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ABSTRACT 

Background. Chronic kidney disease (CKD) presents a significant clinical and economic burden to healthcare systems worldwide, 
which increases considerably with progression towards kidney failure. The Dapagliflozin and Prevention of Adverse Outcomes in 

Chronic Kidney Disease (DAPA-CKD) trial demonstrated that patients with or without type 2 diabetes who were treated with da- 
pagliflozin experienced slower progression of CKD versus those receiving placebo. Understanding the effect of long-term treatment 
with dapagliflozin on the timing of kidney failure beyond trial follow-up can assist informed decision-making by healthcare providers 
and patients. The study objective was therefore to extrapolate the outcome-based clinical benefits of treatment with dapagliflozin in 

patients with CKD via a time-to-event analysis using trial data. 

Methods. Patient-level data from the DAPA-CKD trial were used to parameterize a closed cohort-level partitioned survival model that 
predicted time-to-event for key trial endpoints (kidney failure, all-cause mortality, sustained decline in kidney function and hospital- 
ization for heart failure). Data were pooled with a subpopulation of the Dapagliflozin Effect on Cardiovascular Events – Thrombolysis 
in Myocardial Infarction 58 (DECLARE-TIMI 58) trial to create a combined CKD population spanning a range of CKD stages; a parallel 
survival analysis was conducted in this population. 

Results. In the DAPA-CKD and pooled CKD populations, treatment with dapagliflozin delayed time to first event for kidney failure, 
all-cause mortality, sustained decline in kidney function and hospitalization for heart failure. Attenuation of CKD progression was 
predicted to slow the time to kidney failure by 6.6 years [dapagliflozin: 25.2, 95% confidence interval (CI) 19.0–31.5; standard therapy: 
18.5, 95% CI 14.7–23.4] in the DAPA-CKD population. A similar result was observed in the pooled CKD population with an estimated 
delay of 6.3 years (dapagliflozin: 36.0, 95% CI 31.9–38.3; standard therapy: 29.6, 95% CI 25.5–34.7). 

Conclusion. Treatment with dapagliflozin over a lifetime time horizon may considerably delay the mean time to adverse clinical 
outcomes for patients who would go on to experience them, including those at modest risk of progression. 
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GRAPHICAL ABSTRACT 

KEY LEARNING POINTS 
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NTRODUCTION 

he global prevalence of chronic kidney disease (CKD) is esti-
ated at 11%–14% [1 , 2 ], with over 850 million people affected
orldwide [3 ]. Patients’ CKD may progress to end-stage kidney
isease, or kidney failure, necessitating kidney replacement
herapy in the form of dialysis or kidney transplantation as life-
xtending therapies. Dialysis is costly to the healthcare service
n terms of resources and healthcare service delivery [4 ], burden-
ome to patients’ health-related quality of life [5 ] and typically
equires frequent visits to a healthcare facility. Therefore, an
nmet need exists for therapies to slow the progression of kidney
unction decline, prolong life expectancy and reduce downstream
dverse cardio-renal effects. 
An emerging option for patients with CKD secondary to sev-

ral kidney pathologies is dapagliflozin, a sodium-glucose co-
ransporter 2 (SGLT2) inhibitor and an established therapy for pa-
ients with type 2 diabetes (T2D) that has demonstrated signifi-
ant reductions in cardiovascular- and kidney-related outcomes
6 –9 ]. Dapagliflozin is an example of this drug class that has been
tudied across multiple randomized controlled trials. Kidney-
rotective effects (distinct from glucose-lowering ones) were ob-
erved in the Dapagliflozin Effect on Cardiovascular Events –
hrombolysis in Myocardial Infarction 58 (DECLARE-TIMI 58) trial
nvolving patients with T2D with or at risk of atherosclerotic dis-
ase [9 ] and the subsequent Dapagliflozin and Prevention of Ad-
erse Outcomes in Chronic Kidney Disease (DAPA-CKD) trial eval-
ated efficacy and safety, focused on patients with CKD, with or
ithout T2D [6 ]. Treatment with dapagliflozin led to significant
eductions in the composite and individual component endpoints
or CKD progression, risk of hospitalization for heart failure and
eath from any cause [10 ]. 
A common limitation of randomized, controlled clinical trials

s that they have a typical follow-up period of up to 4 years, yet
atients are often treated over a much longer period in clinical
ractice. Therefore, despite their large size, the DECLARE-TIMI 58
nd DAPA-CKD trials may not fully demonstrate the clinical value
f dapagliflozin in treating a chronic, progressive disease. Further-
ore, clinical trials are powered to demonstrate risk reduction
nly over the time horizon of the trial; extrapolating the treat-
ent effect beyond the follow-up period to estimate delayed time

o adverse outcomes can provide evidence to support informed
ecision-making by patients and clinicians, and resource planning
or healthcare providers. 
The objectives of this study were to quantify the long-term

enefits of dapagliflozin extrapolated beyond the time hori-
on of typical clinical trials, and to determine whether kid-
ey/cardiovascular benefits are observed in early, intermediate
nd advanced stages of CKD using patient level data from the
APA-CKD and DECLARE-TIMI 58 trials. 

