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Abstract

Background and objectives CKD imposes a significant burden on patients and health care providers, particularly
upon reaching kidney failure when patients may require KRT. The Dapagliflozin and Prevention of Adverse
Outcomes in CKD (DAPA-CKD) trial demonstrated that dapagliflozin, with standard therapy, reduced CKD
progression and KRT requirement. The study objective was to estimate the cost-effectiveness of dapagliflozin for
the treatment of CKD from payer perspectives in the United Kingdom, Germany, and Spain.

Design, setting, participants, & measurements We constructed a lifetime Markov model to characterize outcomes
in patients with CKD on the basis of the DAPA-CKD trial. Health states were defined by eGFR level and KRT
type. Direct health care costs and utility values were sourced from published literature and the DAPA-CKD trial,
respectively. Costs and benefits were discounted at 3.5% per annum in the United Kingdom and 3% in Germany
and Spain.

Results In patients eligible for the DAPA-CKD trial, treatment with dapagliflozin was predicted to reduce rates
of CKD progression, with patients predicted to spend 1.7 (95% credibility interval, 0.8 to 2.4) more years in the
eGFR range 15-89 ml/min per 1.73 m? versus standard therapy alone (12.1; 95% credibility interval, 8.9 to 14.1
versus 10.4; 95% credibility interval, 7.7 to 12.4 years). Life expectancy (undiscounted) was correspondingly
predicted to increase by 1.7 (95% credibility interval, 0.7 to 2.5) years (15.5; 95% credibility interval, 11.1 to 18.2
versus 13.8; 95% credibility interval, 9.9 to 16.5 years). This in addition to reduced incidence of adverse clinical
outcomes, including hospitalization for heart failure, resulted in modeled quality-adjusted life year
(discounted) gains between 0.82 (95% credibility interval, 0.38 to 1.18) and 1.00 (95% credibility interval, 0.46 to
1.41). These gains translated to incremental cost-effectiveness ratios of $8280, $17,623, and $11,687 in the
United Kingdom, Germany, and Spain, respectively, indicating cost-effectiveness at willingness-to-pay
thresholds (United Kingdom: $27,510 per quality-adjusted life year; Germany and Spain: $35,503 per quality-
adjusted life year).

Conclusions In patients meeting the eligibility requirements for the DAPA-CKD trial, dapagliflozin is likely to be
a cost-effective treatment within the UK, German, and Spanish health care systems.

Clinical Trial registry name and registration number: Dapagliflozin and Prevention of Adverse Outcomes in CKD
(DAPA-CKD), NCT03036150

CJASN 17:1730-1741, 2022. doi: https://doi.org/10.2215/CJN.03790322

Introduction
The prevalence of CKD—estimated to be 11%-13%

worldwide (1)—continues to increase, driven by both

choice between dialysis, kidney transplantation, or
conservative care (7). The effect on both individuals
and health care systems is substantial, affecting an

aging populations and the increasing prevalence of
type 2 diabetes mellitus (2,3). Patients with CKD are
at high risk of progressing to kidney failure and
developing cardiovascular complications, including
heart failure, myocardial infarction, and stroke (4).
Furthermore, the worsening of kidney function over
time also leads to anemia, mineral and bone disor-
ders/osteoporosis, and fractures (5,6). Patients with
CKD may ultimately require KRT, necessitating a

Copyright © 2022 by the American Society of Nephrology

individual’s life expectancy and health-related quality
of life (8) and imposing costs on both health care sys-
tems and wider society; patients receiving KRT are
estimated to consume between 2% and 4% of national
health care expenditure, despite constituting approxi-
mately 0.15% of the global population (9).

Current treatment options typically include angio-
tensin-converting enzyme inhibitors (ACEis) or an-
giotensin receptor blockers (ARBs), which aim to
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minimize symptoms and delay disease progression. Never-
theless, many patients will continue to progress toward
advanced CKD (9). Other treatments providing additional
protective efficacy are therefore needed to slow CKD pro-
gression and protect patients against adverse disease-
related outcomes.

