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ABSTRACT

Introduction: Chronic kidney disease (CKD)
creates a significant economic burden on
patients and society. The DAPA-CKD trial
reports the benefit of dapagliflozin in CKD
patients; however, its cost-effectiveness is
unknown in Thailand. This study evaluated the
cost–utility of dapagliflozin in addition to
standard of care (SoC) compared with SoC alone
in CKD patients.
Methods: A Markov model was employed to
estimate lifetime costs, life-years, and quality-
adjusted life-year (QALY), with the modeled

population aligned to the baseline characteris-
tics of a DAPA-CKD trial, from a societal per-
spective. Effectiveness inputs were obtained
from the DAPA-CKD trial. Costs and most util-
ity data were gathered from published studies
conducted in Thailand. Costs and benefits were
discounted at 3% per annum. A series of sensi-
tivity analyses were performed.
Results: Over a lifetime horizon, add-on dapa-
gliflozin was estimated to increase life-years by
0.34 and QALY by 0.30 in comparison with SoC
alone (7.13 vs. 6.78 years, 5.10 vs. 4.80 QALYs).
Total cost was lower under dapagliflozin treat-
ment than SoC treatment (648,413 THB vs.
689,284 THB or 20,947.64 USD vs. 22,268.01
USD). Cost saving occurred as a result of the
lower costs of dialysis and KT. The findings were
robust to the changes of inputs.
Conclusions: On the basis of the DAPA-CKD
trial, the add-on dapagliflozin results in cost
saving compared favorably with SoC alone in
Thailand. The benefit of dapagliflozin in
delayed CKD progression is that it reduces the
requirement for dialysis and KT, which can
offset the costs of dapagliflozin and early CKD
treatment.
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Key Summary Points

Clinical evidence from RCT confirms the
benefit of dapagliflozin in CKD patients.
Cost is a major concern, especially for
middle- or low-income countries.

The findings of the cost–utility study
reveals that the benefit accrued from add-
on dapagliflozin can offset its acquisition
cost.

SGLT-2 inhibitor should be considered as
the treatment for T2DM with CKD
patients as the guideline
recommendation. The data also support
SGLT-2 inhibitor as a potential option for
CKD patients without T2DM.

INTRODUCTION

Chronic kidney disease (CKD) was ranked 27th
in the cause of death in 1990, and rose to 18th
in 2010 in the 2010 Global Burden of Disease
study [1]. It is one of the most significant global
burdens on public health worldwide, with a
prevalence of 8–16%, and was found to be
associated with increased morbidity and mor-
tality [2]. As the kidney function progressively
declines, patients transition to renal replace-
ment therapy (RRT). In 2010, the estimated
number of patients on dialysis was more than 2
million and was predicted to double by 2030
[3]. The mean annual total health cost also
increases as the CKD progresses, with the
highest cost for patients with CKD stage 5 with
renal replacement therapy [4].

The efficacy of dapagliflozin as a treatment
for CKD when used in addition to standard of
care (SoC) was assessed in the Dapagliflozin and
Prevention of Adverse Outcomes in Chronic
Kidney Disease (DAPA-CKD) clinical trial
(NCT03036150) [5]. The findings of the study
showed that dapagliflozin was associated with a
significant reduction in the incidence of the
primary composite endpoint of a sus-
tained C 50% decline in the estimated

glomerular filtration rate (eGFR), end stage
renal disease (ESRD), cardiovascular death, and
renal death (hazard ratio 0.61, 95% confidence
interval 0.51–0.72) in comparison with SoC.

In addition to clinical evidence, economic
evaluation, such as cost–utility analysis, has
been used as a tool in many countries, including
Thailand, to generate useful financial evidence
to allocate limited healthcare resources more
efficiently by comparing the costs and out-
comes of various treatment strategies. Hence,
this study aimed to assess the cost–utility of
adding dapagliflozin to SoC compared with SoC
alone for the treatment of CKD over a lifetime
horizon from a societal perspective.

METHODS

Cohort Population

The cohort population reflects the participants
included in the DAPA-CKD clinical trial. [5] In
brief, the eligible patients were adults with or
without type 2 diabetes who had an eGFR of
25–75 mL per min per 1.73 m2 of body surface
area, and a urinary albumin-to-creatinine ratio
of 200–5000 mg/g. The starting age in this study
was 60 years.

