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IMPORTANCE In the Dapagliflozin and Prevention of Adverse Outcomes in Heart Failure
(DAPA-HF) trial, dapagliflozin was shown to reduce cardiovascular mortality and
hospitalizations due to heart failure while improving patient-reported health status. However,
the cost-effectiveness of adding dapagliflozin therapy to standard of care (SOC) is unknown.

Supplemental content

OBJECTIVE To estimate the cost-effectiveness of dapagliflozin therapy among patients with

926

chronic heart failure with reduced ejection fraction (HFrEF).

DESIGN, SETTING, AND PARTICIPANTS This Markov cohort cost-effectiveness model used
estimates of therapy effectiveness, transition probabilities, and utilities from the DAPA-HF
trial and other published literature. Costs were derived from published sources. Patients with
HFrEF included subgroups based on diabetes status and health status impairment due to
heart failure. We compiled parameters from the literature including DAPA-HF, on which our
model is based, and many other sources from December 2019 to February 27, 2021. We

performed our analysis in February 2021.

EXPOSURES Dapagliflozin or SOC.

MAIN OUTCOMES AND MEASURES Hospitalizations for heart failure, life-years, quality-adjusted
life-years (QALYs), costs, and the cost per QALY gained (incremental cost-effectiveness ratio).

RESULTS In the model, dapagliflozin therapy yielded a mean of 0.78 additional life-years and
0.46 additional QALYs compared with SOC at an incremental cost of $38 212, resulting in a
cost per QALY gained of $83 650. The cost per QALY was similar for patients with or without
diabetes and for patients with mild or moderate impairment of health status due to heart
failure. The cost-effectiveness was most sensitive to estimates of the effect on mortality and
duration of therapy effectiveness. If the cost of dapagliflozin decreased from $474 to $270
(43% decline), the cost per QALY gained would drop below $50 000.

CONCLUSIONS AND RELEVANCE These findings suggest that dapagliflozin provides
intermediate value compared with SOC, based on American College of Cardiology/American
Heart Association benchmarks. Additional data regarding the magnitude of mortality
reduction would improve the precision of cost-effectiveness estimates.
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eart failure is projected to affect 9.6 million persons

in the US with a cost of $69.7 billion annually by 2030.!

It contributes to 1 of 8 deaths in the US.?* In recent
years, several promising new HF treatment options have been
approved. However, given concerns regarding health care
costs, a cost-effectiveness evaluation of these therapies
is imperative.

Dapagliflozin, a sodium-glucose cotransport 2 (SGLT2) in-
hibitor, is the newest medication approved by the US Food and
Drug Administration for heart failure with reduced ejection
fraction (HFTEF). In multiple diabetes treatment trials, SGLT2
inhibitors reduced the incidence of heart failure and hospital-
izations for heart failure.*” As a result, the Dapagliflozin and
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Prevention of Adverse Outcomes in Heart Failure (DAPA-HF)
trial® evaluated dapagliflozin in patients with symptomatic
HFTEF, with and without diabetes, compared with standard of
care (SOC)—that is, standard heart failure device and drug
therapy, which included appropriate treatment with angio-
tensin-converting enzyme inhibitors, angiotensin receptor
blockers, or sacubitril-valsartan plus a B-blocker. In that study,®
4744 patients (2761 [58.2%] without type 2 diabetes) were ran-
domized to dapagliflozin or placebo and were followed up for
amedian of18.2 (range, 0-27.8) months. Dapagliflozin signifi-
cantly reduced the primary composite end point of cardiovas-
cular death, hospitalization for heart failure, or urgent visits
for heart failure; reduced the secondary outcome of cardio-
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vascular death; and improved patient-reported health status.
Dapagliflozin had similar effectiveness for patients with and
without diabetes.

At present, dapagliflozin’s price is approximately $470 per
month.® It remains unclear whether it is cost-effective at this
price point. We performed an independent cost-effective-
ness analysis of dapagliflozin in patients with HFrEF, with sub-
group analyses by diabetes status and health status impair-
ment due to heart failure.

Methods

Decision Model

We developed a state-transition Markov cohort model that
compares dapagliflozin and SOC without dapagliflozin across
the DAPA-HF population (eFigure 1in the Supplement).® The
DAPA-HF trial included patients older than 18 years with
left ventricular ejection fraction of 40% or less, New York
Heart Association (NYHA) class II to IV heart failure, and
N-terminal pro-B-type natriuretic peptide (NT-proBNP) lev-
els of at least 600 pg/mL (see DAPA-HF methods for com-
plete inclusion criteria).® Patients with type 1 diabetes, hypo-
tension (systolic blood pressure <95 mm Hg), or estimated
glomerular filtration rate of less than 30 mL/min/1.73 m? were
excluded. This economic simulation analysis was exempt from
institutional review board approval and informed consent.
DAPA-HF collected data on average for 18 months after enroll-
ment/randomization, which occurred from February 15, 2017,
to August 17, 2018. We developed our model and performed
our analysis from December 2019 to February 27, 2021.

