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Aim To estimate the cost-effectiveness of dapagliflozin added to standard therapy, vs. standard therapy only, in patients
with heart failure (HF) with reduced ejection fraction (HFrEF), from the perspective of UK, German, and Spanish
payers.
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Methods
and results

A lifetime Markov model was built to estimate outcomes in patients with HFrEF. Health states were defined by Kansas
City Cardiomyopathy Questionnaire total symptom score, type 2 diabetes and worsening HF events. The incidence of
worsening HF and all-cause mortality was estimated using negative binomial regression models and parametric survival
analysis, respectively. Direct healthcare costs (2019 British pounds/Euro) and patient-reported outcomes (EQ-5D)
were sourced from the existing literature and the Dapagliflozin And Prevention of Adverse-outcomes in Heart Failure
trial (DAPA-HF), respectively; the median duration of follow-up in DAPA-HF was 18.2 months (range: 0–27.8). Future
costs and effects were discounted at 3.0% for the Spanish and German analyses and 3.5% for the UK analysis. In the
UK setting, treatment with dapagliflozin was estimated to increase life-years and quality-adjusted life-years (QALYs)
from 5.62 to 6.20 (+0.58) and 4.13 to 4.61 (+0.48), respectively, and reduce lifetime hospitalizations for HF (925 and
820 events per 1000 patients for placebo and dapagliflozin, respectively). Similar results were obtained for Germany
and Spain. The incremental cost-effectiveness ratios were £5822, €5379 and €9406/QALY in the UK, Germany
and Spain, respectively. In probabilistic sensitivity analyses, more than 90% of simulations were cost-effective at a
willingness-to-pay threshold of £20 000/QALY in UK and €20 000/QALY in Germany and Spain.
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Conclusion Dapagliflozin is likely to be a cost-effective treatment for HFrEF in the UK, German and Spanish healthcare systems.
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Introduction
Heart failure (HF) represents a major public health challenge; it
is a severely symptomatic syndrome, greatly reducing quality of
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. life, and is a leading cause of hospitalization and death.1 Global HF

prevalence is estimated at 23 million, including 16 million people in
Europe.2,3 HF is the leading cause of hospital admission in people
over the age of 65 years,4 accounting for 5% of all acute hospital
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admissions in Europe.5 HF represents an expensive and growing
public health problem.6–8 It has been estimated that 1-year costs
related to HF in the European Union are around €29 billion,9 with
frequent, prolonged and repeat hospitalizations accounting for the
majority of these costs.10 The economic burden of HF is likely to
increase substantially over the next decade, driven by the ageing of
the population and an estimated 46% increase in HF prevalence by
2030.11,12

The primary goals of HF treatment are to improve symptoms
and quality of life, prevent hospital admission and reduce mor-
tality. At present, evidence-based therapy is only available for
HF patients with reduced ejection fraction (HFrEF), who repre-
sent at least half of all cases of this syndrome. Current treat-
ment of HFrEF consists of pharmacological therapy and devices, in
selected patients. Optimum pharmacological treatment includes a
renin-angiotensin system blocker (ideally coupled with a neprilysin
inhibitor), a beta-blocker and mineralocorticoid receptor antago-
nist, usually given with a diuretic to control fluid retention.13 How-
ever, as identified in international guidelines, there is need for more
therapies to improve morbidity and mortality in HF patients. The
Dapagliflozin And Prevention of Adverse-outcomes in Heart Fail-
ure trial (DAPA-HF) demonstrated that dapagliflozin (10 mg once
daily), added to standard HFrEF therapy, reduced the risk of hos-
pitalization for HF (HHF) (by 30%) and cardiovascular death (by
18%), when compared with placebo.14

A key consideration for healthcare decision-makers involves rec-
onciling additional, short-term, expenditure on disease manage-
ment with delivering long-term projected health outcome benefits.
Cost-effectiveness evaluations play an important role in support-
ing decision-makers seeking to understand the value of competing
health technologies and management strategies. Thus, the objec-
tive of this study is to assess the cost-effectiveness of dapagliflozin
added to standard therapy vs. standard therapy alone from a multi-
national European payer perspective.

Methods
DAPA-HF (NCT03036124) was a randomized, double-blind,
placebo-controlled, event-driven, trial in patients with HFrEF.14,15

The efficacy and safety of dapagliflozin 10 mg once daily, added to
standard care, was compared with matching placebo. The design,
baseline characteristics, and results of the trial have been published.
The Ethics Committee of each of the 410 participating institutions
(in 20 countries) approved the protocol, and all patients gave written
informed consent.