Compliance with Ethics Guidelines

This study was based on previously conducted
studies and did not include any new studies
with human participants or animals performed
by any of the authors, and was not registered
with any clinical trial database.

Intervention and Comparator

The intervention in this study was dapagliflozin
(10 mg once daily) as an add-on to the current
background therapy or SoC. The SoC was to
maintain patients with a stable optimized dose
of either an angiotensin-converting enzyme
inhibitor (ACEI) or an angiotensin receptor
blocker (ARB) Patients in the dapagliflozin
group received an optimized dose of either ACEI
or ARB similar to those in the SoC group.
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Model Structure

A lifetime Markov state transition model with a
1-month cycle was employed based on the
clinical evidence from the DAPA-CKD clinical
trial [5]. The model health states were defined
by CKD state from stage 1 to stage 5 and ESRD
which was stratified into dialysis and transplant
on the basis of progression events observed in
the DAPA-CKD clinical trial (Fig. 1). The cohort
population was distributed across all available
CKD stages at baseline, consistent with the
baseline population characteristic of the DAPA-
CKD clinical trial, which were 11%, 31%, 44%,
and 14% in CKD stage 2, stage 3a, stage 3b, and
stage 4, respectively [5]. There were no patients
in CKD stage 1, stage 5, or dialysis at the
beginning. Patients would get worse and move
to a more advanced CKD stage or regress and
move back to a lower CKD stage depending on

the transitional probabilities. When patients
moved to the ESRD stage with RRT, they were
not able to move back to the pre-RRT stage. All
patients eventually would enter the absorbing
health state, which is the death state.

Input Parameters

Mortality
On the basis of the findings from the DAPA-
CKD clinical trial [5], the overall death rate of
patients in the dapagliflozin group and the SoC
group was 2.2 and 3.1 events per 100 patient-
year, respectively. These rates were converted to
risk using the formula p = 1 - exp(- rt), where
p is probability, r is the rate, and t is the dura-
tion. The 1-month mortality risk was 0.002 and
0.003 for dapagliflozin and SoC treatment,
respectively.

In addition, we applied the age-specific
mortality rate (ASMR) of the Thai population
into the model. The Thai ASMR was adjusted for
the increased excess risk of death from the CKD
status. The adjusted hazard ratio (HR) for death
from any cause in patients with CKD
aged C 65 years was 4.51 [95% confidence
interval (CI) 3.95–5.15] [6]. To estimate the
mortality rate of patients with CKD in Thailand,
the ASMR of the Thai population, excluding
renal diseases, with data from the Ministry of
Public Health [7], was multiplied by this HR.
Next, we converted the rate to 1-month risk.

Health State Transition for Chronic Kidney
Disease
The transitional probabilities between CKD
stages were derived from the DAPA-CKD clinical
trial [5]. Transitions were split into months 0–4
and month 4 onwards to capture the change in
trend observed in mean eGFR in the DAPA-CKD
clinical trial [5]. This is as a result of the asso-
ciation of dapagliflozin with an initial decrease
in eGFR, following by a nominal increase over
the first 4 months of the trial. After a 4-month
period, the trends for both treatment groups
were approximated by straight lines. Therefore,
independent transitional probabilities were
derived based on the first 4 months of the
DAPA-CKD clinical trial to account for the

Fig. 1 Markov model of patients with chronic kidney
disease. CKD 1 chronic kidney disease stage 1, CKD 2
chronic kidney disease stage 2, CKD 3a chronic kidney
disease stage 3a, CKD 3b chronic kidney disease stage 3b,
CKD 4 chronic kidney disease stage 4, CKD 5 chronic
kidney disease stage 5, ESRD end stage renal disease
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Table 2 Cost and utility data

Parameter Value Range Distribution References

Costs of CKD treatment [THB (USD) per month]

CKD stage 1 675 (21.79) 540–810 (17.44–26.15) Gamma Cha’on et al. [12]

CKD stage 2 749 (24.19) 599–898 (19.35–29.02) Gamma Cha’on et al. [12]

CKD stage 3 2488

(80.37)

1990–2985

(64.30–96.45)

Gamma Cha’on et al. [12]

CKD stage 4 2733

(88.29)

2186–3279

(70.63–105.94)

Gamma Cha’on et al. [12]

CKD stage 5 3535

(114.19)

2828–4242

(91.35–137.03)

Gamma Cha’on et al. [12]

Dialysis, first year 38,991

(1259.65)