We performed 2 secondary subgroup analyses in which we
separately evaluated (1) groups with and without diabetes within
each arm and (2) 2 different levels of health status impairment
due to heart failure within each arm. Both diabetes and heart
failure health status affect the baseline morbidity rates.®1013
Although relative treatment effects appeared similar across
diabetes status, the DAPA-HF trial suggested possible effective-
ness differences between patients with more and less severe
heart failure. The effect of dapagliflozin was significantly larger
among patients with NYHA class II vs III or IV disease. In
addition, although not significant, the effectiveness estimates
were greater for those with better health status (based on the
Kansas City Cardiomyopathy Questionnaire Total Symptoms
Score [KCCQ-TSS]; cardiovascular mortality: KCCQ-TSS <65.6
[hazard ratio (HR), 0.84], KCCQ-TSS 65.7-87.5 [HR, 0.78], and
KCCQ-TSS >87.5 [HR, 0.72]; P = .82) and lower NT-proBNP
levels.!° However, the data are not entirely clear. Effectiveness
point estimates were nonsignificantly smaller for patients with
higher left ventricular ejection fraction and those without past
hospitalization for heart failure. We stratified patients into mild
and moderate impairment of health status due to heart failure
using the KCCQ-TSS.

We used the KCCQ-TSS-based stratification owing to its su-
perior reproducibility and prognostic significance compared
with NYHA class as well as its patient-centered approach.416
In DAPA-HF, baseline KCCQ-TSS tertiles correlated with prob-
abilities of cardiovascular death (16.8% in the low [most se-
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Key Points

Question Is dapagliflozin cost-effective when added to standard
of care for patients who have heart failure with reduced ejection
fraction (HFrEF) with and without diabetes?

Findings This economic evaluation used a Markov model based
on the Dapagliflozin and Prevention of Adverse Outcomes in Heart
Failure population and found dapagliflozin had an incremental
cost-effectiveness ratio of $83 650 per quality-adjusted life-year
gained, indicating intermediate value according to American
College of Cardiology/American Heart Association benchmarks.
The cost-effectiveness of dapagliflozin was similar for subgroups
with and without diabetes and among those with more or less
impaired health status due to heart failure.

Meaning These findings suggest that dapagliflozin is
cost-effective for patients with HFrEF; therefore, given evidence of
clinical benefit and economic value, focus should be on increasing
therapy rates among patients who have HFrEF with and without
diabetes.

vere impairment] tertile, 10.2% in the middle tertile, and
7.7% in the high tertile of KCCQ-TSS scores).!® We created
2 strata: moderate (KCCQ-TSS <65.7) and mild (KCCQ-TSS =65.7)
health status impairment due to heart failure.'©

Transition probabilities were based on DAPA-HF trial
outcomes and the natural history of HFrEF.® Patients had
amonthly risk of hospitalization for heart failure, hospitaliza-
tion for other causes, left ventricular assist device implanta-
tion, heart transplantation, cardiovascular or noncardiovas-
cular death, and treatment intolerance (Table 1).

We developed our model from a health care payor
perspective with a lifetime horizon (eMethods 1 in the
Supplement).2® Future costs and utilities were discounted to
present value at 3% annually. The primary outcome was the
incremental cost-effectiveness ratio (ICER), which we calcu-
lated as incremental cost divided by incremental quality-
adjusted life-years (QALYs). We used the American College of
Cardiology/American Heart Association value threshold for
high value (ICER <$50 000), intermediate value (ICER $50 000-
$150 000), and low value (ICER >$150 000).%* Below we
provide an overview of model parameters (Table 1, with ad-
ditional details in eMethods 2 to 13 and eTables 1 to 9 in the
Supplement).

Transition Probabilities

The monthly risk of hospitalization for heart failure, cardio-
vascular mortality, and noncardiovascular mortality for SOC
were estimated from the DAPA-HF control arm (eMethods 2
in the Supplement).® We assumed risk increased with age based
on prior literature (eTables 2 and 3 in the Supplement).?>2” For
patients treated with dapagliflozin, the probability of hospi-
talization for heart failure and cardiovascular mortality were
calculated based on the SOC rates multiplied by the DAPA-HF
HR (eMethods 3 in the Supplement). The SOC arm’s noncar-
diovascular mortality rate was assumed for the dapagliflozin
arm. We modeled an adverse event rate based on DAPA-HF;
we assumed patients discontinued dapagliflozin therapy af-
ter an adverse event, incurred no further drug costs, and re-
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Table 1. Select Model Inputs