Trial design and patient population
Men and women aged ≥18 years with HF were eligible for DAPA-HF if
they were in New York Heart Association (NYHA) functional class
II to IV, had a left ventricular ejection fraction ≤40%, and were
optimally treated with pharmacological and device therapy. Patients
were excluded if they had any symptoms of hypotension, a sys-
tolic blood pressure >95 mmHg, estimated glomerular filtration rate
<30 mL/min/1.73 m2 (or rapidly declining renal function), or type 1 dia-
betes mellitus. A full list of inclusion and exclusion criteria is provided ..
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.. in the design paper.14 Patients enrolled in DAPA-HF were random-
ized to receive dapagliflozin or placebo in addition to standard therapy,
stratified based on diagnosis of type 2 diabetes mellitus (T2DM) at
screening. Following randomization, follow-up visits occurred at 14, 60,
120, 240, 360 days and every 4 months thereafter. The median duration
of follow-up was 18.2 months (range: 0–27.8 months). The primary
outcome was the composite of an episode of worsening HF (HHF or
an urgent visit because of worsening HF requiring intravenous ther-
apy) or cardiovascular death, whichever occurred first. The secondary
endpoints were: the occurrence of HHF or cardiovascular death, HHF
(first and recurrent) and cardiovascular death, change from baseline to
8 months in the total symptom score of the Kansas City Cardiomy-
opathy Questionnaire (KCCQ-TSS),12 the incidence of a composite
worsening renal function outcome and death from any cause.

Pre-specified safety analyses included any serious adverse event
(AE), AEs leading to discontinuation of trial treatment, AEs of inter-
est (volume depletion, worsening renal function, major hypoglycaemic
episodes, fracture, diabetic ketoacidosis, amputation) and any diag-
nosis of Fournier’s gangrene, as well as laboratory findings of note.
The EuroQol five-dimensional five-level questionnaire (EQ-5D-5L), a
patient self-reported questionnaire, commonly used to derive a stan-
dardized measure of health status, also referred to as a utility score,
was prospectively collected to support health economic evaluations of
DAPA-HF. Patients completed both EQ-5D-5L and KCCQ at baseline,
4, 8, 12 months, and every 12 months thereafter until the end of the
study.

Economic model
Decision problem and model

We developed a Markov state-transition cohort model designed to
assess the cost-effectiveness of dapagliflozin, used in addition to
regional standard therapy, in comparison with standard therapy alone,
in the UK, Germany and Spain. The model employed a lifetime
perspective to accommodate the chronic and progressive nature of
HF, with a monthly cycle length, consistent with previous HF eco-
nomic models.16–18 The primary model outcome was the incre-
mental cost-effectiveness ratio (ICER), expressed as the cost per
quality-adjusted life-year (QALY) gained. The future value of both costs
and effects were discounted using established country-specific dis-
counting rates: 3.5% per annum for the UK and 3.0% per annum for
Germany and Spain.19

Analysis

Base-case analysis reflected the overall DAPA-HF population, with
additional analyses of clinically relevant pre-specified subgroups: age
(≤65 vs. >65 years); HF duration (≤2 years vs. >2 years); prior HHF
(yes/no), T2DM (yes/no), ischaemic aetiology (yes/no); and the fol-
lowing stratified by ≤median vs. >median – left ventricular ejec-
tion fraction, N-terminal pro B-type natriuretic peptide (NT-proBNP),
body mass index, creatinine and KCCQ-TSS. Deterministic sensitiv-
ity analysis was used to explore the impact of varying input variables
on cost-effectiveness and probabilistic sensitivity analysis was used to
quantify overall variable uncertainty.14

Disease progression

Disease progression within the model was captured using transitions
between discrete health states, characterized by KCCQ-TSS quartiles

© 2020 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Figure 1 Model schematic. CV, cardiovascular; HF, heart failure;
KCCQ, Kansas City Cardiomyopathy Questionnaire; T2DM, type
2 diabetes mellitus.

