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ABSTRACT

Introduction: Diabetes treatment has incurred
financial burden. We examined the cost-utility
of adding dapagliflozin to the standard treat-
ment for treating type 2 diabetes (T2DM) with
cardiovascular risk in a Thai context.
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Methods: A two-part model, decision tree and
Markov models, was developed to capture the
benefits in terms of heart failure (HF) and
chronic kidney disease. The model was used to
estimate the lifetime costs and outcomes from a
societal perspective. Costs were based on local
data while the transitional probabilities and
utilities were derived from the DECLARE-
TIMI 58 clinical trial and published studies.
Future costs and outcomes were discounted at
an annual rate of 3%. The results were reported
as incremental cost-effectiveness ratios (ICER).
One-way and probabilistic sensitivity analyses
were performed to investigate parameter
uncertainty.

Results: The increased cost of adding dapagli-
flozin from 8707 USD to 14,455 USD was asso-
ciated with an increase in quality-adjusted life
years (QALYs) from 9.28 to 9.58, yielding an
ICER of 18,988 USD/QALY. Compared with the
standard treatment, the dapagliflozin group
acquired more clinical benefits in terms of fewer
HF hospitalizations and macroalbuminuria.
Sensitivity analyses revealed that with high
prevalence of diabetic nephropathy of
29.4-43.9%, the ICER would decline to
5591-8014 USD/QALY.

Conclusion: On the basis of the DECLARE
study with low incidence of T2DM complica-
tions and 4.2 years of median follow-up dura-
tion, the add-on dapagliflozin results in an ICER
of 18,988 USD/QALY, which exceeds the local
threshold of 5310 USD/QALY. Dapagliflozin
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would show better value for money in the

context of high prevalence of T2DM
complications.
Keywords: Cardiovascular disease; Chronic

kidney disease; Dapagliflozin; Diabetes; SGLT2
inhibitor

Key Summary Points

Use of dapagliflozin may be a cost-
effective add-on strategy in type 2 diabetes
with high cardiovascular risk.

Although drug costs were high,
dapagliflozin shows clinical benefits in
terms of heart failure and chronic kidney
disease.

Base-case incremental cost-effectiveness
ratio exceeds the local threshold in
Thailand.

With the real high prevalence of chronic
kidney disease in Thailand, add-on
dapagliflozin shows better value for
money.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.14626524.

INTRODUCTION

Type 2 diabetes mellitus (T2DM) is a growing
public health issue globally. In 2019, this con-
dition affected around 463 million people
worldwide and the prevalence is increasing over
time [1]. T2DM, especially with poor glycemic
control, is strongly associated with a risk of
micro- and macrovascular complications and
mortality [2]. These comorbidities place

substantial cost burden on the healthcare sys-
tem. In Thailand, approximately 44% of out-
patients with T2DM reported a history of
microvascular complications [3], 16% reported
a history of cardiovascular disease, and 5% had
heart failure [4].

About half of the direct medical cost was
allocated to hospital care while the cost of
medicine was only 14% and the cost of treating
a patient with diabetes increased exponentially
when the patient developed complications [5].

Clinical guidelines recognize the importance
of considering management of patients with
T2DM beyond glycemic control by counting
risks and complications [6]. Sodium-glucose co-
transporter 2 (SGLT2) inhibitors and glucagon-
like peptide1 (GLP-1) receptor agonists are
considered effective add-on treatments for
patients with T2DM and additional risk factors
such as increased cardiovascular and/or renal
risk [6]. The SGLT2 inhibitors demonstrate
robust benefits on reducing hospitalization for
heart failure (HHF) and slowing progression of
renal disease and have shown a modest benefit
on atherosclerotic major adverse cardiovascular
events (MACE), which seems narrowed to
patients with established atherosclerotic car-
diovascular disease (ASCVD) [7].

The Dapagliflozin Effect on Cardiovascular
Events-Thrombolysis in Myocardial Infarction
58 (DECLARE TIMI-58) is a large cardiovascular
outcome trial of dapagliflozin compared to
placebo as an add-on treatment to the standard
treatment, including over 17,000 patients with
T2DM and established cardiovascular disease
(CVD) or multiple risk factors for CVD [8]. Over
the follow-up period of 4.2 years, dapagliflozin
demonstrated a significant reduction in cardio-
vascular (CV) death/hospitalized heart failure
(HHF), and HHF alone in a broad patient pop-
ulation, and was superior to placebo when
added to standard care. The reduction in HHF
was consistent across patients with multiple risk
factors and established CVD, suggesting that
use in T2DM before established CV disease may
be beneficial. The data also suggested beneficial
effects on renal function associated with dapa-
gliflozin, demonstrated by a reduction in the
renal composite endpoint (at least 40% decrease
in estimated glomerular filtration rate [eGFR] to
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below 60 ml/min/1.73 m?, end-stage renal dis-
ease (ESRD), or renal or CV death). These clini-
cal benefits of dapagliflozin could consequently
reduce healthcare spending on costly long-term
treatment for cardiorenal complications such as
cardiovascular intervention, hospital admis-
sion, dialysis, and renal replacement therapy.
However, there is no local economic evidence
based on the cardiorenal protection benefits
from the DECLARE TIMI-58 study. Hence, this
study was conducted to analyze the cost-utility
of adding dapagliflozin to the standard treat-
ment for treating patients with type 2 diabetes
and high cardiovascular risk in a Thai context.