Interval for sensitivity

Value at
baseline, %

Transition monthly probabilities
and rate ratios

analysis or range of
time-varying variable®

Source

Standard of care

HFH 0.70 0.51t00.93 McMurray et al,® 2019
CVD 0.61 0.44t00.81 McMurray et al,® 2019
NCVD 0.12 0.09t00.16 McMurray et al,® 2019
Dapagliflozin
Intolerance to dapagliflozin 0.26 0.19t00.35 McMurray et al,® 2019
Rate ratios
HFH with diabetes 1.53 1.18t01.98 Petrie et al,*2 2020
CVD with diabetes 1.49 1.15t01.93 Petrie et al,'? 2020
NCVD with diabetes 1.54 1.31t01.77 Petrie et al,*2 2020
HFH with moderate impairment of health 1.60 1.27 t0 2.00 McMurray et al,® 2019;
status due to heart failure (relative to mild)® Kosiborod et al,*° 2020
CVD with moderate impairment of health 1.94 1.52t02.48 McMurray et al,® 2019;
status due to heart failure (relative to mild) Kosiborod et al,*° 2020
NCVD with moderate impairment of health 1.25 1.07to 1.44 Ahmed, '3 2007
status due to heart failure (relative to mild)
HFH with dapagliflozin 0.71 0.60t00.84 McMurray et al,® 2019
CVD with dapagliflozin 0.83 0.69t00.98 McMurray et al,® 2019
Utilities
Baseline
Overall cohort 0.78 0.66 to 0.89 Thomas et al,*” 2021;
McMurray et al,*® 2019
Heart failure without diabetes 0.80 0.67 t0 0.90 Thomas et al,*” 2021;
Vaduganathan et al,*°
2019; McMurray et al,*®
2019
Heart failure with diabetes 0.76 0.64 t0 0.87 Thomas et al,*” 2021;
Vaduganathan et al,*°
2019; McMurray et al,*®
2019
Mild impairment of health status 0.81 0.67 t00.91 McMurray et al,® 2019;
due to heart failure Kosiborod et al,*© 2020;
Thomas et al,” 2021
Moderate impairment of health status 0.73 0.61t00.83 McMurray et al,® 2019; Abbreviations: CMS, Centers for
due to heart failure Kosiborod et al,'® 2020; Medicare & Medicaid Services;
Thomas et al,'” 2021 CVD, cardiovascular death;
Dapagliflozin 0.0083 0.0042 t0 0.013 McMurray et al,® 2019; HFH, heart failure hospitalization;
Thomas et al,*” 2021 NA. not applicable; NCVD, non-CVD.
HFH, % baseline utility -29 -14.6 to -43.7 Ambrosy et al,?° 2016 2 Indicates range for time-varying
Costs (monthly), 2020 $ variable over the lifetime horizon
Dapagliflozin 473.64 236.82 t0 710.46 CMS,9 2020 of the model.
b g5 s
Standard of care 0 0 NA Mild |mpa|rmer_1t of _healti_1 status
due to heart failure is defined as
HFH 12253 6127 to 18 380 Ziaeian et al,21 2015 Kansas City Cardiomyopathy
CVD 70453 35226 t0 105679 Reed et al, %% 2012 Questionnaire Total Symptoms
NCVD 88812 44406 to 133217 Reed et al,?2 2012 Scoreof at least 65.7; moderate

impairment, less than 65.7.

ceived no further risk reduction relative to the SOC arm
(eMethods 4 in the Supplement).

The DAPA-HF trial did not report rates of left ventricular
assist device implantation and heart transplantation. We es-
timated these rates from the literature, assuming no dapagli-
flozin effect on advanced therapy rates or outcomes (eMethods
5in the Supplement).1-28-3!

For subgroup analyses, we estimated subgroup-specific
event rates using DAPA-HF data when available and other-
wise from the literature (eMethods 6 in the Supplement). For
the diabetes subgroup analysis, we assumed a similar dapa-
gliflozin effect in both arms.!2 For the subgroups with health
status impairment due to heart failure, we used different treat-
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ment effects based on baseline KCCQ-TSS. We calibrated each
analysis to match the overall event rates and treatment ef-
fects observed in DAPA-HF (eMethods 7 and eTables 4 and 5
in the Supplement).

Costs

We estimated a 2020 monthly cost of dapagliflozin of $473.64
based on the Medicare Part D drug payments from calendar
year 2018 (eMethods 8 and eTable 6 in the Supplement).® This
cost comprised the total drug cost, including the dispensing
fee, the drug plan payment, and the beneficiary copayment.
Medicare Part D cost was chosen as opposed to wholesale ac-
quisition cost because Medicare Part D data are consistently
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and accurately reported and most patients with heart failure
have Medicare coverage.>2 In a sensitivity analysis, we evalu-
ated +50% of this cost because the pricing may vary across
payors or change over time. We also evaluated several cost sce-
narios, including entry of multiple generics, wholesale acqui-
sition cost, retail pharmacy price, and uninsured cost.

