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Abstract: Sodium-glucose cotransporter 2 (SGLT?2)
inhibitors have shown to reduce cardiovascular events
and mortality in patients with type 2 diabetes mellitus
(T2DM), but they are currently not used as first-line
therapy in clinical practice. This study sought to evalu-
ate the cost-effectiveness of first-line empagliflozin plus
standard care for patients with newly diagnosed
T2DM and existing cardiovascular disease (CVD). A
decision-analytic Markov model with one-year cycles
and a lifetime time horizon was developed from the
perspective of the Qatari healthcare system to com-
pare first-line empaglifiozin combined with metformin
versus metformin monotherapy for patients aged 50 to
79 years with T2DM and existing CVD. Two health
states were considered: Alive with CVD and T2DM
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and Dead. Patients could experience non-fatal myocar-
dial infarction, non-fatal stroke, hospitalization for
heart failure, hospitalization for unstable angina, and
cardiovascular or non-cardiovascular death. Model
inputs were ascertained from published and publicly
available sources in Qatar. Costs and outcomes were
discounted at 3% per annum. Sensitivity analyses
were conducted to evaluate parameter uncertainty.
The model predicted that adding empagliflozin to cur-
rent standard care led to additional 1.9 years of life
saved (YoLS) and 1.5 quality-adjusted life year
(QALYs) per person, and an incremental cost of QAR
56,869 (USD 15,619), which equated to an incremental
cost-effectiveness ratio of QAR 30,675 (USD 8,425) per
YoLS and QAR 39,245 (USD 10,779) per QALY. Sen-
sitivity analyses showed the findings to be robust.
First-line empaglifiozin combined with metformin
appears to be a cost-effective therapeutic option for
patients with T2DM and CVD. (Curr Probl Cardiol
2022;47:100852.)

Introduction

iabetes mellitus (DM) is a major cause of disability and reduced
E quality of life. The International Diabetes Federation (IDF) Atlas

predicts that DM will affect 642 million adults by 2040 and be
the seventh leading cause of death in 2030 globally.'~ Patients with DM
are 2 to 3 times more likely to develop cardiovascular disease (CVD) than
those without DM.” The Middle East and North Africa region is expected
to have one of the highest proportional increases in the number of patients
with DM." Type 2 diabetes mellitus (T2DM) and CVD have been recog-
nized as Qatar’s most significant burdens and are the leading cause of mor-
tality.” In Qatar, 17% of the adult population has DM, which is higher than
the global average.® It is also expected that the number of patients with
DM will increase 2.5 times by 2045.” Recent studies showed that the prev-
alence of T2DM in Qatar is projected to increase from 16.7% in 2012 to at
least 24% by 2050, with a total direct medical cost of around United States
Dollar (USD) 3315 per patient in 2014.** Therefore, DM was recognized
by the 2018 to 2022 Qatar National Health Strategy as a high-priority dis-
ease, with an aim to reduce the preventable mortality and hospital admis-
sions by 5% and 15%, respectively.’
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At present, a stepwise strategy has been used to manage T2DM, start-
ing with non-pharmacological interventions. Currently, metformin mono-
therapy is the first-line therapy for newly diagnosed T2DM, followed by
the addition of second-line therapies such as sulfonylurea, insulin, dipep-
tidyl peptidase 4 inhibitors, sodium-glucose cotransporter 2 (SGLT2)
inhibitors, or glucagon-like peptide 1 agonists when optimal glycemic
control is not achieved. SGLT2 inhibitors are added to metformin among
patients with or at risk of CVD when initial therapy with metformin
monotherapy fails to achieve glycemic control.'”'" The Empagliflozin
Cardiovascular Outcome Event Trial in Type 2 Diabetes Mellitus
Patients-Removing Excess Glucose (EMPA-REG OUTCOME) demon-
strated that empagliflozin added to metformin reduced CVD death and
all-cause death by 38% and 32%, respectively, when compared to metfor-
min monotherapy.'” Given the unique mechanism of action of SGLT2
inhibitors and recent findings around their benefits for long-term out-
comes, these agents are rapidly establishing their role in the management
of T2DM beyond the glucose-lowering effect, and are an attractive option
for initial combination with metformin.'*'*