31,193–46,790

(1007.72–1511.58)

Gamma Permsuwan et al. [13],

Nephrology Society [14]

Dialysis, second year onward 36,425

(1176.73)

29,140–43,709

(941.38–1412.08)

Gamma Permsuwan et al. [13],

Nephrology Society [14]

Kidney transplantation, first

year

79,735

(2575.92)

63,788–95,682

(2060.74–3091.11)

Gamma Permsuwan et al. [13]

Kidney transplantation,

second year onward

36,881

(1191.47)

29,505–44,257

(953.18–1429.77)

Gamma Permsuwan et al. [13]

Cost of adverse event treatment (THB (USD) per event)

Major hypoglycemia 51,298

(1657.23)

2331–100,264

(75.32–3239.13)

Gamma Srinonprasert et al. [11]

Volume depletion 22,960

(741.74)

20,858–25,062

(673.83–809.66)

Gamma Krittayaphong et al. [10]

Cost of drug (THB (USD) per month)

Dapagliflozin 1220

(39.41)

976–1464

(31.53–47.29)

Gamma DMSIC [9]

Direct non-medical cost (THB (USD) per month)

Food and travel costs for non-

dialysis stage

88 75–101 Gamma Srisubat et al. [15]

Food and travel costs for

dialysis stage

708 536–880 Gamma Srisubat et al. [16]

Utility

CKD stage 1 0.85 0.76–0.94 Beta Jesky et al. [17]

CKD stage 2 0.85 0.76–0.94 Beta Jesky et al. [17]

CKD stage 3a 0.72 0.57–0.87 Beta Srisubat et al. [15]

CKD stage 3b 0.72 0.57–0.87 Beta Srisubat et al. [15]
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initial decline in eGFR observed in patients
treated with dapagliflozin. A second set of
transitional probabilities was applied from
month 5 onwards to capture the long-term
trend. All health state transitions are shown in
Table 1.

Adverse Events
The most significant adverse events reported in
the DAPA-CKD clinical trial were major hypo-
glycemia and volume depletion. Both adverse
events were included for data analysis. Patients
with dapagliflozin treatment had higher events
of volume depletion but lower major hypo-
glycemia than those with SoC treatment (5.9%
vs. 4.2%, 0.7% vs. 1.3%, respectively) [5].

Table 2 continued

Parameter Value Range Distribution References

CKD stage 4 0.72 0.57–0.87 Beta Srisubat et al. [15]

CKD stage 5 0.70 0.63–0.77 Beta Srisubat et al. [15]

Dialysis 0.55 0.50–0.60 Beta Srisubat et al. [16]

Kidney transplantation 0.83 0.75–0.91 Beta Li et al. [18]

CKD chronic kidney disease, DMSIC Drug and Medical Supply Information Center

Table 3 Results from base case analysis

Outcome Dapagliflozin Standard care Incremental

Lifetime cost THB (USD) 648,413 (20,947.64) 689,284 (22,268.01) - 40,871 (- 1320.37)

CKD stage 1 834 (26.94) 170 (5.50) 664 (21.44)

CKD stage 2 11,201 (361.86) 4,354 (140.65) 6,847 (221.21)

CKD stage 3a 57,982 (1873.18) 33,879 (1094.50) 24,103 (778.68)

CKD stage 3b 115,300 (3724.88) 63,168 (2040.72) 52,132 (1684.16)

CKD stage 4 94,828 (3063.52) 65,187 (2105.94) 29,641 (957.57)

CKD stage 5 12,217 (394.67) 11,305 (365.21) 912 (29.45)

Dialysis 284,151 (9179.80) 409,638 (13,233.76) - 125,486 (- 4,053.96)

Kidney transplantation 71,900 (2322.79) 101,583 (3281.73) - 29,683 (- 958.93)

Life-years 7.13 6.78 0.34

Quality-adjusted life-years 5.10 4.80 0.30

Incremental cost-effectiveness ratio (THB/life-year) Cost-saving

Incremental cost-effectiveness ratio (THB/QALY) Cost-saving

CKD chronic kidney disease, QALY quality-adjusted life-year, THB Thai Baht

Adv Ther (2022) 39:1279–1292 1285



Costs
The Thai Health Technology Assessment (HTA)
guideline recommends the use of a societal
perspective for economic evaluation [8]. Direct
medical costs and direct non-medical costs were
included for analysis; however, indirect costs
were excluded for the cost–utility analysis to
avoid double counting of both the cost and the
effect of the interventions. Those included the
acquisition cost of dapagliflozin, the cost of
CKD treatment, and the cost of adverse event
treatment and direct non-medical costs, such as
food and travel. In addition, we assumed that
other direct costs related to outpatient visits,
such as laboratories, monitoring, the cost of
standard treatment, and the like, were not
dependent on whether CKD patients received
SoC treatment or add-on dapagliflozin treat-
ment. As a result, those direct costs were

cancelled out when the incremental cost was
calculated.