We divided other health care costs into ambulatory and
hospitalization costs (eMethods 9 and 10 and eTable 6 in the
Supplement). We assumed outpatient heart failure care costs
increased with age by 0.88% annually (eTable 7 in the
Supplement).3® Based on prior literature, we assumed similar
outpatient costs among patients who had heart failure with and
without diabetes (eMethods 9 in the Supplement).?* Higher
costs for moderate impairment of health status due to heart
failure were based on estimates of cost differences between
patients with NYHA class III or IV and class I1.>* The costs of
hospitalization for heart failure and hospitalizations for other
causes were derived from previous literature estimates.?!->>
Based on DAPA-HF proportions, we assumed the cost of a hos-
pitalization for causes other than heart failure for severe
adverse events (eg, diabetic ketoacidosis) and an outpatient
clinic appointment for mild adverse events.>>*¢ The cost of
cardiovascular and noncardiovascular death were taken
from literature estimates and applied as a one-time cost at
the time of death (eMethods 10 in the Supplement).?? Costs
are inflation adjusted to 2020 using annual US Bureau of Eco-
nomic Analysis Personal Consumption Expenditure-Health
Index deflators.?”

Health-Related Quality of Life

We estimated the mean baseline utility of the DAPA-HF popu-
lation using the KCCQ-TSS (eMethods 11 and eTable 8 in the
Supplement).’® We used an algorithm that maps KCCQ-TSS
scores to utility estimates.!” The utility estimates are based on
a US time trade-off valuation of EQ-5D-3L scores. We esti-
mated a baseline utility of 0.78. To account for aging and dis-
ease progression, we modeled an annual utility decrease of
0.7%, which we varied in sensitivity analysis.>® We estimated
subgroup-specific differences for patients with and without
diabetes.!® For the heart failure health status subgroups, we
estimated overall KCCQ scores based on subgroup KCCQ-TSS
values and mapped these scores to estimated utilities.!%'” We
estimated the effect of dapagliflozin on utility based on the
change in KCCQ observed in DAPA-HF (annual utility change
of 0.008) (eMethods 12 in the Supplement).

We used literature estimates for disutilities associated with
adverse events, as well as adjustment of long-term utility
after advanced therapy (eMethods 13 and eTable 8 in the
Supplement).2°-29-42 A disutility of 29% of baseline utility was
used for the month of a hospitalization for heart failure.2° The
disutility for adverse events was again weighted to DAPA-HF
proportions of mild (one-third of disutility of a hospitaliza-
tion for causes other than heart failure) and severe (disutility
of a hospitalization) adverse events.

Asasensitivity analysis, we tested an alternative model with
generally higher utility estimates (eMethods 12 and eTable 9in
the Supplement). This model used prior literature estimates of
utility based on populations similar to those in the DAPA-HF trial.
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We also removed the age-related decline in utility and esti-
mated the dapagliflozin effect on utility based on the ratio of
KCCQ-TSS change in DAPA-HF to PARADIGM-HF (Prospective
Comparison of ARNI[Angiotensin Receptor-Neprilysin Inhibi-
tor] with ACEI [Angiotensin-Converting-Enzyme Inhibitor] to
Determine Impact on Global Mortality and Morbidity in Heart
Failure Trial) (annual utility change of 0.017).43

Sensitivity Analyses
We performed 1-way sensitivity analyses across all model
parameters (Table 1 and eTables 1, 6, and 9 in the Supple-
ment). Parameters were varied across 95% CIs where avail-
able. Conservatively wide distributions were estimated for
other parameters. We performed threshold analyses of key
parameters (eg, dapagliflozin mortality effect and cost) to
determine values at which dapagliflozin became high-value
(ICER <$50 000) or low-value (ICER >$150 000) treatment.
Two-way sensitivity analyses were performed for parameter
combinations hypothesized to have significant interactions.

We performed several clinically relevant scenario analy-
ses (eMethods 14 in the Supplement). First, in 2 alternate analy-
ses, we assumed dapagliflozin was only effective for 18 months
(median DAPA-HF follow-up) or had decreasing effective-
ness after 18 months. Second, we assumed the risk of ad-
vanced therapies increased after hospitalization for heart fail-
ure to incorporate a dapagliflozin effect on advanced therapy
rates.***> Third, we modeled a pill disutility of 0.5% of base-
line utility among patients receiving dapagliflozin.*®-4” Fourth,
we modeled an equivalent effect of dapagliflozin in the sub-
groups with mild and moderate impairment of health status
due to heart failure to evaluate whether timing of initiation
alone affects the value of dapagliflozin. Finally, based on evi-
dence from DAPA-HF and other SGLT2 inhibitor trials, we mod-
eled a dapagliflozin effect on noncardiovascular death using
the rate ratio in DAPA-HF of 0.89.%>8

We performed a probabilistic sensitivity analysis to
evaluate the overall uncertainty of our model’s results
(eMethods 15 in the Supplement). We simultaneously resa-
mpled all parameters across their uncertainty distributions
for 10 000 simulations (distributions in eTables 1, 6, and 9 in
the Supplement).