Dapagliflozin, a sodium-glucose cotransporter-2 inhibi-
tor, was shown to be an efficacious treatment for CKD in
the Dapagliflozin and Prevention of Adverse Outcomes in
CKD (DAPA-CKD) trial. Eligible patients were those with
CKD with and without type 2 diabetes who had received
stable treatment with an ACEi or an ARB at the patient
maximum tolerated labeled daily dose for at least 4 weeks
prior to the study. Patients were randomized to receive
either placebo or dapagliflozin 10 mg once daily. Treatment
with dapagliflozin led to a statistically significant and clini-
cally meaningful relative risk reduction of 39% (hazard
ratio, 0.61; 95% confidence interval, 0.51 to 0.72; P<0.001)
for the composite primary end point of a =50% sustained
decline in eGFR, onset of kidney failure, or incidence of car-
diovascular- or kidney-related death. The secondary out-
come of death from any cause demonstrated a 31% relative
risk reduction (hazard ratio, 0.69; 95% confidence interval,
0.52 to 0.88; P=0.004).

When considering novel therapeutic options, decision
makers must evaluate additional expenditures on disease
management against long-term clinical benefits achieved
through reduced downstream disease and health care bur-
den and improved patient health-related quality of life.
Cost-effectiveness analyses represent an important tool to
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support informed decision making within this context.
Consequently, the objective of this study was to estimate
the cost-effectiveness of dapagliflozin added to standard
therapy compared with standard therapy alone using
patient-level data from the DAPA-CKD trial and consid-
ered from a multinational European payer perspective.

Materials and Methods

DAPA-CKD was a randomized, double-blind, placebo-
controlled, event-driven trial in patients with eGFR =25 to
=75 ml/min per 1.73 m? and albuminuria. The trial evalu-
ated the efficacy and safety of dapagliflozin 10 mg once
daily versus placebo in addition to current standard ther-
apy, defined as stable dosing of an ACEi or ARB. The trial
design, baseline characteristics, and results have been pre-
viously published (10-12).

Patient Population

The target population for this cost-effectiveness analysis is
reflective of the patient population included in the DAPA-
CKD trial: adults with CKD (prekidney failure: eGFR =25 to
=75 ml/min per 1.73 m?) and urine albumin-creatinine ratio
(UACR) =200 to =5000 mg/g. The cohort profile is pre-
sented in Supplemental Material (Supplemental Table 1).

Economic Model

We developed a cohort-level Markov state transition
model to assess the cost-effectiveness of dapagliflozin ver-
sus placebo in addition to standard therapy (Figure 1).

Event incidence
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i Dialysis
CKD G4 Kidney transplant
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Figure 1. | Markov model schematic diagram. Patients can move between any eGFR-defined health state prior to kidney failure; once patients
suffer kidney failure, they enter irreversibly into KRT-defined health states. Patients can suffer transient events, incurring associated costs and dis-
utilities in the cycle of incidence. Death is an absorbing health state calculated by survival models on the basis of the all-cause mortality end

point.


http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.03790322/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.03790322/-/DCSupplemental

8L+AWAOANONMNBRAAUAVYO/YOAEIOYIASALLIAIPO0AEIEAHIOINI/ADAUM

VIXOMADUOIAXYOHISABZIy 10+ NIOITWNOTFZTARYHARSHINAYG Ag uselo/wod mm| sfeulnoly/:diy woly papeojumoq

€20¢/€2/90 uo

1732 CJASN

Consistent with a previously published cost-effectiveness
evaluation of dapagliflozin in patients with heart failure,
we evaluated the cost-effectiveness of dapagliflozin from
the perspective of the UK, German, and Spanish health
care systems (13). The modeled events were informed by
patient-level data from the DAPA-CKD trial, which are
more likely to provide robust projections than published
cohort data. Differences in country settings are reflected
in country-specific costs, utilities, life tables, discount
rates, and willingness-to-pay thresholds.

The model included five eGFR-defined states (CKD
stages G2-G5 on the basis of laboratory readings from
DAPA-CKD) in addition to dialysis and transplant states.
As CKD is a chronic and progressive disease associated
with high mortality and morbidity, the model uses
monthly cycle lengths up to a lifetime horizon, defined as
until all patients have died, up to a maximum period of 40
years. The principal model outcome was the incremental
cost-effectiveness ratio (ICER), expressed as the cost per
quality-adjusted life year (QALY) gained.

Our modeling approach is consistent with other CKD
models identified in a recently published systematic review
(14). Furthermore, the justification of necessary modeling
assumptions and validation results are provided in Supple-
mental Material.

