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Aims Mortality rates from chronic kidney disease (CKD) have increased in the last decade. In this pre-specified analysis
of the DAPA-CKD trial, we determined the effects of dapagliflozin on cardiovascular and non-cardiovascular causes
of death.

Methods DAPA-CKD was an international, randomized, placebo-controlled trial with a median of 2.4 years of follow-up.

and results Eligible participants were adult patients with CKD, defined as a urinary albumin-to-creatinine ratio (UACR)

200-5000 mg/g and an estimated glomerular filtration rate (eGFR) 25-75 mL/min/1.73 m2. All-cause mortality
was a key secondary endpoint. Cardiovascular and non-cardiovascular death was adjudicated by an independent
clinical events committee. The DAPA-CKD trial randomized participants to dapagliflozin 10 mg/day (n=2152) or
placebo (n=2152). The mean age was 62 years, 33% were women, the mean eGFR was 43.1 mL/min/1.73 m?, and
the median UACR was 949 mg/g. During follow-up, 247 (5.7%) patients died, of whom 91 (36.8%) died due to car-
diovascular causes, 102 (41.3%) due to non-cardiovascular causes, and in 54 (21.9%) patients, the cause of death
was undetermined. The relative risk reduction for all-cause mortality with dapagliflozin (31%, hazard ratio [HR]
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Conclusion

[95% confidence interval (Cl)] 0.69 [0.53, 0.88]; P=0.003) was consistent across pre-specified subgroups. The ef-
fect on all-cause mortality was driven largely by a 46% relative risk reduction of non-cardiovascular death (HR

[95% CI] 0.54 [0.36, 0.82]). Deaths due to infections and malignancies were the most frequently occurring causes

of non-cardiovascular deaths and were reduced with dapagliflozin vs. placebo.

In patients with CKD, dapagliflozin prolonged survival irrespective of baseline patient characteristics. The benefits

were driven largely by reductions in non-cardiovascular death.

Graphical Abstract

Effects of dapagliflozin on mortality
in patients with chronickidney
disease: A pre-specified analysis
from the DAPA-CKD randomized
controlled trial

Hiddo J.L. Heerspink et al.

Dapagliflozin 10 mg

*eGFR 25-75 mL/min/1.73m?

4304 participants with CKD
«UACR 200-5000 mg/g

247 (5.7%) participants died:
91 (36.8%) due to CV causes

102 (41.3%) due to non-CV causes
54 (21.9%) cause undetermined

No. of participants/ Events/100
total no. patient-years
Variable Dapagliflozin Placebo Dapagliflozin Placebo Hazard Ratio P Value
(95%Cl)
Death from any cause 101/2152 146/2152 22 3.1 HH 0.69 (0.53,0.88) 0.003
CV death 41/2152  50/2152 0.9 11 i 0.82 (0.54, 1.24) 0.338
Sudden cardiac death 24/2152  27/2152 0.5 0.6 —— 0.89 (0.52, 1.55)
Heart Failure 3/2152 11/2152 0.1 02 F———a—-- 0.27 (0.08, 0.98)
Acute MI 6/2152  5/2152 0.1 0.1 —————> 1.21(0.37, 3.96)
Stroke 5/2152  5/2152 0.1 0.1 ——®8— 1.00(0.29, 3.47)
Non-CV death 36/2152  66/2152 0.8 14 —a— 0.54 (0.36,0.82) 0.003
Infection 18/2152  28/2152 0.4 0.6 —a—H 0.64 (0.36, 1.16)
Malignancy 8/2152 19/2152 0.2 0.4 " 0.42(0.19, 0.97)
Kidney failure 2/2152 6/2152 <0.1 01 F—a— 0.35(0.07, 1.73)
Undetermined 24/2152  30/2152 0.5 0.6 —a 0.80(0.47,1.38) 0.426
—
0.1 05 1 2 3
— —_—
Dapagliflozin better Placebo Better

Dapagliflozin prolonged survival irrespective of baseline patient characteristics, largely driven by reductions in non-CV death.