METHODS

Cohort Population

The modelled population is assumed to be of
equivalent characteristics to the patients enrol-
led in the DECLARE-TIMI 58 clinical trial [8]. In
brief, the eligible patients were at least 40 years
of age, having type 2 diabetes with HbAlc in a
range of 6.5-12% and a creatinine clearance of
at least 60 ml/min, and having multiple risk
factors or established ASCVD. Patients in the
DECLARE study were followed for a median of
4.2 years.

Intervention and Comparator

The intervention group in this study was
patients who received 10 mg of dapagliflozin
daily as an add-on to standard treatment. On
the basis of the DECLARE-TIMI 58 clinical trial
[8], the standard treatment would be insulin,
metformin, sulfonylurea, dipeptidyl peptidase 4
(DPP4) inhibitors, and GLP-1 receptor agonist.
Patients in the dapagliflozin groups received the
same proportion of the aforementioned glu-
cose-lowering therapies as those in the standard
treatment.

Model Structure

A two-part model was developed on the basis of
the clinical evidence from the DECLARE-

TIMI 58 clinical trial [8]. The first component is
a decision tree model (Fig. S1) followed by the
lifetime Markov models. The Markov models
were divided into the diabetes Markov model
(DM Markov model) (Fig. S2), the heart failure
Markov model (HF Markov model) (Fig. S3), and
the chronic kidney disease Markov model (CKD
Markov model) (Fig. S4). All figures are shown
in the supplementary material.

The cohort population was entered into the
decision tree model. The cohort might or might
not have experienced an HF event depending
on the probability from the DECLARE-TIMI 58
clinical trial [8]. Patients with HF would subse-
quently be moved to the HF Markov model.
Patients with no HF might possibly develop
CKD later on the basis of the probability from
the DECLARE-TIMI 58 clinical trial [8]. We
assumed that no patients encountered both HF
and CKD in this study. Patients who had a CKD
event would be moved to the CKD Markov
model. Patients without CKD would be moved
to the DM Markov model.

The DM Markov model comprises two health
states: T2DM and death. Patients without HF or
CKD would be moved to the DM Markov model
starting at the T2DM health state. When time
passed, patients would still be alive at the T2DM
health state or move to death state. The cycle
length was 1 year with lifetime horizon.

We used the HF Markov model based on a
previous HF study in Thailand [9]. Basically, the
HF Markov model comprises three health states:
stable HF, hospitalization, and death. Death
state is separated into CV death and non-car-
diovascular death (non-CV death). Patients with
HF would be entered into the HF Markov model
at the state of hospitalization. Those hospital-
ized patients with HF could remain in the same
health state, or improve and move back to the
stable HF health state, or get worse and die with
CV cause or other causes. To capture the hos-
pitalization consequences from the HF event, a
three-cycle length was used in this Markov
model and eventually reported the annual cost
and outcome, similar to the CKD and DM
Markov models.

We developed the CKD Markov model based
on the literature review [10]. The CKD Markov
model  comprises six  health  states:
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normoalbuminuria, microalbuminuria,
macroalbuminuria, elevated serum creatinine,
end-stage renal disease (dialysis and transplan-
tation), and death. Patients would enter the
Markov model at the state of normoalbumin-
uria and subsequently be moved to other health
states on the basis of transitional probabilities.
Finally, all patients would enter the absorbing
health state, which is the death state.

Input Parameters

Transitional Probabilities Used in Long-Term
DM Markov Model

The increased excess risk of death has been
noted in patients with T2DM [11]. The adjusted
hazard ratio (HR) for death from any cause in
patients with T2DM aged 55-64 years was 1.79
(95% CI 1.73-1.85). To estimate the mortality
rate of patients with T2DM in Thailand, the age-
specific mortality rate of the Thai population,
with data from the Ministry of Public Health
[12] and the burden of disease in the Thai
population [13], was multiplied by this HR.
Next, we converted rate to risk using the for-
mula p = 1 — exp(— rt), where p is probability,
r is rate, and t is duration.