Here, and in line with the Qatar National Diabetes Control Strategy
2016 to 2022 vision “Preventing Diabetes Together”, innovative popula-
tion-based prevention strategies are highly needed to prevent T2DM com-
plications and to improve the quality of life.'” Therefore, the present
study aimed to assess the cost-effectiveness of empaglifiozin added to
metformin versus metformin monotherapy as a first-line option for
patients with newly diagnosed T2DM and existing CVD from the Qatari
healthcare perspective.

Materials and Methods

Model Structure

A decision analytic Markov model (Fig 1) was structured to evaluate
the incremental effects and costs of empagliflozin (10 or 25 mg once
daily), combined with metformin (500 mg once daily) as first-line ther-
apy, compared to metformin monotherapy (500 mg once daily). The
model was constructed to estimate the number of CVD events arising
from the Qatari population aged 50 to 79 years with newly diagnosed
T2DM and existing CVD. The model comprised two health states: ‘Alive
with CVD and T2DM’ and ‘Dead’. The cycle length was one year.
Patients who were in the ‘Alive with CVD and T2DM’ health state were
at risk for experiencing a combination of CVD events (including non-
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FIG 1. Diagram of the Markov state transition model and health states of firstline use of empagli-
flozin combined with metformin versus metformin monotherapy. *MI, myocardial infarction; Hosp,
hospitalization; HF, heart failure; CVD, cardiovascular disease; T2DM, type 2 diabetes mellitus.

fatal myocardial infarction (MI), non-fatal stroke, hospitalization for
heart failure, hospitalization for unstable angina), and death from cardio-
vascular or non-cardiovascular causes.

The model outcomes included the number of non-fatal MI, non-fatal
stroke, non-fatal heart failure, unstable angina, CVD and non-CVD
deaths, total quality-adjusted life year (QALY) gained, total years of life
saved (YoLS), total costs, and the incremental cost-effectiveness ratios
(ICERs) for YoLS and QALY gained. A willingness-to-pay (WTP)
threshold of USD 150,000 per additional YoLS and QALY gained was
used as a reference threshold for cost-effectiveness.'® Cost-effectiveness
plane (CEPs) and Cost-Effectiveness Acceptability Curves (CEACs)
were generated for the ICER outcomes. Long-term costs and effects were
discounted at a rate of 3% annually, as recommended by the Second
Panel on Cost-Effectiveness in Health and Medicine.'’

At its base-case, the Markov simulation model was based on a multi-
variate analysis that accounted for inherent uncertainties in transition
probabilities, varying by their 95% confidence interval (CI) estimates,
using Monte Carlo simulation via @Risk-7.6 (Palisade Corporation, NY,
US). In total, 10,000 model simulations were conducted, using a triangu-
lar probability distributions to describe uncertainty (Table 1).

Model Population

The model was populated with 2019 Qatari data drawn from the Insti-
tute for Health Metrics and Evaluation (IHME), which is an independent
population health research center that provides thorough information
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TABLE 1. Model inputs for the base-case analysis, variation range and distribution