Disease Progression

Disease progression was captured using transitions bet-
ween discrete health states, characterized by eGFR-defined
CKD stages and KRT modality. Transition matrices were
derived for the first 4 months of follow-up and from month
4 onward, reflecting observed patterns in eGFR over time
derived from patient-level data in the DAPA-CKD trial
(Supplemental Tables 2 and 3). Transition matrices derived
for 4 months onward are applied to patients for the duration
of the modeled time horizon. To capture the observed bene-
fit of treatment with dapagliflozin on the rate of CKD pro-
gression, treatment-specific transition probabilities were esti-
mated, such that the probability of progression was lower in
patients treated with dapagliflozin. To validate the approach
to deriving the transition matrices, time spent in respective
CKD health states was validated against progression in the
trial to demonstrate the reliability of the monthly transitions
(Supplemental Figure 1). Furthermore, life expectancy and
time to kidney failure were externally validated using pub-
lished data (14).

In the DAPA-CKD trial, there were insufficient data
informing transitions after patients initiated KRT. There-
fore, patterns of post-KRT resource utilization and out-
comes, particularly the probability of receiving a kidney
transplant in patients receiving dialysis, the probability of
transplant failure, and mortality in patients receiving KRT,
were derived from published estimates (14).

To ensure that there was no double counting of mortal-
ity, transition probabilities to track disease progression
were derived excluding the transition to death. The effect
of kidney function on the risk of mortality was captured
separately via the multivariable parametric survival model
described below.

Mortality and Event Incidence

In addition to CKD progression, the model captured the
incidence of events aligned to clinical end points of DAPA-
CKD, with patients at risk of hospitalization for heart fail-
ure, acute decline in kidney function (predefined end point
of doubling of serum creatinine between two visits as a
result of acute intermittent events), and all-cause mortality.
Although the incidence rates of myocardial infarction and
stroke were exploratory end points of DAPA-CKD, dapa-
gliflozin was associated with no significant effect on their
incidence, so these events were not considered.

Parametric survival analysis was used to extrapolate
patient life expectancy beyond the trial follow-up period fol-
lowing the methods advocated by the National Institute for
Health and Care Excellence in the United Kingdom (15). To
model recurrent events (hospitalization for heart failure and
acute decline in kidney function), generalized estimating
equations were used with a Poisson distribution. Parametric
and recurring event models were adjusted for treatment
received, baseline patient characteristics, and time-updated
eGFR levels to replicate escalating risk as patients” disease
progressed. Analysis was conducted from an intention-to-
treat perspective. The selection process and full statistical
model specifications for parametric and recurrent event mod-
els are described in Supplemental Material (Supplemental
Figures 2—4, Supplemental Tables 4-6).

Dapagliflozin has a well-established safety profile; never-
theless, adverse events were also included in the model.
Patients experienced a constant rate of transient adverse
events while on treatment, incurring associated cost- and
utility-related effects in the cycle of incidence only. Mod-
eled adverse events were volume depletion, major hypo-
glycemic events, fractures, diabetic ketoacidosis, and
amputation.

The annual frequencies of clinical and adverse events are
presented in Supplemental Material (Supplemental Table 7).

Resource Use and Costs

Our analyses considered direct health care costs only
from payer perspectives in the United Kingdom, Germany,
and Spain. These were attributed to patients on the basis of
eGFR and clinical outcomes. Annual costs were stratified
by eGFR-defined CKD stage and KRT modality and were
obtained from the published literature. Incidence of hospi-
talization for heart failure, acute decline in kidney function,
and adverse events incurred an event-specific cost applied
only in the cycle of incidence, with inputs sourced from
published literature. Costs taken from sources published in
prior years were inflated to 2021 prices utilizing country-
specific medical care inflation indices and converted to US
dollars (16).