ATERIALS AND METHODS 

nalysis populations 
he analysis considered two populations: the DAPA-CKD popula-
ion and a pooled CKD population, comprising both the DAPA-CKD
opulation and a subset of the DECLARE-TIMI 58 trial population
hat met the criteria for a CKD diagnosis at baseline. The anal-
sed trials were subject to ethical review and trial participants
rovided written informed consent as recorded in the associated
ublications [6 , 9 ]. 
The DAPA-CKD population reflected the eligibility criteria for

he DAPA-CKD trial, namely patients with or without T2D, with
stimated glomerular filtration rate (eGFR) 25–75 mL/min/1.73 m2 

nd urine albumin-to-creatinine ratio (UACR) 200–5000 mg/g;
etails of the DAPA-CKD study design and patient characteris-
ics have previously been published [6 , 11 ]. The DECLARE-TIMI
8 trial did not include CKD diagnosis as part of its inclusion
r exclusion criteria, but baseline trial data were used to in-
orm the risk of CKD according to Kidney Disease: Improving
lobal Outcomes (KDIGO) criteria (eGFR < 60 mL/min/1.73 m2 or
ACR > 30 mg/g) [12 ]. Filtering by these criteria yielded a sub-
et of the trial population with CKD, defined as DECLARECKD 

 n = 5969) [9 , 13 ]. The DECLARECKD population consisted of pa-
ients with T2D who typically had higher eGFR levels at base-
ine and lower levels of albuminuria than patients in the DAPA-
KD trial (Fig. 1 ), thus representing patients with less advanced
KD relative to the DAPA-CKD population. The summary base-
ine characteristics for the analysis populations are detailed in
able 1 . 

ime-to-event analysis 
o quantify outcomes-based clinical benefit of dapagliflozin be-
ond the trial periods of DAPA-CKD and DECLARE-TIMI 58, a
losed cohort level partitioned survival model was used to pre-
ict the outcomes of patients receiving dapagliflozin plus stan-
ard therapy versus standard therapy alone. This approach con-
iders the development of a single cohort of patients over time
closed cohort) as opposed to the addition of new, incident-disease
atients over time. Here, the partitioned survival approach [15 ]
s used on a clinical event basis to incorporate competing risks
f mortality. Patients begin in the event-free partition and, over
ime, the proportion who die move to a ‘dead’ partition and among
he remaining proportion of the cohort, those who are expected
o have an event are moved to the ‘event occurred’ partition ac-
ording to the independently determined survival curves for each
linical event. In subsequent time periods, only patients in the
event-free’ partition are at risk of events, so the entire cohort is
ccounted for across all partitions at every point in time. 
The analysis assumes an intention-to-treat perspective and

vents were considered separately for extrapolation. Non-fatal
vents were analysed assuming constant hazard in a competing
isk framework, with a first-order adjustment for mortality (that
s, an adjustment according to general population age/sex mor-
ality). Mortality was taken as the maximum of trial-observed,
ll-cause mortality (modelled using a generalized gamma distri-
ution) and general population mortality (sex- and age-weighted
verage, according to top country representation in the trials;
upplementary data, Fig. S1). Only time to first event was con-
idered, thus excluding subsequent events; outcomes were esti-
ated for a cohort size of 1000 patients. 
Given the infrequency of some events, a median time (50%

f patients) was not expected to be reached within typical pa-
ients’ lifetimes; mean times were therefore estimated for con-
istency. Mean time to first event was calculated as the num-
er of events over the corresponding survival time (defined as
ime until death of the 1000-patient cohort). For fatal events (all-
ause mortality), this time represents mean survival. For non-
atal events, this time frame is the average time until the event
ccurs in patients who do not die, i.e. patients may die with-
ut experiencing a non-fatal event, thus the mean time corre-
ponds only to those who would both experience an event in
heir lifetime. Uncertainty intervals (95% confidence) were calcu-
ated from 1000 bootstrap replicates of the corresponding patient
opulations. 