. |
Results

Model Calibration

We compared our model outcomes with DAPA-HF trial event
rates during the median trial follow-up period of 18.2 (range,
0-27.8) months (eTables 4 and 5 in the Supplement).® Our
model produced an SOC cardiovascular mortality rate of
7.9 events per 100 person-years compared with 7.9 events per
100 person-years in the DAPA-HF trial. The model’s cardio-
vascular mortality rate ratio with dapagliflozin was 0.82 com-
pared with 0.82 (95% CI, 0.69-0.98) in the DAPA-HF trial.

Base Case
In our model, patients in the SOC arm survived a mean of 8.5
life-years and had a mean of 2.0 hospitalizations for heart
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Table 2. Outcomes of Dapagliflozin Treatment vs Standard of Care

Cost per
Mean No. Mean life-year

Treatment group of HFH Life-years® QALYs Cost, $ gained, $° ICER, $/QALY
Full cohort
Standard of care 2.0 8.5/7.0 5.2 145371 NA NA
Dapagliflozin 1.9 9.2/7.6 5.7 183583 68819 83650
Diabetes status subgroups
No diabetes

Standard of care 2.3 9.9/8.0 6.0 152637 NA NA

Dapagliflozin 2.1 10.7/8.6 6.5 194828 71456 85420
Diabetes

Standard of care 1.8 7.2/6.1 4.4 138264 NA NA

Dapagliflozin 1.7 7.9/6.6 4.9 172631 63844 79726
Heart failure health status subgroups©
Mild impairment

Standard of care 2.4 10.0/8.0 6.1 157833 NA NA

Dapagliflozin 2.3 11.0/8.7 6.7 202 646 64986 78483
Moderate impairment

Standard of care 1.6 6.5/5.5 3.9 141783 NA NA

Dapagliflozin 1.4 7.0/5.9 4.2 172 045 77892 97 608

Abbreviations: HFH, heart failure hospitalization; ICER, incremental
cost-effectiveness ratio; NA, not applicable; QALY, quality-adjusted life-years.

2 Presented as undiscounted/discounted life-years.
b Costs per life-year gained uses discounted life-years because costs are

discounted in the model.

€ Mild impairment of health status due to heart failure is defined as Kansas City
Cardiomyopathy Questionnaire Total Symptoms Score of at least 65.7;
moderate impairment, less than 65.7.

failure. Patients in the dapagliflozin arm lived a mean of 0.78
more life-years with a mean of 0.13 fewer hospitalizations
for heart failure. On a discounted basis, the SOC arm had
a mean of 5.2 QALYs at a lifetime cost of $145 371, whereas
the dapagliflozin arm experienced an additional 0.46 QALYs
at an additional cost of $38 212, which included $35708 in
dapagliflozin costs. Dapagliflozin therapy had an intermedi-
ate value compared with SOC, with an ICER of $83 650 per
QALY gained (Table 2).

Subgroup Analyses

We found that dapagliflozin had similar cost-effectiveness
among patients with and without diabetes (Table 2). Among
patients with diabetes, dapagliflozin led to fewer incremen-
tal QALYs (0.43) and costs ($34 367) compared with patients
without diabetes (0.49 QALYs and $42 191, respectively). The
ICERs were similar at $79 726 and $85 420 per QALY gained for
patients with and without diabetes, respectively.

We found similar results among patients with mild and
moderate impairment of health status due to heart failure. In
the subgroup with mild impairment, patients in the SOC arm
lived a mean of 10.0 years with 2.4 hospitalizations for heart
failure. Patients in the dapagliflozin arm lived an additional
1.0 year with 0.08 fewer hospitalizations for heart failure
at an incremental cost of $44 813, resulting in a cost per QALY
gained of $78 483. In the moderate impairment subgroup, pa-
tients in the SOC arm lived a mean of 6.5 years with 1.6 hos-
pitalizations for heart failure. Patients in the dapagliflozin arm
lived an additional 0.5 years with 0.18 fewer hospitalizations
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for heart failure at an incremental cost of $30 262, resulting in
a cost per QALY gained of $97 608.