The cost of dapagliflozin was obtained from
the Drug and Medical Supply Information
Center (DMSIC), Ministry of Public Health [9].
The HTA guideline recommends using the
median drug price. The total cost per month for
dapagliflozin was calculated based on daily dose
and unit cost. The daily dose used in this study
was similar to the dose used in the DAPA-CKD
clinical trial [5]. The median price of dapagli-
flozin was 1219.80 THB (39.41 USD) per month.

In this study, only significant adverse events
reported in the DAPA-CKD clinical trial were
included for data analyses, which were major
hypoglycemia and volume depletion. The costs
of adverse event treatment were obtained from
published Thai studies [10, 11], which obtained
the costs from the Siriraj hospital database. The

-3,00,000-2,50,000-2,00,000-1,50,000-1,00,000 -50,000 0 50,000

Prob of CKD 3b to dialysis_STD 5 month (0-0.002)

Prob of CKD 4 to dialysis_Dapa 5 month (0-0.002)

Prob of CKD 4 to dialysis_STD 5 month (0.001-0.003)

Dialysis cost second year (29,140-43,709 THB)

Cost of dapa (976-1,464 THB)

Prob of CKD 4 to 5_Dapa 5 month (0.009-0.011)

Prob of CKD 5 to dialysis_STD 5 month (0.039-0.049)

Prob of CKD 4 to 5_STD 5 month (0.013-0.015)

Prob of CKD 5 to dialysis_Dapa 5 month (0.039-0.051)

Utility of CKD 3b (0.57-0.87)

Prob of CKD 5 to 4_Dapa 5 month (0.022-0.032)

Prob of CKD 5 to 4_STD 5 month (0.033-0.043)

Prob of CKD 5 to KT_STD 5 month (0.001-0.005)

Discount rate (0.6%)

Cost of KT second year (29,505-44,257 THB)

Prob of CKD 4 to 3b_Dapa 5 month (0.033-0.037)

Prob of CKD 4 to 2_STD 5 month (0-0.002)

Prob of CKD 4 to 3a_STD 5 month (0-0.002)

Lower Value Upper Value

Incremental cost-effectiveness ratio (THB/QALY)

Fig. 2 Tornado diagram for the cost–utility analysis of an
add-on dapagliflozin and standard of care for patients with
CKD from a societal perspective over a lifetime horizon.
CKD 3a chronic kidney disease stage 3a, CKD 3b chronic
kidney disease stage 3b, CKD 4 chronic kidney disease

stage 4, CKD 5 chronic kidney disease stage 5, Dapa
dapagliflozin, ICER incremental cost-effectiveness ratio,
KT kidney transplantation, Prob probability, QALY
quality-adjusted life-year, THB Thai Baht
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cost of major hypoglycemia treatment was
51,298 THB per event (1657.23 USD) and the
cost of volume depletion treatment was 22,960
THB per event (741.74 USD).

The costs of CKD treatment were obtained
from the Chronic Kidney Disease Prevention in
the Northeast Thailand (CKDNET) study [12]. In
brief, the CKDNET has been conducted at the
Faculty of Medicine, Khon Kaen University, in
collaboration with the public health sector

since 2016. It has been established for activities
such as screening, surveillance, diagnosis,
treatment, awareness, and the management of
kidney disease. The monthly costs of CKD stage
1, CKD stage 2, CKD stage 3, CKD stage 4, and
CKD stage 5 were 675 THB (21.79 USD), 749
THB (24.19 USD), 2488 THB (80.37 USD), 2733
THB (88.29 USD), and 3535 THB (114.19 USD),
respectively.

