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ABSTRACT ARTICLE HISTORY

Aim: To evaluate the cost-effectiveness of dapagliflozin added to standard of care (SoC) versus SoC in Received 4 October 2023
heart failure with reduced ejection fraction (HFrEF) and without type 2 diabetes mellitus (T2DM) Accepted 20 February 2024
patients from the Qatari healthcare perspective.

Materials and Methods: A lifetime Markov model was developed to evaluate the cost-effectiveness of
adding dapagliflozin to SoC based on the findings of Petrie et al. 2020, which were based on the
DAPA-HF trial. The model was constructed based on four health states: “alive with no event”, “urgent
visit for heart failure”, “hospitalization for heart failure”, and “dead”. The model considered 1,000 hypo-
thetical HFrEF and without T2DM patients using 3-month cycles over a lifetime horizon. The outcome
of interest was the incremental cost-effectiveness ratio (ICER) per quality-adjusted life-year gained JEL CLASSIFICATION
(QALY) and years of life lived (YLL). Utility and cost data were obtained from published sources. A CODES

scenario analysis was performed to replace the transition probabilities of events in people without A19; A1; A; B19; B1; B
T2DM with the transition probabilities of events irrespective of T2DM status, based on findings of the

DAPA-HF trial. Sensitivity analyses were conducted to confirm the robustness of the conclusion.

Results: Adding dapagliflozin to SoC was estimated to dominate SoC alone, resulting in 0.6 QALY and

0.8 YLL, at a cost saving of QAR771 (USD211) per person compared with SoC alone, with total health-

care costs of QAR42,413 (USD 11,620) versus 43,184 (USD11,831) per person, respectively. When

replacing the transition probabilities of events in people without T2DM with the transition probabil-

ities of events in people irrespective of T2DM status, dapagliflozin was cost-effective at ICER of

QAR5,212 (USD1,428) per QALY gained and QAR3,880 (USD1,063) per YLL. In the probabilistic sensitiv-

ity analysis, dapagliflozin combined with SoC was cost saving in over 49% of the cases and cost-effect-

ive in over 43% of the simulated cases against QALYs gained and YLL.

Limitations: Data from clinical trials were used instead of local data, which may limit the local rele-

vance. However, evidence from the local Qatari population is lacking. Also, indirect costs were not

included due to a paucity of available data.

Conclusions: Adding dapagliflozin to SoC is likely to be a cost-saving therapy for patients with HFrEF

and without T2DM in Qatar.

KEYWORDS
Dapagliflozin; heart failure;
cost-effectiveness; cost
saving; non-diabetes

PLAIN LANGUAGE SUMMARY

Heart failure with reduced ejection fraction is a type of heart failure characterized by left ventricular
ejection fraction of 40% or less. Dapagliflozin is a novel therapy for this condition, which was initially
designed to treat type 2 diabetes mellitus. It is unclear whether dapagliflozin is a cost-effective option
for patients with heart failure with reduced ejection fraction and without type 2 diabetes. A lifetime
Markov model was developed to evaluate the cost-effectiveness of adding dapagliflozin to standard of
care from the Qatari healthcare perspective. Model results suggest that adding dapagliflozin to stand-
ard of care dominated standard of care alone, resulting in a gain of 0.8 years of life lived, a gain of 0.6
quality-adjusted life-years, and a cost saving of 211 United States dollars per person.

Introduction with population aging;'? 1.3-6.7% greater in Asia than in

Heart failure is one of the most disabling cardiovascular syn- Western countries.> Compared to these countries, heart fail-
dromes, affecting approximately 65 million people world- ure affects patients a decade younger in the Middle East.*
wide."? The prevalence of heart failure has increased along Heart failure is a progressive disease and is characterized by
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recurrent admission, reduced quality of life, and increased
mortality, which in turn leads to a considerable health and
economic burden on the healthcare system.®> Based on 2014
global estimates, the annual economic burden attributable
to heart failure was USD 108 billion, 60% and 40% of which
were attributed to direct and indirect costs, respectively.’

The fundamental goal of managing patients with heart fail-
ure with reduced ejection failure (HFrEF) is to prevent clinical
symptoms and hospitalization, reduce mortality, and improve
quality of life® Both pharmacologic and device therapies are
offered to the patients based on their symptoms and disease
stages.7 Pharmacological therapies include beta-blockers (BB),
mineralocorticoid receptor antagonists MRAs (e.g. spironolac-
tone), angiotensin-converting enzyme inhibitors (ACEi), angio-
tensin-receptor blockers (ARBs), or angiotensin receptor—
neprilysin inhibitors (ARNis).” Dapagliflozin, a member of the
sodium-glucose transport protein 2 inhibitor (SGLT2i) class, is
a novel therapy for HFrEF that was designed initially to treat
type 2 diabetes mellitus (T2DM).2 The Cardiovascular Events-
Thrombolysis in Myocardial Infarction 58 trial (DECLARE-TIMI
58) demonstrated a reduction in the rate of heart failure hos-
pitalization with dapagliflozin plus SoC relative to SoC in
patients with T2DM and multiple risk factors or established
cardiovascular (CV) disease.? The results of this study led to
the conduction of the Dapagliflozin and Prevention of
Adverse Outcomes in Heart Failure (DAPA-HF) trial, which
tested dapagliflozin in patients with HFrEF irrespective of their
diabetic status.’ The DAPA-HF trial, in alignment with the
results of the DECLARE-TIMI 58 trial, revealed that adding
dapagliflozin to SoC reduced hospitalization for heart failure
and cardiovascular mortality by 30% and 18%, respectively,
compared to SoC alone in patients with HFrEF.?

Few studies have revealed that adding dapagliflozin to SoC
among patients with HFrEF is cost-effective irrespective of dia-
betes status, and most were conducted in Western coun-
tries.'®'® Because patients with T2DM are 2-4 times more
likely to develop CVD compared with those without T2DM,
and T2DM has been associated with a 75% increase in mortal-
ity rate, where CVD accounts for a large proportion of the
excess mortality,'*'® it remains unclear whether dapagliflozin
is cost-effective among patients with HFrEF and without
T2DM at baseline. It is crucial to allocate resources efficiently,
design strategies focused on patients without T2DM, and aid
policymakers and clinicians in prioritizing interventions to treat
HFrEF, especially in resource-constrained settings and
stretched health system budgets. This interest in non-diabetic
HFrEF patients is particularly of significance in settings like the
main cardiology setting in Qatar, where prescribing of SGLT2i
is restricted to the heart failure team in the absence of dia-
betes. Therefore, this study aimed to evaluate the cost-effect-
iveness of dapagliflozin added to SoC against SoC alone in
patients with HFrEF and without T2DM.