Sensitivity Analysis

Treatment Efficacy

In 1-way sensitivity analyses (Figure 1), the decision was most
sensitive to the HR for cardiovascular mortality with dapagli-
flozin, the duration of dapagliflozin effectiveness, and dapa-
gliflozin cost. Across the 95% CI (0.69-0.98) for HR of cardio-
vascular mortality, the ICER spanned from $58 747 to $361 739
per QALY gained (Figure 1). For an ICER of $50 000 or less, the
dapagliflozin HR for cardiovascular mortality would need to
belessthan 0.59; for an ICER $100 000 or less, less than 0.86;
and for an ICER of $150 000 or less, less than 0.92. In the case
where dapagliflozin is only effective for 18 months (trial du-
ration), it costs $242 096 per QALY gained (Figure 1). To meet
willingness-to-pay thresholds of $100 000 and $150 000 per
QALY, dapagliflozin would need to be effective for at least 111
and 44 months, respectively. Dapagliflozin’s effectiveness
would need to decrease by 0.5% or less and by 3.0% or less
monthly in the posttrial period to cost less than $100 000 and
$150 000 per QALY gained, respectively. The results were no-
tably insensitive to the risk of dapagliflozin intolerance or the
effect on hospitalizations for heart failure (Figure 1).

Cost and Utilities

The cost of dapagliflozin may vary across payors and over time.
In our main analysis, we used the Medicare Part D cost of
$473.64. Varying this cost by +50% led to a cost per QALY
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Figure 1. Tornado Plot Demonstrating 1-Way Sensitivity Analysis
for the Most Relevant Parameters

Parameter Lower limit ~ Upper limit
HR of CVD 0.69 0.98
Duration of effectiveness Lifelong 18 mo
Monthly cost of dapagliflozin $237 $710
Baseline utility 0.89 0.66
Baseline monthly probability of CVD, % 0.81 0.44

RR for annual incremental risk of NCVD 1.00 1.16

RR for HFH with dapagliflozin 0.60 0.84

RR for annual incremental risk of HFH 1.00 1.31
Incremental utility of dapagliflozin 0.013 0.0042
Starting age, y 88 44

Cost of CVD $105679 $35226
Cost of chronic heart failure management, % base case 50 150

Rate of baseline utility decline, % 0.35 1.10
Baseline monthly probability of NCVD, % 0.090 0.16
Cost of NCVD $44406 $133217
Cost of HFH $18380 $6127
Cost of non-HFH $3940 $11819
Baseline monthly probability of HFH, % 0.93 0.51

RR for annual incremental risk of CVD 1.05 1.00

Incremental cost-effectiveness ratio, $/QALY

e
1
—
FH
HH
%
H
4{
A
%
Parameters were tested across
95% Cls where available or across
areasonable distribution otherwise.
CVD indicates cardiovascular death;
HFH, heart failure hospitalization;
HR, hazard ratio;
0 100000 200000 300000 400000 NCVD, noncardiovascular death;

QALY, quality-adjusted life year;
and RR, rate ratio.

gained from $44 568 to $122 731 (Figure 1 and Figure 2). The
dapagliflozin cost would need to decrease by 43% (from $474
to $270) to cost less than $50 000 per QALY gained. In Figure 2,
we display dapagliflozin’s ICER across different subgroups and
estimated prices including uninsured patients, wholesale ac-
quisition cost, Medicare Part D cost with estimated rebate, and
a scenario with multiple available generic formulations
(eTable 9 in the Supplement). The results were insensitive to
changes in other cost parameters.

The baseline utility may vary substantially across differ-
ent populations with heart failure. However, our results were
relatively insensitive to baseline utility estimate, assump-
tions regarding utility decline, addition of a pill disutility, or
other utility parameters (eTables 10 and 11 in the Supple-
ment). In an alternate high-utility scenario, dapagliflozin’s ICER
remained similar ($73 581 per QALY gained) (eTable 12 in the
Supplement).

Additional Sensitivity Analyses

In our alternate model linking the HR of advanced therapies
torecent hospitalizations for heart failure, dapagliflozin’s ICER
changed minimally owing to the relative rarity of advanced
therapies (eTable 11 in the Supplement). When modeling an
equal effect of dapagliflozin across heart failure health status
subgroups, the incremental life-year increase from dapagli-
flozin was 0.07 years greater in the subgroups with mild vs
moderate impairment of health status due to heart failure, and
the ICER was similar ($103 778 vs $91 820 per QALY gained,
respectively). Incorporating effects on noncardiovascular death
decreased the ICER to $74 800 per QALY gained. Finally,
Figure 3A shows a threshold analysis demonstrating the in-
teraction of the probability of cardiovascular mortality in the
SOC arm (displayed as mean survival) and the effect of dapa-
gliflozin on cardiovascular mortality. Several other 2-way sen-
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Figure 2. Sensitivity Analysis of the Price of Dapagliflozin
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The incremental cost-effectiveness ratio is plotted across a broad range of costs
of dapagliflozin for the full cohort as well as each of our subgroups. The lower
bound of costs of dapagliflozin is the lower limit of our 95% Cl, but the upper
bound was extended beyond the uninsured cost because our 95% Cl did not
include the uninsured cost. Vertical lines are plotted at different costs
associated with dapagliflozin with the base case (Medicare Part D paid price to
pharmacies). A indicates estimated generic cost ($0.17/d); B, Medicare Part D
price after mean rebate (28.8%) ($9.99/d); C, Department of Veterans Affairs,
Department of Defense, Public Health Service, and the Coast Guard (Big 4)
($11.50/d): D, base case ($15.79/d) and National Average Drug Acquisition