Dapagliflozin ¢ SGLT?2 inhibitor e Chronic kidney disease

Keywords

Introduction

The prevalence of chronic kidney disease (CKD) has increased in the
last decade. Global estimates indicate that ~700 million people are
affected by CKD. According to the 2017 Global Burden of Disease
study, the number of deaths that could be attributed to CKD
increased by 41.5% from 1990 to 2017." While death due to cardio-
vascular diseases is an important contributor to all-cause mortality in
patients with CKD, several studies have shown that other causes of
death including infections and malignancies frequently occur in
patients with CKD.2™*

Sodium-glucose co-transporter 2 (SGLT?2) inhibitors reduce the
risk of heart failure and delay progression to kidney failure in patients
with Type 2 diabetes, both at the early and more advanced stages of
CKD.>” These benefits appear independent of the improvements in
glycemic control and are likely mediated by other mechanisms includ-
ing favourable effects on glomerular hemodynamics.s'9 These findings
have led to the hypothesis that SGLT2 inhibitors may also preserve
kidney function in patients with CKD without Type 2 diabetes. The
DAPA-CKD trial therefore enrolled patients with CKD with and

without Type 2 diabetes and demonstrated that dapagliflozin signifi-
cantly reduced the risk of kidney events, hospitalizations for heart fail-
ure or cardiovascular death, and prolonged survival irrespective of
Type 2 diabetes status."®'" In this pre-specified analysis from the
DAPA-CKD trial, we investigated the causes of death in DAPA-CKD
participants and assessed the effects of dapagliflozin on cardiovascular
and non-cardiovascular causes of death.

Methods

Trial design and study participants

DAPA-CKD was a multicentre, double-blind, placebo-controlled,
randomized trial conducted at 386 study sites in 21 countries. The trial
was designed to assess the effects of dapagliflozin on kidney and cardio-
vascular outcomes in patients with CKD, with or without Type 2 dia-
betes. DAPA-CKD was registered with ClinicalTrials.gov as
NCT03036150. The trial was approved by the ethics committees at each
participating centre. All participants provided written informed consent
before commencement of any study-specific procedure. An independent
Data Monitoring Committee provided trial oversight. The study protocol,
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including a detailed description of the trial design, statistical analysis plan,
and patient eligibility criteria, has been published previously.'®""

Eligible participants had CKD defined as estimated glomerular filtration
rate (eGFR) between 25 and 75 mL/min/1.73 m? and urinary albumin-to-
creatinine ratio (UACR) between 200 and 5000 mg/g (22.6-565.6 mg/mmol).
All participants were required to be receiving a stable dose of an
angiotensin-converting enzyme inhibitor (ACEi) or an angiotensin Il re-
ceptor blocker (ARB) for at least 4 weeks before trial enrolment, unless
contraindicated. The main exclusion criteria included diagnosis of Type
1 diabetes, polycystic kidney disease, lupus nephritis, or anti-neutrophil
cytoplasmic antibody-associated vasculitis. Participants receiving im-
munotherapy for primary or secondary kidney disease within the
6 months prior to enrolment were also excluded.

Participants were randomized in a 1:1 ratio to dapagliflozin 10 mg/day
or matched placebo and followed for a median of 2.4 years (25th—75th
percentile, 2.0-2.7 years). Study personnel (except the Independent Data
Monitoring Committee) and participants were blinded to treatment allo-
cation. In-person study visits occurred approximately every 4 months
during follow-up to collect information about study endpoints, adverse
events, and concomitant treatments, record vital signs, and take blood
and urine samples for clinical chemistry assessments. The trial was
stopped early for overwhelming efficacy based on a recommendation of
the Independent Data Monitoring Committee following a regular review
meeting.11

Outcomes

The primary composite endpoint was the time to first occurrence of a
sustained decline in eGFR of at least 50%, onset of end-stage kidney dis-
ease, or death from kidney or cardiovascular causes. Kidney death was
defined as death due to end-stage kidney disease where dialysis treatment
was deliberately withheld (dialysis was not started or discontinued) for
any reason. Secondary outcomes were the time to: a kidney specific com-
posite outcome, which included the same components as the primary
outcome except cardiovascular death; a composite cardiovascular end-
point defined as hospitalization for heart failure or cardiovascular death;
and death from any cause (all-cause mortality).