On the basis of the findings from the
DECLARE-TIMI 58 clinical trial [8], patients in
the dapagliflozin group had an HR of 0.93 (95%
CI 0.82-1.04) compared to the standard group.
Therefore, we adjusted the age-specific mortal-
ity rate of the Thai T2DM population men-
tioned above by 0.93 for the dapagliflozin

group.

Transitional Probabilities Used in the Long-
Term HF Markov Model

We obtained the transitional probability of HF
hospitalization from the DECLARE-TIMI 58
clinical trial [8]. The event rates were 6.2 vs 8.5
per 1000 patient-year for the dapagliflozin and
standard groups, respectively. These rates were
converted to 3-month probabilities. Hospital-
ized patients with HF can be readmitted for any
cause within 30 days. As a result of no read-
mission data being reported from the DECLARE-
TIMI 58 clinical trial [8], we used a 34% rate of
readmission from the Thai HF national database

[14]. This rate was converted into a risk of
0.2882.

Death from cardiovascular cause was not
significantly different between the dapagliflozin
and standard groups (7.0 vs 7.1 per 1000
patient-year). These rates were converted to
3-month probabilities of 0.0017 vs 0.0018,
respectively. For the HF Markov model, we
separated all CV deaths into either hospitalized
or non-hospitalized CV deaths. From a total of
201,709 hospitalized HF elderly patients in
Thailand, 17.6% were reported as CV deaths
[15]. We used this figure to derive the risk of CV
death in hospital for both the dapagliflozin and
the standard treatment groups. As a result of the
small difference in CV deaths for both groups,
the 3-month risk of hospitalized CV death for
the dapagliflozin group was slightly lower than
the standard group (0.000308 vs 0.000312,
respectively). The risk of non-hospitalized CV
deaths was calculated by subtracting all hospi-
talized CV deaths from CV deaths, which was
equal to 0.0014 for the dapagliflozin group and
0.0015 for the standard treatment group.

Hospitalized non-CV deaths were obtained
from the DECLARE-TIMI 58 clinical trial [8].
The dapagliflozin group had fewer deaths from
non-cardiovascular causes than the standard
treatment group (6.0 vs 6.8 per 1000 patient-
year). These rates were then converted into
3-month risks (0.0015 vs 0.0017 respectively).
For non-CV deaths outside hospital, the age-
specific mortality rate of the Thai T2DM popu-
lation with CV deaths removed was used in the
model.

Transitional Probabilities Used in Long-Term
CKD Markov Model

On the basis of the findings from the DECLARE-
TIMI 58 clinical trial [8], dapagliflozin decreases
albuminuria progression and increases albu-
minuria regression. Therefore, the transition
probabilities of dapagliflozin and standard
treatment groups from normoalbuminuria to
microalbuminuria, microalbuminuria back to
normoalbuminuria, normoalbuminuria to
macroalbuminuria, macroalbuminuria back to
normoalbuminuria, microalbuminuria to
macroalbuminuria, and macroalbuminuria back
to microalbuminuria were based on the
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Table 1 Transitional probabilities

Parameter Value Range References
Short-term decision tree model
Dapagliflozin
HF 0.0247 0.0230-0.0264 Wiviote [8]
CKD 0.0148 0.0135-0.0161
Standard treatment
HF 0.0333 0.0314-0.0353 Wiviott [8]
CKD 0.0277 0.0260-0.0295
Long-term DM Markov model
Age-specific mortality rate of Thai population Ministry of Public Health [12],
6064 0.0142. burden of disease in Thai population [13]
65-69 0.0213
70-74 0.0325
75-79 0.0517
80-84 0.0822
85-89 and above 0.1457
HR of DM mortality 1.79 1.73-1.85 Tancredi [11]
HR of death from any cause (dapaglifiozin vs placebo) 0.93 0.82-1.04 Wiviott [8]
Long-term HF Markov model (3-month cycle)
Dapagliflozin
HF hospitalization 0.0015" 0.0014-0.0017 Wiviott [8]
Hospitalized cardiovascular death 0.0003" 0.0003-0.0003 Wiviott 8], Krittayaphong [15]
Hospitalized non-cardiovascular death 0.0015°¢ 0.0013-0.0016 Wiviott [8]
Non-hospitalized cardiovascular death 0.0014¢ 0.0013-0.0016 Wiviote [8]
Standard treatment
HF hospitalization 0.0021¢ 0.0019-0.0023 Wiviott [8]
Hospitalized cardiovascular death 0.0003¢ 0.0003-0.0003 Wiviott 8], Krittayaphong [15]
Hospitalized non-cardiovascular death 0.00178 0.0015-0.0019 Wiviote [8]
Non-hospitalized cardiovascular death 0.0015" 0.0013-0.0016 Wiviott [8]
Dapagliflozin and standard treatment
30-day readmission 0.2882 0.2594-0.3171 Janwanishstaporn [14]