The dialysis cost was the sum of the
hemodialysis (HD) cost and HD usage and the
peritoneal dialysis (PD) cost and PD usage. The
costs of HD, PD, and kidney transplantation
were obtained from the historical cost-effec-
tiveness of dipeptidyl peptidase-4 inhibitor in
patients with type 2 diabetes and CKD in Thai-
land [13]. The proportion of HD or PD usage
was derived from the Annual Report Thailand
Renal Replacement Therapy [14]. The preva-
lence of HD and PD from 2017 to 2019 was
about 79% and 21%, respectively. The yearly
costs of HD and PD were 466,162 THB
(15,059.82 USD) and 474,419 THB (15,326.59
USD) in the first year and 441,438 THB
(14,261.09 USD) and 420,754 THB (13,592.87
USD) in the second year. The yearly cost of
dialysis was 467,896 THB
(466,162 9 79% ? 474,419 9 21%) in the first
year and 437,094 THB
(441,438 9 79% ? 420,754 9 21%) in the sec-
ond year. Therefore, the cost of dialysis was
38,991 THB per month (1259.65 USD) for
12 months, followed by 36,425 THB per month
(1176.73 USD) in month 13 and onward.

The direct non-medical costs were obtained
from the studies conducted on Thai patients
with CKD disease [15, 16]. All cost data are
shown in Table 2.

All costs were adjusted for inflation based on
the medical care section of Thailand’s consumer
price index and presented in 2020. The costs
were converted into USD at a rate of 30.95 THB
per USD, as of 1 July 2020.

Utility
The utility data of Thai CKD patients would be
the priority for data selection. The study con-
ducted by Srisubat et al. reported the utilities of
Thai patients with CKD stages 3–5 and dialysis
measured by EuroQoL, which were 0.72, 0.72,
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Fig. 3 Scatter plot of 1000 iterations of incremental cost
and incremental QALY between an add-on dapagliflozin
treatment compared with standard treatment for patients
with chronic kidney disease on the cost-effectiveness plane

Fig. 4 Cost-effectiveness acceptability curve of an add-on
dapagliflozin treatment compared with standard of care
treatment
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0.70, and 0.55, respectively [15, 16]. Due to a
paucity of utility data for patients with CKD
stages 1 and 2, and kidney transplantation, we
obtained the utility data from published studies
[17, 18]. All utility data are shown in Table 2.

Analyses and Outcomes

The Markov model was built into Microsoft
Excel 2010 (Microsoft, Redmond, WA, USA).
The predicted long-term outcomes and costs
were estimated and discounted at 3%, which is
recommended by the HTA guideline [19]. The
incremental cost-effectiveness ratio (ICER) was
calculated using the formula ICER = (total cost
of dapagliflozin group - total cost of SoC
group)/(effect of dapagliflozin group - effect of
SoC group), where effect is either life-year or
quality-adjusted life-year (QALY). When the
estimated ICER is below the acceptable local
willingness-to-pay (WTP) threshold of 160,000
THB/QALY (5168.96 USD/QALY) [20], the new
intervention is justified in terms of cost-
effectiveness.

Sensitivity Analyses

To assess the robustness of the base-case results
to changes in the input parameters, one-way
sensitivity analysis, scenario analysis, and
probabilistic sensitivity analysis (PSA) were
conducted. For one-way sensitivity analysis, all
probabilities, costs, and utilities (169 parame-
ters) were varied within a range of standard
error (SE). When SE was not available, proba-
bility and utility were varied by ± 10% and the
cost was varied by ± 20%. The results are dis-
played as a tornado diagram.

The scenario analysis was performed to pre-
sent the results from adding treatment costs of
minor events, such as urinary tract infection
(UTI) and genital infection. The findings from
the DAPA-CKD clinical trial [5] reported 20
versus 10 UTI events and 1 versus o genital
event in the dapagliflozin group compared with
the SoC group, respectively. Treatment costs of
UTI and genital infection were 53,939 THB
(1742.56 USD) and 11 THB (0.36 USD),
respectively.

The PSA employed the recommended distri-
butions by Briggs et al. [21]. Beta distribution is
appropriate for transitional probability and
utility due to the range of 0–4. Gamma distri-
bution is appropriate for cost data owing to the
positive value. The model parameters were
randomly sampled (1000 samples) based on
their distribution. The results are presented as a
scatter plot on the cost-effectiveness plane. In
addition, the probabilities of the new interven-
tion being cost-effective for different WTP
thresholds are presented in a cost-effectiveness
acceptability curve.