Cost ($15.76/d); E, Federal Supply Schedule ($16.00/d); F, list price ($16.41/d);
G, wholesale acquisition cost ($16.91/d); H, retail pharmacy price ($20.14/d);

1, average wholesale price ($20.29/d); J, uninsured price ($24.18/d); HF, heart
failure; and QALY, quality-adjusted life-year.

sitivity analyses of parameters hypothesized to have interac-
tions did not demonstrate notable interactions (eTable 13 in
the Supplement),
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Figure 3. Sensitivity Analyses
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A, Two-way sensitivity analysis of monthly probability of cardiovascular death
(CVD) and hazard ratio (HR) for CVD at different willingness-to-pay thresholds.
The monthly probability of CVD and the HR for CVD with dapagliflozin
treatment were simultaneously varied across their respective distributions. For
each level of monthly probability of CVD, the mean survival in the standard of
care arm in years was calculated and plotted as the y-axis. Combinations of
monthly probability of CVD and HR for CVD with dapagliflozin treatment that
result in incremental cost-effectiveness ratios (ICERs) of less than $50 000,

$50 000 to $100 000, greater than $100 000 to $150 000, and greater than
$150 000 per quality-adjusted life-year (QALY) gained. The black dot
represents the ICER of $75 661 at the base case values of probability of CVD and
HR for CVD with dapagliflozin treatment. B, Probabilistic sensitivity analysis of
cost-effectiveness acceptability curve in the base case. All model parameters
were independently varied across their distributions in a probabilistic sensitivity
analysis for 10 000 iterations. We have plotted the percentage of iterations that
were cost-effective across willingness-to-pay thresholds.

Probabilistic Sensitivity Analysis

In the probabilistic sensitivity analysis, dapagliflozin had an
ICER below $50 000 per QALY gained in 8% of simulations, be-
low $100 000 in 65%, and below $150 000 in 89%. Details are
given in Figure 3B and eFigure 2 in the Supplement.

|
Discussion

We have demonstrated that dapagliflozin provides interme-
diate value, with a cost per QALY gained of $83 650 among pa-
tients with HFTEF based on the DAPA-HF trial. Dapagliflozin
had similar value among patients with and without diabetes
and patients with mild and moderate impairment of health
status due to heart failure. The results were most sensitive to
dapagliflozin’s effect on cardiovascular mortality and its cost.
In addition, dapagliflozin would need to remain effective
for at least 44 months to have a cost per QALY gained of less
than $150 000.

Although dapagliflozin decreases both hospitalization for
heart failure and cardiovascular mortality, its intermediate
value largely depends on the effect estimate on cardiovascu-
lar mortality. We found that dapagliflozin must reduce cardio-
vascular mortality by at least 8% and 14% for the cost per QALY
gained to remain below $150 000 and $100 000, respec-
tively. The DAPA-HF 95% Cl ranged from a reduction of 2% to
31%. This finding emphasizes the importance of additional data
to better estimate the extent to which dapagliflozin can re-
duce cardiovascular mortality. Pooling results with empagli-
flozin from the EMPEROR-Reduced (Empagliflozin Outcome
Trial in Patients With Chronic Heart Failure With Reduced Ejec-
tion Fraction) trial led to fairly similar estimates of cardiovas-
cular mortality (HR, 0.86; 95% CI, 0.77-0.98).48

JAMA Cardiology August 2021 Volume 6, Number 8

The DAPA-HF trial suggested potential heterogeneity of
treatment effect across disease severity subgroups. The treat-
ment effect point estimate for the primary composite out-
come was greater for patients with milder disease severity
based on NT-proBNP levels and KCCQ-TSS score and was sig-
nificantly greater for NYHA class. We found that dapagli-
flozin provided similar value across heart failure health sta-
tus strata, although in the subgroup with mild health status
impairment due to heart failure, the cost per QALY gained
was lower, and there was a larger absolute life-year and QALY
benefit despite lower baseline event rates. This finding
emphasizes the potential benefit of starting dapagliflozin
therapy early.

Although SGLT2 inhibitors have demonstrated a broad
range of benefits, we conservatively limited our analysis to
the effect on heart failure outcomes. In DECLARE-TIMI 58
(Dapagliflozin Effect on Cardiovascular Events Trial) and
CREDENCE (Canagliflozin and Renal Events in Diabetes
and Nephropathy Clinical Evaluation Trial), dapagliflozin
and canagliflozin, respectively, significantly reduced renal out-
comes, including kidney failure and death.®” In DAPA-HF, there
were fewer noncardiovascular deaths among patients in the
dapagliflozin arm. Including a reduction of noncardiovascu-
lar death reduced the ICER further. Other non-heart failure ef-
fects may further improve the value among patients who are
at high risk for those outcomes.