Parameter Point estimate Variation range Point estimate Variation range Distribution  Reference
Empagliflozin with  Lower Upper Metformin Lower Upper
metformin monotherapy
Transition probabilities for cycle 1 and beyond
Non-fatal Ml 0.0147 0.0128 0.0171 0.0171 0.0141 0.0204  Triangular 2
Non-fatal stroke 0.0104 0.0088 0.0124 0.0085 0.0065 0.0108 Triangular 12
Non-fatal HF 0.0088 0.0072 0.0104 0.0134 0.0108 0.0164 Triangular 12
Angina 0.0091 0.0078 0.0111 0.0091 0.0072 0.0118 Triangular 12
CVD death 0.0121 0.0104 0.0141 0.0194 0.0164 0.0228 Triangular 12
Other death 0.0065 0.0055 0.0081 0.0077 0.0062 0.0104 Triangular 12
Utility
T2DM and CVD 0.78 0.73 0.83 Beta 29
Costs (QAR, USD)
Empagliflozin (1,496, 411) (1,346, 370) (1,646, 452) Gamma [HMC]
Metformin (75, 21) (68,24) (83, 23) Gamma [HMC]
Non-fatal Ml (34,175, 9,386) (30,758, 8,447) (37,593, 10,324) Gamma [HMC]
Non-fatal stroke (37,516,10,303) (33,764, 9,273) (41,268, 11,333) Gamma [HMC]
Non-fatal HF (41,461, 11,386) (37,315,10,248) (45,607,12,525) Gamma [HMC]
Unstable angina (27,983, 7,685) (25,185, 6,917) (30,781, 8,453) Gamma [HMC]
CVD death (22,754, 6,249) (20,479, 5,624) (25,029, 6,874) Gamma [HMC]
Annual costs of T2DM and CVD (8,498, 2,334) (5,949, 1634) (11,047, 3,034) Gamma 24

*CVD, cardiovascular disease; HF, heart failure; HMC, Hamad Medical Corporation; MI, myocardial infarction; QAR, Qatari Riyal; USD, United States Dollar.
Variation of = 95% confidence interval was used for the transition probabilities, + 95% confidence interval for the utility, £ 10% for costs obtained from

Hamad Medical Corporation, Qatar, and & 30% for costs obtained from literature. All values were rounded.



TABLE 2. Qatari population with type 2 diabetes mellitus, cardiovascular disease, and on met-
formin monotherapy

Age group Midpoint Number of Number of = Number of subjects Number of subjects with
patients subjects with T2DM and CVD T2DM, CVD, and on

with T2DM metformin monotherapy

50-54 52 141,380 46,160.57 14,864 4,380

55-59 57 86,780 31,119.31 10,020 2,953

60-64 62 52,430 18,984.90 6,113 1,801

65-69 67 23,620 8,314.24 2,677 789

70-74 72 10,160 3,446.27 1,110 327

75-79 7 4,940 1,578.33 508 150

Total 319,310 109,603.62 35,292 10,399

*CVD, cardiovascular disease ; T2DM, type 2 diabetes mellitus.

concerning the world’s most important health problems.'® The popula-
tion was all of Qataris aged 50 to 79 years with newly diagnosed
T2DM, existing CVD and on metformin monotherapy. A total of
10,399 male and female Qatari patients was used and was stratified by a
S-year age group into six cohorts from 50-54, 55-59, 60-64, 65-69, 70-
74, and 75-79 years, where the starting age in each modeled cohort
group was the midpoint of each age group (e.g., 52 years for the age
group 50-54 years).

Age-specific prevalence of T2DM among the Qatari population in
2019 was obtained from a recent Qatari study by Awad et al.® The
prevalence of T2DM was as follows: 32.7% (50-54 years), 35.9%
(55-59 years), 36.2% (60-64 years), 35.2% (65-69 years), 33.9% (70-
74 years), and 32% (75-79). The prevalence of CVD and the propor-
tion of metformin as monotherapy among Qatari patients with T2DM
are lacking and were therefore obtained from published literature as
32.2% and 29.5%, respectively.'>'” Details with regards to the model
population are provided in Table 2. Cardiovascular and all-cause age-
specific death rates, obtained from the IHME and the Ministry of
Development Planning and Statistics in Qatar for the year 2016,
respectively,'®*" were used to adjust for the increase in the transition
probabilities for cardiovascular and non-cardiovascular deaths from
Cycle 2 onwards, assuming that the age-related increase was equal
between non-fatal and fatal CVD risks.”' The age-related increase for
the risk of non-CVD death rates was determined by subtracting CVD
mortality rates from all-cause mortality rates. Appendix 1 presents
the results of the extrapolation of mortality data for death from car-
diovascular and all causes.
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Clinical Outcomes