https://academic.oup.com/ndt/article-lookup/doi/10.1093/ndt/gfae106#supplementary-data
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Figure 1: Patient baseline disease characteristics, stratified by T2D status, and eGFR/UACR bands as defined by KDIGO guidelines [14 ]. Bars represent 
proportions while superimposed numbers correspond to patient counts in each category. T2DM, type 2 diabetes mellitus. 
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Model outcomes 
The modelled endpoints were all-cause mortality; kidney failure
(sustained eGFR < 15 mL/min/1.73 m2 , initiation of chronic dialy-
sis treatment or receipt of kidney transplant), sustained decline in
kidney function ( ≥40% decline in eGFR compared with baseline)
and hospitalization for heart failure. The primary definition of
sustained kidney function decline differed between the two trials
(DAPA-CKD: ≥50% eGFR decline; DECLARE-TIMI 58: ≥40% eGFR
decline); the present analysis was consequently restricted to the
≥40% eGFR decline definition, since only this definition was avail-
able consistently across both datasets. The primary outcome for
each endpoint was the mean time-to-event in years, with delay
defined as the difference in means. Incidence of all outcomes are
presented graphically over time, with survival curves plotted for
expected incidence over the lifetime of a cohort of 1000 patients. 

RESULTS 

Time-to-event analysis in the DAPA-CKD 

population 

According to modelled estimates, mean overall survival time in
the dapagliflozin plus standard therapy arm was estimated to
be longer than that of treatment with standard therapy alone 
(13.1 versus 9.9 years, respectively; delay to death of 3.2 years,
Fig. 2 ). 

This modelled survival served as the competing risk for all non- 
fatal endpoints, as plots depict the time to either the correspond- 
ing event or all-cause mortality, whichever comes first (as in clini-
cal trial composite endpoints). As such, the reporting of the mean 
time to non-fatal events represents a time conditional both on a 
patient’s surviving for the population observation period and ex- 
periencing the non-fatal event. In accordance with the DAPA-CKD 

trial outcome, results of the extrapolated analysis were consis- 
tent with an expected delay in CKD progression, as reflected in
longer times to sustained decline in kidney function (5.9 years) 
and kidney failure (6.6 years) for dapagliflozin versus standard 
therapy alone (Fig. 2 , Table 2 ). Compared with kidney endpoints,
there were fewer hospitalization for heart failure events observed 
in the trial and predicted event rates were correspondingly lower,
suggesting a large proportion of patients may not experience such 
an event (Fig. 2 , Table 2 ). For those that do, the mean time-to-
event is predicted to be longer for those treated with dapagliflozin
plus standard therapy versus those treated with standard therapy 
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Table 1: Summary patient characteristics of analysis populations. 

Variable 
DAPA-CKD 

( N = 4304) 
Pooled CKD 

( N = 10 273) 

Age, years 61.8 (12.1) 63.3 (9.6) 
Female 1425 (33.1) 3365 (32.8) 
Race 

Asian 1467 (34.1) 2367 (23.0) 
Black 191 (4.4) 411 (4.0) 
Other 356 (8.3) 581 (5.7) 
White 2290 (53.2) 6914 (67.3) 

Baseline body mass index, kg/m² 29.5 (6.2) 31.3 (6.3) 
Current smoker 584 (13.6) 1482 (14.4) 
Baseline systolic blood pressure, 

mmHg 
137.1 (17.4) 137.3 (16.7) 

Baseline diastolic blood pressure, 
mmHg 

77.5 (10.5) 77.8 (9.8) 

Haemoglobin, g/dL 12.8 (1.8) 13.4 (1.7) 
Baseline serum potassium, mq/L 4.6 (0.6) 4.5 (0.5) 
Baseline eGFR (mL/min per 1.73 m2 ) 

Mean (SD) 43.1 (12.4) 64.4 (24.7) 
Distribution 

G1 ( > 90) 0 (0.0) 2335 (22.7) 
G2 (60–89) 454 (10.5) 2854 (27.8) 
G3a (45–59) 1328 (30.9) 2378 (23.1) 
G3b (30–44) 1898 (44.1) 2062 (20.1) 
G4 (15–29) 624 (14.5) 640 (6.2) 
G5 ( < 15) 0 (0.0) 4 (0.0) 

Baseline UACR (mg/g) 
Median (IQR) 949 (477–1885) 284 (62–932) 
Distribution 

A1 ( < 30) 1 (0.0) 772 (7.5) 
A2 (30–300) 444 (10.3) 4473 (43.5) 
A3 ( > 300) 3859 (89.7) 5028 (48.9) 

Medical history 
Baseline T2D mellitus 2906 (67.5) 8875 (86.4) 
History of cardiovascular disease 1625 (37.8) 3569 (34.7) 
History of heart failure 468 (10.9) 1203 (11.7) 
History of stroke 298 (6.9) 767 (7.5) 
History of myocardial infarction 392 (9.1) 1760 (17.1) 
ACE inhibitor or ARB 4209 (97.8) 9170 (89.3) 