Study Process

A literature search for the CKD model was
conducted. The core model structure of the
CKD model based on the systematic review of
economic modeling of CKD [22] was adopted.
We established two consultation panels. The
first panel aimed to finalize the scope of the
study, check the input parameters, and cross-
check the face validity of the adopted model to
ensure that the model was consistent with the
history of the disease and practical in a local
context. The second panel aimed to assess the
preliminary results of the study. All suggestions
were taken into consideration.

RESULTS

Base Case Result

It was found that the lifetime total cost of the
add-on dapagliflozin group was lower than that
of the SoC group (648,413 THB vs. 689,284 THB
or 20,947.64 USD vs. 22,268.01 USD) as shown
in Table 3. When total costs were disaggregated,
much lower cost was incurred for dialysis and
kidney transplantation for the add-on dapagli-
flozin group than the SoC group. Among the
pre-dialysis stages, patients with CKD stage 3b
in the add-on dapagliflozin group had the
greatest difference in total cost compared with
the SoC group. In addition, CKD patients with
dapagliflozin treatment gained slightly more
life-years and QALYs than those with SoC
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treatment (7.13 vs. 6.78 and 5.10 vs. 4.80,
respectively). Therefore, the ICER would
become negative with less cost and better out-
comes for dapagliflozin compared with SoC
treatment (Table 3).

Sensitivity Analyses

When 169 individual parameters were varied
within a specified range, all estimated ICERs
were negative, except for the lower value of
probability of CKD stage 3b to dialysis of SoC at
month 5 (ICER = 15,272 THB/QALY or 493.39
USD/QALY), and the upper value of probability
of CKD stage 4 to dialysis of dapagliflozin at
month 5 (ICER = 5568 THB/QALY or 179.89
USD/QALY). The negative ICER represented a
cost-saving of add-on dapagliflozin resulting
from lower cost with higher QALY compared
with the standard treatment (Fig. 2).

Adding the treatment costs of minor adverse
event slightly increased the lifetime total cost of
the dapagliflozin group and the SoC group
(649,910 THB vs. 690,351 THB or 20,996.01
USD vs. 22,302.50 USD). The lifetime total cost
of the add-on dapagliflozin group was still lower
than that of the SoC group. However, the
magnitude of total cost saved was slightly less
than the base case analysis (40,441 THB vs.
40,871 THB or 1306.49 USD vs. 1320.37 USD).

Of all 1000 iterations, about 70% fell in the
lower right quadrant, indicating that an add-on
dapagliflozin incurred less lifetime total cost
and gained more QALYs (Fig. 3). Figure 4 shows
that add-on dapagliflozin treatment was a cost-
effective strategy at all levels of WTP.

DISCUSSION

ACEIs and ARBs are currently the SoC for
delaying CKD progression, but CKD patients
still face a substantial residual risk of progres-
sion towards ESRD and mortality [23, 24].
Consequently, there remains a need for treat-
ment which can preserve kidney function, slow
disease progression, and reduce mortality in
patients with CKD.

This is the first cost–utility study that has
investigated the value-for-money of

dapagliflozin, a sodium-glucose co-transporter-
2 (SGLT2) inhibitor in combination with SoC,
when compared with SoC alone in CKD
patients under a societal perspective in Thai-
land. The findings of the study show that CKD
patients treated with dapagliflozin would have
less lifetime total cost and slightly gain life-
years and QALYs compared with SoC alone
(648,416 THB vs. 689,284 THB or 20,947.64
USD vs. 22,268.01 USD; 7.13 vs. 6.78 years; 5.10
vs. 4.80 QALYs, respectively). The cost-saving
benefit of adding dapagliflozin results from
lower dialysis and kidney transplantation costs
compared with SoC alone (- 125,486 THB or
- 4053.96 USD; - 29,683 THB or - 958.93 USD,
respectively). The monthly cost of dialysis and
kidney transplantation was much higher than
that of pre-RRT. The benefits associated with
delayed CKD progression to dialysis from
dapagliflozin are a potential reduction in the
economic burden of CKD treatment.

The results from varying individual parame-
ters from 169 parameters when conducting one-
way sensitivity analysis also confirmed the cost-
savings of add-on dapagliflozin. Only two
parameters, the probability of CKD stage 3b to
dialysis in the SoC group at month 5 and the
probability of CKD stage 4 to dialysis in the
dapagliflozin group at month 5, had positive
ICER. However, the positive ICER fell below the
acceptable local threshold of 160,000 THB/
QALY (5168.96 USD/QALY) [20]. In addition,
add-on dapagliflozin was a cost-effective alter-
native at all thresholds of the WTP based on the
findings from the PSA.