The outcome of this pre-specified analysis was mortality. All deaths
were adjudicated by an independent clinical events committee using rigor-
ous outcome definitions. All mortality outcomes were sub-classified as
cardiovascular, non-cardiovascular, or undetermined primary cause of
death. Categories and definitions of cardiovascular death and non-
cardiovascular death are reported in the Supplementary material online,
Appendix. Undetermined cause of death refers to a death not attributable
to a cardiovascular or non-cardiovascular cause due to the lack of infor-
mation or insufficient supporting information to assign the cause of death.
For the purpose of the primary efficacy assessment, undetermined causes
of death were classified as cardiovascular death."”

Statistical analysis

We pre-specified an analysis of the effects of dapagliflozin on all-cause
mortality and causes of death (Supplementary material online, Appendix).
The efficacy analyses included all randomized participants and were con-
ducted according to the intention-to-treat principle. Baseline characteris-
tics were summarized using means (standard deviations), medians (25th—
75th percentile range), or proportions.

We employed Cox proportional hazards regression models, stratified
by the factors used at randomization (Type 2 diabetes and UACR), and
adjusted for baseline eGFR. We graphically displayed the time to death in
patients with and without Type 2 diabetes using the Kaplan—Meier prod-
uct limit estimate. We calculated annualized incidence rates and
expressed them as the number of events per 100 patient-years of follow-

up. We calculated the absolute risk reductions by subtracting the annual-
ized incidence rate in the dapagliflozin group from the placebo group.
We performed the subgroup analyses to assess the consistency of the ef-
fect of dapagliflozin vs. placebo in pre-specified subgroups. We deter-
mined P-values for interaction by adding interaction terms between the
subgroup and randomized treatment to the relevant Cox model. We
conducted all statistical analyses with SAS version 9.4 (SAS Institute,
Cary, NC, USA) or R version 4.0.2 (R Foundation for Statistical
Computing, Vienna, Austria).

Results

Patient characteristics

The DAPA-CKD trial randomized 4304 participants with CKD. The
mean age of participants was 62 years, 33% were women, the mean
eGFR was 43.1 mL/min/1.73 m? and the median UACR was 949 mg/g.
Baseline characteristics of participants assigned to dapagliflozin and
placebo were similar (Table 1).

Causes of death in participants with and

without Type 2 diabetes

During follow-up, 247 (5.7%) participants died, of whom 91 (36.8%)
died due to cardiovascular causes, and 102 (41.3%) due to non-
cardiovascular causes, while in 54 (21.9%) patients the cause of death
was undetermined (Figure 1A). Among participants with Type 2 dia-
betes 197 died; these deaths were attributed to a cardiovascular
cause for 76 (38.6% of all deaths) participants, a non-cardiovascular
cause for 75 (38.1%) participants and undetermined for 46 (23.4%)
participants (Figure 1B). Overall, 50 patients without Type 2 diabetes
died during the trial; of these, 15 (30.0%) died due to a cardiovascular
cause, 27 (54.0%) due to a non-cardiovascular cause, and the cause of
death for 8 (16.0%) participants remained undetermined (Figure 1B).
The two most frequently occurring types of non-cardiovascular
deaths in participants with and without Type 2 diabetes were deaths
due to infections and deaths due to malignancies (Figure 1B). A sum-
mary of all causes of death is reported in Supplementary material on-
line, Table S1.