CVD event rates as a result of empagliflozin combined with metformin
versus metformin monotherapy were extracted from the EMPA-REG
OUTCOME trial, which evaluated the cardiovascular morbidity and mor-
tality between both groups in patients with T2DM and existing CVD over
3.1 years of follow-up.'” Transition probabilities were calculated from
the event rates using the formula by Briggs et al:** r=-(1/3.1)*In (1-R),
where r is the one-year rate and R is the 3.1-year rate. The formula
tp=1 — e—r was then used to calculate the one-year transition probabili-
ties. Survival analysis was carried out among the study patients who
entered the model at age 52 years and were followed until death. A life-
time horizon was considered for this analysis.

Setting and Perspective

The study was conducted from the perspective of Hamad Medical Cor-
poration (HMC). HMC is currently the leading healthcare provider in
Qatar, including 13 major specialized hospitals, and is publicly financed
by the Qatari National government.”® At present, empagliflozin and dapa-
gliflozin are the only SGLT?2 inhibitors listed in the HMC formulary but
only as second- or third-line options after inadequate control with metfor-
min monotherapy, in addition to other oral hypoglycemic agents.

Resource Utilization and Costs

The costs of empagliflozin and metformin were calculated according to
the 10 and 25 mg and the 500 mg daily doses, respectively. The annual
costs of empaglifiozin and metformin were derived from the pharmacy
department at HMC and were calculated in Qatari Riyal (QAR) 1,496
(USD 411) and QAR 75 (USD 21) per year, respectively. Apart from
medication costs, other direct health resource utilization costs, including
the total management costs of acute events (non-fatal MI, non-fatal
stroke, non-fatal heart failure, unstable angina, and CVD death) were
obtained from the finance and costing department of HMC and were esti-
mated to be QAR 34,175 (USD 9,386), QAR 37,516 (USD 10,303), QAR
41,461 (USD 11,386), QAR 27,983 (USD 7,685), and QAR 22,754 (USD
6,249), respectively. All acute event costs comprised hospitalization as
well as follow-up costs. The cost of non-CVD death was not available;
and hence it was assumed to be the same as the CVD death cost (with
only half of population dying in hospital and half at home). The model
also included the annual costs of T2DM with CVD, which included the
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costs of hospitalization, emergency visits, office visits, pharmacy, and
other ancillary care, and was obtained from the published literature, QAR
8,498 (USD 2,334).** All patients in this model were assumed to receive
the same initial monitoring parameters, such as hemoglobin Alc reading,
renal function, lipid profile, and blood pressure, and therefore monitoring
costs were not included in the model. If a cost was not available at HMC,
this was obtained from the literature and was adjusted, if not Qatari
based, to its Qatari value using the health expenditure per capita and the
Purchasing Power Parities (PPP) for GDP.”" All cost were inflated to
2021 values using the Qatari Health Price Index,”® and were presented in
QAR and USD (Table 1).

Quality of Life

The primary health outcome of this cost-effective analysis is the
QALY. We used utilities based on the Euro-QoL-5 Dimensions, 5 Levels
(EQ-5D-5L) questionnaire from a multicenter, prospective observational
study conducted in patients with T2DM.?’ The utility values used for
patients who have diabetes with angina and diabetes with other coronary
heart diseases were 0.81 (standard deviation (SD) &£ 0.19) and 0.78 (SD
=+ 0.19), respectively. The weighted average of these utility values was
used in the model, which was 0.78 (Table 1).

Subgroup Analysis

A subgroup analysis considered reporting results separately for males
and females.

Sensitivity and Scenario Analyses

A series of deterministic sensitivity analyses (DSA) was performed to
determine the model’s sensitivity to potential input uncertainty. Uncer-
tainty ranges of £+ 95% CI were used as lower and upper bounds for util-
ity data, while £ 10% of the base-case value was applied to cost data
obtained from HMC and 4 30% to cost obtained from the literature.