Long-term CKD Markov model

Dapagliflozin
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Table 1 continued

Parameter

Value

Range

References

Normoalbuminuria to microalbuminuria
Normoalbuminuria to macroalbuminuria
Microalbuminuria to normoalbuminuria
Microalbuminuria to macroalbuminuria
Macroalbuminuria to normoalbuminuria
Macroalbuminuria to microalbuminuria
Elevated SCr to ESRD

Standard treatment
Normoalbuminuria to microalbuminuria
Normoalbuminuria to macroalbuminuria
Microalbuminuria to normoalbuminuria
Microalbuminuria to macroalbuminuria
Macroalbuminuria to normoalbuminuria
Macroalbuminuria to microalbuminuria
Elevated SCr to ESRD

Dapagliflozin and standard treatment
Normoalbuminuria to elevated SCr
Normoalbuminuria to death
Microalbuminuria to elevated SCr
Microalbuminuria to death
Macroalbuminuria to elevated SCr
Macroalbuminuria to death

Elevated SCr to death

0.0252!
0.0075'
0.1089*
0.1365'
0.0144™
0.1201"

0.0457°

0.0268°
0.01381
0.0771"
0.2045°
0.0118"
0.0679"
0.1400

0.0010
0.0260
0.0030
0.0380
0.0230
0.1010

0.1920

0.0227-0.0277
0.0067-0.0082
0.0980-0.1198
0.1228-0.1501
0.0129-0.0158
0.1081-0.1322

0.0411-0.0502

0.0242-0.0295
0.0124-0.0152
0.0694-0.0848
0.1841-0.2250
0.0106-0.0130
0.0611-0.0747

0.1260-0.1540

0.0009-0.0011
0.0234-0.0286
0.0027-0.0033
0.0342-0.0418
0.0207-0.0253
0.0909-0.1111

0.1728-0.2112

Mosenzon [16]

Mosenzon [16]

Srisubat [17]

Adler [18]
Sugrue [10]
Adler [18]
Sugrue [10]
Adler [18]
Sugrue [10]
Adler [18]
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Table 1 continued

Parameter Value Range References
Dialysis to transplantation 0.0550 0.0495-0.0605 Sugrue [10]
Dialysis to death 0.1770 0.1593-0.1947
Transplantation to dialysis 0.0820 0.0738-0.0902
Transplantation to death 0.0530 0.0477-0.0583

CKD chronic kidney disease, CV” cardiovascular, DM diabetes, HF heart failure, HR hazard ratio, ESRD end stage renal disease, SCr serum creatinine

* HF hospitalization for dapagliflozin: 1-year rate = 6.2/1000 = 0.0062. 3-month probability = 1 — exp(— 0.0062/4) = 0.0015

® Hospitalized CV death for dapaglifiozin: 1-year rate of CV death from DECLARE = 7.0/1000 = 0.0070. 1-year rate of hospitalized CV death in
Thailand = 17.6%. 3-month rate of hospitalized CV death = (17.6% x 0.007)/4 = 0.0003. 3-month probability of hospitalized CV
death = 1 — exp(— 0.0003) = 0.0003

 Hospitalized non-CV death for dapagliflozin: 1-year rate of non-CV death from DECLARE = 6.0/1000 = 0.0060. 3-month probability of hospitalized
CV death = 1 — exp(— 0.0060/4) = 0.0015

d Non-hospitalized CV death for dapagliflozin: 3-month probability of CV death = 1 — exp(— 0.0070/4) = 0.0017. 3-month probability of non-
hospitalized CV death = 0.0017 — 0.0003 = 0.0014

¢ HF hospitalization for standard treatment: 1-year rate = 8.5/1000 = 0.0085. 3-month probability = 1 — exp(— 0.0085/4) = 0.0021

f Hospitalized CV death for standard treatment: 1-year rate of CV death from DECLARE = 7.1/1000 = 0.0071. 3-month rate of hospitalized CV
death = (17.6% x 0.0071)/4 = 0.0003. 3-month probability of hospitalized CV death = 1 — exp(— 0.0003) = 0.0003