Unless otherwise indicated, values for continuous variables are mean (SD); val- 
ues for categorical variables represent counts (%). 
ACE, angiotensin-converting enzyme; ARB, angiotensin II receptor blocker; SD, 
standard deviation; IQR, interquartile range. 
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ime-to-event analysis in the pooled CKD 

opulation 

he pooled CKD population consists of patients with a broader
ange of CKD, including patients with less severe albuminuria
 < 200 mg/g) and milder eGFR impairment ( > 75 mL/min/1.73 m2 ),
han the DAPA-CKD population. The pooled CKD population had
ncreased mortality risk factors such as increased age and pro-
ortion of T2D in comparison with the DAPA-CKD population
Table 1 ). Extrapolations of all-cause mortality predicted a delay
n mortality (16.1 versus 13.1 years for dapagliflozin plus standard
herapy versus standard therapy alone; delay of 3.0 years (Fig. 2 ,
able 2 ). 
Non-fatal events in the pooled CKD population were subject

o the same analysis as for the DAPA-CKD population, and esti-
ates are thus subject to the same conditions of patient survival
nd experiencing the event. Times to event for non-fatal events
ere longer for the arm treated with dapagliflozin plus standard
herapy versus standard therapy alone, and estimated times for
he pooled population were longer than those for corresponding
ndpoints in the DAPA-CKD population (Fig. 2 , Table 2 ). 
The predicted increments in time-to-event differed in magni-

ude between the analysed populations. Between the DAPA-CKD
nd pooled CKD analyses, comparable delays were predicted for
ean time to kidney failure (6.6 and 6.3 years, respectively), but

or decline in kidney function, longer delays were expected in the
ooled population (5.9 and 6.8 years, for DAPA-CKD and pooled
KD, respectively). A longer delay in hospitalization for heart fail-
re was estimated in the DAPA-CKD versus pooled CKD analysis
7.9 versus 6.2 years, respectively); however, all-cause mortality
as subject to similar delays between the two (3.2 and 3.0 years,
APA-CKD and pooled CKD, Table 2 ). A greater proportion of pa-
ients in the pooled CKD population was expected to experience
ospitalization for heart failure events compared with the DAPA-
KD population (Fig. 2 ). 

ISCUSSION 

he DECLARE-TIMI 58 and DAPA-CKD trials demonstrated sub-
tantial benefits to patients with CKD through treatment with da-
agliflozin, including reduced risk of kidney failure and hospital-
zation for heart failure, and lower mortality rates over median
ollow-up periods of 4.3 and 2.4 years, respectively [6 , 9 ]. In the
resent analysis, we have extrapolated these outcomes over pa-
ients’ lifetimes, suggesting that treatment with dapagliflozin, in
ddition to standard of care such as angiotensin-converting en-
yme inhibitors or angiotensin-receptor blockers, may lead to in-
reased life expectancy and delayed time to adverse cardio-renal
utcomes. We estimate that treatment with dapagliflozin may de-
ay progression to kidney failure by an estimated 6.6 years in the
APA-CKD population—a population considered to be at high risk
f progression. A pooled analysis including patients with milder
lbuminuria and/or eGFR impairment yielded comparable delays
n mean time-to-event across renal and cardiovascular events. 
This study builds on other extrapolative analyses of SGLT2 in-

ibitor therapy in patients with CKD using patient-level data from
he DAPA-CKD and DECLARE-TIMI 58 trial populations [16 , 17 ].
he delays in deleterious outcomes predicted across the range of
KD disease severity would lead to delayed requirement for dial-
sis, and/or kidney transplantation. The delay in events is such
hat a proportion of patients is expected never to reach the event
n their lifetime or would reach the event at a later timepoint, with
ewer years spent on kidney replacement therapy. Both of these
utcomes would lead to an overall reduction in time on dialy-
is per cohort, thereby reducing the burden of CKD on healthcare
esources [4 ]. 
From the patient perspective, a delay in reaching kidney fail-

