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Abstract

Objective

To estimate the long-term cost-effectiveness of dapagliflozin versus acarbose as mono-

therapy in treatment-naïve patients with type 2 diabetes mellitus (T2DM) in China.

Methods

The Cardiff Diabetes Model, an economic model designed to evaluate the cost-effective-

ness of comparator therapies in diabetes was used to simulate disease progression and

estimate the long-term effect of treatments on patients. Systematic literature reviews, hos-

pital surveys, meta-analysis and indirect treatment comparison were conducted to obtain

model-required patient profiles, clinical data and costs. Health insurance costs (2015¥)

were estimated over 40 years from a healthcare payer perspective. Univariate and probabi-

listic sensitivity analyses were performed.

Results

The model predicted that dapagliflozin had lower incidences of cardiovascular events,

hypoglycemia and mortality events, was associated with a mean incremental benefit of

0.25 quality-adjusted life-years (QALYs) and with a lower cost of ¥8,439 compared with

acarbose. This resulted in a cost saving of ¥33,786 per QALY gained with dapagliflozin.

Sensitivity analyses determined that the results are robust.

Conclusion

Dapagliflozin is dominant compared with acarbose as monotherapy for Chinese T2DM

patients, with a little QALY gain and lower costs. Dapagliflozin offers a well-tolerated and

cost-effective alternative medication for treatment-naive patients in China, and may have a

direct impact in reducing the disease burden of T2DM.
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Introduction

Diabetes as one of the most threatening noncommunicable diseases, imposes great health chal-
lenges and heavy disease burden on patients and healthcare systems [1]. The disease burden of
diabetes is escalating in China, the International Diabetes Federation (IDF) reports that diabe-
tes prevalence in people aged 20–79 years is at 10.6% in 2015 with China having the highest
number of diabetics (109.6 million) worldwide [2]. However, glycaemic control remains elusive
for the majority of Chinese diabetics. Only 25.8% of patients receive diabetes-related treat-
ments; and only 39.7% of those treated have adequate glycaemic control [3]. Mortality in diabe-
tes is high, with 1.3 million diabetes-related deaths in 2015 [2] with type 2 diabetes mellitus
(T2DM) accounting for at least 90% of these cases [4]. Correspondingly, diabetes-related
health expenditure in China is high (51 billion US dollars) in 2015, ranked second worldwide
[2].

Long-term glycaemic control is fundamental in the management of T2DM [5–8], where a
patient-centered treatment strategy needs to comprehensively consider patient’s characteris-
tics, comorbidities and optimize for efficacy, tolerability, safety and costs [9–10]. The excessive
mortality and costs associated with diabetes are largely attributable to diabetes-related compli-
cations and metabolic risk factors including high blood pressure, overweight and obesity [11–
14]. However, hypertension and obesity are common comorbidities of diabetes [1]. Over 75%
of patients with diabetes have systolic blood pressure (SBP) levels of�140/80 mmHg or are
taking antihypertensive medications simultaneously [15]. In China, 72% of patients reported
either comorbid hypertension, dyslipidemia, or both [16]. Moreover, being overweight or
obese is also common in patients with diabetes (85%) and is usually related to hypertension
and dyslipidemia [1,17]. These risk factors may increase the risk of macrovascular and micro-
vascular disease for patients [1,16,18]. On the other hand, treatment-induced adverse effects
such as hypoglycaemia and weight gain are commonly observed in many of available medica-
tions [1,9,19], which may impede treatment effect by suboptimal dosing and/or poor medica-
tion adherence; thus increase the risks of diabetes-related complications and elevate treatment
costs [20–24]. Optimization of diabetes treatment requires a multi-factorial approach which
goes beyond blood glucose control and encompasses risk factors including reduction of hypo-
glycaemia risk, body weight and blood pressure, so as to reduce disease burden [1,6,16,25].
However, only 13.7% of patients with T2DM achieved blood glucose and blood pressure con-
trol, and only 5.6% achieved blood glucose, blood pressure and blood lipids control in China
[16]. Thus there is an unmet medical need for novel effective agents with improved risk profiles
and minimized adverse effects.

Dapagliflozin is a novel, competitive and selective oral sodium glucose cotransporter 2
(SGLT2) inhibitor. It lowers blood glucose independent of insulin secretion and acts by inhibit-
ing renal glucose reabsorption, thus promoting increased urinary glucose excretion and calo-
ries loss [26–27]. Therefore, dapagliflozinmay produce consistent and durable glycaemic
control at any stage of insulin resistance or beta-cell failure and be complementary when added
to insulin-dependent treatments [26,28–33]. Additionally, dapagliflozin significantly reduces
body weight and blood pressure across the spectrumof T2DM disease, with maintenance of
these benefits over time [15,26,28,33–35]; and it may also improve high density lipoprotein
(HDL) cholesterol and triacylglycerol [35]. The adverse effects commonly reported are urinary
tract infection (UTI) and genital infection with an overall frequency slightly more than that
reported with placebo, which are mainly mild to moderate in severity [28,36–37]. Overall,
dapagliflozin has a good tolerability and safety profile with a low propensity to incur hypogly-
caemia [15,26,28,33–34]. Dapagliflozin as a monotherapy in treatment-naïve patients with
T2DM has been proved to improve glycaemic control and reduce weight without increasing
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hypoglycaemia [29,38–43]. Specifically, dapagliflozin 10 mg monotherapy demonstrated non-
inferiority to metformin monotherapy in lowering HbA1c, but significantly better in reducing
fasting plasma glucose, body weight and blood pressure [38,40]. Dapagliflozinmay offer an
alternative initial medication for treatment-naive patients where diet and exercise alone do not
provide adequate glyceamic control or other non-insulin anti-diabetic agents are considered
inappropriate [28–29,38,44].