& Hospitalized non-CV death for standard treatment: 1-year rate of non-CV death from DECLARE = 6.8/1000 = 0.0068. 3-month probability of
hospitalized CV death = 1 — exp(— 0.0068/4) = 0.0017

" Non-hospitalized CV death for standard treatment: 3-month probability of CV death = 1 — exp(— 0.0071/4) = 0.0018. 3-month probability of non-
hospitalized CV death = 0.0018-0.0003 = 0.0015

! Normoalbuminuria to microalbuminuria for dapaglifiozin: probability = 591/5819 = 0.102 in 4.2 years. 1-year rate = — (In(1 — 0.102))/4.2 = 0.025.
1-year probability = 1 — exp(— 0.025) = 0.0252

) Normoalbuminuria to macroalbuminuria for dapaglifiozin: probability = 181/5819 = 0.031 in 4.2 years. 1-year rate = — (In(1 — 0.031))/4.2 = 0.008.
1-year probability = 1 — exp(— 0.008) = 0.0075

¥ Microalbuminuria to normoalbuminuria for dapagliflozin: probability = 774/2017 = 0.384 in 4.2 years. 1-year rate = — (In(1 — 0.384))/4.2 = 0.115.
1-year probability = 1 — exp(— 0.115) = 0.1089

! Microalbuminuria to macroalbuminuria for dapagliflozin: probability = 928/2017 = 0.460 in 4.2 years. l-year rate = — (In(1 — 0.460))/4.2 = 0.147.
1-year probability = 1 — exp(— 0.147) = 0.1365

™ Macroalbuminuria to normoalbuminuria for dapagliflozin: probability = 35/594 = 0.059 in 4.2 years. 1-year rate = — (In(1 — 0.059))/4.2 = 0.014.
1-year probability = 1 — exp(— 0.014) = 0.0144

" Macroalbuminuria to microalbuminuria for dapaglifiozin: probability = 247/594 = 0.416 in 4.2 years. 1-year rate = — (In(1 — 0.416))/42 = 0.128.
1-year probability = 1 — exp(— 0.128) = 0.1201

° Elevated serum creatinine to ESRD for dapagliflozin: HR = 0.31. 1-year rate for standard treatment = — In(1 — 0.140) = 0.151. l-year rate for
dapagliflozin = 0.151 x 0.31 = 0.047. 1-year probability = 1 — exp(— 0.047) = 0.0457

P Normoalbuminuria to microalbuminuria for standard treatment: probability = 629/5825 = 0.108 in 4.2 years. I-year rate = — (In(1 — 0.108))/
42 = 0.027. 1-year probability = 1 — exp(— 0.027) = 0.0268

9 Normoalbuminuria to macroalbuminuria for standard treatment: probability = 330/5825 = 0.057 in 4.2 years. 1l-year rate = — (In(1 — 0.057))/
42 = 0.014. 1-year probability = 1 — exp(— 0.014) = 0.0138

" Microalbuminuria to normoalbuminuria for standard treatment: probability = 576/2013 = 0.286 in 4.2 years. 1l-year rate = — (In(1 — 0.286))/
4.2 = 0.080. 1-year probability = 1 — exp(— 0.080) = 0.0771

* Microalbuminuria to macroalbuminuria for standard treatment: probability = 1243/2013 = 0.617 in 4.2 years. l-year rate = — (In(1 — 0.617))/
42 = 0.229. l-year probability = 1 — exp(— 0.229) = 0.2045

‘ Macroalbuminuria to normoalbuminuria for standard treatment: probability = 28/575 = 0.049 in 4.2 years. l-year rate = — (In(1 — 0.049))/
4.2 = 0.012. 1-year probability = 1 — exp(— 0.012) = 0.0118

" Macroalbuminuria to microalbuminuria for standard treatment: probability = 147/575 = 0.256 in 4.2 years. l-year rate = — (In(1 — 0.256))/
4.2 = 0.070. 1-year probability = 1 — exp(— 0.070) = 0.0679
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Table 2 Cost and utility inputs

Item Value Range References

Costs
Heart failure (per event)
Heart failure hospitalization 88,313  70,650-105,976  Deerochanawong [20]

Diabetes (per year)

Diabetes treatment 21,240  16,992-25,488 Riewpaiboon [21]
Chronic kidney disease (per year)

Predialysis 85,478 68,382-102,573 Deerochanawong [20]

Dialysis set up 32,681  26,145-39,217 Teerawattananon [22]

Dialysis 557,623  446,098-669,147

Transplantation 379,021 303,217-454,826 NHSO [23]

Follow-up after transplantation (first 2 years) 47,500 38,000-57,000

Follow-up after transplantation (third year and onward) 15,000  12,000-18,000

Drug (per year)