re could substantially improve health related quality of life and
dditional life years could be spent without the need for kidney
eplacement therapies, a target relevant to all CKD subpopula-
ions. There is a demonstrated detriment in health-related quality
f life for patients initiating dialysis who may already have lim-
ted capacity to access these therapies, such as elderly patients;
n such cases kidney replacement therapy aimed at increasing
ife expectancy may not be achievable [18 ]. In addition, patients
ho reach kidney failure who are employed are likely to face sub-
tantive productivity loss and possibly an inability to work [19 ].
t is also widely accepted that there is a considerable burden on
amilies and caregivers of patients treated with dialysis [20 ]; while
ess quantifiable, a delay in reaching kidney failure could be ex-
ected to have a significant impact on the quality of life for care-
ivers and family groups. 
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Figure 2: Extrapolated mean time-to-event for ESKD, ≥40% sustained decline in eGFR, hospitalization for heart failure, all-cause mortality for patients 
treated with dapagliflozin plus standard therapy (blue) vs standard therapy alone. Outcomes are provided per 1000 patients treated with dapagliflozin 
in addition to standard therapy (blue) versus standard therapy alone (grey). Values indicate the mean time-to-event, conditional on a patient’s 
experiencing an event during the observation period, taken as the predicted lifespan (defined as the first time for survival to reach numerically less 
than one individual out of the cohort of 1000). ACM: all-cause mortality; ESKD: end-stage kidney disease; HHF: hospitalization for heart failure. 

Table 2: Time-to-event (years) for dapagliflozin plus standard therapy versus standard therapy alone. 

Endpoint Dapagliflozin plus standard therapy Standard therapy Delay 

DAPA-CKD population 
Kidney failure 25.2 (19.3, 31.3) 18.6 (14.8, 23.2) 6.6 (2.8, 10.8) 
≥40% eGFR decline 19.8 (15.9, 23.6) 14.0 (11.7, 16.6) 5.9 (3.4, 8.7) 
Hospitalization for HF 29.7 (21.7, 38.2) 21.8 (16.9, 28.1) 7.9 (3.1, 13.3) 
All-cause mortality 13.1 (10.1, 16.7) 9.9 (8.0, 12.4) 3.2 (0.9, 5.8) 

Pooled CKD population 
Kidney failure 35.9 (31.8, 38.2) 29.7 (25.7, 35.2) 6.3 (2.1, 9.5) 
≥40% eGFR decline 31.8 (28.4, 33.7) 24.9 (22.0, 28.8) 6.8 (3.8, 9.2) 
Hospitalization for HF 34.8 (30.9, 37.0) 28.6 (25.0, 33.7) 6.2 (2.4, 9.2) 
All-cause mortality 16.1 (14.1, 18.6) 13.1 (11.8, 14.8) 3.0 (1.5, 4.7) 

Values indicate means with 95% confidence intervals in parentheses, derived from 1000 bootstrap replicates of the corresponding trial populations. 
HF: heart failure. 

 

 

 

 

 

 

 

 

 

 

 

 

Evidence from clinical trials is crucial to inform on treat-
ment efficacy when the evaluated interventions are to be
applied to a wider population in clinical practice. However,
the practical limitations of clinical trial design, including fo-
cused populations and restricted follow-up, can complicate
the estimates of applicability to broader use. Trials typically
present outcomes with summary statistics such as hazard ratios,
P -values and the number needed to treat over the trial follow-
up period. However, further characterization of treatment ben-
efits may have a significant impact to patients and health-
care systems beyond a delay of adverse outcomes, which may
lead to more patient-centric decision making. Innovative extrap- 
olative methods can supplement traditional statistical analyses 
to address evidence gaps and broaden understanding of new 

treatments [21 –24 ]. 
As with any extrapolative analysis, this analysis is subject to 

limitations. Any extrapolation beyond observed trial data is sub- 
ject to uncertainty. However, there is a paucity of long-term evi- 
dence to validate the projections, though available evidence may 
corroborate the evolution of hazards over time, including longer 
term progression to kidney failure [25 ], and the impact of age on
outcomes [26 ]. 
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Inherent to parametric survival modelling is the reduction
f complex disease processes to a model characterized by only
 few parameters. Furthermore, the independent modelling of
utcomes meant that risks (of the same or other events) were
ot modified after event occurrence. The use of such mod-
ls, however, provides a first estimate of potential future out-
omes, and so enables valuable insight to the potential ben-
fits of a treatment. Interpretation of results still requires an
lement of care, as the extrapolative analysis was aligned
o trial inclusion criteria (whether DAPA-CKD or pooled CKD
opulations). 
Pooling available trial data has the advantage of increasing sta-

istical power to observe events and broaden the evidence for use
f dapagliflozin across a range of CKD stages, but differences be-
ween the trial populations may have influenced the observed re-
ults; the DECLARECKD population trended towards older age and
atients with T2D. 
In our study, the patient-level data used covered a broad range

f CKD severity, but data in those with less severe disease were
imited to patients who also had T2D. Patients across a broad
ange of UACR, with or without T2D, were included in the clinical
rial to assess the efficacy and safety of empagliflozin in chronic
idney disease (EMPA-KIDNEY), demonstrating a 28% reduction
n the primary composite outcome (progression of kidney disease
r death from cardiovascular causes) over a 2.0-year follow-up
eriod [27 ]. Nevertheless, it did not provide outcomes for con-
tituent components of the composite endpoint stratified by com-
inations of both mild UACR ( < 200 mg/g) and mild eGFR impair-
ent ( > 45 mL/min/1.73 m2 ), thereby obviating direct comparison
ith the present results. In addition, long-term effects have been
reviously demonstrated in patients with albuminuric CKD (A3,
 300 mg/g) without T2D, where treatment with SGLT2 inhibitors
n addition to standard therapy were found to avoid progression to
idney failure [17 ]. However, our pooled population analysis sug-
ests that SGLT2 inhibitors are also effective in the wider CKD
opulation, including patients with milder disease and low UACR.
uture observational studies are needed to validate the clinical
utcomes estimated here in a comparable population without
2D. 