as an effective measure of patient symptoms and a proxy for disease
severity and in post-hoc analysis was found to be a strong predictor
of patient outcomes with an approximate 2.5-fold increase in risk of
all-cause mortality (online supplementary Table S1) for patients in the
lowest quartile of KCCQ-TSS in comparison with the highest quar-
tile. Quartiles were chosen to ensure adequate patient numbers in
each subgroup to permit statistically robust analysis, while retaining
sufficient granularity in predicting patient outcomes; however, previ-
ously published analysis has shown a consistent effect when stratifying
patients by KCCQ-TSS tertiles.20 Model health states were further
stratified by baseline T2DM status in order to capture increased risk,
reduced quality of life and increased background management costs
for patients with comorbid T2DM (Figure 1). Transition probabilities
between health states defined by KCCQ-TSS quartiles were derived
using monthly transition count data, assuming that the last observation
was carried forward. Independent transition matrices were derived
based on the first 4 months of follow-up in DAPA-HF, after which
an inflection point was observed, and a second transition matrix was
applied from month 5 onwards.20 Transition counts had a multinomial
likelihood, which was combined with a flat Dirichlet prior distribution
using Gibbs sampling to obtain the posterior probability distribution of
the KCCQ-TSS transition matrix (online supplementary Table S2).21

KCCQ-TSS transition probabilities were assumed to be equivalent for
patients with and without baseline T2DM, and new cases of T2DM
were not modelled.

Mortality, hospitalization for heart failure and adverse
events

The model captured the incidence of first and recurrent HHF and
urgent HF visits as discrete clinical events, as well as capturing
the occurrence of relevant AEs, cardiovascular and all-cause mor-
tality. Parametric multivariable survival analysis was used to model
all-cause mortality and cardiovascular mortality over time, adjusted
for time-updated KCCQ-TSS, baseline patient characteristics includ-
ing T2DM and study arm, as such, patients with lower KCCQ-TSS
or comorbid T2DM were at increased risk of mortality and HHF ..
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.. events. Analysis was conducted from an intention-to-treat perspec-
tive using the complete DAPA-HF dataset.14 The approach to statis-
tical model selection was consistent with guidelines for the analysis
of survival data alongside clinical trials, with goodness-of-fit assessed
through minimizing Akaike Information Criterion.22,23 Mortality was
assumed to follow a Weibull distribution in the base-case analysis,
following survival extrapolations compared to previously published
long-term projections to ensure plausible extrapolations.24–26 Sensi-
tivity of the results of the model to the choice of survival distribution
was assessed using deterministic sensitivity analysis. The proportion of
deaths attributable to non-cardiovascular causes was calculated using
country-specific life-tables, adjusted to remove cardiovascular mortal-
ity to avoid double-counting.27–30 Negative binominal generalized esti-
mating multivariable regression models were developed to estimate
the incidence of HHF and urgent HF visits in order to capture both
first and subsequent episodes of worsening HF. As only 33 first urgent
HF visits were observed in DAPA-HF, the incidence of urgent HF vis-
its was applied using a constant, treatment arm specific incidence rate.
Details of the regression models developed for mortality and HHF are
provided in online supplementary Table S3.

The following specific AEs were modelled: volume depletion, wors-
ening renal function, episodes of major hypoglycaemia, fracture, dia-
betic ketoacidosis, amputation, urinary tract infection and genital infec-
tion. The incidence of genital infection was not routinely collected
in DAPA-HF, as such modelled incidence rates are based on the
dapagliflozin and placebo arms of DECLARE-TIMI 58.31 Serious AEs
were not modelled in their entirety due to the overall favourable tol-
erability profile associated with dapagliflozin, with 35.7% of patients
treated with dapagliflozin experiencing a serious AE in comparison with
40.2% in the placebo arm of DAPA-HF. Treatment specific AEs were
modelled assuming a constant hazard; these are reported in online
supplementary Table S4.

Health-related quality of life

Utility estimates were derived from a pooled analysis of individual
patient-level EQ-5D-5L data from DAPA-HF.14 EQ-5D-5L responses
were first mapped to EQ-5D-3L applying the mapping function
developed by van Hout et al.32 Responses were then converted to
utility index scores using published UK utility values for EQ-5D
health states, derived using the time trade-off method described in
Dolan.33 Linear mixed effects regression models were fitted to patient
reported utility values adjusting for KCCQ-TSS, T2DM status, age
and sex in addition to the incidence of discrete clinical events. Stable
estimates of disutility associated with major hypoglycaemia, diabetic
ketoacidosis and amputation could not be derived from DAPA-HF due
to their low incidence; relevant disutility values were sourced from
published literature. The full DAPA-HF utility analysis is provided in
online supplementary Table S5. Derived health state utility values
associated with KCCQ-TSS quartiles and the utility decrement asso-
ciated with comorbid T2DM and the incidence of events are shown in
Table 1.34–38 Consequently, the estimation of QALYs was determined
by KCCQ-TSS state specific occupancy over time, the proportion
of the cohort with comorbid T2DM, and the incidence of discrete
clinical events such as worsening HF events and AEs (applied during
the month of incidence only).