Dapagliflozin treatment costs were applied in addition to
the cost of standard therapy while patients remained on
dapagliflozin. Upon discontinuation of dapagliflozin, only
the costs of standard therapy were applied. Patient time on
treatment was a function of a constant annual probability of
discontinuation derived from DAPA-CKD (6% of patients
discontinuing per annum). Costs were discounted at an
annual rate of 3.5% in the United Kingdom and 3% in
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Table 1.  Cost inputs for the United Kingdom, Germany, and Spain

Parameter United Kingdom, $ Germany, $ Spain, $

Treatment (per annum)
Dapagliflozin 665 (27) 898* 477%
Standard therapy 67 (27) 39° 55°
Additional monitoring costs (dapagliflozin, first year only) 202 (29) 100 (30) 99 (30)

CKD management (per annum)
CKD G2, 60-89 ml/min per 1.73 m? 1689 (31) 10,207¢ 5484 (32)
CKD G3a, 45-59 ml/min per 1.73 m? 1689 (31) 10,207 (33) 5768 (32)
CKD G3b, 30-44 ml/min per 1.73 m? 1689 (31) 10,207 (33) 5768 (34)
CKD G4, 15-29 ml/min per 1.73 m? 5913 (31) 12,406 (33) 9548 (34)
CKD G5, not on KRT; <15 ml/min per 1.73 m? 20,731 (31) 56,405 (33) 16,184 (34)
Dialysis 47,565 (7) 73,896 (35) 58,062 (34)
Transplant 28,199 (36) 146,899 (37) 26,989 (38)

Events
Hospitalization for heart failure 7255 (39) 6576 (40) 4000 (38)
Acute decline in kidney function 187 (29) 100 (30) 99 (30)
Volume depletion 46 (41) 36 (30) 3193 (38)
Major hypoglycemic event 514 (42) 470 (42) 845 (43)
Diabetic ketoacidosis 3147 (44) 2911 (44) 4689 (38)
Fracture 3535 (29) 8559 (45) 5173 (46)
Amputation 19,197 (47) 16,913 (48) 10,025 (38)

AInternal information from AstraZeneca.

“Assumed to be the same as CKD 3a.

All prices are inflated to 2021 prices and converted to US dollars using Organisation for Economic Cooperation and Development
conversion rates. SEM ranges of 10% are sampled using a y-distribution in the probabilistic sensitivity analysis.

PCompuGroup Medical. Lauer-Taxe. 2022. https:/ /www.cgm.com/deu_de/produkte/apotheke/lauer-taxe.html

Germany and Spain, according to local guidelines (15,17,18).
Country-specific cost inputs are reported in Table 1.

Health-Related Quality of Life

Utility estimates were derived from a pooled analysis of
individual patient data (EQ-5D-5L questionnaires) from the
DAPA-CKD trial (Table 2). Utility decrements were applied
upon the incidence of hospitalization for heart failure and
adverse events in the cycle of incidence only, with no
chronic utility decrement. Benefits were discounted at an
annual rate of 3.5% in the United Kingdom and 3% in Ger-
many and Spain (15,17,18). Further technical details are
provided in Supplemental Material.

Subgroup Analyses

Subgroup analysis was conducted to demonstrate that
dapagliflozin would be a cost-effective therapy across all sub-
groups. The analysis considered patients with and without
type 2 diabetes, patients with an eGFR =45 versus <45 ml/
min per 1.73 m?, patients aged =65 versus <65 years, and
patients with a UACR=30-300 versus >300 mg/g at baseline.

Scenario Analyses

The DAPA-CKD trial had a median follow-up period of
2.4 years, whereas our model predicts outcomes over a life-
time horizon. To ensure that outcomes are not sensitive to
the selected time horizon, we evaluated dapagliflozin over
varying time horizons.

There is a paucity of alternative evidence regarding long-
term treatment discontinuation. Therefore, two alternative
scenario analyses were conducted where patients were
assumed to discontinue dapagliflozin treatment at 3 years
or linearly taper discontinuation to 0% after 4 years.

Sensitivity Analyses

One-way sensitivity analyses were conducted to assess
the effect of varying key model inputs on the base case out-
comes. Probabilistic sensitivity analysis was conducted to
assess uncertainty in all parameters of the model. Random
sampling of parameters (1000 replicates) was conducted
using standard distributions to generate 95% credibility
intervals (95% CrlIs).

Results

Patients treated with dapagliflozin were predicted to
experience health benefits from improved life expectancy
and reduced rates of CKD progression and hospitalization
for heart failure. In all considered countries, patients
treated with dapagliflozin in addition to standard therapy
had a mean life expectancy (undiscounted) of approxi-
mately 15.5 (95% Crl, 11.1 to 18.2) years, a 1.7-year
increase compared with patients treated with placebo
(13.8; 95% Crl1, 9.9 to 16.5) in addition to standard therapy
(Table 3).

