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KEY LEARNING POINTS

What is already known about this subject?
• An unmet need exists for therapies providing cardiorenal protective efficacy in addition to standard regimens in chronic
kidney disease (CKD). The Dapagliflozin and Prevention of Adverse Outcomes in Chronic Kidney Disease (DAPA-CKD)
trial demonstrated dapagliflozin is efficacious in slowing CKD progression and reducing adverse outcomes.

What this study adds?
• Using a Markov model, we project over 10 years that patients treated with dapagliflozin and standard of care could
experience slower rates of CKD progression, longer life expectancy and fewer adverse events beyond the DAPA-CKD
trial follow-up period, versus patients on standard of care alone.

What impact this may have on practice or policy?
• The projected cardiorenal benefits are likely to translate to slowing progression to dialysis and preventing adverse disease-
related outcomes, which in turn may improve health-related quality of life, and lessen the burden of CKD on healthcare
budgets and resources.

ABSTRACT

Background. The Dapagliflozin and Prevention of Adverse
Outcomes in Chronic Kidney Disease (DAPA-CKD) trial
assessed dapagliflozin versus placebo, in addition to standard
therapy, in patients with chronic kidney disease (CKD)
and albuminuria, and was terminated prematurely due to
overwhelming efficacy. The study objective was to model the
long-term clinical outcomes of DAPA-CKD beyond the trial
follow-up.
Methods. A Markov model extrapolated event incidence
per 1000 patients and CKD progression rates for patients
receiving dapagliflozin or placebo over a 10-year time horizon.
We derived treatment-specific CKD stage transition matrices
using DAPA-CKD trial data. We extrapolated relevant efficacy
endpoints using parametric survival equations for all-cause
mortality and generalized estimating equations for recurrent
events.
Results. When extrapolated over a 10-year period, patients
randomized to dapagliflozin spent more time in CKD stages
1–3 and less in stages 4–5 than placebo [0.65 (95% CrI
0.41, 0.90) and –0.23 (95% CrI -0.45, 0.00) years per patient,
respectively]. Dapagliflozin prevented an estimated 83 deaths
and 51 patients initiating kidney replacement therapy per
1000 patients over 10 years. Predicted rates of hospitalized
heart failure and abrupt declines in kidney function were
reduced (19 and 39 estimated events per 1000 patients,
respectively).
Conclusions. Adding dapagliflozin to standard therapeutic
management of CKD is expected to have long-term cardiorenal
benefit beyond what has been demonstrated in the DAPA-
CKD trial, with patients predicted to live longer with fewer
complications.

Keywords: chronic kidney disease, dapagliflozin, dialysis,
kidney transplantation, SGLT2 inhibitor

INTRODUCTION
The prevalence of chronic kidney disease (CKD) is considered
to be 11%–14% worldwide [1, 2]. With ageing populations and

the rising prevalence of comorbidities such as hypertension
and type 2 diabetes mellitus (T2DM) [3], CKD is projected
to affect 16% of adults by 2030 [4]. CKD is associated with
numerous complications, including higher rates of atheroscle-
rotic events (includingmyocardial infarction, ischaemic stroke
and peripheral arterial events) and hospitalizations for heart
failure. The risk of death and adverse cardiovascular (CV)
events increases significantly as kidney function declines.
Impaired kidney function also subsequently increases the risk
of episodes of abrupt declines in kidney function which,
in turn, can accelerate CKD progression [5]. Patients on
dialysis have a life expectancy less than one-third that of
patients without end-stage kidney disease (ESKD) [4], and
the 5-year survival rate on dialysis is less than 50% in
the USA [6]. Patients with CKD commonly experience im-
paired physical and cognitive function, along with diminished
health-related quality of life (HRQoL), all of which tend to
deteriorate upon progression to kidney failure despite, or
perhaps related to, initiation of dialysis [7]. Hence, there are
healthcare benefits to be gained from halting or delaying CKD
progression.