Resource use

Each of the modelled health states (including the transient health states
describing the incidence of events) were assigned a relevant health

© 2020 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 1 Utility inputs

Health state Mean SE Source
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

KCCQ-TSS: 1–<58 0.600 0.016 DAPA-HF
KCCQ-TSS: 58–<77 0.705 0.016 DAPA-HF
KCCQ-TSS: 77–<92 0.773 0.016 DAPA-HF
KCCQ-TSS: 92–100 0.833 0.016 DAPA-HF
Baseline comorbidities

T2DMa −0.017 0.003 DAPA-HF
HF events

HHF −0.321 0.020 DAPA-HFc

Urgent HF visit −0.036 0.011 DAPA-HF
Adverse events

Volume depletion −0.051 0.012 DAPA-HF
Renal dysfunction −0.076 0.014 DAPA-HF
Major hypoglycaemia −0.014 0.001b Currie et al.,34 Beaudet et al.35

Fracture −0.149 0.033 DAPA-HF
Diabetic ketoacidosis −0.009 0.010 Peasgood et al.36

Amputation −0.280 0.053 UKPDS 6237, Beaudet et al.35

Genital infection −0.003 0.001 Barry et al.38

Urinary tract infection −0.003 0.001 Barry et al.38

HF, heart failure; HHF, hospitalization for heart failure; KCCQ-TSS, Kansas City Cardiomyopathy Questionnaire total symptom score; SE, standard error; T2DM, type 2
diabetes mellitus.
a Applied to the proportion of DAPA-HF cohort with T2DM at study entry.
b Assumed 10% of mean value.
c Input has been scaled to represent estimated quality-adjusted life-years lost due to event incidence and is applied for 1 month only.

state cost [2019 British pound (GBP)/Euro]. The proportion of the
cohort residing within each health state informed the accrual of costs
over time. Costs describing background resource use associated with
HFrEF were applied to all patients and included contact with primary
care, cardiologist visits and A&E referrals with additional costs included
for patients with comorbid T2DM. Event-specific costs were applied
as a one-off cost in the model with the occurrence of an event.
Patient time on treatment was informed by the annual probability of
premature discontinuation derived from DAPA-HF (7% per annum).
Dapagliflozin treatment costs were applied while patients remained on
therapy, with only the costs of standard therapy applied in patients
discontinued from dapagliflozin; additional monitoring related costs
(e.g. patient review and checking blood chemistry), specifically two
outpatient visits, were applied to those receiving dapagliflozin within
the first year. The country specific cost inputs are reported in online
supplementary Table S6.

Results
The characteristics of patients at baseline are reported in Table 2.
The utility values applied in the model are shown in Table 1. The
country specific costs utilized in the analyses are shown in online
supplementary Table S6.

The modelled results indicate that dapagliflozin in addition to
standard therapy was cost-effective for the treatment of HFrEF in
all three country settings (Table 3). Treatment with dapagliflozin
was associated with QALY gains of 0.48, 0.50 and 0.50, and an incre-
mental cost per QALY gained of £5822, €5379 and €9406/QALY
in the UK, Germany and Spain, respectively. QALY gains in all
three countries were driven largely by improved life expectancy ..
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.. for patients treated with dapagliflozin, with 14 fewer deaths after
1 year, and 57 fewer deaths after 5 years per 1000 treated patients.
Variations in predicted life-years and QALYs reported for UK,
Germany and Spain reflect the use of country specific life tables
and discount rates (Table 3). Differences in cost per QALY were
driven primarily by drug acquisition costs. HHF, urgent HF visits
and cardiovascular deaths avoided provided important cost offsets
to expenditure on dapagliflozin (Table 3). Over a lifetime horizon,
treatment with dapagliflozin was estimated to be associated with
105 fewer HHF events and 22 fewer urgent HF visits per 1000
treated patients. The resultant cost offsets in the UK, Germany
and Spain were £378, €655 and €520, respectively, reflecting dif-
ferences in healthcare costs in each country.