Despite significantly slower progression to kidney failure
in patients treated with dapagliflozin, the overall time
spent with kidney failure was approximately equivalent
between arms as a result of improved patient life expec-
tancy in those treated with dapagliflozin (2.9 years for
patients treated with dapagliflozin versus 2.8 years for
those treated with placebo). However, patients treated with
dapagliflozin spent a smaller proportion of their lives with
kidney failure (19% versus 21%), spending 1.7 (95% CrI, 1.5
to 1.6) more years in the eGFR range from 15 to 89 ml/min
per 1.73 m? (CKD stages G2-G4) versus patients treated
with placebo (12.1; 95% Crl, 8.9 to 14.1 versus 10.4; 95%
Crl, 7.7 to 12.4 years). Treatment with dapagliflozin was
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Table 2. Utility inputs for the United Kingdom, Germany, and Spain

Utility or Utility Decrement®
Parameter Source

United Kingdom Germany Spain

Health state

CKD G2, 60-89 ml/min per
1.73 m?

CKD G3a, 45-59 ml/min
per 1.73 m?

CKD G3b, 30-44 ml/min
per 1.73 m?

CKD G4, 15-29 ml/min per
1.73 m?

CKD G5, not on KRT;
<15 ml/min per 1.73 m?

Dialysis 0.679 (0.014)

0.765 (0.005) 0.873 (0.005) 0.829 (0.005) DAPA-CKD (49)

0.765 (0.005) 0.882 (0.002) 0.837 (0.003) DAPA-CKD (49)

0.765 (0.005) 0.882 (0.002) 0.837 (0.003) DAPA-CKD (49)

0.757 (0.006) 0.874 (0.003) 0.825 (0.033) DAPA-CKD (49)

0.727 (0.010) 0.852 (0.009) 0.792 (0.009) DAPA-CKD (49)

0.814 (0.013) 0.759 (0.013) DAPA-CKD (49)

Amputation —0.256 (0.050)

Transplant 0.710 (0.070) 0.710 (0.070) 0.710 (0.070) Lee et al. (50)
Event
Hospitalization for heart —0.087 (0.037) —0.063 (0.034) —0.068 (0.034) DAPA-CKD (49)
failure

Volume depletion —0.05 (0.010) —0.05 (0.010) —0.05 (0.010) McEwan et al. (51)

Major hypoglycemic events —0.01 (0.001) —0.01 (0.001) —0.01 (0.001) Beaudet et al. (52) and
Currie et al. (53)

Diabetic ketoacidosis —0.01 (0.010) —0.01 (0.010) —0.01 (0.010) Peasgood et al. (54)

Fracture —0.094 (0.032) —0.072 (0.031) —0.067 (0.031) DAPA-CKD (49)

—0.266 (0.049)

—0.257 (0.049) DAPA-CKD (49)

DAPA-CKD, Dapagliflozin and Prevention of Adverse Outcomes in CKD.
“Stated values are expressed as mean (SEM), with SEMs sampled using a B-distribution in the probabilistic sensitivity analysis.

also expected to result in 19 fewer hospitalizations for heart
failure and 28 fewer episodes of acute decline in kidney
function per 1000 treated patients over a lifetime horizon.

Treatment with dapagliflozin led to predicted lifetime
incremental QALY gains of 0.82 (95% Crl, 0.34 to 1.17), 1.00
(95% Crl, 0.43 to 1.40), and 0.96 (95% Crl, 0.43 to 1.40) in
the UK, Germany, and Spain, respectively, with differences
in benefits between countries resulting from the application
of local discounting rates, utility tariffs, and life tables
(Table 4).

Treatment with dapagliflozin in addition to standard
therapy was associated with increased total costs versus
placebo with standard therapy in the United Kingdom
($6822; 95% Crl, —$3293 to $17,138), Germany ($17,671; 95%
Crl, —$3328 to $35,900), and Spain ($11,168; 95% CrI,
—%$2903 to $24,614). This was driven by a combination of
increased drug acquisition cost and CKD management costs
as a result of increased life expectancy; however, reduced
rates of CKD progression and kidney failure, among other
clinical events, provided important cost offsets.