CKD requires effective management of risk factors to avoid
disease progression, including hypertension and albumin-
uria [8–10]. To date, angiotensin-converting enzyme (ACE)
inhibitors and/or angiotensin receptor blockers (ARBs) are
standard of care and themost effective proven treatment option
in themanagement of CKD [11]. However, even under optimal
doses of these medications, many individuals will progress
towards more advanced CKD [11]. Consequently, there is an
unmet need for therapies demonstrating additive cardiorenal
protective efficacy, to slow CKD progression and reduce the
rate of disease-related adverse cardiorenal outcomes.

Sodium-glucose transport protein 2 (SGLT2) inhibitors
are a well-established treatment option for patients with
T2DM, with trials having demonstrated considerable addi-
tional therapeutic value to patients with heart failure [12, 13]
and diabetic kidney disease [14–16]. Recent evidence from
the Dapagliflozin and Prevention of Adverse Outcomes in
Chronic Kidney Disease (DAPA-CKD) trial demonstrated the
cardiorenal protective effects of dapagliflozin in patients with
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Figure 1:Model schematic.

CKD and albuminuria, showing the value of SGLT2 inhibitors
in patients with and without T2DM [17].

In the DAPA-CKD trial, patients received either da-
pagliflozin or placebo, in addition to standard therapy (ACE
inhibitors or ARBs in all patients if tolerated) [17]. The trial
enrolled 4304 patients, showing a reduction in the primary
composite endpoint ofworsening kidney function (defined as a
composite of a sustained≥50% estimated glomerular filtration
rate (eGFR) decline, onset of ESKD or death from CV or
kidney-related cause) by 39% when treated with dapagliflozin
compared with placebo [18]. Results were consistent in
patients with and without T2DM [18]. Outcomes in DAPA-
CKD were evaluated after a median follow up of 2.4 years;
however, in clinical practice, patients are typically treated for
a longer period.

The objective of this study was to estimate longer-term
effects of treatment with dapagliflozin, in addition to standard
therapy, by extrapolating DAPA-CKD clinical data using
decision analytical modelling.

MATERIALS AND METHODS
DAPA-CKD (NCT03036150) was an international, event-
driven, randomized, double-blind, parallel group, placebo-
controlled study, conducted in patients with stages 2–4 CKD
(with/without T2DM) and albuminuria, defined as urinary–
albumin creatinine ratio (UACR) from 200 to 5000 mg/g.
The trial evaluated the efficacy and safety of dapagliflozin,
10 mg daily, versus placebo when used in addition to standard
therapy. The trial design, baseline characteristics and primary
results have been previously published [17, 19, 20].

Patient population
The modelled cohort mirrored the DAPA-CKD clinical

trial population: adult patients with eGFR ≥25 mL/min/
1.73 m2 and≤75 mL/min/1.73 m2, and UACR≥200 mg/g and
≤5000 mg/g, receiving stable treatment with ACE inhibitors

or ARBs if tolerated. The patient profile incorporated into the
model is stated in the Supplementary data (Table S1).

Model structure
We used a Markov state transition model to extrapolate

CKD progression and the incidence of adverse outcomes over
10 years for patients receiving treatment with dapagliflozin
or placebo, based on observations from DAPA-CKD [21, 22].
Disease progression was modelled by the transition between
discrete health states representing CKD stages (defined by
eGFR) and on to kidney replacement therapy (KRT), com-
prised of dialysis or kidney transplant. Since CKD is associated
with multiple comorbidities and reduced life-expectancy, we
modelled the effect of dapagliflozin compared with placebo
on adverse outcomes and mortality. These included all-cause
mortality (ACM), hospitalization for heart failure (HHF) and
abrupt decline in kidney function (pre-defined endpoint:
doubling of serum creatinine between two visits), in addition
to KRT incidence. We calculated event incidences and the
mean time in each CKD stage for dapagliflozin and placebo
groups. Figure 1 presents the structure of the model and full
technical specifications of the model are published elsewhere
[21, 22].