Probabilistic sensitivity analysis (PSA) was undertaken to simulate
real-life interactions between concurrent uncertainties of model inputs
simultaneously. Included model inputs in the PSA are health utilities and
costs conducted via the Monte Carlo simulation with 10,000 iterations.
The beta distribution was used for utility values and Gamma distribution
for costs (Table 1).
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A number of scenario analyses was performed, including discount rate
variability, removing the age-related trends for all the events, and limiting
the time frame to 5-years, 10-years, 20-years, and 30-years, doubling the
costs of acute events (non-fatal MI, non-fatal stroke, hospitalization for
heart failure, hospitalization for angina, CVD death), and annual costs of
T2DM and CVD management, and removing the costs of death.

Model Verification and Validation

To ensure face validity, experienced modellers assessed whether the
model mets predictions based on simple calculations. The model inputs
were then evaluated to check that expected effects were predicted, and
the manual review of formulae and cross check of all inputs were com-
pleted. The Consolidated Health Economic Evaluation Reporting Stand-
ards (CHEERS) checklist was followed for the economic evaluation.’”
Finally, CVD and non-CVD death was validated in the Qatari population
using outputs from our model.

The model was entirely executed in Microsoft Excel.

Results

Base-Case Analysis

In patients with T2DM and existing CVD, use of empagliflozin plus
metformin over metformin monotherapy resulted in additional 1.9 YoLS
and 1.5 QALYs gained per person, at an incremental cost of QAR 56,869
(USD 15,619), which led to an ICER of QAR 30,675 (USD 8,425) (95%
CI, QAR 22,698—60,596, USD 6,234—16,642) per YoLS and QAR
39,245 (USD 10,779) (95% CI, QAR 28,925-78,005, USD
7,944—21,424) per QALY (Table 3). The CEPs for QALY and YoLS
showed that 100% of simulated results were within the ICER threshold of
QAR 546,150 (USD 150,000) per QALY gained and YoLS (Fig 2). With
regards to the overall survival analysis, most deaths occurred by (35-50)
year time horizon (Appendix 2).

Subgroup Analysis

In males, empagliflozin plus metformin combination resulted in addi-
tional 1.9 YoLS and 1.5 QALYs gained per person, at an additional cost
of QAR 56,512 (USD 15,521). These equated to ICERs of QAR 29,225
(USD 8,027) per YoLS and QAR 37,391 (USD 10,269) per QALY
gained. In females, empaglifiozin plus metformin combination resulted in
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TABLE 3. The study clinical outcomes and costs in a cohort of 10,399 individuals treated with empagliflozin added to metformin compared to metformin

monotherapy
Events
Non-fatal Ml Non-fatal stroke Hospitalization for Hospitalization for CVD Death Other Death
HF angina
Empagliflozin added 8,565 6,058 5,131 5,302 7,056 2,324
to metformin
Metformin 6,288 3,125 4,867 3,346 7,133 2,037
monotherapy
Difference 2,277 2,933 263 1,956 -78 287
Per person 0.219 0.282 0.025 0.188 -0.007 0.028
Discounted values
YoLS QALYs Acute event costs Annual disease Medication costs Total healthcare
(QAR, USD) costs (QAR, USD) (QAR, USD) costs (QAR, USD)
Empagliflozin added 122,497 95,746 (652,954,233, (766,570,492, (192,427,316, (1,611,952,041,
to metformin 179,333,750) 210,538,432) 52,850,123)
Metformin 103,218 80,676 (528,369,229, (484,474,471, (7,706,310, (1,020,550,010,
monotherapy 145,116,503) 133,060,817) 2,116,537) 280,293,856)
Difference 19,280 15,069 (124,585,004, (282,096,021, (184,721,006, (591,402,031,
34,217,246) 77,477,616 50,733,587) 162,428,450)
Per person 1.9 1.5 (11,980, 3,290) (27,126, 7,450) (17,763, 4,879) (56,869, 15,619)
ICER (30,675, 8,425) (39,245, 10,779)

(95% Cl, QAR
22,698-60,596,
usD
6,234-16,642)

(95% Cl, QAR 28,
925-78,005,

USD 7,944-21,424)

*CVD, cardiovascular disease; HF, heart failure; ICER, incremental cost-effectiveness ratio; MI, myocardial infarction; QALY, quality-adjusted life years; QAR,

Quatari Riyal; USD, United States Dollar; YolS, years of life saved.