Causes of death with or without dialysis
During follow-up, dialysis was initiated in 167 participants, of whom
37 participants died (event rate 11.4 participants per 100 patient-
years), 12 in the dapagliflozin group and 25 in the placebo group
(Table 2). Deaths were recorded in 210 participants (2.2 participants
per 100 patient-years) who did not require dialysis: 89 in the dapagli-
flozin group and 121 in the placebo group (Table 2). The non-
cardiovascular death event rate was higher than the cardiovascular
death rate in participants who received dialysis; the distribution of
event rates (non-cardiovascular vs. cardiovascular) was similar in par-
ticipants who did not require dialysis during follow-up (Table 2).

Effect of dapagliflozin on mortality

As previously reported, 101 (4.7%) participants died from any cause
in the dapagliflozin group and 146 (6.8%) in the placebo group (haz-
ard ratio [HR] 0.69; 95% confidence interval [CI] 0.53, 0.88;
P=0.003). In participants with Type 2 diabetes, the mortality rate
was lower in the dapagliflozin group (2.6 events per 100 patient-
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Table I Baseline characteristics

Characteristic

Age (years), mean (SD)
<65years, n (%)
>65years, n (%)
Female sex, n (%)
Region, n (%)
Europe
North America
Latin America
Asia
Weight (kg), mean (SD)
Current smoker, n (%)
Blood pressure (mmHg), mean (SD)
Systolic
Diastolic
HbA1c (%), mean (SD)
eGFR (mL/min/1.73 m%), mean (SD)
Urinary albumin-to-creatinine ratio (mg/g), median (Q1-Q3)
Type 2 diabetes diagnosis, n (%)
CKD aetiology?®, n (%)
Diabetic nephropathy
Ischaemic/hypertensive nephropathy
Chronic glomerulonephritis
Other/unknown
History of cardiovascular disease, n (%)
History of heart failure, n (%)
History of myocardial infarction, n (%)
History of stroke, n (%)
Baseline medication, n (%)
ACE inhibitor
ARB
Diuretic
Statin

Dapagliflozin Placebo Total
(N =2152) (N =2152) (N =4304)
61.8 (12.1) 61.9 (12.1) 61.8 (12.1)
1247 (57.9) 1239 (57.6) 2486 (57.8)
905 (42.1) 913 (42.4) 1818 (42.2)
709 (32.9) 716 (33.3) 1425 (33.1)
610 (28.3) 623 (28.9) 1233 (28.6)
401 (18.6) 412 (19.1) 813 (18.9)
449 (20.9) 463 (21.5) 912 (21.2)
692 (32.2) 654 (30.4) 1346 (31.3)
81.5 (20.1) 82.0 (20.9) 81.7 (20.5)
283 (13.2) 301 (14.0) 584 (13.6)
136.7 (17.5) 1374 (17.3) 137.1 (17.4)
77.5 (10.7) 775 (10.3) 77.5 (10.5)
71(1.7) 70(1.7) 7.1(1.7)
432 (12.3) 43.0 (12.4) 43.1(12.4)
965 (472-1903) 934 (482-1868) 949 (477-1885)
1455 (67.6) 1451 (67.4) 2906 (67.5)
1271 (59.1) 1239 (57.6) 2510 (58.3)
324 (15.1) 363 (16.9) 687 (16.0)
343 (15.9) 352 (16.4) 695 (16.1)
214 (9.9) 198 (9.2) 412 (9.6)
813 (37.8) 797 (37.0) 1610 (37.4)
235 (10.9) 233 (10.8) 468 (10.9)
185 (8.6) 207 (9.6) 392 (9.1)
125 (5.8) 140 (6.5) 265 (6.2)
673 (31.3) 681 (31.6) 1354 (31.5)
1444 (67.1) 1426 (66.3) 2870 (66.7)
928 (43.1) 954 (44.3) 1882 (43.7)
1395 (64.8) 1399 (65.0) 2794 (64.9)

*Most likely aetiology as reported by investigators.