ONCLUSION 

ur analysis shows that slowing CKD progression through
ong-term treatment with dapagliflozin may lead to substantial
elays in the time to major adverse cardio-renal outcomes
uch as kidney failure, as well as improving life expectancy.
hese findings may support informed decision making by
atients and clinicians, improving treatment strategies for
KD. 
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ransplantation online. 

CKNOWLEDGEMENTS 

he authors thank Carla De Villiers of Health Economics and
utcomes Research Ltd for providing medical writing sup-
ort/editorial support, which was funded by AstraZeneca in
ccordance with Good Publication Practice (GPP3) guidelines
 http://www.ismpp.org/gpp3). 
UNDING 

his work was supported by AstraZeneca, who provided support
or the analysis and medical writing for this study. The fund-
ng agreement ensured the authors’ independence in designing
he study, interpreting the data and preparing the manuscript for
ublication. 

UTHORS’ CONTRIBUTIONS 

.J.G.S., P.M., P.D.G. and J.A.D. conceptualized and designed the
tudy. J.A.D. and P.D.G. were responsible for data analysis. All au-
hors contributed to interpretation of the results, preparation and
eview of the manuscript, and approval of the final manuscript for
ublication. 

ATA AVAILABILITY STATEMENT 

ata underlying the findings described in this manuscript may
e obtained in accordance with AstraZeneca’s data sharing policy
escribed at: https://astrazenecagrouptrials.pharmacm.com/ST/
ubmission/Disclosure. 

ONFLICT OF INTEREST STATEMENT 

.M., P.D.G and J.A.D. are employees of Health Economics and
utcomes Research Ltd, Cardiff, UK, who received fees from As-
raZeneca in relation to this study. C.D.S., S.B., P.K., M.O., S.C.
nd J.J.G.S. are employees of AstraZeneca. R.C.-R. has received
onoraria as consultant from AstraZeneca, Boehringer Ingel-
eim, Janssen, Bayer, Chinook, AbbVie and Novo Nordisk, and re-
earch support from AstraZeneca, Boehringer Ingelheim, Roche
nd Novo Nordisk. P.R. has received honoraria to Steno Diabetes
enter Copenhagen for consultancy from AstraZeneca, Astel-
as, Bayer, Boehringer Ingelheim, Gilead, Novo Nordisk, Merck,
undipharma, Sanofi and Vifor, and research support from As-

raZeneca, Bayer and Novo Nordisk. D.C.W. has provided ongo-
ng consultancy services to AstraZeneca in the last 2 years and
as received honoraria and/or consultancy fees from Amgen, As-
raZeneca, Boehringer Ingelheim, Bayer, Eledon, Galderma, GSK,
eorge Clinical, Janssen, Merck Sharp and Dohme, ProKidney,
akeda, Vifor and Zydus. He also reports speaking fees from Astel-
as, AstraZeneca and Vifor, and support for travel/meeting at-
endance from Astellas, AstraZeneca and Pro. He has served on
SMBs for Eledon, Galderma, Merck, ProKidney and Pathalys. He
s a member of the International Society of Nephrology and Na-
ional Institute of Health Research, UK. H.J.L.H. is a consultant for
straZeneca, AbbVie, Boehringer Ingelheim, CSL Behring, Bayer,
hinook, Dimerix, Gilead, Goldfinch, Merck, Novo Nordisk, Janssen
nd Travere Pharmaceuticals. He received research support from
straZeneca, Boehringer Ingelheim, Janssen and Novo Nordisk. 

