 3). No significant differences
between study groups were observed for serum creatinine
and pH levels during the initial 5 days of trial follow-up (eFig-
ure 11 in Supplement 3).

Subgroup and Post Hoc Exploratory Analyses

No evidence of heterogeneity of treatment effect was de-
tected in predefined subgroups (Figure 3), as assessed in a one-
at-a-time subgroup analysis. Among patients receiving dapa-
gliflozin compared with standard care, there was a posterior
probability of benefit of .60 for modified MAKESs (eTable 6 and
eFigure 12 in Supplement 3). When considering the compet-
ing risk of death, the cause-specific adjusted hazard ratio for
the dapagliflozin group for the use of KRT was 0.72 (95% CI,

JAMA August 6,2024 Volume 332, Number 5

0.44-1.18), a similar result was obtained from the Fine and Gray
model (adjusted HR, 0.71; 95% CI, 0.45-1.13; eTable 7 and eFig-
ure 13 in Supplement 3).

Safety

Investigator-reported serious adverse events were docu-
mented in 115 participants (46.4%) in the dapagliflozin group
and in 123 participants (47.5%) in the control group (Table 3
and eTable 8 in Supplement 3). Adverse events of special in-
terest, including urinary tract infections (4 [1.6%] vs 3[1.2%)]),
hypoglycemia (2 [0.8%] vs 0), and bloodstream infections
(1[0.4%]vs 4 [1.5%]) were reported in the dapagliflozin group
vs the control group, respectively. There were no reported cases
of ketoacidosis.

|
Discussion

In this randomized, open-label, controlled clinical trial involv-
ing 507 participants, the addition of dapagliflozin to stan-
dard care was not associated with an increase in the win ratio
for a hierarchical end point of hospital mortality, use of KRT,
and ICU length of stay. Of the 7 secondary end points, a sug-
gestion of benefit was found for only 1 (the use of KRT, 0.90
probability of benefit). As expected in critically ill patients, a
substantial number of serious adverse events were reported
in both trial groups. However, dapagliflozin use was well tol-
erated, with numerically fewer serious adverse events re-
ported in this group than the standard care alone group.
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Table 3. Investigator-Reported Adverse Events

No. (%) of participants

Investigator-reported adverse events®

Dapagliflozin group (n = 248)

Control group (n = 259)

Serious adverse events 115 (46.4)
Infections and infestations 50 (20.2)
Kidney and urinary disorders 22(8.9)
Cardiac disorders 26 (10.5)
Nervous system disorders 15 (0.6)
Metabolism and nutrition disorders 10 (4.0)
Respiratory, thoracic, and mediastinal disorders 9(3.6)
Vascular disorders 9(3.6)
Gastrointestinal disorders 3(1.2)
General disorders and administration site disorders 2 (0.8)
Hepatobiliary disorders 2(0.8)
Neoplasms benign, malign, and unspecified 1(0.4)
Injury, poisoning, and procedural complications 0
Blood and lymphatic system 0
Immune system disorders 0
Reproductive system and breast disorders 0

Adverse events of special interest®
Urinary tract infection 4(1.6)
Blood stream infection 1(0.4)
Hypoglycemia 2(0.8)
Elevation of serum liver transaminases 0

123 (47.5)

57 (22.0)

34(13.1)

29(11.2)

8(3.1)

6(2.3)

15 (5.8)

12 (4.6)

3(1.2)

1(0.4)

1(0.4)

1(0.4)

2(0.8)

1(0.4

©4) 2 Events are classified by system

1(0.4) organ class and preferred terms

1(0.4) according to the latest version of
the Medical Dictionary for
Regulatory Activities (MedDRA).

3(12) Versions 26.0 and 26.1 were used

4(1.5) during the course of the study.

0 b Adverse events of special interest

2(0.8) were collected irrespective of

seriousness criteria.

There is increasing interest in SGLT-2 inhibitors for treat-
ing acutely ill patients. There is high-quality evidence to sup-
port their use in outpatients with diabetes,! heart failure,?
and chronic kidney disease,® and there is some potential ben-
efit for patients with myocardial infarction.®° The benefits of
SGLT-2 inhibitors may derive from their nephroprotective
effects.>2* Experimental evidence suggests that this may be
evident in models of sepsis,'? and the biological rational may
also involve different pathways (including inflammation,
energy metabolism, and endothelial function),?42® which are
mediators for organ dysfunction among acutely illness
patients.?”-2° This trial was designed to extend the prior evi-
dence and assess the effects of dapagliflozin in an unselected
population of critically ill patients in a randomized trial.

These results have several implications. First, despite a
neutral result for the primary end point, dapagliflozin use
appeared safe in a population of critically ill patients with a
hospital mortality rate of 35%. More specifically, adverse
events of interest that have been suggested to occur with
dapagliflozin use, including bloodstream or urinary infec-
tions, were uncommon and occurred at similar rates in both
groups, and no ketoacidosis event was reported during the
trial. Second, although the results were also inconclusive for
all secondary end points, they do not exclude the potential
benefits or harms from this therapy. Third, the probability of
benefit for the prespecified secondary outcome of reducing
KRT use was 0.90. This was not confirmed in a post hoc
analysis that considered composite kidney end points or
competing risks. Although the finding may be due to chance,
it is aligned with several trials in the outpatient setting that
suggested a nephroprotective effect of SGLT-2 inhibitors. For

jama.com

example, the DARE-19 trial* found that kidney events were
numerically lower in patients with COVID-19 who were
treated with dapagliflozin. Taken together, these trial results
suggest that further study of SGLT-2 inhibitors on critically ill
patients should continue and that renal outcomes could be
favored as a potential target.

Limitations

This trial has several limitations. First, the unblinded nature
of the trial may introduce bias. Second, the trial enrolled an
unselected and heterogeneous population of critically ill pa-
tients across various stages of acute illness. It is conceivable,
for example, that participants with specific features (diabe-
tes, chronic kidney disease, etc) may have differential treat-
ment effects, but these were not observed. As a first trial of its
kind, broad inclusion criteria were used to assess safety and
the drug effects on clinical outcomes.*° Third, no data were
available on the biological response to dapagliflozin, and it is
possible that inadequate absorption of the oral drug may have
influenced the findings. Fourth, the analysis of secondary out-
comes used models adjusted for clinical suspicion of sepsis
based on physicians’ assessment rather than confirmed
through objective criteria.

. |
Conclusions

The addition of dapagliflozin to standard care for critically ill
patients and acute organ dysfunction did not improve clinical
outcomes; however, confidence intervals were wide and could
not exclude relevant benefits or harms for dapagliflozin.
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