ACE, angiotensin-converting enzyme; ARB, angiotensin Il receptor blocker; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; HbA1c, glycated haemoglo-

bin; SD, standard deviation.

years) compared with the placebo group (3.5 events per 100 patient-
years; HR [95% CI] 0.74 [0.56, 0.98]; Figure 2A). Among participants
without diabetes, mortality rates were lower in the dapagliflozin
group (1.2 events per 100 patient-years) compared with the placebo
group (2.3 events per 100 patient-years; HR [95% CI] 0.52 [0.29,
0.93]; Figure 2B). The interaction P-value for participants with diabetes
vs. without diabetes was 0.25.

Mortality rates in the placebo arm were higher in older partici-
pants, in participants with Type 2 diabetes, and in those with a lower
eGFR, a higher UACR, and higher systolic blood pressure (Figure 3).
The effect of dapagliflozin in reducing the relative and absolute risks
for all-cause mortality was consistent across all pre-specified sub-
groups (Figure 3; all P-values for interaction >0.25).

Cardiovascular death occurred in 41 (1.9%) participants in the
dapagliflozin group and 50 (2.3%) participants in the placebo group
(HR [95% CI] 0.82 [0.54, 1.24]; P = 0.338) (Graphical abstract). Sudden
cardiac death was the most frequently reported cause of cardiovas-
cular death, which occurred in 24 (1.1%) participants in the dapagli-
flozin group and 27 (1.3%) participants in the placebo group (HR
[95% CI] 0.89 [0.52, 1.55]; Figure 4). Death due to heart failure was
the second most frequently reported type of cardiovascular death
and occurred in 3 (0.1%) participants in the dapagliflozin group and
11 (0.5%) participants in the placebo group (HR [95% CI] 0.27 [0.08,
0.98]; Figure 4).

Death due to non-cardiovascular causes occurred in 36 (1.7%)
participants in the dapagliflozin group and 66 (3.1%) participants in
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Figure | Cause of death in (A) the overall population and (B) patients with or without Type 2 diabetes. CV, cardiovascular; HF, heart failure;

MI, myocardial infarction.
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Table2 Causes of death in participants who did and did not reach chronic dialysis

Dapagliflozin

n (%) Event rate
(100 patient-years)

Overall mortality 101/2152 (4.7) 22
Without chronic dialysis, n 2084

All-cause mortality 89 (4.3) 19

Cardiovascular death 35(1.7) 0.7

Non-cardiovascular death 31(1.5) 0.7

Undetermined cause of death 23 (1.1) 0.5
With chronic dialysis, n 68

All-cause mortality 12 (17.6) 8.6

Cardiovascular death 6 (8.8) 39

Non-cardiovascular death 5(74) 32

Undetermined cause of death 1(1.5) 0.6

Placebo Total
n (%) Event rate n (%) Event rate
(100 patient-years) (100 patient-years)
146/2152 (6.8) 31 24714304 (5.7) 2.6
2053 4137
121 (5.9) 2.6 210 (5.1) 22
44 (2.1) 0.9 79 (1.9) 0.8
48 (2.3) 1.0 79 (1.9) 0.8
29 (14) 0.6 52 (1.3) 0.5
99 167
25(25.3) 134 37 (22.2) 114
6 (6.1) 2.6 12(7.2) 31
18 (18.2) 9.0 23 (13.8) 6.5
1(1.0) 0.4 2(12) 0.5

the placebo group (HR [95% CI] 0.54 [0.36, 0.82]; P=10.003). Death
due to infections was the most frequently reported cause of non-
cardiovascular death and occurred in 18 (0.8%) participants in the
dapagliflozin group and 28 (1.3%) participants in the placebo group
(HR [95% CI] 0.64 [0.36, 1.16]; Figure 4). Death due to malignancies
was reported in 27 patients in the overall population: 8 (0.4%) in the
dapagliflozin group and 19 (0.9%) in the placebo group (HR [95% ClI]
0.42[0.19, 0.97]; Figure 4).

The cause of death was undetermined in 24 (1.1%) participants in
the dapagliflozin group and 30 (1.4%) participants in the placebo
group (HR [95% CI] 0.80 [0.47, 1.38]; P = 0.426; Figure 4).