EFERENCES 

. Hill NR, Fatoba ST, Oke JL et al. Global prevalence of chronic
kidney disease—a systematic review and meta-analysis. PLoS
One 2016; 11 :e0158765. https://doi.org/10.1371/journal.pone.
0158765

. Lv JC, Zhang LX. Prevalence and disease burden of chronic kid-
ney disease. Adv Exp Med Biol 2019; 1165 :3–15. https://doi.org/10.
1007/978-981-13-8871-2_1

. Jager KJ, Kovesdy C, Langham R et al. A single number
for advocacy and communication-worldwide more than

https://academic.oup.com/ndt/article-lookup/doi/10.1093/ndt/gfae106#supplementary-data
https://academic.oup.com/ndt/article-lookup/doi/10.1093/ndt/gfae106#supplementary-data
http://www.ismpp.org/gpp3
https://astrazenecagrouptrials.pharmacm.com/ST/Submission/Disclosure
https://doi.org/10.1371/journal.pone.0158765
https://doi.org/10.1007/978-981-13-8871-2_1


P. McEwan et al. | 2047

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

RA. T
850 million individuals have kidney diseases. Nephrol
Dial Transplant 2019; 34 :1803–5. https://doi.org/10.1093/ndt/
gfz174

4. Vanholder R, Annemans L, Brown E et al. Reducing the costs of
chronic kidney disease while delivering quality health care: a
call to action. Nat Rev Nephrol 2017; 13 :393–409. https://doi.org/
10.1038/nrneph.2017.63

5. Pagels AA, Söderkvist BK, Medin C et al. Health-related quality
of life in different stages of chronic kidney disease and at initi-
ation of dialysis treatment. Health Qual Life Outcomes 2012; 10 :71.
https://doi.org/10.1186/1477-7525-10-71

6. Heerspink HJL, Stefánsson BV, Correa-Rotter R et al. Da-
pagliflozin in patients with chronic kidney disease. N Engl J Med
2020; 383 :1436–46. https://doi.org/10.1056/NEJMoa2024816

7. McMurray JJV, Solomon SD, Inzucchi SE et al. Dapagliflozin
in patients with heart failure and reduced ejection fraction.
N Engl J Med 2019; 381 :1995–2008. https://doi.org/10.1056/
NEJMoa1911303

8. Solomon SD, McMurray JJV, Claggett B et al. Dapagliflozin in
heart failure with mildly reduced or preserved ejection frac-
tion. N Engl J Med 2022; 387 :1089–98. https://doi.org/10.1056/
NEJMoa2206286

9. Wiviott SD, Raz I, Bonaca MP et al. Dapagliflozin and cardiovas-
cular outcomes in type 2 diabetes. N Engl J Med 2018; 380 :347–57.
https://doi.org/10.1056/NEJMoa1812389

10. Heerspink HJL, Cherney D, Postmus D et al. A pre-specified anal-
ysis of the Dapagliflozin and Prevention of Adverse Outcomes in
Chronic Kidney Disease (DAPA-CKD) randomized controlled trial
on the incidence of abrupt declines in kidney function. Kidney Int
2022; 101 :174–84. https://doi.org/10.1016/j.kint.2021.09.005

11. Wheeler DC, Stefansson BV, Batiushin M et al. The dapagliflozin
and prevention of adverse outcomes in chronic kidney disease
(DAPA-CKD) trial: baseline characteristics. Nephrol Dial Transplant
2020; 35 :1700–11. https://doi.org/10.1093/ndt/gfaa234

12. Chapter 2: definition, identification, and prediction of CKD pro-
gression. Kidney Int Suppl (2011) 2013; 3 :63–72. https://doi.org/10.
1038/kisup.2012.65

13. Levin A, Stevens PE, Bilous RW et al.; Kidney Disease: Improving
Global Outcomes (KDIGO) CKD Work Group. KDIGO 2012 clin-
ical practice guideline for the evaluation and management of
chronic kidney disease. Kidney Int Suppl 2013; 3 :1–150.

14. Eknoyan G, Lameire N, Eckardt K et al. KDIGO 2012 clinical prac-
tice guideline for the evaluation and management of chronic
kidney disease. Kidney Int 2013; 3 :5–14.

15. Woods BS, Sideris E, Palmer S et al. Partitioned survival and state
transition models for healthcare decision making in oncology:
where are we now? Value Health 2020; 23 :1613–21. https://doi.org/
10.1016/j.jval.2020.08.2094

Received: November 8, 2023; Editorial decision: March 6, 2024 
© The Author(s) 2024. Published by Oxford University Press on behalf of the E

Commons Attribution License ( https://creativecommons.org/licenses/by/4.0/), whi
medium, provided the original work is properly cited. 
16. McEwan P, Darlington O, Miller R et al. Cost-effectiveness of 
dapagliflozin as a treatment for chronic kidney disease: a 
health-economic analysis of DAPA-CKD. Clin J Am Soc Nephrol 
2022; 17 :1730–41.