Methods
Model structure

A lifetime Markov model was developed to simulate the disease
progression in patients with HFfEF and without T2DM to
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evaluate the cost-effectiveness of adding dapaglifiozin to SoC
based on the findings of Petrie et al. 2020, which were based
on the DAPA-HF trial>'® The authors developed the model,
explored assumptions, and identified appropriate data sources
after reviewing the relevant literature, including four key stud-
ies.'"131718 The model was constructed based on four health
states; “alive with no event”, “alive with urgent visit for heart fail-
ure” (i.e. patients are not hospitalized), “hospitalization for heart
failure”, and “dead” (Figure 1). These employed health states
accommodate the chronic and progressive nature of HFrEF, with
a 3-month cycle length.""'9%° The structuring of the model with
the most relevant health states was guided by published studies
in heart failure?'*? Hussain et al. described the main events
associated with patients with HFrEF, which included hospitaliza-
tion, urgent care, and death. These health states are consistent
with those of interest to the cardiology setting in Qatar and
were further validated by the cardiologists involved in the cur-
rent study. The states used were also aligned with those used in
relevant cost-effectiveness studies of SGLT2i for HFrEF.'"20%32*

All patients without any clinical events and using (i) dapagli-
flozin added to SoC or (ii) SoC alone entered the state of “alive
with no event” at the first cycle of the Markov follow up. The
patients then can stay in the “alive with no event” state or
progress to the state of “alive with urgent visit for heart fail-
ure”, “hospitalization for heart failure”, or “dead” (due to CV or
non-CV causes) based on the given transition probabilities
among the health states. Patients in the “alive with urgent visit
for heart failure” state would either stay in the same health
state, move to “alive with no event” “hospitalization for heart
failure” or die due to CV or non-CV causes, while patients with
“hospitalization for heart failure” would either stay in the same
health state (i.e. the patients will be readmitted to the hospital
in the next cycle), move to “alive with no event”, alive with
urgent visit for heart failure or die due to CV or non-CV causes.
In the base-case analysis, consistent with the population of
Petrie et al. 2020, the model assumed that all patients had
started treatment at the age of 66years and progressed from
stable HFrEF without acute events through the Markov model.
After reviewing the relevant literature,”’'7?° the authors devel-
oped the model using a 3-month cycle until either death or a
lifetime horizon was reached, whichever came first.

There is no available data on the lifetime expectancy hori-
zon for patients with HFrEF in Qatar. The study model, there-
fore, utilized the life expectancy that was commonly used in
relevant cost-effectiveness models in the literature in patients
with HFrEF, where patients were followed until 89years old.
Patients were allowed to enter the model at the age of
66 years, reflecting the mean age reported in the Petrie et al.
study®, and they would exist the model when they reached
89years old. Overall, the model follows individuals for lifeti-
me years, until they die, or until they reach 89 years of age in
the model, whatever was reached first.232°-28

A willingness-to-pay (WTP) threshold of USD 150,000 per
additional year of life lived (YLL) or quality-adjusted life-year
(QALY) gained was used as a reference threshold for cost-
effectiveness in Qatar.”®™"

The Consolidated Health Economic Evaluation Reporting
Standards 2022 (CHEERS) was followed.>2
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A lifetime Markov model for patients with heart failure with reduced ejection fraction and without type 2

diabetes mellitus.

Figure 1. A lifetime Markov model for patients with heart failure with reduced ejection fraction and without type 2 diabetes mellitus.

Perspective

The study was conducted from the perspective of the public
and primary healthcare provider in Qatar, Hamad Medical
Corporation (HMC), i.e. the Heart Hospital®®> The Heart
Hospital is the only public specialized healthcare provider for
CVD in Qatar, with 116 beds. It provides services for various
cardiac complications including critical care, heart failure,
general cardiology, and cardiac surgery.

Cohort population

The model simulated a hypothetical population of 1,000 individ-
uals that reflects the patient characteristics included in the Petrie
et al. study, an exploratory analysis of the DAPA-HF trial,® where
no significant differences in any of the patient baseline charac-
teristics were identified between the study treatment groups.
The trial had a mean age of 66years with HFfEF of <40% EF
and New York Heart Association (NYHA) class II, lll, or IV symp-
toms. All patients included in the model were required to
receive standard heart failure care, consistent with that in HMC,
including device therapy (i.e. implantable cardioverter defibrilla-
tor (ICD)) and drug therapy (i.e. ACEi/ARBs, MRAs, or ARNi, and
beta-blockers). Also consistent with HMC practices, the dapagli-
flozin dose in the DAPA-HF trail was the standard 10 mg daily.

Model input parameters

Transition probabilities:

Powered studies for the events in patients with HFrEF and with-
out T2DM are unavailable in the literature. Therefore, the rates
of alive with no event, urgent visit for heart failure, hospitaliza-
tion for heart failure event, and CV and non-CV deaths were
obtained from the findings of Petrie et al. 2020.'® The data by
the Petrie et al. study is based on the subgroup analysis of the
DAPA-HF trial, which provides the only source of data regarding

the fatal and non-fatal CVD events in HFrEF without T2DM. For
this model, 3-month transition probabilities were derived from
annual event rates by assuming a constant hazard.>* For the
first cycle, the risk of events was based on event probabilities
estimated from the Petrie et al. 2020, study,'® while for all sub-
sequent cycles, transition probabilities were adjusted according
to age-related trends estimated by the Ministry of Development
Planning and Statistics, Qatar,>>® to account for the risk of CVD
and non-CVD deaths according to age- and sex-specific mortal-
ity rates. Here, we initially used the age- and sex-specific mortal-
ity rates for the general population from the Ministry of
Development Planning and Statistics, Qatar, as contemporary
age- and sex-specific mortality rates for Qataris with HFrEF and
without T2DM are lacking.*” Then, these rates were adjusted for
patients with HFrEF based on data from a study by Bertoluci
et al. which reported that the relative risk for CVD patients is
2.0." To estimate the mortality rates by single year of age, mor-
tality rates for an age group were first plotted against the mid-
point age for the age group (e.g. 50 for the age group 45-
54 years). Polynomial functions were then applied to model the
mortality rates for age in single years (Electronic Supplementary
Material (ESM) Figure 1).