Mortality after infections and
malignancies

During follow-up, serious adverse events of infections were reported
in 193 (9.0%) participants in the dapagliflozin group and 207 (9.6%)
participants in the placebo group (difference in incidence rate, 0.4%;
P=10.49). In a post hoc analysis, we found that among these patients,
15 (7.8%) in the dapagliflozin group and 31 (15.0%) in the placebo
group died (HR [95% CI] 0.53 [0.29, 0.99]). Serious adverse events of
malignancies were reported in 59 (2.7%) participants in the dapagli-
flozin group and 71 (3.3%) participants in the placebo group (differ-
ence in incidence rate, 0.2; P=0.29). In a post hoc analysis of patients
with a reported serious adverse event of malignancy, 9 (15.3%) from
the dapagliflozin group and 17 (23.9%) from the placebo group died
(HR [95% CI] 0.69 [0.30, 1.56]).

Discussion

The DAPA-CKD trial showed that dapagliflozin significantly pro-
longed survival in patients with CKD with and without Type 2 dia-
betes. In this pre-specified analysis, we showed that survival benefits
were consistent across a range of patient subgroups and were mainly
driven by reductions in non-cardiovascular causes of death which
accounted for 41% of all deaths. Deaths due to infections and malig-
nancies were the most frequently occurring causes of non-
cardiovascular death and each of these occurred less frequently in

participants treated with dapagliflozin compared with placebo.
Cardiovascular death accounted for 37% of all deaths with sudden
cardiac death and deaths due to heart failure being the most fre-
quently occurring causes of death in this category. The numerically
lower event rate of cardiovascular death with dapagliflozin vs. pla-
cebo seemed to be mainly driven by fewer deaths due to heart fail-
ure. The effect of dapagliflozin on undetermined causes of deaths was
similar to cardiovascular deaths.

Prior observational studies describing the causes of death in
patients with CKD reported that the highest proportion of death
was from cardiovascular death.”® These studies also highlighted the
strong association between lower eGFR and higher albuminuria with
cardiovascular death. Most observational studies use ICD coding or
death certificates to classify causes of death. The quality of ascertain-
ing the causes of death using these methods has been shown to be
suboptimal.n'13 In contrast, causes of death were adjudicated by an
independent clinical events committee in DAPA-CKD. Event adjudi-
cation has been employed in other large randomized controlled trials
and should reduce the chance of misclassifications and bias. An ana-
lysis from the randomized controlled Trial to Reduce Cardiovascular
Events With Aranesp Therapy (TREAT) reported that in patients
with Type 2 diabetes and CKD, >50% of all deaths were attributed to
cardiovascular cause, of which heart failure and sudden cardiac death
were the most frequently reported causes.'* In the same trial, as in
DAPA-CKD, non-cardiovascular causes of deaths were mainly driven
by deaths due to infections and malignancies.™ In contrast, in patients
with CKD without diabetes, the Study of Heart And Renal
Protection (SHARP) trial reported that non-vascular death occurred
nearly twice as often as vascular deaths, with deaths due to malignan-
cies, pulmonary causes and renal causes accounting for the majority
of deaths."® Thus, in patients with CKD with and without Type 2 dia-
betes recruited in the DAPA-CKD trial, the main causes of death
being cardiovascular death and deaths due to infections and malignan-
cies are in keeping with previous findings from other randomized
controlled trials.

The reduction in all-cause mortality with dapagliflozin in our trial
was achieved on top of guideline-recommended standard of care
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Figure 2 Kaplan—Meier curve for all-cause mortality in participants (A) with Type 2 diabetes and (B) without Type 2 diabetes. Cl, confidence

interval.
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Figure 3 All-cause mortality outcome by pre-specified subgroups at baseline. Cl, confidence interval; eGFR, estimated glomerular filtration rate.

including optimal blood pressure management with ACEi or ARBs,
which have not been shown to prolong survival in patients with
CKD."® It is possible that the observed effects of dapagliflozin on
non-cardiovascular death may be related to its benefits on cardiovas-
cular and kidney protection, with preserved cardiorenal function pro-
viding better resilience under strain from severe illness and
intercurrent events, and thereby leading to improved survival
Furthermore, dapagliflozin reduced the risks of end-stage kidney dis-
ease, a condition which is known to be associated with higher cardio-
vascular and non-cardiovascular mortality rates.