Dapagliflozin 14,638 11,710-17,565 DMSIC [24]
Adverse events® (per event)
Major hypoglycemic event 51,607  2346-100,867 Siriraj hospital database [25]
Diabetic ketoacidosis 64,763 14,388-115,138
Acute kidney injury 110,906 95,051-316,864
Genital infection 11 DMSIC [24]

Direct non-medical cost
Heart failure and diabetes® (per event)
Transportation 155 143-168 Standard cost list [26]
Food 57 51-63
Chronic kidney disease (per year)

Normoalbuminuria 1045 836-1254 Srisubat [17]
Microalbuminuria 1400 1120-1680
Macroalbuminuria 2116 1693-2540
Dialysis 8170 6536-9804
Utilities

Heart failure
Hospitalization 0.65 0.55-0.75 Adena [37]
Stable 0.75 0.65-0.85
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Table 2 continued

Item Value Range References

Diabetes

Diabetes 0.814 0.733-0.895 Clarke [38]
Chronic kidney disease

Normoalbuminuria 0.72 0.696-0.744 Srisubat [17]

Microalbuminuria 0.72 0.696-0.744

Macroalbuminuria 0.59 0.549-0.631

Dialysis 0.55 0.499-0.601

Transplantation 0.83 0.747-0.913 Li [39]

DMSIC Drug and Medical Supply Information Center, NHSO the National Health Security Office
* Average on the proportion of peritoneal dialysis (30%) and hemodialysis (70%)

b
Cost of adverse event treatment = cost per event X prevalence of such adverse event
¢ Patients visit a hospital 4 times per year. Direct non-medical cost per year = cost per event X 4

DECLARE-TIMI 58 clinical trial [8]. The detail of
how to derive the probability is shown in the
footnote of Table 1. Other transition probabili-
ties were based on the literature review
[10, 11, 14-18]. All transition probabilities are
shown in Table 1.

Costs

The Thai Health Technology Assessment (HTA)
guideline [19] recommends a societal perspec-
tive for cost—utility study. Hence, direct medical
costs and direct non-medical costs were inclu-
ded in this study. Indirect costs, such as pro-
ductivity loss, or time loss was not taken into
consideration in order to avoid double counting
when time loss is measured as an outcome in
terms of quality-adjusted life years [19]. In
general, cost data were based on costs in Thai-
land and were obtained from several reliable
resources. The costs of diabetes treatment, heart
failure hospitalization, and dialysis were
obtained from published Thai studies
[17, 20-26]. The costs of transplantation and
follow-up were from the reimbursement list of
the universal health coverage scheme. The drug
cost was from the Drug and Medical Supply
Information Center, Ministry of Public Health.
The costs of adverse events were from the cost-

effectiveness study of SGLT2 inhibitors for eco-
nomic evidence to justify whether SGLT2 inhi-
bitors should be listed in the National List of
Essential Medicine in Thailand [25]. Direct non-
medical costs were from the literature review
and standard cost list in Thailand. All costs were
inflated with the consumer price index in the
medical care section [27], and presented in
2019. The costs were converted at a rate of 30.13
THB per USD as of 28 December 2020 [28].

Utilities

The utilities of patients with T2DM and CKD
were obtained from the cost-effectiveness study
of Thai diabetics [17], which reported the
impact of worsening CKD stages on the quality
of life of patients with T2DM. Other utilities
were based on published studies conducted in
other countries as a result of a paucity of utility
data for the Thai DM population. All utility
values are shown in Table 2.

Study Outcomes

The study estimated long-term costs, quality-
adjusted life years (QALYs) which is the product
of utility and life year, and clinical benefits in
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Table 3 Base-case results

Dapagliflozin Standard treatment
Total cost (THB/USD) 435,535 (14,455) 262,356 (8707)
Total life years 11.82 1147
Total QALYs 9.58 9.28
Incremental cost 173,179 (5748)
Incremental life years 0.34
Incremental QALY 0.30

ICER (THB/LY)/(USD/LY)
ICER (THB/QALY)/(USD/QALY)

503,462 (16,710)
572,098 (18,988)

ICER incremental cost-effectiveness ratio, LY life year, QALY quality-adjusted life year

terms of heart failure hospitalization, cardio-
vascular death, and chronic kidney disease.

Data Analyses

Base-Case Analysis

An annual rate of 3% was used to discount
future costs and outcomes in accordance with
the Thai HTA guideline [29]. The incremental
cost and incremental outcomes in terms of life
years and QALYs were estimated. The ratio of
incremental cost and incremental outcome
defined as the incremental cost-effectiveness
ratio was also calculated.