The cost of dapagliflozin likely varies substantially across
payors. In addition, publicly available drug cost estimates of-
ten fail to account for manufacturer rebates. We modeled the
cost-effectiveness of multiple different prices; with our cost
estimate incorporating manufacturer rebate, we found dapa-
gliflozin has intermediate value, with an ICER of $61139 per
QALY gained (Figure 2 and eTable 9 in the Supplement). The
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cost of dapagliflozin would need to exceed $875 (85% higher
than the estimated Medicare Part D paid price to pharmacies)
to be low value. Most notably, the US patent for dapagliflozin
expired in October 2020, and multiple generic options would
be expected to enter the market in the coming years, driving
price competition that could significantly lower the cost of da-
pagliflozin. If the introduction of generic drugs drops the price
below $270, dapagliflozin would have high value.

Our use of the KCCQ to stratify our cohort on heart failure
health status has advantages over traditional NYHA stratifi-
cation. Being patient-reported, the KCCQ estimates quality of
life directly from patients, which is often inconsistent with cli-
nician assessment.*° The KCCQ is more prognostic and repro-
ducible as a standardized measurement tool, whereas the
NYHA class has significant interoperator variability.>°->!
Using the KCCQ will help clinicians compare their patients
with a given published analysis. Therefore, we believe using
patient-reported health status as an estimate of illness sever-
ity stratification is an appealing alternative to traditional ap-
proaches in clinical trials and economic analyses.

Previous cost-effectiveness analyses, including those
by McEwan et al,?” Savira et al,> and Yao et al,>* have found
that dapagliflozin is cost-effective among patients with
HFrEF. These analyses focused on non-US settings, includ-
ing the UK, with an ICER of £5822 (US$7681); Germany, with
an ICER of €5379 (US$6044); Spain, with an ICER of €9406
(US$10 569); Australia, with an ICER of $12 482 (US$8759);
and China, with an ICER of $3828. McEwan et al?” used pri-
mary data from the DAPA-HF trial and estimated 0.48 QALYs
gained with dapagliflozin at an incremental cost of £2780 in
the UK compared with 0.46 QALYs gained and incremental
cost of $38 212 in our analysis. Their markedly lower ICER
largely stems from differences in the annual cost of dapagli-
flozin ($5684 in the US vs £477 in the UK [US$629]) as well as
higher health care costs in the US. In both analyses, explor-
atory subgroup analyses by diabetes and heart failure health
status showed similar ICERs.

Itisimportant to note that fewer than 1% of the trial popu-
lation had NYHA class IV. The effectiveness, and thereby cost-
effectiveness, in this population remains unclear.® In addi-
tion, only 11% of patients were receiving sacubitril-valsartan.
Although a post hoc analysis indicated the effects of dapagli-
flozin were independent of sacubitril-valsartan use, further
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evaluation of the interaction between dapagliflozin and sacu-
bitril-valsartan will be important.

Understanding therapy cost-effectiveness is critical for de-
cision-making for health care systems and payors. However,
affordability to patients remains an equally if not more impor-
tantissue with regard to therapy access and adoption. The out-
of-pocket costs will likely play a major role in driving subop-
timal use of dapagliflozin. For therapies of high or intermediate
value, payors and health care systems must reduce financial
barriers that contribute to decreased use of health care ser-
vices and worse outcomes.

Limitations

This study has some limitations. Our effects and transition
probabilities were largely based on a single trial; however, this
was a large trial that is consistent with the literature with
regard to the use of dapagliflozin in patients who have
diabetes.®"* Also, limited evidence is available on the dura-
tion of dapagliflozin’s effectiveness. Given the sensitivity of
the model to this parameter, this is an important question for
postmarket monitoring. In addition, although we believe the
KCCQ is an appealing tool for reproducible and prognostic
stratification of patients with heart failure, it does not pro-
vide an exact estimate of utilities. In addition, although
several SGLT2 inhibitors are being studied for HFrEF, this
analysis does not indicate broad cost-effectiveness across
this class. Finally, we did not model long-term transitions in
heart failure severity owing to limited data and focus on the
DAPA-HF trial.

. |
Conclusions

This economic evaluation study demonstrates that dapagli-
flozin provides intermediate value among patients with HFrEF
regardless of diabetes or heart failure-related health status. This
effect is largely driven by a decrease in cardiovascular mor-
tality. These results were insensitive to variation of model
parameters except for the HR of cardiovascular mortality with
dapagliflozin treatment, the cost of dapagliflozin, and the
duration of effectiveness. Additional data regarding the mor-
tality effect and long-term effectiveness of dapagliflozin are
critical to a better understanding of its cost-effectiveness.
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