Table 3. Base case clinical outcomes

Outcome Dapagliflozin plus Standard Therapy Standard Therapy Incremental
Survival
1-yr survival, % 99 98 0.6
5-yr survival, % 90 85 4
10-yr survival, % 71 63 8

Total LYs gained, undiscounted (95% CrI)
Mean time in each CKD stage
(eGFR range, ml/min per 1.73 m?), yr (95% Cr)

15.5 (11.2 to 18.2) 1.7 (0.7 to 2.5)

CKD G2 (60-89) 0.9 (0.6 to 1.0) 0.7 (0.6 to 0.9) 0.1 (0.0 to 0.2)
CKD G3 (30-59) 7.1 (5.2 to 8.2) 5.8 (4.4 to 7.0) 1.3 (0.7 to 3.6)
CKD G4 (15-29) 41 (2.8 t0 5.0) 3.9 (2.7 t0 4.9) 0.3 (-0.1 to 0.6)
CKD G5 (not on KRT, <15) 0.5 (0.3 to 0.7) 0.5 (0.3 to 0.7) 0.0 (0.1 to 0.1)
KRT 2.9 (1.9 to 3.6) 2.8 (1.9 to 3.6) 0.0 (0.4 to 0.5)
Event incidence, per 1000 patients
Hospitalization for heart failure 81 100 -19
Acute decline in kidney function 363 390 —28
Adverse events® 936 746 190

The outcomes presented here are taken from the UK analysis; there is minimal variation in the values for Germany and Spain
corresponding to country-specific life tables. Incremental values may not correspond exactly to the treatment arms due to
rounding. LY, life year; 95% Crl, 95% credibility interval.

?Adverse events include volume depletion, hypoglycemic events, fractures, diabetic ketoacidosis, and amputation.
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Table 4.

Outcome

Base case discounted health economic results

Dapagliflozin plus Standard
Therapy

Standard Therapy

Incremental

United Kingdom
Total costs (95% CrI), $
Drug acquisition
CKD management (not on KRT)
KRT
Adverse events, hospitalization for
heart failure, and acute decline in
kidney function
Total QALYs gained (95% Crl)
ICER, $/QALY
Germany
Total costs (95% Crl), $
Drug acquisition
CKD management (not on KRT)
KRT
Adverse events, hospitalization for
heart failure, and acute decline in
kidney function
Total QALYs gained (95% CrI)
ICER, $/QALY
Spain
Total costs (95% Crl), $
Drug acquisition
CKD management (not on KRT)
KRT
Adverse events, hospitalization for
heart failure, and acute decline in
kidney function
Total QALYs gained (95% Crl)
ICER, $/QALY

109,596 (77,765 to 133,287)
6034
36,815
63,357
3391

8.68 (6.79 to 9.72)

254,579 (186,892 to 304,520)
7428
128,095
114,735
4321

10.32 (7.96 to 11.49)

164,048 (118,905 to 202,510)
4447
74,305
81,490
3807

9.79 (7.56 to 11.20)

102,774 (74,017 to 126,749)
700
34,920
63,826
3328

7.86 (621 to 9.00)

236,908 (174,288 to 286,922)
417
117,133
115,391
3967

9.32 (7.28 to 10.65)

152,862 (112,237 to 191,511)
596
67,320
81,660
3286

8.83 (6.89 to 10.28)

6822 (3293 to 17,138)
5334
1895
—469
63

0.82 (0.34 to 1.17)
8280

17,671 (-3328 to 35,900)
7011
10,962
—656
354

1.00 (0.43 to 1.40)
17,623

11,186 (~2903 to 24,614)
3851
6985
170
521

0.96 (0.43 to 1.41)
11,687

Incremental values may not correspond exactly to the treatment arms due to rounding. 95% Crl, 95% credibility interval; QALY,

1735

quality-adjusted life year; ICER, incremental cost-effectiveness ratio; —, not applicable.