Uncertainty Analyses

A univariate sensitivity analysis was conducted
to investigate parameter uncertainty. All vari-
ables such as transitional probabilities, costs,
and utilities were varied within a specified
range. If the standard deviation or standard
error was available, we used it as a range for one-
way sensitivity analysis. When no such data
were available, costs, probabilities, and utilities
were varied within + 20%, =+ 10%, =+ 10%
range, respectively. The results were displayed
as a tornado diagram.

In addition, probabilistic sensitivity analysis
was performed. A Monte Carlo simulation was
run a thousand times using Microsoft Excel. The
random sampling of the model parameters was
based on data distribution. Beta distribution

was appropriate for transitional probability and
utility data because of the range of 0-1. Gamma
distribution was appropriate for cost data owing
to the positive values. The results were pre-
sented as a scatter plot on the cost-effectiveness
plane and a cost-effectiveness acceptability
curve.

Study Process

The face validity of the model structure and
input parameters was assessed by experts, such
as endocrinologists, nephrologists, and cardiol-
ogists. The preliminary findings were presented
in the expert meeting. All suggestions were
taken into consideration.

Compliance with Ethics Guidelines
This article is based on previously conducted
studies and does not contain any studies with

human participants or animals performed by
any of the authors.

RESULTS

Base-Case Result

As expected, add-on dapagliflozin treatment in
patients with T2DM and high risk of CVD
incurred higher total cost than those who
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Table 4 Clinical benefit of dapagliflozin compared with standard treatment
Clinical benefit Dapagliflozin Standard treatment Difference

(per 1000 patients per year)

Heart failure

Heart failure hospitalization 134 146 - 12

Cardiovascular death 86 87 -1
Chronic kidney discase

Macroalbuminuria 28 49 - 21

Dialysis 1 2 -1

Transplantation 0 1 -1
received standard treatment alone (435,535 vs DISCUSSION

262,356 THB), while gaining more life years
(11.82 vs 11.47) and QALY (9.58 vs 9.28),
yielding an incremental cost-effectiveness ratio
of 503,462 THB per life year, and 572,098 THB
per QALY (Table 3).

Compared with standard treatment, patients
with T2DM who received add-on dapagliflozin
treatment gained more clinical benefits in terms
of fewer hospitalizations for heart failure,
macroalbuminuria, dialysis, and transplanta-
tion (Table 4).

Uncertainty Analysis Result

The one-way sensitivity analysis showed that
the cost of the medicine, the discount rate, and
the utility of diabetes were the top three influ-
ential parameters (Fig. 1).

Figure 2 shows that all 1000 iterations fell in
the upper right quadrant on the cost-effective-
ness plane indicating that add-on dapagliflozin
treatment incurred higher cost while gaining
more QALYs compared with the standard
treatment.

The cost-effectiveness acceptability curve
represents the probability of both treatment
options at different willingness to pay (WTP)
levels (Fig. 3). When the level of WTP increased,
dapagliflozin treatment was more likely to be a
cost-effective treatment compared with stan-
dard treatment alone. At 600,000 THB, the
likelihood of dapagliflozin treatment being a
cost-effective strategy was about 60%.

This study was the first economic evaluation of
add-on dapagliflozin use in patients with T2DM
and high cardiovascular risk based on efficacy
data from the DECLARE-TIMIS8 study in
Thailand. The estimated ICER was 572,098
THB/QALY (18,988 USD/QALY). To justify
whether the new intervention is cost-effective
depends on the recommended WTP in each
country. According to the local threshold of
160,000 THB/QALY (5310 USD/QALY), adding
dapagliflozin to this cohort population is not
cost-effective.

The cost-effectiveness study conducted in
the UK [30] using the data from the DECLARE-
TIMI 58 trial reported that dapagliflozin treat-
ment was a dominant strategy with an expected
increase in QALYs and reduction in lifetime
total costs compared with placebo. Although
the data from the DECLARE-TIMI 58 trial was
used in the two studies, the results could be
different depending on several factors such as
the difference in the pattern of care for similar
health events, model structure, input parame-
ters, and WTP. In this study, when the thresh-
old of cost-effective intervention was based on
the World Health Organization’s recommenda-
tion at WTP of at most three times the gross
domestic product (GDP), adding dapagliflozin is
considered a cost-effective strategy (1 GDP per
capita in Thailand is equal to 7806 USD) [31].