Subgroup analysis and parameter
uncertainty
Dapagliflozin remained cost-effective with only modest changes
from the results of the base-case analysis across patient sub-
groups and the countries of interest (Figure 2 and online
supplementary Tables S7–S9). The subgroup that exhibited
the largest change from base-case cost-effectiveness was that
defined by median NT-proBNP concentration. In patients with
an NT-proBNP at or below the median value, estimated QALY
gains increased compared to the base-case results, as did total
costs (driven by improved life expectancy). This resulted in modest
increases in the estimated ICERs to £6671, €6125 and €10 706 for
the UK, Germany and Spain, respectively. In general, dapagliflozin
was more cost-effective in more high-risk patient subgroups
such as those with lower ejection fraction, higher NT-proBNP

© 2020 The Authors. European Journal of Heart Failure published by John Wiley & Sons Ltd on behalf of European Society of Cardiology.
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Table 2 Characteristics of patients at baseline

Characteristic Dapagliflozin+ standard therapy Standard therapy
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Age (years) 66.2 (11) 66.5 (10.8)
Female sex (%) 23.8 23.0
Body mass index (kg/m2) 28.2 (6) 28.1 (5.9)
Race (%)

White 70.0 70.5
Black 5.1 4.4
Asian 23.3 23.8
Other 1.6 1.3

Region (%)
North America 14.1 14.4
South America 16.9 17.5
Europe 46.1 44.7
Asia-Pacific 22.9 23.3

NYHA functional class (%)
II 67.7 67.4
III 31.5 31.7
IV 0.8 1.0

Heart rate (bpm) 71.5 (11.6) 71.5 (11.8)
Systolic blood pressure (mmHg) 122 (16.3) 121.6 (16.3)
Left ventricular ejection fraction (%) 31.2 (6.7) 30.9 (6.9)
Median NT-proBNP [IQR] (pg/mL) 1428 [857–2655] 1446 [857–2641]
Principal cause of HF (%)

Ischaemic 55.5 57.3
Non-ischaemic 36.1 35.0
Unknown 8.4 7.7

Medical history (%)
HHF 47.4 47.5
Atrial fibrillation 38.6 38.0
Diabetes mellitus 41.8 41.8

Estimated GFR
Mean (mL/min/1.73 m2) 66 (19.6) 65.5 (19.3)
<60 mL/min/1.73 m2 (%) 40.6 40.7

Device therapy (%)
Implantable cardioverter-defibrillator 26.2 26.1
Cardiac resynchronization therapy 8.0 6.9

HF medication (%)
Diuretic 93.4 93.5
ACE inhibitor 56.1 56.1
ARB 28.4 26.7
Sacubitril/valsartan 10.5 10.9
Beta-blocker 96.0 96.2
Mineralocorticoid receptor antagonist 71.5 70.6
Digitalis 18.8 18.6

Numbers in brackets are standard deviations.
ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; GFR, glomerular filtration rate; HF, heart failure; HHF, hospitalization for heart failure; IQR,
interquartile range; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New York Heart Association.

level, prior HHF, lower KCCQ-TSS, and longer duration of HF,
as a result of the higher incidence of clinical events, and lower
incremental costs due to shorter life expectancy, compared to
lower risk patient subgroups. A noteworthy exception to this
overall finding were patients without T2DM, where dapagliflozin
was more cost-effective than in those with T2DM. This finding
reflected the higher annual costs associated with comorbid
T2DM. Consequently, increased life expectancy with dapagliflozin ..

..
..

..
..

..
..

..
..

..
..

. resulted in an increase in incremental costs. There was also a

reduction in incremental health gains as patients with T2DM at

baseline had poorer health-related quality of life, thereby resulting

in fewer QALYs gained per life-year gained. Cost-effectiveness

was also robust to the choice of survival distribution, with all

survival distributions resulting in ICERs less than £20 000 or

€20 000/QALY (online supplementary Tables S10–S12).
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Table 3 Base-case results

Dapagliflozin+ standard therapy Standard therapy Incremental
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

UK
Total costs £16 408 £13 628 £2780
Treatment, monitoring and adverse events £4287 £1917 £2370
Worsening HF events and CV death £3851 £4229 – £378
Background resource use £8270 £7482 £788
Total LYs 6.20 5.62 0.58
Total QALYs 4.61 4.13 0.48
ICER – – £5822/QALY