The effect size of dapagliflozin on cardiovascular death in the
DAPA-CKD trial was generally similar to that observed in two
other clinical trials of SGLT2 inhibitors in patients with Type 2 dia-
betes and CKD (CREDENCE and SCORED).”"” Neither of these
trials were designed and powered to assess effects of SGLT2 inhib-
ition on cardiovascular death, and the relative risk reductions were
not statistically significant in either trial. However, when meta-
analysed, SGLT2 inhibition reduces the risk of cardiovascular death
by 16% (HR [95% CI] 0.84 [0.73, 0.97]) with no evidence of het-
erogeneity (P=0.67; > for heterogeneity 0.0%; Figure 5). This

finding suggests that SGLT?2 inhibitors prevent cardiovascular death
in patients with CKD. Although there was no effect of canagliflozin
or sotagliflozin on non-cardiovascular deaths, in the CREDENCE
trial, canagliflozin also reduced the incidence of death due to infec-
tions, which is consistent with our ﬁndings.18 Reasons for contrast-
ing effects on non-cardiovascular death across the three trials are
unknown but may relate to differences in patient population since
we included patients without diabetes, who are more likely to die
of non-cardiovascular causes. Furthermore, we enrolled patients
with lower eGFR compared to CREDENCE (25-75 vs. 30-90 mL/
min/1.73 m?).” SCORED exclusively enrolled patients with cardio-
vascular risk factors who are more likely to die of cardiovascular
causes."”” A history of cardiovascular disease was not an inclusion
criterion in DAPA-CKD. Indeed, while cardiovascular death event
rates were comparable between DAPA-CKD and CREDENCE, the
cardiovascular death rate was higher in SCORED while the non-
cardiovascular death rate was somewhat higher in DAPA-CKD."
There were also differences in the design of the trials, such as the
possibility to continue study medication when dialysis was initiated
in DAPA-CKD.
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Figure 4 Effect of dapagliflozin on cardiovascular, non-cardiovascular and undetermined causes of deaths. Main causes of cardiovascular and non-
cardiovascular death are shown. Event numbers for other causes of cardiovascular or non-cardiovascular deaths were below 5 and are not reported.

Cl, confidence interval; MI, myocardial infarction.

Focusing on the effect of dapagliflozin on death due to infections,
dapagliflozin did not significantly reduce the actual risk of serious
infections since the number of serious adverse events due to infec-
tions was similar between the dapaglifiozin and placebo group.
However, a post hoc analysis suggested that mortality was reduced
with dapagliflozin among patients with severe infections, supporting
the notion that dapagliflozin may provide organ protection and re-
duce the risk of complications and disease progression due to infec-
tions. These findings should be interpreted with caution due to the
low number of events but are supported by experimental data show-
ing beneficial effects of SGLT2 inhibition in animal models of infection.
In a sepsis model, empagliflozin suppressed systemic inflammation
and reduced mor‘cality.20 Another study demonstrated that dapagli-
flozin reduced pulmonary infections with Pseudomonas aeruginosa by
improving airway glucose homeostasis.”' Furthermore, in patients
with Type 2 diabetes without CKD or established cardiovascular dis-
ease, SGLT2 inhibition appears to have a favourable effect on a num-
ber of detrimental processes that are triggered in a setting of severe
infections. SGLT2 inhibitors decrease glucose and insulin levels and

shift energy metabolism to an increased reliance on lipid oxidation,
with a reduced reliance on glucose, and inhibition of glycolysis; this
may lead to lipolysis, reduce reactive oxygen species and oxidative
stress, and ultimately result in cellular and organ protection.22 What
role such mechanisms would play in a patient with insulin resistance
and potential catabolism induced by acute illness is currently un-
known. Overall, these data highlight a potential role of SGLT2 inhibi-
tors in reducing deaths due to infections through organ protection, a
concept being further explored in ongoing clinical trials such as the
DARE-19 (NCT04350593), which is evaluating the potential role of
dapagliflozin in reducing mortality and kidney, cardiovascular, and pul-
monary complications in patients hospitalized with COVID-19.