The functions below were used to transform probabilities
into transition probabilities using the formula by Briggs et al.**

e 1 = (- In(1 —p))/t, where r is the 3-month rate, p is the
proportion of event, and t is the duration of the trial.

e tp = 1—e ", where ris the 3-month adjusted rate, and t
is the cycle length.

The transition probabilities can be found in Table 1.

Cost estimates
The current model was designed based on a Qatari public hos-
pital system perspective; thus, only direct medical costs were
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Table 1. Model inputs for the base-case analysis.
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Parameter

Point estimate at base case

Reference

Transition probabilities from “alive with no event” state to other model states

Dapagliflozin in addition to SoC

o Alive with no event

e Worsen with hospitalization for heart failure
e Urgent visit for heart failure

o Cardiovascular disease death

o Non-cardiovascular disease death

SoC

e Alive with no event

e Worsen with hospitalization for heart failure
e Urgent visit for heart failure

e Cardiovascular disease death

o Non-cardiovascular disease death

Utility

o Alive with no event

o Alive with hospitalization for heart failure

e Urgent visit decrement

o Alive with urgent visit for heart failure
Cost, QAR (USD) per patient

o Dapagliflozin + standard of care

e Standard of care (ACEi + BB + spironolactone)
o Alive with no event

e Worsen with hospitalization

o Alive with urgent visit forheart failure

o Cardiovascular disease death

o Non-cardiovascular disease death

0.9701 Petrie et al. 2020, study'®
0.0122
0.0004
0.0139
0.0035
0.9590 Petrie et al. 2020, study'®
0.0195
0.0015
0.0166
0.0033
0.75 Adena et al3®
0.65 Adena et al.
0.04 McEwan et al.’
0.71% McEwan et al.’
557 (153) [HMC]
176 (48) [HMC]
2,083 (571)
22,329 (6,118) [HMC]
2,583 (708) [HMC]
6,396 (1,752) [HMC]
0

Abbreviations. ACEi, angiotensin-converting enzyme inhibitors; BB, beta-blockers; HMC, Hamad Medical Corporation; QAR, Qatari Riyal;
SoC, standard of care; USD, United States Dollar. All values were rounded.
*The utility of “alive with urgent visit due to heart failure” was calculated by subtracting “urgent visit decrement” from the utility of

“alive without event” (i.e. 0.75-0.04 =0.71).

included. Resource categories were aligned with published clin-
ical practice guidelines®® and a recent systematic review of
cost-effectiveness evaluations of SGLT2i in heart failure.** Costs
included urgent visits for heart failure, hospitalization for heart
failure, CV death, and pharmaceutical use. According to the
pharmacy department at HMC, the 3-month weighted average
combination cost of 10mg daily dapagliflozin dose added to
SoC was calculated to be Qatari Rial (QAR) 557 (United States
Dollars, USD 153) per person. SoC cost was QAR 176 (USD 48)
per person, calculated based on proportional costs of ACEi, BB,
and spironolactone. Costs of acute events, including costs of
urgent visit for heart failure, hospitalization for heart failure,
and CV death were QAR 2,583 (USD 708), QAR 22,329 (USD
6,118), and QAR 6,396 (USD 1,752) per person, respectively.
Clinical event costs were based on the finance department of
HMC, which were available as per resource category, calculated
based on a micro-costing approach of involved direct medical
resources. Further description of the costs of events is provided
in ESM Table 1. In accordance with a recent multinational cost-
effectiveness analysis of empagliflozin in HFrEF, by Tafazzoli
et al,”" the model assumed no cost for non-CV death. We
assumed that for patients who are alive with no event, a hos-
pital stay is not required, and patients were assumed to incur
only medication and follow-up visit costs, with no additional
disease management cost.

The cost of a worsening with hospitalization for a heart fail-
ure event was assumed to be the cost of hospitalization, while
the cost of being alive with urgent visit was assumed to be
the cost of urgent care received during emergency care only
without requiring inpatient hospitalization. Of note, costs of
adverse events were not included in the analysis because
there were no observed differences in any adverse event in

the Petrie et al. trial.’® Also, all patients in this model were
assumed to receive the same initial monitoring parameters;
therefore, monitoring costs were not included in the analysis.

Cost values were reported in 2023 QAR (Qatari Riyal), with
the USS$ equivalence being provided based on 2023
exchange rates (1 QAR = 0.27 US$). All costs were inflated to
QAR 2023year values using the Qatari Health Price Index
and were presented in QAR and USD values.*? In line with
similar studies, the long-term costs and outcomes were
annually discounted starting in the second year of the
model, and a 3% rate was used as suggested by recent glo-
bal recommendations and previous studies.'’-'7-20-22:43-46

Utility
Utility scores estimate the strength of people’s preferences for
different health states. Utility scores fall between 0 and 1,
with 1 indicating a perfect health state and O indicating
death.*” The outcomes in this cost-effective analysis are the
QALYs gained and the YLL. Utility data among Qatari patients
with heart failure are not available, and in the literature, there
are no utility data for patients with heart failure who are non-
T2DM. Thus, utilities for each health state in the model were
estimated from multicenter international studies.'®*® These
studies were considered due to their relevance to the Qatari
setting, large sample size, and the provision of comprehensive
utilities in patients with HFrEF with different health states. The
utility values of patients with HFrEF was based on the Euro-
QolL-5 Dimensions, 5 Levels (EQ-5D) questionnaire, validated
and widely used in patients with CV disease.*®*°

The probability, cost, and utility inputs of the study model
at its base case are all presented in Table 1.
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Sensitivity and scenario analyses