Germany
Total costs €25 328 €22 647 €2681

Treatment, monitoring and adverse events €7637 €5059 €2578
Worsening HF events and CV death €9944 €10 598 – €655
Background resource use €7747 €6990 €757
Total LYs 6.35 5.74 0.61

Total QALYs 4.72 4.22 0.50
ICER – – €5379/QALY

Spain
Total costs €24 330 €19 642 €4688
Treatment, monitoring and adverse events €10 139 €5785 €4354
Worsening HF events and CV death €5425 €5945 – €520
Background resource use €8766 €7912 €854
Total LYs 6.35 5.74 0.61

Total QALYs 4.72 4.22 0.50
ICER – – €9406/QALY

Clinical eventsa

HHF (per 1000 treated patients) 820 925 −105
Urgent HF visit (per 1000 treated patients) 32 54 −22
1-year survival 91.8% 90.3% 1.6%
2-year survival 82.7% 79.6% 3.1%
5-year survival 56.6% 50.9% 5.7%

CV, cardiovascular; HF, heart failure; HHF, hospitalization for heart failure; ICER, incremental cost-effectiveness ratio; LY, life-year; QALY, quality-adjusted life-years.
a Clinical events reported relate to output from the UK model.

In probabilistic sensitivity analysis, 96% of simulations were
cost-effective at a willingness-to-pay threshold of £20 000/QALY
for the UK, and 97% and 91% of simulations were cost-effective at
a willingness-to-pay threshold of €20 000/QALY for Germany and
Spain, respectively (Figure 3).

Discussion
The base-case analyses for the UK, Germany and Spain indicate that
dapagliflozin, in addition to standard therapy, is cost-effective for
the treatment of HFrEF, compared with standard therapy alone, at
established willingness-to-pay thresholds. These results were prin-
cipally driven by reductions in cardiovascular and all-cause mortal-
ity, resulting in significant life-year and QALY gains for those treated
with dapagliflozin. The avoidance of HHF was associated with more
modest QALY gains but contributed to important cost-savings,
which partially offset the additional cost of dapagliflozin.

Our results are consistent with other contemporary
cost-effectiveness analyses in patients with HFrEF. In
PARADIGM-HF, the hazard ratio for the primary endpoint ..
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. (cardiovascular mortality or HHF) was 0.80 for sacubitril/valsartan

compared with enalapril, with QALY gains of 0.42 to 0.52 and
ICERs ranging from £17 100 to €26 278 in the UK and Germany,
respectively.24,39 In DAPA-HF the hazard ratio for a similar primary
outcome was 0.74, with QALY gains of 0.48 to 0.50. The more
favourable ICERs in DAPA-HF reflect the lower incremental
cost of dapagliflozin, compared with that of sacubitril/valsartan.
Other recent relevant cost-effectiveness analyses include those for
ivabradine, cardiac resynchronization therapy (CRT) and cardiac
contractility modulation (CCM).25,26,40–42 These studies reported
QALY gains of 0.18 to 0.28 (ivabradine); 0.77 (CRT) and 0.68 and
1.03 (CCM), resulting in an ICER of £13 764 and €17 488 for
ivabradine in the UK and Spain, respectively; €21 500/QALY for
CRT in Spain; and £22 988/QALY for CCM in the UK. Importantly,
some patients in DAPA-HF were treated with sacubitril/valsartan,
ivabradine and CRT at baseline and the benefits of dapagliflozin in
these subgroups were consistent with the overall benefit in the
trial.14

Cost-effectiveness analysis provides a formal mechanism to
establish whether the incremental cost of a new technology is
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Figure 2 Results of subgroup analysis. BMI, body mass index; HF, heart failure; HHF, hospitalization for heart failure; KCCQ, Kansas City
Cardiomyopathy Questionnaire; LVEF, left ventricular ejection fraction; NTproBNP, N-terminal pro-B-type natriuretic peptide; T2DM, type 2
diabetes mellitus.