17. Vart P, Vaduganathan M, Jongs N et al. Estimated lifetime ben- 
efit of combined RAAS and SGLT2 inhibitor therapy in patients 
with albuminuric CKD without diabetes. Clin J Am Soc Nephrol 
2022; 17 :1754–62. https://doi.org/10.2215/CJN.08900722

18. Buur LE, Madsen JK, Eidemak I et al. Does conservative kidney 
management offer a quantity or quality of life benefit com- 
pared to dialysis? A systematic review. BMC Nephrol 2021; 22 :307.
https://doi.org/10.1186/s12882-021-02516-6

19. Kirkeskov L, Carlsen RK, Lund T et al. Employment of 
patients with kidney failure treated with dialysis or kid- 
ney transplantation-a systematic review and meta-analysis.
BMC Nephrol 2021; 22 :348. https://doi.org/10.1186/s12882-021-
02552-2

20. Van Pilsum Rasmussen SE, Eno A, Bowring MG et al. Kidney 
dyads: caregiver burden and relationship strain among partners 
of dialysis and transplant patients. Transplant Direct 2020; 6 :e566.
https://doi.org/10.1097/TXD.0000000000000998

21. Berg DD, Jhund PS, Docherty KF et al. Time to clinical benefit
of dapagliflozin and significance of prior heart failure hospi- 
talization in patients with heart failure with reduced ejection 
fraction. JAMA Cardiol 2021; 6 :499–507. https://doi.org/10.1001/
jamacardio.2020.7585

22. Inzucchi SE, Docherty KF, Køber L et al. Dapagliflozin and the in-
cidence of type 2 diabetes in patients with heart failure and re-
duced ejection fraction: an exploratory analysis from DAPA-HF.
Diabetes Care 2020; 44 :586–94. https://doi.org/10.2337/dc20-1675

23. McEwan P, Bennett Wilton H, Ong ACM et al. A model to
predict disease progression in patients with autosomal dom- 
inant polycystic kidney disease (ADPKD): the ADPKD Out- 
comes Model. BMC Nephrol 2018; 19 :37. https://doi.org/10.1186/
s12882-017-0804-2

24. Tangri N, Stevens LA, Griffith J et al. A predictive model for
progression of chronic kidney disease to kidney failure. JAMA 

2011; 305 :1553–9. https://doi.org/10.1001/jama.2011.451
25. Rahman M, Xie D, Feldman HI et al. Association between chronic 

kidney disease progression and cardiovascular disease: results 
from the CRIC Study. Am J Nephrol 2014; 40 :399–407. https://doi.
org/10.1159/000368915

26. De Nicola L, Minutolo R, Chiodini P et al. The effect of in-
creasing age on the prognosis of non-dialysis patients with 
chronic kidney disease receiving stable nephrology care. Kidney 
Int 2012; 82 :482–8. https://doi.org/10.1038/ki.2012.174

27. The EMPA-KIDNEY Collaborative Group. Empagliflozin in pa- 
tients with chronic kidney disease. N Engl J Med 2022; 388 :117–27.

his is an Open Access article distributed under the terms of the Creative 

ch permits unrestricted reuse, distribution, and reproduction in any 

https://doi.org/10.1093/ndt/gfz174
https://doi.org/10.1038/nrneph.2017.63
https://doi.org/10.1186/1477-7525-10-71
https://doi.org/10.1056/NEJMoa2024816
https://doi.org/10.1056/NEJMoa1911303
https://doi.org/10.1056/NEJMoa2206286
https://doi.org/10.1056/NEJMoa1812389
https://doi.org/10.1016/j.kint.2021.09.005
https://doi.org/10.1093/ndt/gfaa234
https://doi.org/10.1038/kisup.2012.65
https://doi.org/10.1016/j.jval.2020.08.2094
https://doi.org/10.2215/CJN.08900722
https://doi.org/10.1186/s12882-021-02516-6
https://doi.org/10.1186/s12882-021-02552-2
https://doi.org/10.1097/TXD.0000000000000998
https://doi.org/10.1001/jamacardio.2020.7585
https://doi.org/10.2337/dc20-1675
https://doi.org/10.1186/s12882-017-0804-2
https://doi.org/10.1001/jama.2011.451
https://doi.org/10.1159/000368915
https://doi.org/10.1038/ki.2012.174
https://creativecommons.org/licenses/by/4.0/

	INTRODUCTION
	MATERIALS AND METHODS
	Analysis populations
	Time-to-event analysis
	Model outcomes

	RESULTS
	Time-to-event analysis in the DAPA-CKD population
	Time-to-event analysis in the pooled CKD population

	DISCUSSION
	CONCLUSION
	SUPPLEMENTARY DATA
	ACKNOWLEDGEMENTS
	FUNDING
	AUTHORS’ CONTRIBUTIONS
	DATA AVAILABILITY STATEMENT
	CONFLICT OF INTEREST STATEMENT
	REFERENCES