One-way and probabilistic sensitivity analyses (PSA) were
conducted to quantify the variations in estimating results
caused by additional parameter uncertainties. A one-way
sensitivity analysis was performed to examine the impact of
parameter uncertainty, using the lower and upper bound of
the parameter distributions to ascertain the key determinants
of cost savings. All model inputs presented in Table 1 were
included in the one-way sensitivity analysis, where an uncer-
tainty range of £25% was assigned to the base-case values.
Results from the one-way sensitivity analysis were presented
in a Tornado diagram. Briefly, the numbers in the bars of a
Tornado diagram represent the impact of each input variable
on the output variable (i.e. cost saving). The length of each
bar represents the magnitude of the impact, with longer
bars reflecting a larger influence on the cost saving. Values
appearing to the left of the base case represent a negative
impact, indicating that as the value of the input variable
decreases, it has a decreasing effect on the cost saving.
While values appearing to the right of the base-case reflect a
positive impact, indicating that as the value of the input vari-
able increases, it has an increasing effect on the cost saving.
In the PSA, the transition probabilities, cost, and utility model
inputs were allowed to vary simultaneously within a prede-
fined uncertainty range. The PSA consisted of a Monte Carlo
simulation with 1,000 iterations, consistent with the hypo-
thetical study population size.® Key input parameters and
respective distributions are given in ESM Table 2. Results of
PSA were presented in a cost-effectiveness probability curve
(CEPC) and a cost-effectiveness plane (CEP). Both graphs are
helpful to summarize the impact of uncertainty on the find-
ings of a cost-effectiveness analysis, frequently expressed as
an incremental cost-effectiveness ratio (ICER) or net monet-
ary benefit. CEPC plots a range of cost-effectiveness or net
monetary benefit thresholds on the horizontal axis against
the probability that the intervention will be cost-effective at
a threshold on the vertical axis.>**" At the same time, CEP
plots the incremental effectiveness of an intervention (rela-
tive to a comparator) against the incremental cost of the

Table 2. Base-case analysis outcomes.

intervention. It demonstrates the uncertainty and the magni-
tude of the estimates, and each point on the plot is from a
particular random model re-run derived from the PSA3**!
Also, a linear regression tornado analysis was conducted to
investigate the relationship between model inputs and out-
come and its direction. While the regression coefficient does
not show the consistency of the relationship, it shows the
strength of the relationship. A positive regression coefficient
means that as that input increases, the output increases; and
a negative regression coefficient means that as that input
increases, the output decreases. In addition, multiple scenario
analyses were conducted:

e Shortening the Markov time horizon to 5, 10, 15, and 20
years.

e Changing the discount rates to 0% (undiscounted), 1%

and 5%.

Canceling the age-related death trends.

Replacing ACEi with ARB (i.e. valsartan).

Replacing ACEi with sacubitril and valsartan.

Changing the relative risk of increased cardiovascular

mortality by +15%.

e Changing the relative risk of increased cardiovascular
mortality by -15%.

e Replacing the transition probabilities of events in people
without T2DM with the transition probabilities of events
in people irrespective of T2DM status based on findings
of the DAPA-HF trial.’

e Replacing the transition probabilities of events in people
without T2DM with the transition probabilities of events
in people with T2DM based on Petrie et al, 2020,
findings.®

Model validation

The model was built in Microsoft Excel. The Assessment of
the Validation Status of Health-Economic decision models
(AdViSHE) and TECHnical VERification (TECH-VER) tools were
followed, which provide a framework to improve the

Clinical events

Health states at end of model Dapagliflozin in addition to SoC SoC Difference* Outcome per person

No event (n) 9,870 8,699 +1,171 117

Alive with urgent visit for heart failure (n) 21 71 —51 0.05

Worsen with hospitalization (n) 659 907 —248 0.25

Cardiovascular disease death (n) 754 771 -17 0.02

Non-cardiovascular disease death (n) 93 83 +10 0.01

Clinical outcomes

QALYs Dapagliflozin in addition to SoC SoC Difference Outcome per person
8,496 7,865 +631 0.6

YLL Dapagliflozin in addition to SoC SoC Difference Outcome per person
11,439 10,621 +818 0.8

Economic outcomes, QAR (USD)

Cost Dapagliflozin plus SoC SoC Difference Outcome per person

Acute events 38,329,530 (10,501,241) 41,502,479 (11,370,542) — 3,172,949 -(869,301) —3,173 (-869)

Medications 4,083,026 (1,118,637) 1,681,264 (460,620) 42,401,762 (+658,017) 42,402 (+658)

Total healthcare
Cost saving per person

42,412,556 (11,619,878)
QAR 771 (USD 211)

43,183,743 (11,831,163) —771,187 (-211,284) =771 (-211)

Abbreviations. Cl, confidence interval; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life years; QAR, Qatari Riyal; SoC, standard of care; USD,
United States Dollar; YLL, years of life lived. All values were rounded. *Difference indicates dapagliflozin minus SoC.



efficiency and credibility of the model and assist in identify-
ing errors in a systematic way.>>>> The conceptual model,
input data, and model outcomes were validated by an expert
in pharmacoeconomics modeling (DB). In addition, the model
was examined for face validity to evaluate the appropriate-
ness of model inputs and was also varied to assess if
expected effects were predicted, and the manual review of
formulae and cross-check of all inputs was performed.
External validation was also considered by comparing the
findings of our model with those reported in international
studies.>*>> We also followed the three “orders” of cost-
effectiveness model validation described by McCabe et al.>®
These include (i) first-order validation that requires expert
concurrence, (ii) second-order validation to compare the
model predictions with data used to estimate the model
parameters, and (iii) third-order validation to compare the
model prediction with “other” observed data, i.e. data not
used in the model construction.

Results
Base-case analysis

In the hypothetical population of 1,000 patients, adding
dapagliflozin to SoC in patients with HFrEF and without
T2DM vyielded an additional 0.6 QALY and 0.8 YLL, at a cost
saving of QAR 771 (USD 211) per person, compared with
SoC alone, with total healthcare cost of QAR 42,413 (USD
11,620) versus 43,184 (USD 11,831) per person, respectively.
Dapagliflozin, combined with SoC, resulted in an additional
1.17 lives without event per person compared to SoC.
Additionally, dapagliflozin, combined with SoC, prevented
0.05 alive with urgent visits, 0.02 deaths from CVD, and 0.01
non-CVD deaths, per person, compared to SoC. Table 2
reported the health outcomes and costs of the study
comparators.