All values were rounded.
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FIG 2. Scatter plot of incremental QALYs and YolS against incremental costs. These scatterplots
of the base-case multivariate uncertainty analysis present the results of 10,000 simulations dur-
ing which model input variables were allowed to vary simultaneously. The x-axis represents the
incremental difference in QALY/YolS, while the y-axis represents the incremental costs. The clus-
tering of simulation results in the upper right quadrant shows that 100% of iterations were within
thresholds of cost per QALY and YolS. *QALY, quality-adjusted life year; YolS, years of life
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CVD death, TP (0.0164-0.0228)-sc 34125 [N is.c07
Annual costs of T2DM and CVD (QAR 5,949-11,047)  33.626 [N | 44365

CVD death, TP (0.0104-0.0141)-Empa+SC 35,36 [ 45907
Non-CVD death, TP (0.0164-0.0228)-SC 35000 [N -2.064
Non-CVD death, TP (0.0055-0.0081)-Empa+SC 37259 [ 43457
CVD and T2DM, utility (0.73-0.83) 36,958 [N +2.020
Non-fatal HF, TP (SC) 37,096 UM 41.108
Non-fatal MI, TP (0.0141-0.0204)-SC 37261 DI 4104
Non-fatal MI, TP (0.0128-0.0171)-Empa+SC 37589 [ 41338
Non-fatal stroke, TP (0.0088-0.0124)-Empa+SC 37717 [ 41.156
Non-fatal HF, TP|(0.0072-0.0104)-Empa+SC 37,557 [ 40,934
Non-fatal stroke, TP (0.0065-0.0108)-SC 37,732 [ 20562
Empa+SC, cost (QAR 1,414-1,728) 38,577 [ 41130
Unstable angina, TP (0.0078-0.0111)-Empa+SC 3g319 [ 40670
Unstable angina, TP (0.0072-0.0118)-SC 37,920 [l 40.178
Non-fatal stroke, cost (QAR 33,764-41,268) 38812 [l] 39,679 = Upper ICER  m Lower ICER
Non-fatal MI, cost (QAR 30,758-37,593) 38,992 || 39,499
Unstable angina, cost (QAR 25,185-30,781) 39,044 | 39447
CVD death, cost (QAR 25,029-38,579) 39,086 | 39.405
Non-fatal HF, cost (QAR 37,315-45,607) 39.214 | 39277
Metformin, cost (QAR 68-83) 39237 | 39256
10,000 20,000 30.000 000 50,000 60,000

Mean= QAR 39,245

FIG 3. Tornado diagram of variables as per their influence on the outcome. *CVD, cardiovascu-
lor disease; SC, standard care; T2DM, type 2 diabetes mellitus; TP, transition probability; HF,
heart failure; Empa, empagliflozin; MI, myocardial infarction; ICER, incremental cost-effective-
ness ratio.

an additional 1.7 YoLS and 1.3 QALYs gained per person, at an addi-
tional cost of QAR 55,831 (USD 15,334), which translated to ICERs of
QAR 32,377 (USD 8,892) per YoLS and QAR 41,423 (USD 11,377) per
QALY gained.

Sensitivity Analyses

DSA. Results from the DSA are displayed in the Fig 3 as a ‘tornado dia-
gram’. Transition probabilities for CVD death in the metformin mono-
therapy group and the annual costs of managing T2DM with CVD were
the main driving factors that influenced outcomes. In contrast, costs of
non-fatal heart failure and metformin monotherapy were the factors that
affected the outcomes the least (Fig 3).