CKD progression
To demonstrate the treatment effect of dapagliflozin on

CKD progression, we derived transition matrices for each
treatment group, in which patients can move between CKD
stages 1–5. We derived treatment-specific transition proba-
bilities, as well as the incidence of KRT (dialysis or kidney
transplantation), from the monthly transition count data
collected in the DAPA-CKD trial. In the trial, there was
an acute decrease in eGFR associated with the initiation of
dapagliflozin treatment; as such, the first four months of
follow-up in DAPA-CKD were used to generate independent

Longer-term effects of the DAPA-CKD trial 3

D
ow

nloaded from
 https://academ

ic.oup.com
/ndt/advance-article/doi/10.1093/ndt/gfac280/6775940 by U

niversity C
ollege London user on 10 N

ovem
ber 2022



Table 1: Time spent per patient at each CKD stage (mean years).

Dapagliflozin (95% CrI) Placebo (95% CrI) Incremental (95% CrI)

CKD 1 0.04 (0.03, 0.06) 0.03 (0.02, 0.05) 0.01 (0.00, 0.03) 0.65 (0.41, 0.90)
CKD 2 0.58 (0.52, 0.64) 0.54 (0.47, 0.61) 0.04 (–0.04, 0.12)
CKD 3a 1.58 (1.48, 1.68) 1.42 (1.30, 1.53) 0.17 (0.04, 0.29)
CKD 3b 3.07 (2.88, 3.21) 2.64 (2.45, 2.80) 0.43 (0.27, 0.60)

CKD 4 2.48 (2.29, 2.63) 2.53 (2.30, 2.72) –0.06 (–0.24, 0.13) –0.23 (–0.45, 0.00)
CKD 5 (pre-KRT) 0.29 (0.24, 0.34) 0.34 (0.27, 0.41) –0.05 (–0.11, 0.02)
Dialysis 0.63 (0.54, 0.73) 0.73 (0.61, 0.83) –0.10 (–0.23, 0.03)
Transplant 0.16 (0.12, 0.20) 0.19 (0.14, 0.24) –0.03 (–0.08, 0.02)

transition matrices. After 4 months, we calculated the rate of
CKD progression assuming a linear eGFR decline.

There were insufficient observed data in the DAPA-CKD
trial to inform transition probabilities in post-KRT health
states. Therefore, we incorporated published estimates of
the probability of receiving a kidney transplant in patients
receiving dialysis, the probability of transplant failure, and
mortality in patients receiving KRT, derived in a recent
systematic literature review [23].

All-cause mortality
We employed parametric survival equations to extrapolate

ACM data beyond the end of trial follow-up, in accordance
with guidelines set out by the National Institute for Health
and Care Excellence (NICE) in the UK for the analysis of
survival data alongside clinical trials [24]. The rationale for
fitting parametric functions rather than using Kaplan–Meier
data directly is to accommodate potential differences in follow-
up time available across subgroups and, crucially, to allow
extrapolation beyond the trial period [25, 26].

We adjusted models for baseline patient characteristics,
current CKD stage (reflecting elevated risk upon disease
progression) and randomized treatment. We conducted sur-
vival analysis from an intention-to-treat perspective. Within-
trial goodness of fit of survival functions (exponential, gamma,
Gompertz, log-logistic, lognormal and Weibull) were evalu-
ated through minimizing the Akaike Information Criterion
[21], in addition to clinical expert opinion [27]. A Gompertz
distribution was considered the most appropriate for mortality
and was incorporated into the base case analysis.

Incidence of HHF and abrupt declines
in kidney function
The model is subject to the memoryless principle of a

Markov model, i.e. a patient’s simulated history prior to
reaching their current health state is not considered in
the calculation of subsequent transitions. However, patients
can experience HHF or abrupt declines in kidney function
more than once within the model simulation. Therefore, we
employed negative binomial regression models to estimate the
incidence of HHF and abrupt decline in kidney function, using
generalized estimating equations adjusted for patient baseline
characteristics, CKD stage and dapagliflozin use.