In DAPA-CKD, there were also fewer deaths due to malignancy in
participants randomized to dapagliflozin compared to placebo. This
finding should also be interpreted cautiously since relatively few
patients died due to malignancies, and we did not observe a clear pat-
tern in malignancy-related deaths. Nevertheless, increased expres-
sion and functional activity of SGLT2 transporters have been
described in various tumours including prostate and lung
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Figure 5 Effect of sodium-glucose co-transporter 2 inhibitors on mortality in three clinical trials in patients with chronic kidney disease.
Cardiovascular death was a component of the primary outcome in all trials. Because of loss of funding in the SCORED trial (sotagliflozin) not all end-
points were adjudicated and only investigator-reported endpoints were published. Data extracted from the CREDENCE (canagliflozin) and
SCORED publications.”"”"? Relative risk ratios are presented for SCORED since hazard ratios could not be extracted. *In all trials undetermined

causes of death were assumed to be of cardiovascular cause and were combined with cardiovascular causes of death. Quantitative assessment of ef-
fect on all-cause mortality and each cause of death was made by random-effects meta-analysis and calculating P-value for heterogeneity of the individ-
ual trial results. Summary statistics across trials are not provided because of heterogeneity for all-cause mortality and non-cardiovascular death.

adenocarcinomas, renal and hepatocellular carcinomas, and cervical
and breast cancer cells.”>® In addition, SGLT?2 inhibition with dapa-
gliflozin and canagliflozin reduced tumour growth and prolonged sur-
vival in a mouse model and patient-derived xenografts of lung
adenocarcinomas.** Dapagliflozin also inhibited cell growth in renal
and hepatocellular carcinoma cell lines by inducing cell cycle arrest
and enhancing apoptosis,”> while canagliflozin inhibited the progres-
sion of non-alcoholic steatohepatitis to hepatocarcinogenesis partly
due to induction of apoptosis.?’

This analysis has limitations. First, the DAPA-CKD study was ter-
minated early for overwhelming efficacy based on a recommendation
of the Independent Data Monitoring Committee; this has limited the
precision of effect estimates for some of the secondary and explora-
tory endpoints including all-cause mortality. Second, while all mortal-
ity endpoints were adjudicated by the independent event
adjudication committee, the cause of death could not be determined
in 54 (1.3%) participants. However, this proportion is similar to that
in other clinical trials with SGLT2 inhibitors or other agents. The
comparison of cardiovascular and non-cardiovascular deaths in
patients with or without dialysis may be biased and should be careful-
ly interpreted as patients with cardiovascular instability due to under-
lying cardiovascular disease might not be expected to start dialysis.
The duration that patients were followed while they were receiving
dialysis was short and, therefore, comparisons of death rates with
other studies that recruited patients with prevalent dialysis are likely

to be inaccurate. Finally, we analysed data from a clinical trial that
enrolled patients with CKD who were selected based on the inclu-
sion and exclusion criteria and other factors that determined the trial
participation, which may limit the generalizability of the results.

In conclusion, in this pre-specified analysis of the DAPA-CKD trial,
we demonstrated that dapagliflozin consistently prolonged survival
regardless of various patient characteristics. The benefits of dapagli-
flozin on overall mortality were driven largely by reductions in non-
cardiovascular death, in particular deaths due to infections and
malignancies.

Supplementary material

Supplementary material is available at European Heart Journal online.
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