Estimated incremental costs and benefits translated to
ICERs of $8280/QALY gained, $17,623/QALY gained, and
$11,687/QALY gained in UK, German, and Spanish settings,
respectively (Table 4; outcomes are provided in native cur-
rencies in Supplemental Table 8). The cumulative projected
total costs and QALYs accrued over the modeled lifetime
horizons in the United Kingdom, Germany, and Spain are
presented in Supplemental Figure 5. Differences in cost-
effectiveness between countries were driven by differences
in drug acquisition costs, the cost of CKD management, and
complications in each country. The countries with higher
costs associated with background management of CKD had
greater total incremental costs due to increased life expec-
tancy, whereas those with larger relative costs relating to
CKD progression demonstrated greater cost offsets associ-
ated with delayed CKD progression.

Subgroup Analyses

Model results were consistent across settings and patient
subgroups, with all estimated ICERs falling well below
established willingness-to-pay thresholds (Figure 2). Sub-
groups with the largest effect on cost-effectiveness varied
by country, driven by differences in the relative cost of
background CKD management. For example, the estimated
ICER ($15,705/QALY) for patients in Germany aged
65 years or older was notably lower than the base case
ICER ($17,623/QALY), owing to the higher costs attributed

to CKD management in the German setting in combination
with the reduced life expectancy of this subgroup.

Scenario Analyses

Figure 3 presents the continuous effect of alternative
time horizons. For analyses that ran over a period of 10
years or fewer, dapagliflozin was generally expected to be
dominant versus placebo (cost saving with increased health
benefit). ICERs increased gradually up to a lifetime hori-
zon, remaining cost effective throughout and demonstrat-
ing that the conclusions are independent of the horizon
selected, with life expectancy estimates comparable with
real-world estimates (19).

When patients were assumed to discontinue dapagliflo-
zin treatment after 3 years, dapagliflozin remains highly
cost effective over all country settings (Supplemental Table
9). Patients receive an additional treatment benefit for 3
years, but they are not subject to lifetime costs of dapagli-
flozin, resulting in much lower incremental costs than in
the base case analysis.

When the discontinuation rate for dapagliflozin tapers
linearly to 0% over a 4-year period, ICERs across country
settings were slightly increased due to the rise in treatment
costs in the dapagliflozin arm as patients remain on dapa-
gliflozin for longer. When compared with the base case,
estimated life years and QALYs are increased because
patients receive the benefits of dapagliflozin longer.
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A
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Figure 2. | Subgroup analysis: change relative to the base case incremental cost-effectiveness ratio (ICER; discounted) in patient sub-
groups dichotomously stratified by baseline type 2 diabetes status, eGFR level, or urine albumin-creatinine ratio (UACR). The degree to
which the ICER of the subgroup of interest increases or decreases relative to the ICER relating to the base case population receiving dapa-
gliflozin with standard therapy versus standard therapy alone. QALY, quality-adjusted life year.

Sensitivity Analyses

Deterministic sensitivity analyses showed that the results
were robust to the choice of input parameters (Supplemental
Table 10).

Results of the probabilistic sensitivity analysis were
consistent with the deterministic analysis, indicating
that model results are robust to joint uncertainty in the
input parameters. Under probabilistic analysis, 99.8% of
simulations were cost effective at a threshold of

$27,510/QALY (£20,000/QALY) gained in the United
Kingdom, with 99% and 100% being cost effective at a
threshold of $35,503/QALY (€30,000/QALY) gained in
Germany and Spain, respectively (Figure 4).

Discussion
In this study, we developed a model driven by patient-
level data from the pivotal DAPA-CKD trial to evaluate the
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Figure 3. | ICER (US dollars per QALY) evolution over time in the United Kingdom, Germany, and Spain. Negative ICERs represent sce-
narios where dapagliflozin is considered the dominant treatment option (i.e., a lower cost and higher QALYs compared with placebo).

potential long-term clinical and economic effects of dapa-
gliflozin in the treatment of CKD. Our analysis indicates
that dapagliflozin is expected to be a cost-effective treat-
ment versus placebo when used in addition to standard
therapy for a population reflective of the DAPA-CKD trial.