Sensitivity analyses
One-way sensitivity analysis

Results from the one-way sensitivity analysis are presented in
the Tornado diagram in Figure 2. The results showed that
the transition probabilities of CVD death in both groups,
transition probabilities of hospitalization for HFrEF in dapagli-
flozin plus SoC, and the cost of dapagliflozin plus SoC were
the main drivers of the cost saving.

Probabilistic sensitivity analysis

The CEP for QALYs showed that dapagliflozin combined with
SoC in patients with HFrEF and without T2DM was cost sav-
ing in 49.8% of the cases and cost-effective in 44.8% of the
simulated cases. At the same time, the CEP for YLL showed
that dapagliflozin combined with SoC is cost saving in 49.8%
of the cases and cost-effective in 43.2% of the cases (Figure
3A and B and Figure 4A and B). The regression tornado ana-
lysis demonstrated that the transition probabilities of death
due to CVD with dapagliflozin plus SoC and SoC groups
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were the key drivers influencing the QALYs and YLL out-
comes, while the transition probability of hospitalization for
heart failure with dapagliflozin plus SoC and the transition
probability of non-CVD death with both groups were the
minor drivers, respectively (Figure 5 and 6). While with cost
savings outcome, the transition probabilities of CVD death in
both groups were the main influential factors, while the tran-
sition probability of non-CVD death with dapagliflozin was
the least influential factor (Figure 7).

Included inputs in the probabilistic sensitivity analysis,
their uncertainties, and the outcomes are presented in
Table 3.

Scenario analysis

Variations in the model did not alter the overall base-case
cost saving in the majority of scenario cases, except in the
following cases, where dapagliflozin combined with SoC
became cost-effective:

e When removing age-related death trends, dapagliflozin
was cost-effective at an ICER of QAR 5,645 (USD 1,547)
per QALY gained and 4,295 (USD 1,177) per YLL.

e When reducing the time horizon to 5 and 10 years, dapa-
gliflozin was cost-effective at ICER of QAR 4,992 (USD
1,368) per QALY gained and 3,708 (USD 1,016) per YLL.
When reducing the time horizon to 15 and 20 years,
dapagliflozin was cost-effective at ICER of QAR 5,397 (USD
1,479) per QALY gained and 3,999 (US 1,095) per YLL.
When replacing the transition probabilities of events in
people without T2DM with transition probabilities of
events in people with T2DM, dapagliflozin was cost-
effective at ICER of QAR 5,212 (USD 1,428) per QALY
gained and QAR 3,880 (USD 1,063) per YLL.

e When replacing the transition probabilities of events in
people without T2DM with transition probabilities of
events in people with T2DM, dapagliflozin was cost-
effective at ICER of QAR 5,023 (USD 1,376) per QALY
gained and 3,759 (USD 1,030) per YLL.

All results of the scenario analyses are shown in Table 4.

Model validation

The AdViSHE and TECH-VER tools and CHEERS checklist are
reported in ESM Tables 3 and 4. Our model was validated by
comparing the findings of the model versus the Petrie et al.
study findings'® as well as international references.>*>> The
validation suggests that our model may overestimate the
outcomes in patients with HFrEF.

Discussion

Although a growing body of evidence supports the role of
SGLT2i in HFrEF, prescribing barriers, such as prior authoriza-
tion formulary restriction, may hinder the widespread use of
these medications.”” Our analysis attempts to provide insight
into prescribing dapagliflozin to patients with HFrEF without
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Abbreviations: CVD: cardiovascular death, TP: transition probabilities, SoC: standard of care, DPG: dapaglifiozin, HF: heart failure

Figure 2. Results of one-way sensitivity analysis.
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Figure 4. Probability curves with dapagliflozin plus standard of care.

T2DM. To the best of our knowledge, this study is the first in
Qatar and the literature to provide new insights about the
benefits of adding dapagliflozin to SoC for patients with
HFrEF and without T2DM to improve QALYs and decrease
overall healthcare costs. Our findings revealed that the add-
ition of dapagliflozin to SoC in patients with HFrEF and with-
out T2DM might be cost saving compared with SoC alone,

ardard of e

resulting in a reduced cost of QAR 771 (USD 211) per person,
with a total healthcare costs of QAR 42,413 (USD 11,620) ver-
sus 43,184 (USD 11,831) per person, respectively, in the mod-
el's 1,000 patients population. Our sensitivity analyses
indicated that the economic advantage of dapagliflozin is
maintained at both lower and higher limits of input uncer-
tainties, suggesting that study findings were not sensitive to
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Figure 5. A regression tornado diagram indicating the main drivers of model variables behind the outcomes (quality-adjusted life years).
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Figure 6. A regression tornado diagram indicating the main drivers of model variables behind the outcomes (years of life lived).
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Figure 7. A regression tornado diagram indicating the main drivers of model variables behind the outcomes (cost saving).
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Table 3. Sensitivity analyses results.

Probabilistic sensitivity analysis

Variable Point estimate Distribution Cost saving, QAR (USD) QALYs gained YLL

Transition probabilities 675 (185), 95% Cl - 0.6, 95% Cl —0.4 to 1.7 0.8, 95% Cl —0.6 to 2.2

Alive with no event 0.9701 Beta —73,001 to 61,887
(dapagliflozin) (=20,000 to 16,955)

Worsening with 0.0122 Beta
hospitalization for
heart failure
(dapagliflozin)

Urgent visit for heart 0.0004 Beta
failure (dapagliflozin)

Cardiovascular disease 0.0139 Beta
death (dapagliflozin)

Non-cardiovascular 0.0035 Beta
disease death
(dapagliflozin)

Alive with no 0.9590 Beta
event (SoC)

Worsening with 0.0195 Beta
hospitalization for
heart failure (SoC)

Urgent visit for heart 0.0015 Beta
failure (SoC)