Model output
The cumulative incidence of KRT, ACM, HHF and abrupt

decline in kidney function, per 1000 patients treated with
standard therapy plus dapagliflozin or placebo over the 10-year
period, were stratified by prognostic baseline characteristics,
including CKD stage, age and presence of T2DM. We further
stratified these incidences into a ‘heatmap’ grid of event
incidences across subgroups defined by a combination of these
prognostic factors.

Scenario analysis
To quantify additional interactions among prognostic char-

acteristics on patient outcomes, we also stratified subgroups
by prior history of heart failure (HF) at baseline into heatmap
grids of event incidences in addition to what is outlined above.

Probabilistic sensitivity analysis
We conducted a probabilistic sensitivity analysis by ran-

dom sampling of parameters (1000 replicates) according to
appropriate distributions to generate 95% credibility intervals
(95% CrI).

RESULTS
Predicted effects of dapagliflozin on adverse
clinical outcomes
In the trial, dapagliflozin in addition to standard therapy

delayed disease progression in participants randomized to
DAPA-CKD, as compared with those randomized to placebo.
Over the modelled 10-year time horizon, patients randomized
to dapagliflozin were projected to remain in CKD stages 1–
3b for a longer time [0.65 (95% CrI 0.41, 0.90) years per
patient], and spend less time in stages 4 and above [–0.23 (95%
CrI –0.45, 0.00) years per patient], compared with patients
randomized to placebo (Table 1).

The projected risks of ACM, HHF and abrupt decline in
kidney function were reduced consistently by dapagliflozin
over the modelled time horizon (Fig. 2). Overall, dapagliflozin
was predicted to prevent 83 deaths per 1000 patients over
10 years, compared with placebo (Table 2). Dapagliflozin use
compared with placebo was also associated with 19 fewer
HHF events and 39 fewer abrupt decline in kidney function
events per 1000 patient years. Furthermore, dapagliflozin
was predicted to prevent 51 patients initiating KRT per
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Figure 2: Cumulative incidence of ACM, HHF and abrupt decline in
kidney function and (top to bottom) per 1000 patients treated with
placebo versus dapagliflozin, in addition to standard therapy, over a
10-year horizon. ST: standard therapy.

1000 patients compared with placebo over the modelled time
horizon.

Predicted effect of dapagliflozin across subgroups
All-cause mortality
Within each modelled arm, ACM was more frequent

in patients with T2DM, eGFR <45 mL/min/1.73 m2, aged
≥65 years and in patients with prior history of HF (Table 2).
The anticipated number of deaths over the 10-year period
in patients treated with dapagliflozin were reduced in all
considered subgroups, comparedwith placebo. Treatmentwith
dapagliflozin was also predicted to prevent more deaths per
1000 patients, depending on T2DM status (T2DM: 87; no
T2DM: 75), baseline eGFR range (eGFR<45mL/min/1.73m2:

89; eGFR≥45 mL/min/1.73 m2: 74), age at baseline (aged≥65
years: 94; aged<65 years: 75) and priorHF (history ofHF: 102;
no history of HF: 80).

The extrapolated cumulative 10-year mortality incidence
rates per 1000 patients, stratified by baselineCKD stage, T2DM
status and age are presented in Fig. 3. Patients treated with
dapagliflozin were projected to experience fewer deaths than
those treated with dapagliflozin in all subgroups, with higher
rates of mortality observed in patients with T2DM, higher age
at baseline and more advanced CKD.