The efficacy inputs used in this study were
based mainly on the DECLARE-TIMI 58 clinical

I\ Adis



1958

Diabetes Ther (2021) 12:1947-1963

400,000 450,000 500,000 550,000 600,000 650,000 700,000 750,000

Annual cost of dapagliflozin (11,710-17,565 THB)

Discount rate (0-6%)

Utility of diabetes (0.733-0.895)

Utility of stable heart failure (0.65-0.85)

Probability of CKD in STD (0.026-0.030)

Annual DM cost without complications (16,992-25,488 THB)

Cost of acute kidney injury (88,725-133,087 THB)

Probability of CKD in dapagliflozin (0.013-0.016)

H Upper value

Fig. 1 Tornado diagram

trial [8], which is the largest randomized con-
trolled trial of add-on dapagliflozin compared
with the standard treatment in patients with
T2DM and high cardiovascular risk. Our model
was developed to capture the benefit of dapa-
gliflozin on heart failure and renal complica-
tions reported from the trial. Several issues
needed to be taken into consideration.
Although the DECLARE-TIMI 58 clinical trial [8]
enrolled a high cardiovascular risk population,
only 10% had a history of heart failure at base-
line and 6.8% had macroalbuminuria. Accord-
ing to the UK Prospective Diabetes Study [32],
more intensive blood glucose control results in
a 33% reduction in the relative risk of devel-
opment of microalbuminuria or clinical grade
proteinuria at 12 years. This implies that renal
complication usually takes a long time for
development. Within 4.2 years of the median
follow-up duration in the DECLARE-TIMI 58
clinical trial, HF was found in 2.47% vs 3.33%
(hazard ratio, HR 0.73; CI 0.61, 0.88) and CKD

-

B Lower value

was found in 1.48% vs 2.77% (HR 0.53; CI 0.43,
0.66) for dapagliflozin and standard treatment
groups, respectively. The follow-up period at
4.2 years of the DECLARE-TIMI 58 study seems
insufficient to determine the complication
outcomes between the dapagliflozin and stan-
dard treatment groups. A longer follow-up per-
iod is required to observe a more significant
reduction of complications with dapagliflozin.
To address this issue, we conducted a sensitivity
analysis using data from Thailand, which
reported a much higher prevalence of diabetic
nephropathy than the DECLARE-TIMI 58 clini-
cal trial. The nationwide study of over 30,000
patients with T2DM collected by the National
Health Security Office, Ministry of Public Health
in Thailand, reported a prevalence of diabetic
nephropathy of 29.7% [33]. The prevalence
would be higher in tertiary care hospitals.
According to the Thailand Diabetes Registry,
which collected data from 9419 patients with
T2DM at 11 tertiary care hospitals, the
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Fig. 2 Scatter plot of add-on dapagliflozin treatment compared with standard treatment on cost-effectiveness plane

prevalence of diabetic nephropathy was about
43.9% [3]. We found that the greater prevalence
of diabetic nephropathy would result in lower
ICER. On the basis of a prevalence of diabetic
nephropathy in Thailand of 29.7-43.9%, the
estimated ICER would substantially decline to
168,466-241,474 THB/QALY (5591-8014 USD/
QALY).

Another limitation is in regard to the tran-
sitional probabilities used in the model. We
derived transitional probabilities based on the
median time of 4.2 years from the DECLARE-
TIMI 58 clinical trial [8] and carried forward the
constant transitional probabilities. This might
not reflect the real situation that the disease
might exponentially progress when time passes.

If this occurs, adding dapagliflozin would lead
to a greater reduction in the cost of treatment
complication.

In addition to the DECLARE-TIMI 58 clinical
trial [8] which enrolled patients with T2DM and
high CV risk, 10% of the population had heart
failure and 6.8% had CKD. This population was
different from the population in the DAPA-HF
(Dapagliflozin and Prevention of Adverse Out-
comes in Heart Failure) [34] and the DAPA-CKD
(Dapagliflozin and Prevention of Adverse Out-
comes in Chronic Kidney Disease) [35]. Both
DAPA-HF and DAPA-CKD enrolled 100%
patients with HF and 100% patients with CKD,
respectively. The findings of the cost-effective-
ness study from different populations might
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Fig. 3 Cost-cffectiveness acceptability curve

show different results. In Thailand, the findings
of cost-effectiveness study based on the DAPA-
HF trial reported that dapagliflozin is a cost-ef-
fective add-on therapy for patients with heart
failure with reduced ejection fraction [36].

CONCLUSIONS

On the basis of the DECLARE-TIMI 58 study
with low incidence of complications and only
4.2 years of median follow-up duration, the
add-on dapagliflozin results in an ICER of
572,098 THB/QALY (18,988 USD/QALY) which

exceeds the local threshold of 160,000 THB/
QALY (5310 USD/QALY). The ICER would be
substantially lower in settings with high preva-
lence of T2DM complications.
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