Cardiovascular disease 0.0166 Beta
death (SoC)

Non-cardiovascular 0.0033 Beta
disease death (SoC)

Utilities

Alive with no event 0.75 Beta

Worsening with 0.65 Beta
hospitalization for
heart failure

Urgent visit for heart 0.71 Beta
failure

Costs

Alive with no event 2,083 (571) Gamma

Worsening with 22,329 (6,118) Gamma
hospitalization for
heart failure

Urgent visit for heart 2,583 (708) Gamma
failure

Cardiovascular disease 6,396 (1,752) Gamma
death

Dapagliflozin in addition QAR 557 (USD 153) Gamma
to SoC medications

SoC medications QAR 176 (USD 48) Gamma

Abbreviations. Cl, confidence interval; QALY, quality-adjusted life years; Cl, confidence interval; QAR, Qatari Riyal; SoC, standard of care; USD, United States

Dollar; YLL, years of life lived. All values were rounded.

underlying uncertainty, and providing some reassurance to
the potential generalizability of our conclusions. The PSA not
only addresses the confidence interval of the point estimate
of an ICER or cost saving but also, in combination with
CEPCs and CEPs, provides the decision-maker with further
confidence that the base case results are not arbitrary, where
the dapagliflozin plus SoC was shown to be between cost
saving and cost-effective in approximately 50% of simulated
cases. Additionally, when testing results against the scenario
of including the T2DM status in the population, the conclu-
sion remains in favor of dapagliflozin combined with SoC.
Our economic analysis of using the combination of dapa-
gliflozin and SoC strategy is necessary to get an overall pic-
ture of costs versus benefits, where investing in the strategy
is likely to result in long-term health and economic gains, i.e.
YLL and QALYs. As per our study, added YLL, QALYs and
healthcare savings can be achieved, advantaging dapagliflo-
zin combined with SoC for HFrEF. While these gains may be
limited in proportional terms (i.e. YLL and QALYs), they are

considerable in absolute terms and translate to hundreds of
dollars in economic value. The issue with high healthcare
expenditure is that it is viewed as just expenditure. Instead,
devoting funds to such interventions should be perceived as
an investment rather than an expenditure. These investments
are vital and will be paramount for Middle Eastern countries
like Qatar, where benefits cannot be underestimated as the
healthcare expenditure is the highest in the Middle East>®
and the HFYrEF prevalence is rising in the younger working
age groups at a much more rapid rate than in Western coun-
tries.®> To also note, in relation to QALY outcomes, the cur-
rent guidelines of the American College of Cardiology (ACC)
and the American Heart Association (AHA), as well as the
European Society of Cardiology (ESC) for the management of
heart failure,”° have relatively little to say about quality of
life outcomes. For instance, the ESC guidelines reported that
cardiac resynchronization therapy leads to significant
improvements in QALYs in patients with heart failure, with
one-third of the change in QALYs attributable to increased



Table 4. Outcomes of scenario analysis.
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Scenario QALYs per person YLL per person Cost saving per person QAR (USD)
Base-case 0.6 0.8 771 (211)
Removing age related death trends 0.4 0.5 ICER* 5,645 (1,547) per QALY gained
and 4,295 (1,177) per YLL
Time frame 5 years 8.5 114 ICER* 4,992 (1,368) per QALY gained
and 3,708 (1,016) per YLL
Time frame 10 years 8.5 1.4 ICER* 4,992 (1,368) per QALY gained
and 3,708 (1,016) per YLL
Time frame 15 years 5.7 77 ICER* 5,397 (1,479) per QALY gained
and 3,999 (1,095) per YLL
Time frame 20 years 5.7 77 ICER* 5,397 (1,479) per QALY gained
and 3,999 (1,095) per YLL
Discount rate 0% 0.7 0.9 738 (202)
Discount rate 1% 0.7 0.9 750 (206)
Discount rate 5% 0.6 0.8 788 (216)
Replacing ACEi with ARB i.e. 0.6 0.8 2317 (635)
valsartan)
Replacing ACEi with sacubitril and 0.6 0.8 13,521 (3,704)
valsartan
Changing the relative risk of 0.6 0.8 771 (211)
increased cardiovascular mortality
by +15%
Changing the relative risk of 0.6 0.8 771 (211)
increased cardiovascular mortality
by —15%
Replacing transition probabilities of 46 6.1 ICER* 5,212 (1,428) per QALY gained
events in people without T2DM and 3,880 (1,063) per YLL
with transition probabilities of
events in people irrespective of
T2DM status
Replacing transition probabilities of 0.9 1.2 ICER* 5,023 (1,376) per QALY gained

events in people without T2DM
with transition probabilities of
events in people with T2DM

and 3,759 (1,030) per YLL

Abbreviations. Cost-effective with dapagliflozin combined with SoC; Cl, confidence interval ICER, incremental cost-effectiveness ratio; QALY,
quality-adjusted life years; QAR, Qatari Riyal; SoC, standard of care; USD, United States Dollar; YLL, years of life lived; ACEi, angiotensin convert-
ing enzyme inhibitors; ARB, angiotensin receptor blocker; T2DM, type 2 diabetes mellitus All values were rounded.

longevity and two-thirds attributable to improved quality of
life.>® Treatment for HFrEF may have an immense impact on
healthcare budgets as many patients might be eligible for
lifelong treatments, necessitating the prioritization of cost-
effective interventions. In our study, we included all relevant
unit costs for HFrEF, such as costs of medications, worsened
with and without hospitalization for heart failure, CV death,
and non-CV death, which are of particular importance to
patients with HFrEF, given the expected increase in heart fail-
ure prevalence, and where most of the costs are incurred
within secondary care.