100% A
90% A
80% A
70% A
60% A
50% A
40% -
30% -

20% -

Probability cost-effective

10% -

0%! T

Furthermore, the outcomes of this analysis align with
recent cost-effectiveness analyses of dapagliflozin in other
populations, including in high-risk patients with type 2
diabetes (20) and nondiabetic kidney disease (21), demon-
strating the importance of slowing eGFR and UACR

$0 $5,000

$10,000 $15,000 $20,000 $25,000 $30,000 $35,000 $40,000 $45,000 $50,000

Willingness-to-pay threshold ($ US Dollar/QALY)

— UK
——=— UK threshold

Germany Spain
Germany/Spain threshold

Figure 4. | Cost-effectiveness acceptability curves for the United Kingdom, Germany, and Spain. The probability of dapagliflozin with
standard therapy being cost effective at a given willingness-to-pay threshold versus standard therapy alone. The established willingness-to-
pay threshold for each country is indicated by a vertical line from the y axis.
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decline progression across interconnected disease po-
pulations. Empagliflozin has also demonstrated cost-
effectiveness in an analysis of patient-level data from the BI
10773 (Empagliflozin) Cardiovascular Outcome Event Trial
in Type 2 Diabetes Mellitus Patients (EMPA-REG OUT-
COME) trial conducted in patients with diabetic kidney
disease (22). Hence, treatment of CKD with dapagliflozin
represents a good use of health care resources if adopted
into clinical practice in Germany, Spain, and the United
Kingdom, in line with recent published analyses in Thai-
land and the United States (21,23).

Results were consistent across UK, German, and Spanish
health care settings and important patient subgroups, and
they were primarily driven by attenuating disease progres-
sion, thereby delaying initiation of dialysis and kidney
transplantation and reducing rates of hospitalization for
heart failure and death. An estimated average increase in
life expectancy with dapagliflozin of 1.7 years compares
favorably with other treatments for CKD, such as ARBs,
which have been estimated to extend life expectancy by 0.2
years in patients with CKD (24).

Delayed CKD progression to kidney failure and reduced
incidence of hospitalization for heart failure provided
important cost offsets to the drug acquisition cost of dapa-
gliflozin. However, in German and Spanish settings, in-
cremental CKD management costs exceeded incremental
treatment costs due to the predicted gain in life expectancy
and comparatively low treatment acquisition costs.

Although cost-effectiveness analysis is an effective
method of establishing whether the incremental cost of
new technology is justified by associated health gains and
cost offsets, this approach does not consider the full value
of a new treatment to a health care system. This is particu-
larly relevant in patients with CKD given the resource
requirements of kidney failure and provision of KRT,
which impose a burden on health care systems beyond the
consideration of the annual costs associated with their
management due to capacity restraints. Therefore, the over-
all benefit of the addition of dapagliflozin to standard ther-
apy may be underestimated in this analysis, as it does not
capture the potential effect of this new therapy on health
care service delivery. Furthermore, sodium-glucose co-
transporter-2 inhibitors are associated with benefits not
captured in this analysis, such as weight loss, improved
glycemic control, decreased BP, and increased hemoglobin
levels (25,26).

This study, as with any cost-effectiveness analysis, has
several limitations. First, DAPA-CKD had a median follow-
up of 2.4 years, and extrapolation of data beyond this time
is subject to uncertainty. However, sensitivity analyses
demonstrated that model results were robust to the choice
of input parameters and the uncertainty associated with
those parameters. Additionally, although the trial was
stopped prematurely, potentially reducing the statistical
power of some outcomes, the treatment effect was con-
sidered to have strong validity with minimal effect on
extrapolations (10). Second, we assumed that heterogeneity
between patients was adequately reflected by discrete
eGFR-defined health states, and although outcomes may
differ within individual health states, clinical guidelines for
the management of CKD are aligned to eGFR-defined CKD
stage classifications, consistent with those implemented

within the model. Third, this analysis represents patients
eligible for the DAPA-CKD trial, and therefore, it is not
completely representative of the general CKD population.
Therefore, modeled results on the basis of extrapolations of
the DAPA-CKD trial are applicable only to patients reflec-
tive of the trial’s inclusion criteria. Finally, we were unable
to use DAPA-CKD trial data to model outcomes in patients
who started dialysis or underwent transplantation, for
whom we did not have sufficient follow-up. Therefore,
post-KRT outcomes were sourced from a published sys-
tematic literature review of CKD modeling.

In conclusion, our results show that dapagliflozin, added
to standard therapy, is a cost-effective treatment option for
CKD well below established willingness-to-pay thresholds
in the United Kingdom, Germany, and Spain.
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