According to the subgroup analysis of the
DAPA-CKD clinical trial [25], the event rate of
first hospitalization for heart failure (HHF) and
cardiovascular death was lower in the dapagli-
flozin group than in the SoC group (0.8 vs. 1.6
events/100 patient-year and 1.4 vs. 1.7 events/
100 patient-year, respectively). When the ben-
efit of first HHF was incorporated into the
Markov model, it was found that adding dapa-
gliflozin treatment incurred a lower first-time
treatment cost of HF hospitalization than SoC
alone (775 THB/patient vs. 1466 THB/patient or
25.04 USD/patient vs. 47.37 USD/patient). In
addition, CKD patients treated with dapagli-
flozin experienced fewer first HHF compared
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with SoC treatment, with 69 and 130 events per
1000 treated patients over a lifetime horizon,
respectively.

Another cost-effectiveness study conducted
in the UK using data from the DAPA-CKD
clinical trial reported that dapagliflozin in
addition to standard therapy was cost-effective
treatment for CKD in comparison with standard
therapy alone [26]. Our findings were in line
with those of the UK study in regard to add-on
dapagliflozin being a cost-effective treatment.
However, some issues revealed different results.
The UK study reported that patients treated
with dapagliflozin incurred more total cost over
a lifetime horizon, primarily driven by
increased drug acquisition costs and increased
CKD management costs in earlier CKD stages.
This study showed that the total lifetime cost of
the dapagliflozin group was lower than that of
the SoC group. Delayed CKD progression from
dapagliflozin treatment would result in higher
numbers of CKD patients in the early CKD
stages. The cost of pre-renal replacement ther-
apy is much lower than the cost of dialysis and
kidney transplantation in Thailand (Table 2).
Therefore, reductions in costs associated with
dialysis and kidney transplantation provide
important cost-offsets for drug acquisition costs
and CKD management costs in earlier CKD
stages. Another issue is that this study revealed
fewer incremental life-years gained than the UK
study (0.34 vs. 1.79 years). This might be due to
the fact that this study incorporated the ASMR
of the Thai population together with the mor-
tality rates from the DAPA-CKD clinical trial.
When we removed the ASMR of the Thai pop-
ulation from the analysis, the incremental life-
years was 1.92 years, which was similar to the
findings of the UK study.

The major strength of our study derives from
the use of key model parameters such as all costs
and some utility data from studies in Thailand.
Nonetheless, several limitations are evident.
First, the transition probabilities among CKD
stages were derived from DAPA-CKD clinical
trial data [5], which did not report first HHF in
each CKD stage. As a result, we were not able to
disaggregate the cost of HF treatment in each
CKD stage. Second, we derived the mortality
risk of CKD patients based on the median time

of 2.4 years from the DAPA-CKD clinical trial [5]
and carried forward the constant mortality risk.
We addressed this limitation by incorporating
the ASMR of the Thai population into the
model to reflect the real situation of CKD
patients in Thailand. Third, the cohort popula-
tion in this study had characteristics similar to
those in the DAPA-CKD clinical trial, which had
baseline eGFR of 25–74 mL per min per 1.73 m2

of body surface area and a urinary albumin-to-
creatinine ratio of 200–5000 mg/g. Therefore,
we were unable to confirm the economic ben-
efits in patients with eGFR greater than 74 mL
per min per 1.73 m2 of body surface area or
those with urinary albumin-to-creatinine ratio
less than 200 mg/g. In addition, the DECLARE
study has reported a 47% reduction in renal
specific endpoints (C 40% decrease in eGFR
to\60 mL per min per 1.73 m2 of body surface
area, new ESRD, or death from renal causes) in
type 2 diabetes patients with high cardiovascu-
lar risk, and had baseline mean eGFR of 85.2 mL
per min per 1.73 m2 of body surface area
[27, 28].

CONCLUSIONS

On the basis of the DAPA-CKD trial, the add-on
dapagliflozin results in cost saving compared
with SoC alone in Thailand. The benefit of
dapagliflozin in delayed CKD progression redu-
ces the requirement for dialysis and KT, which
can offset the costs of dapagliflozin and early
CKD treatment.
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