Although our study is the first cost-effectiveness study
among patients with HFrEF and without T2DM, our results
are consistent with other cost-effectiveness analyses in
patients with HFrEF, irrespective of T2DM status. Prior studies
were conducted from the perspective of different healthcare
systems, including the United Kingdom, Germany, Spain,
China, and Australia, which estimated that adding dapagliflo-
zin to SoC was cost-effective.'®"3 Just like the current study,
the major limitations of these studies were primarily that, in
all of them, clinical events of dapagliflozin plus SoC stemmed
from the DAPA-HF trial, a single randomized clinical trial.
Additionally, previous studies adopted a healthcare perspec-
tive, and thus, only direct medical costs were included. Also
similar to the current study, their studies were run over a
lifetime horizon to capture the long-term implications of
HFrEF management, but with varying cycle lengths. For
instance, Phil McEwan et al. and Isaza et al. used a monthly

cycle, while Yao et al. used a 3-month cycle.'®'""3 This is
while noting that the annual healthcare cost of dapagliflozin
in our study was considerably higher (QAR 42,413 (USD
11,620) per person) compared with other healthcare systems,
which included patients regardless of their T2DM status (USD
4,192 in the US, USD 302-780 in Europe, USD 257 in China,
and USD 563 in Australia).'®'? Also, consistent with our
study, all studies performed numerous sensitivity and scen-
ario analyses to explore the model uncertainties on out-
comes. Our findings were also similar to previous studies
regarding the reductions in CV death being the main driver
of cost, yielding greater YLL and QALY gains in patients man-
aged with dapagliflozin.

With regards to the Asia—Pacific region, Savira et al."* and
Krittayaphong et al.'” suggested that adding dapagliflozin to
SoC among patients with HFrEF with or without T2DM may
be cost-effective from the Australian and Thai healthcare sys-
tem perspectives. Likewise, clinical events were acquired
from a single trial (i.e. DAPA-HF) and adopted a healthcare
perspective. Both studies were conducted over a lifetime
with yearly cycles in Savira et al.'? and 3-month cycles in
Krittayaphong et al.'”. Moreover, sensitivity and scenario
analyses were conducted to address the study uncertainty.
However, Yao et al."" reported a relatively low probability of
cost-effectiveness for adding dapagliflozin to SoC among the
Chinese population with HFrEF. These inconsistent findings
could be due to differences in study assumptions, model
inputs, and WTP thresholds across studies. For instance, the



414 D. ABUSHANAB ET AL.

utility parameters associated with the heart failure health
state used in Yao et al. study (i.e. 0.127-0.204) were lower
than those used in other studies (i.e. 0.508-0.833), including
our research,'%71260

Our model captured disease progression in HFrEF patients
transitioning between the “alive with no event”, “urgent visit
for heart failure”, and “hospitalization for heart failure” health
states, characterized by the NYHA functional class as
reported in DAPA-HF trial, which is an established measure
of health status in HFrEF, rather than using the Kansas City
Cardiomyopathy Questionnaire (KCCQ-TSS) reported in a
prior study,'® which is a patient-reported outcome. Also,
time-dependent disease severity using KCCQ quartiles may
lead to an opposite pattern to that seen with NYHA, ie. a
progressive deterioration over the long term.'

It is conventional to use data from clinical trials to esti-
mate the transition probabilities to model a time-dependent
NYHA class. For instance, King et al. evaluated the cost-
effectiveness of sacubitril-valsartan combination therapy
compared with enalapril using the NYHA transitions derived
from the PARADIGM-HF trial. These transitions improve the
severity of heart failure over time, given the dynamic and
chronic nature of the disease.”

According to the findings of our one-way sensitivity analy-
ses via tornado diagram, we found that the transition proba-
bilities of CV death in both groups and the transition
probability of hospitalization for heart failure with dapagliflo-
zin combined with SoC were the top drivers of the cost-sav-
ing variations. These findings were also aligned with the
results of our regression analyses, depicting the effect of key
parameters on cost savings. The findings are expected
because the reduction in hospitalization and CV death with
dapagliflozin plus SoC versus SoC alone were one of the
most promising efficacy outcomes in favor of dapagliflozin
as shown in the Petrie et al. 2020, study.'®

Here, while a favorable economic benefit was still main-
tained with the use of dapagliflozin as add-on therapy when
we shortened the time horizon (i.e. 5, 10, 15, and 20 years),
such findings suggest that medication duration is an essen-
tial input for consideration.

There is no approved WTP cost-effectiveness threshold in
Qatar. While the World Health Organization suggests using 1
to 3 times the GDP per capita as the threshold value in a
country, it is acknowledged that this is arbitrary and not
based on any methodological justification.®’ In addition,
Qatar's average 2023 GDP per capita (PPP) was approxi-
mately USD 94,028;°> one of the world’s highest. Thus,
adopting the WHO recommendation for calculating the WTP
will result in a range of values that is too wide to be directly
useful, i.e. USD 64,781 to 194,343. In this study, we adopt a
threshold value of USD 150,000, which is increasingly
accepted as a higher threshold value in the literature and
within the range suggested by WHO for Qatar.®

HFrEF is a chronic condition necessitating lifelong man-
agement. Add this to the economic burden associated with
the management of HErEF, our study empowers effective
and affordable services via informed decisions that best opti-
mize resource use, including medications. While currently, in

Qatar, citizens receive healthcare services, including medica-
tions free of charge, and expatriates are required to co-pay
20% for the cost of medications, the very recent law No. 22
for the Year 2021 has re-constituted the future direction in
healthcare reimbursement. According to this, free treatment
at government health facilities will only be available to
nationals. Non-nationals can only be treated via out-of-
pocket and private health insurance.®* This increased consid-
eration of affordability influences decisions on treatment
choices. Indeed, the delayed implementation of SGLT2i in
Qatar compared to ACEi/ARBs is disappointing. For example,
rates of SGLT2i initiation are much higher among endocrinol-
ogists and internists compared with cardiologists, and less
than 15% of eligible patients were prescribed an SGLT2i in
Qatar.’®> The proven efficacy of dapagliflozin, and the cost
saving based on our study, would help to remove restrictions
on SGLT2i prescription imposed by the Pharmacy and
Therapeutics committee at HMC and, ultimately, improve
access to dapagliflozin.

The main strength of this study is that, to our knowledge,
it is the first analysis of the cost-effectiveness of dapagliflozin
combined with SoC for patients with HFrEF. Also, we used
real-world individual-level data to estimate resources and
associated costs. Another notable strength, our model
encompasses all potential consequences of dapagliflozin
combined with SoC in HFrEF, allowing for a more accurate
representation of real-life practice and the overall cost of
resource utilization. Added to the strengths of the current
study is the estimation of the humanistic outcome of strat-
egies (i.e. QALYs gained). QALYs capture how many extra
years of life of a reasonable quality an individual might gain
from the strategy. This is particularly important when consid-
ering strategies for chronic diseases such as heart failure.