PSA. The CEP revealed minor changes over the base-case analysis.
Empagliflozin plus metformin was cost-effective in 86.9% and 86.7% of
simulated cases per QALY gained and YoLS, respectively, and cost sav-
ing in 0.1% of simulated cases (Fig 4). In line with the CEPs, the CEACs
revealed that there is a greater than 80% probability that empagliflozin
plus metformin is cost-effective per QALY/YoLS (Appendix 3).
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FIG 4. Scatter plot of incremental QALYs and YolS against incremental costs. These scatterplots
of the PSA varying all model inputs simultaneously present the results of 10,000 simulations dur-
ing which model input variables were allowed to vary simultaneously. The x-axis represents the
incremental difference in QALY/YolS while the y-axis represents the incremental costs. The clus-
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simulated cases were cost saving per QALY and YolS. *QALY, quality-adjusted life year; YolS,
years of life saved; QAR, Quatari Riyal; USD, United States Dollar; PSA, probabilistic sensitivity
analysis.
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TABLE 4. Results of scenario analyses

Variables ICER (cost per QALY) ICER (cost per YoLS)
(QAR, USD) (QAR, USD)
Base-case (39,245, 10,779) (30,675, 8,425)

Discounting 1%

Discounting 4%

Discounting 5%

Discounting 6%

Time frame 5 years

Time frame 10 years

Time frame 20 years

Time frame 30 years

No age-related trends for any of the events

(38,040, 10,448)
(39,941, 10,970)
(40,696, 11,177)
(41,506, 11,400)
(97,202, 26,697)
(56,587, 15,542)
(40,919, 11,238)
(39,360, 10,810)
(30,792, 8,457)

(29,733, 8,166)
31,219, 8,574)
31,808, 8,736)
32,442, 8,910)
75,974, 20,866)

31,983, 8,784)
30,764, 8,449)
24,067, 6,610)

(
(
(
(
(44,229, 12,148)
(
(
(
(

Doubling the costs of acute events (non-fatal Ml,
non-fatal stroke, hospitalization for heart
failure, hospitalization for angina, CVD death),
and cost of chronic diabetes and CVD
management

Without death costs

(77,221, 21,209) 60,357, 16,577)

(40,838, 11,216) (31,920, 8,766)

*CVD, cardiovascular disease; ICER, incremental cost-effectiveness ratio; MI, myocardial infarc-
tion; QAR, Quatari Riyal; QALY, quality adjusted life years; USD, United States Dollar.

Scenario Analyses

The results of the scenario analyses are shown in Table 4, which
showed that in all cases, the ICERs remained within the threshold of
USD 150,000 (QAR 546,150). Of note, when shorter time horizons were
applied, the ICERs increased to QAR 97,202 (USD 26,697) per QALY
gained at 5 years, QAR 56,587 (USD 15,542) at 10 years, QAR 40,919
(USD 11,238) per QALY gained at 20 years, and QAR 39,360 (USD
10,810) at 30 years.

Model Verification and validation

The validation revealed that our model was robust but overpredicted
CVD death. The results of cheers assessment are reported in Appendix 4.

Discussion

Cardiovascular risk factors such as poor glycemic control and subopti-
mal lipid control place diabetic patients at increased risk for developing
cardiovascular complications, including MI, stroke, angina, heart failure,
and death. Therefore, it is of paramount importance to curb the progres-
sion of T2DM and its CVD complications by implementing new thera-
peutic strategies for the improvement of T2DM and CVD outcomes. This
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study provides insights into the clinical and economic implications of
empagliflozin plus metformin as first-line therapy if all eligible patients
were to immediately begin therapy with empagliflozin. The EMPA-REG
OUTCOME trial, which provides the highest level of evidence to date
about the clinical efficacy of empagliflozin in patients with T2DM and
existing CVD, found that there was a lower all-cause and CVD mortality
in patients with a history of CVD, which implies that this subpopulation
could even further benefit with immediate use of empagliflozin plus met-
formin.'? Compared to other SGLT2 inhibitors, empaglifiozin has also
been found to be more effective with regards to all-cause and cardiovas-
cular mortality reduction in patients with T2DM."”