justified by its health gains and associated cost offsets; however, this
approach does not necessarily capture the full value to a healthcare
system. For example, while we have applied appropriate unit costs
for HHF, for healthcare systems running at, or close to, capacity
the value of even modest reductions in hospital admissions can
have a meaningful impact on service delivery. This is of particular
relevance to HF given the expected increase in its prevalence and
where the majority of costs are incurred within secondary care.
It should be noted that we did not consider healthcare costs
unrelated to HF. This approach is consistent with both guidelines
and previously published cost-effectiveness analyses in patients with
HFrEF.43 However, as the gains in quality-adjusted life expectancy
reported in this study largely reflect an increase in life expectancy,
patients treated with dapagliflozin may incur additional healthcare
expenditure unrelated to HF. Whether unrelated healthcare costs
should feature within cost-effectiveness analyses is the subject of
ongoing debate.44,45 ..
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. Our analysis is the first we know of using a cost-effectiveness
model capturing disease progression in HF patients using
transitions between discrete health states characterized by
the KCCQ-TSS, rather than using NYHA functional class. KCCQ
is an established measure of health status in HF and, unlike
NYHA class, is a patient- rather than physician-reported outcome.
Patients provide a quantitative, continuous, assessment of their
symptoms, with a score of up to 100 points (compared with
four categories with NYHA class). A recent systematic literature
review of cost-effectiveness models used to evaluate pharmaco-
logic intervention in adults with HF identified 64 publications;
the majority employed Markov (n = 28) or trial-based analytical
approaches.18 A substantial proportion (n = 40) used NYHA
disease classification to categorize disease severity; however, the
review questioned the appropriateness of this instrument “given
limitations around reproducibility, reliability, and clinician inter-
pretation of what is a ‘normal’ functional capacity in the typically
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Figure 3 Probabilistic model results: (A) incremental costs
and benefits, (B) cost-effectiveness acceptability curves. QALY,
quality-adjusted life-year; WTP, willingness-to-pay.

older individuals who develop HF”.46–48 Indeed, NYHA functional
classification is widely considered to provide a subjective, arbitrary,
and non-patient-centric assessment of HF symptoms.20 An assess-
ment of cardiologists evaluating the symptoms of HF using the
NYHA classification identified no consistent method of applying
NYHA class, reflecting its subjectivity.48 Given the requirement
for homogeneous health states within Markov model frameworks,
this additional source of heterogeneity within NYHA classification
represents a limitation. A second issue with NYHA class relates
to modelling disease progression. It is conventional to model
time-dependent NYHA class membership using clinical trial data to
estimate transition probabilities. For example, King et al.49 assessed
the cost-effectiveness of sacubitril/valsartan combination therapy
compared with enalapril using NYHA transitions derived from
PARADIGM-HF. These transitions resulted in HF severity gener-
ally improving over time. Given HF is a chronic and progressive
condition, this observation lacks clinical face validity. Examination
of NYHA transitions within DAPA-HF gave similar findings, with
more patients treated with dapagliflozin migrating to NYHA
classes II and I within the trial (data not shown). The requirement
for HF cost-effectiveness models to evaluate costs and outcomes
over a lifetime therefore presents a challenge, as extrapolating
the observed within-trial NYHA transition over a longer time
period is likely to provide overly optimistic results. Importantly,
time-dependent disease severity, captured by KCCQ quartiles, ..
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.. results in the opposite pattern to that seen with NYHA, i.e. a
progressive deterioration over the long term. Thus, as well as its
other advantages described above, the KCCQ may result in more
realistic estimates of long-term evolution of health status in HF.

As with any study of this type, there are some limitations. In gen-
eral, the requirement to extrapolate beyond the median follow-up
time of approximately 18 months in DAPA-HF introduced uncer-
tainty, as in all health economic analyses based on trials.14 However,
it is reassuring that sensitivity analysis showed that, although incre-
mental benefits associated with dapagliflozin were sensitive to the
choice of survival distribution, cost-effectiveness remained robust.
A further limitation of DAPA-HF, like most other trials, is the mod-
est number of patients enrolled in any single country, which pre-
vents robust evaluation within individual countries.14 Our analysis
indicated that cost-effectiveness is maintained in both lower and
higher risk subgroups suggesting the results were not overly sensi-
tive to underlying event rates. Furthermore, the results were not
sensitive to different country-specific cost inputs, providing some
reassurance as to the potential generalizability of these findings.

In conclusion, our results show that the benefits of dapagliflozin,
added to standard therapy, are achieved at an acceptable cost in
patients with HFrEF. Dapagliflozin is likely to be a cost-effective
treatment for HFrEF in the UK, German and Spanish healthcare
systems.

Supplementary Information
Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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