Initiation of KRT
In both modelled arms, more patients initiated KRT

over the 10-year period in patients with no T2DM, eGFR
<45mL/min/1.73m2, aged<65 years or no prior HF (Table 2)
than the overall population. Treatment with dapagliflozin
was predicted to lead to fewer people initiating KRT in all
subgroups, compared with placebo, over the 10-year period.
The treatment effect of dapagliflozin prevented more patients
initiating KRT in patients without T2DM (59 versus 49 with
T2DM), eGFR <45 mL/min/1.73 m2 (56 versus 45 with eGFR
≥45 mL/min/1.73 m2), aged<65 years (58 versus 45 in people
aged<65 years) and no prior HF (53 versus 30 in patients with
prior HF).

Dapagliflozin reduced the cumulative incidence of KRT
initiation per 1000 patients across all patient subgroups
(stratified by CKD stage, T2DM status and age) in Fig. 4.
Dialysis and transplantation are also shown separately in the
Supplementary data (Figs S1 and S2). Patients with more
severe CKD at baseline were predicted to be more likely to
initiate KRT regardless of T2DM status, with both groups
of patients displaying a similar predicted incidence of KRT
over the 10-year time horizon. Randomization to dapagliflozin
consistently reduced the expected rate of KRT initiation across
all subgroups, with the most pronounced estimated effects
predicted to occur in patients modelled at baseline with stage
4 disease versus placebo.

Hospitalization for heart failure
In both treatment groups, patients with T2DM, eGFR

<45 mL/min/1.73 m2, aged ≥65 years, or prior history of HF
were projected to have a higher incidence of HHF than the
overall population. Dapagliflozin consistently reduced the rate
of HHF across all subgroups considered. In patients treated
with dapagliflozin, more hospitalizations for HF were pre-
vented per 1000 patients, depending on T2DM status (T2DM:
30; no T2DM: 8), age at baseline (aged ≥65 years: 34; aged
<65 years: 11) and prior HF (history of HF: 102; no history
of HF: 80). However, the effect did not vary by categories of
eGFR (<45 mL/min/1.73 m2: 20; ≥45 mL/min/1.73 m2: 19).

Patients in the dapagliflozin group were also predicted to
suffer fewer episodes of HHF across all subgroups (defined
by CKD stage, T2DM status and age) presented in Fig. 5.
Comorbid T2DM and older age groups were associated with
an increased risk of HHF, while advanced CKD stage was also
associated, but to a lesser extent.

Abrupt decline in kidney function
Abrupt declines in kidney function per 1000 patients

were more frequent in patients with T2DM, eGFR

Longer-term effects of the DAPA-CKD trial 5
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Table 2: Predicted number of events in the DAPA-CKD population and sub-populations per 1000 patients over 10 years.

Subgroup Event Dapagliflozin Placebo Incremental

Overall population HHF 39 58 –19
Abrupt decline in kidney functiona 144 183 –39
KRT 241 292 –51

Dialysis 200 245 –45
Transplant 41 47 –6

ACM 288 371 –83

T2DM HHF 61 91 –30
Abrupt decline in kidney functiona 162 205 –43
KRT 233 282 –49

Dialysis 193 236 –43
Transplant 40 46 –6

ACM 321 408 –87

No T2DM HHF 15 23 –8
Abrupt decline in kidney functiona 112 144 –32
KRT 253 312 –59

Dialysis 210 262 –52
Transplant 43 50 –7

ACM 236 311 –75

eGFR <45 mL/min/1.73 m2 HHF 40 60 –20
Abrupt decline in kidney functiona 159 204 –45
KRT 253 309 –56

Dialysis 210 259 –49
Transplant 43 50 –7

ACM 307 396 –89

eGFR ≥45 mL/min/1.73 m2 HHF 37 56 –19
Abrupt decline in kidney functiona 124 157 –33
KRT 224 269 –45

Dialysis 185 225 –40
Transplant 39 44 –5

ACM 263 337 –74

Aged <65 years HHF 23 34 –11
Abrupt decline in kidney functiona 132 169 –37
KRT 251 309 –58

Dialysis 208 259 –51
Transplant 43 50 –7

ACM 234 309 –75

Aged ≥65 years HHF 70 104 –34
Abrupt decline in kidney functiona 156 196 –40
KRT 222 267 –45