The findings suggest that the benefits of adding empaglifiozin to met-
formin as first-line therapy offset their high long-term costs in HMC in
Qatar for patients with newly diagnosed T2DM and existing CVD. From
a public healthcare perspective in Qatar, the base-case analysis revealed
that adding empagliflozin to metformin as first-line therapy may be cost-
effective and had a favorable ICER of QAR 30,675 (USD 8,425) per
YoLS and QAR 39,245 (USD 10,779) per QALY over a lifetime horizon.
The cost-effectiveness was maintained throughout various sensitivity
analyses.

Cost-effectiveness evaluations play an essential role to support the deci-
sion-making that seeks to understand the value of competing health tech-
nologies and management strategies. Previous work showed that the
implementation and uptake of SGLT?2 inhibitors as second-line options in
Qatar is generally high,’' which enhances its potential first-line use among
the Qatari population beyond its traditional glucose-lowering effect.

Only a limited number of cost-effectiveness analyses have been pub-
lished on empagliflozin to date, and most were conducted in Western set-
tings and for second-line use. Our results provide new insight and
perspective in this regard. A study conducted in the UK by Kansal et al
that compared second-line empagliflozin plus standard of care versus
standard of care concluded that empagliflozin was cost-effective, and
associated with an ICER of £4,083 per QALY gained over a lifetime hori-
zon.”” A Greece-based healthcare perspective analysis of second-line
empagliflozin plus standard of care found the medication to also be cost-
effective. It increased the mean survival (14.01 versus 11.87 life years
per person over a lifetime horizon) and increased QALYs (7.75 versus
6.83), calculating an ICER of €4,633 per QALY, compared to standard
of care.” The immediate use versus delayed use of dapagliflozin plus
metformin in patients with T2DM, but without existing CVD, was
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evaluated by Chin et al from the Australian healthcare perspective, and
suggested that the immediate addition of dapaglifiozin was cost-
effective.”

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 value of the threshold in a country, it is acknowl-
edged that this is arbitrary and not based on any methodological justifica-
tion.”” In addition, the average 2019 GDP per capita (PPP) in Qatar was
approximately 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,
which is also within the range suggested by WHO for Qatar.'®

While the utility values vary across different settings, it is highly asso-
ciated with the socioeconomic status of the country.”’ Within this con-
text, locally-specific health utility values for T2DM patients with existing
CVD are not available in Qatar and, hence, the utility data in this study
was obtained from an international and multicenter study.”” which have a
comparable quality of life to that in the Qatari setting; being one of the
wealthiest countries in the world with one of highest gross domestic
incomes per capita.”®

One of the strengths in the current study is that the population of the
study represents the Qatari setting, which makes the population reliable
and relevant. Also, the base-case analysis was based on multivariate
uncertainty analysis, which accounted for inherent simultaneous uncer-
tainty associated with the main clinical rates of empagliflozin as adapted
from the EMPA-REG OUTCOMEE trial.

The current analysis is not without limitations. First, the real-world
adherence to empagliflozin plus metformin therapy may differ from in
the EMPA-REG OUTCOME trial, the estimates of costs, effectiveness,
and safety profiles might be altered. Secondly, this analysis is only appli-
cable to T2DM with existing CVD and not to primary prevention patient
settings or other populations at lower risk of CVD. Thirdly, other compli-
cations such as retinopathy, nephropathy, neuropathy, and peripheral
arterial disease were not included in the model. Including them will only
add to the benefit of empagliflozin. Fourthly, the side effects of empagli-
flozin, such as genital infections, were excluded from the model because
these are considered transient events and may not always be included in
the overall hospitalization costs. Lastly, the results of this analysis are
specific to the Qatari setting and the results of this study should not be
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extrapolated to patients in different settings, especially due to variations
in the resource utilization, inflation rates, disease prevalence, and death
rates.

Conclusion

In summary, from the perspective of the Qatari HMC healthcare sys-
tem, our results suggest that the benefits of first-line therapy of empagli-
flozin added to metformin monotherapy, are achieved at an acceptable
cost in patients with newly diagnosed T2DM and existing CVD.
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