This study has several limitations. Based on non-published
data from the advanced heart failure outpatient clinic at our
cardiology center in Qatar, our patients seem to be a decade
younger than those enrolled in the DAPA-HF trial (56 versus
66 years old, respectively). Other potentially outstanding dif-
ferences include atrial fibrillation (17% versus 38%) and dia-
betes (64% versus 42%) co-morbidities, the use of
mineralocorticoid receptor inhibitors (55% versus 71%) and
diuretics (74% versus 39%), and the levels of B-type natri-
uretic peptide (3700 versus 1440 pg/ml). Given that patients
enrolled in the DAPA-HF are older and have more patients
with atrial fibrillation and NYHA class llI, our patients may be
considered healthier than those enrolled in the DAPA-HF
trial. Thus, the impact of dapagliflozin may be potentially
more prominent in the DAPA-HF trial population. Another
limitation is that the transition probabilities were obtained
from Petrie et al. 2020 (16) based on the DAPA-HF trial. In
the trial, while the subgroup results were consistent with
those in the main analysis, a level of uncertainty is suspected
due to the limited sample size. However, this is not uncom-
mon in health economics, especially where our base-case
modeling was supported by several one-way and probabilis-
tic sensitivity analyses to confirm robustness against add-
itional input uncertainties. Furthermore, because of the lack
of utility data for the HFrEF without T2DM, the model used



utility in general patients with HFrEF irrespective of diabetes
status, which may over- or under-estimate the actual utility
in those without T2DM. However, sensitivity analyses were
designed to address this limitation. Another limitation that
may lead to uncertainty is the necessity to extrapolate
beyond the median follow-up time of approximately
18.2months in the DAPA-HF trial. Similarly, the sensitivity
analysis concerning the follow-up horizon of the model con-
firmed its robustness. Moreover, relying on data from clinical
trials instead of local data may limit the local relevance.
However, evidence on the effect of dapagliflozin use in
HFrEF among the local Qatari population is lacking, whereby
relying on international clinical trials is justified and is best
practice in health economics, pending evidence of robust-
ness via sensitivity analyses, especially given the standar-
dized dosing of drugs and the similar SoC practices.
Furthermore, our validation suggests that our model may
overestimate the outcomes in patients with HFrEF. This over-
estimation could potentially mislead decision-makers.
However, to address this concern, sensitivity analyses were
performed to examine the model inputs and assess the
robustness of the results. Additionally, our model only
focused on the CV outcomes of HFrEF patients without
T2DM, and did not include the renal outcome as another
clinically important outcome. Here, however, given the renal
protective effect associated with dapagliflozin, it is expected
that the results of adding dapagliflozin to SoC, when kidney-
related health states are considered in the model, would fur-
ther increase the dapagliflozin’s economic benefits.°® Also, a
limitation is the lack of data on the lifetime expectancy hori-
zon for patients with HFrEF in Qatar. We, therefore, utilize
the life expectancy that was commonly utilized in relevant
cost-effectiveness models in the literature in patients with
HFrEF, where patients were followed until around 89 years
0ld.232%26-28 T4 note, in these studies, unlike in our current
study, populations were sicker, including diabetic patients.
For this reason, as life expectancy is an average age, it is
possible that not all patients will die by 89years, just like in
our study model. Nevertheless, long Markov follow-ups, like
in the current study, are associated with considerable uncer-
tainties. Because of this, it is questionable that there can be
survival by the end of a lifetime horizon, especially where (i)
survival in patients with HFrEF becomes generally unlikely to
persist over a lifetime, and (ii) the difference in mortality
between interventions over a lifetime becomes highly doubt-
ful. It is for this reason that we have tested the scenarios of
shorter time horizons, whereby a favorable economic benefit
was still maintained with the use of dapagliflozin as add-on
therapy when we shortened the time horizon, i.e. 5, 10, 15,
and 20years. Here, however, it seems that the model
requires over 10years of follow up for cost and outcome dif-
ferences to sufficiently accumulate for significant variations
in costs and outcomes to be captured. The differences
between the findings when changing the time horizon from
10years to 15years may be attributed to the fact that this
shift includes a more substantial portion of the long-term
dynamics of the interventions being evaluated. Additionally,
locally-specific health utility values for HFrEF patients in
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Qatar are unavailable; hence, these were drawn from inter-
national studies.'®*® While the utility estimate varies across
different countries, it is highly associated with the quality of
life index of the country.®” Within this context, studies from
the US, Germany, and Spain were used, which have a com-
parable quality of life index to that in the Qatari setting,®®
being one of the wealthiest countries in the world with one
of highest gross domestic incomes per capita.®® Also, indirect
costs were not included due to a paucity of available data.
However, since patients with HFrEF had improved QALYs
outcomes, including indirect costs is not expected to influ-
ence the overall conclusion of the analysis. Finally, the pre-
sent study did not compare the economic outcomes
associated with different SGLT2is, which is due to the lack of
head-to-head comparisons of individual SGLT2is among heart
failure patients, and addressing the cost-effectiveness of dif-
ferent SGLT2is was beyond the scope of this study. Future
research, therefore, should explore the variation in the health
outcomes and economic costs for heart failure patients using
different SGLT2is in HFrEF patients without T2DM.

Conclusions

Taking into consideration the study’s limitations and the health-
care perspective, findings enable enhanced effective and afford-
able decision-making that suggests the addition of dapagliflozin
to SoC as a positive value for investment, being cost saving
under our baseline assumptions and cost-effective  when
assumptions were varied from the baseline in HFrEF patients,
whether without T2DM, with T2DM irrespective of the T2DM
status. Within this context, in Qatar, which has the highest
healthcare expenditure in the Middle East, added to an HFrEF
prevalence that is at a higher rate than the international aver-
age, potential benefits to the healthcare system cannot be
underestimated. Further research should explore the impact of
the cost-effectiveness of different SGLT2i in HFrEF.
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