Dialysis 184 223 –39
Transplant 38 44 –6

ACM 376 469 –94

Prior HF HHF 257 375 –118
Abrupt decline in kidney functiona 306 373 –67
KRT 192 222 –30

Dialysis 158 185 –27
Transplant 34 37 –3

ACM 520 622 –102

No prior HF HHF 30 46 –15
Abrupt decline in kidney functiona 130 166 –36
KRT 245 298 –53

Dialysis 203 250 –48
Transplant 42 48 –7

ACM 270 350 –80
aDefined as a doubling of serum creatinine between two visits.
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Figure 3: Cumulative incidence of ACM per 1000 patients treated with placebo versus dapagliflozin, in addition to standard therapy, over a
10-year horizon.

Figure 4: Cumulative incidence of KRT initiation per 1000 patients treated with placebo versus dapagliflozin, in addition to standard therapy,
over a 10-year horizon.

<45 mL/min/1.73 m2, aged ≥65 years and in patients with
prior history of HF (Table 2). The effect of dapagliflozin
treatment led to fewer abrupt declines in kidney function in all
subgroups. Over the 10-year period, more patients avoided an
abrupt decline in kidney function as a result of dapagliflozin
treatment depending on T2DM status (T2DM: 43; no
T2DM: 32), eGFR (<45 mL/min/1.73 m2: 45; ≥45 mL/min/

1.73 m2: 32), and particularly based on a prior history of HF
(history of HF: 67; no history of HF: 36). Patients treated
with dapagliflozin avoided a similar number of incidences
depending on age at baseline (aged ≥65 years: 40; aged <65
years: 37).

Figure 6 displays the cumulative incidence per 1000 patients
of abrupt decline in kidney function across subgroups stratified

Longer-term effects of the DAPA-CKD trial 7
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Figure 5: Cumulative incidence of HHF per 1000 patients treated with placebo versus dapagliflozin, in addition to standard therapy, over a
10-year horizon.

Figure 6: Cumulative incidence of abrupt declines in kidney function per 1000 patients treated with placebo versus dapagliflozin, in addition to
standard therapy, over a 10-year horizon.

by CKD stage, T2DM status and age. Higher rates of abrupt
declines in kidney function were more prevalent in higher
CKD stages and in those with T2DM, while the rate of abrupt
decline in kidney function was less affected by the baseline
age of patients. Dapagliflozin consistently reduced the rate of
abrupt decline in kidney function in all considered subgroups.

Scenario analysis
The incidences of ACM, KRT, HHF and abrupt declines

in kidney function were further stratified by a history of HF
at baseline (Supplementary data, Figs S3–S6, respectively).
Modelled patients with a history of HF at baseline are at high
risk of mortality across all subgroups, with the highest risk

8 P. McEwan et al.
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in older patients with T2DM (Supplementary data, Fig. S3).
Projections of ACM data showed dapagliflozin had a clear
effect across all subgroups, with the most pronounced benefit
in patients with more severe CKD.

Patients with a history of HF were predicted to initiate
KRT at consistently lower rates than those without prior
history of HF across all subgroups (Supplementary data,
Fig. S4), but showed consistently higher rates of HHF and
abrupt decline in kidney function across the considered
subgroups (Supplementary data, Figs S5 and S6). Patients in all
subgroups had lower predicted event rates when treated with
dapagliflozin versus placebo across all considered endpoints.

DISCUSSION
This modelling analysis was conducted to estimate the
cardiorenal protective efficacy associated with extended da-
pagliflozin treatment in addition to standard therapy, beyond
the follow-up period of the DAPA-CKD trial. Our results
demonstrate that dapagliflozin could further delay progression
of CKD, including deferral of KRT initiation, into the longer
term. Patients receiving dapagliflozin were less likely to die
from any cause and adverse outcomes were also reduced, with
fewer kidney and CV events occurring in patients treated with
dapagliflozin.

Given that the scope of this analysis is limited to
10 years, the potential longer-term benefits are likely under-
estimated. Furthermore, SGLT2 inhibitors are associated with
other benefits not considered in this study, including partial
correction of anaemia [28, 29], reduced incidence of gout
[30, 31] and improved control of hypertension [32], potentially
reducing the need for other medications. In patients with
T2DM and mild to moderate CKD, SGLT2 inhibitors also
improve glycaemic control [33], as well as reducing new onset
of T2DM in patients with CKD without diabetes [34]. In
addition, given that most patients undergoing dialysis have
significantly impaired HRQoL [7], the effect observed in this
analysis could translate to HRQoL gains over the course of
long-term treatment with dapagliflozin.

While the direct comparability of these studies is limited,
our analysis is reminiscent of a cost-effectiveness analysis of
early treatment with ACE inhibitors in patients with T2DM,
hypertension and microalbuminuria [35]. Early treatment
(initiating upon diagnosedmicroalbuminuria) with irbesartan
was estimated to improve life expectancy (11.46 versus 10.50
undiscounted life years) and reduce incidence of ESKD (130
fewer events per 1000 patients) when compared with placebo
over a 25-year time horizon. The estimated clinical benefits
in this study were predicted to translate to cost savings of
US$11.9 million per 1000 patients (cost year 2000) over
the 25-year timeframe. Potential clinical benefits afforded to
patients with CKD through treatment with dapagliflozin could
also enable reallocation of finite budget and resources across
healthcare systems.

Our analysis employs a robust method of extrapolating
clinical outcomes beyond the final trial follow-up period,
incorporating a more complex and clinically valid approach

than incorporating extrapolation of eGFR trajectories in
isolation. Here, we determine modelled outcomes across the
spectrum of patient baseline characteristics, and incorporate
multiple adverse events per patient over the model horizon.
This analysis presents trial data in amanner that can inform on
the longer-term risks to CKD based on the treatment provided
and can assists policy makers in decision making.

It is also important to address that this modelling analysis
is subject to a number of limitations. First, as with any analysis
in which outcomes are extrapolated beyond the available trial
follow-up data, the projections are subject to uncertainty.
Adherence to therapy may wane over time, and it is unknown
whether the effectiveness may be attenuated with long-term
use, although we are unaware of any evidence suggesting
diminished efficacy or effectiveness over time. Second, the
model described assumes that heterogeneity among patients
is effectively represented by the health states, stratifying by
CKD stage, which does not completely capture differential
risks. However, as clinical guidance for CKD management is
generally aligned to these stage classifications, we consider this
model structure to adequately capture patient characteristics
and outcomes. Third, due to insufficient follow up from the
DAPA-CKD trial, post-KRT outcomes had to be sourced from
external literature, although the sources were derived by a
systematic literature review of CKD modelling methodologies
to ensure the most representative estimates were incorporated.
Fourth, theDAPA-CKD trial was not designed to capture acute
kidney injury as an adjudicated endpoint, thereby limiting
the capability of the model to extrapolate acute kidney injury.
However, abrupt decline in kidney function (defined by the
adjudicated endpoint of a defined as a doubling of serum
creatinine between two visits) was considered appropriate for
reflecting acute episodes of decline that may be associated with
acute kidney injury [36]. Finally, a Markov model simulates
cohort level outcomes, so characterization of the interplay
between the extrapolated events is inherently limited. For
example, higher rates of ACM (such as in patients with a
history of HF or in older patients) may coincide with lower
incidence of other events than would be observed in the
proportion of patients that do not die from any cause.

The results of this modelled Markov analysis predict that
adding dapagliflozin to standard CKD treatment could offer
a long-term cardiorenal protective efficacy beyond what was
demonstrated in the DAPA-CKD trial, predicting slower
progression to advanced kidney disease, lower prevalence of
cardiovascular complications and extended survival.

SUPPLEMENTARY DATA
Supplementary data are available at ndt online.
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