Acarbose is a classical alpha-glucosidase inhibitor used by many Chinese patients with
T2DM (35.9%) [45], which is reported to have similar glucose lowering effects to metformin
but with higher treatment costs [46–48]. It is recommended as an alternative medication for
first-line therapy in China [1]. Therefore, we aimed to examine the cost-effectiveness of dapa-
gliflozin compared with acarbose as a monotherapy for patients with T2DM in China.

However, from previous literature reviews, it was found that there is no direct head-to-head
comparison study of dapagliflozinmonotherapy versus acarbosemonotherapy; while it is
more common for them to compare with placebo. Therefore, the objective of this study is to
conduct a long-term cost-effectiveness analysis for dapagliflozin versus acarbose as a mono-
therapy in treatment-naïve patients with type 2 diabetes mellitus (T2DM) in China by identify-
ing efficacy data using meta-analysis and indirect treatment comparison methods by using
placebo as a common comparator. This study takes the perspective of health care payers.

Methods

Cost-effectiveness model

A previously published and validated economic model, Cardiff Diabetes Model, was used in
this study [49–52]. It is a patient level fixed-time increment, Monte Carlo micro simulation
model designed to evaluate the long-term cost-effectiveness of comparable diabetes treatments
(a “treatment” arm versus a “control” arm). The model utilizes United Kingdom Prospective
Diabetes Study 68 (UKPDS 68) risk equations to simulate disease progression and predict the
incidences of diabetes-related vascular events (microvascular and macrovascular events), hypo-
glycaemia and mortality [53]. The model estimates costs and quality adjusted life years
(QALYs) associated with each arm, and cost-effectiveness is assessed in terms of the incremen-
tal cost per QALY gained (i.e., incremental cost-effectiveness ratio, ICER). We simulated a
cohort of 1000 patients with T2DM over a period of 40 years. Patients discontinued the simula-
tion only when death occurred or time horizon was reached. The costs and benefits were dis-
counted at an annual rate of 3% based on the World Health Organization (WHO) guideline
[54].

Literature review

The purpose of the literature review was to obtain information about the disease and collect
model-required data for patient profiles, clinical effects of drugs, costs and utilities associated
with diabetes-related events.

PubMed, Web of Knowledge (including Web of Science,MEDLINE, BIOSIS Citation Index,
Derwent Innovations Index), ScienceDirect and OVID were systematically searched for eligible
studies to obtain patients profiles and clinical effects of drugs. Search terms included dapagliflo-
zin or acarbose in combination with placebo and type 2 diabetes mellitus. The search period
was between 1990.01.01 and 2015.12.31 (Detailed search strategies are provided in S1 Table).

The references and citations of the included studies and relevant reviews were manually
examined to identify additional studies. Search results were independently reviewed and
screened by two reviewers who then independently extracted the data and evaluated the quality
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of included studies. Any disagreements between the reviewers were resolved by a discussion, or
resolved with consultation of a third reviewer.

Inclusion and exclusion criteria were predefined. Only head-to-head randomized clinical
trials (12 weeks or longer) comparing clinical efficacy of dapagliflozin (or acarbose)monother-
apy versus placebo monotherapy in patients with T2DM (18 years or older) whose estimated
glomerular filtration rate (eGFR) was over 60 mL/min/1.73m2 were included. Because there is
a lack of studies in monotherapy of dapagliflozin versus placebo, especially in Chinese patients,
we targeted an Asian population to get patient profile and clinical data (Detailed selection crite-
ria are provided in S1 Appendix).

A total of 633 potentially relevant records were identified through database searching. 437
records were retrieved for initial screening after duplicates were removed. Title and abstract
screening resulted in 52 papers for detailed review. After examination of full-text articles, four
eligible studies were finally included in the meta-analysis (two on dapagliflozin versus placebo,
and two on acarbose versus placebo) [41–42,55–56] (Fig 1).

A standardized extraction form was developed to record the study characteristics, interven-
tions and results. The quality of included studies was assessed using the CochraneHandbook
for Systematic Reviews of Interventions (version 5.1) [57–59] (Characteristics and quality of
included studies are provided in S2 and S3 Tables).

Meta analysis

Six independent meta-analyses were performed for dapagliflozin versus placebo (or acarbose
versus placebo) to estimate the combined clinical effects of each interest. Clinical effects
included changes of HbA1c, SBP and body weight after treatment (i.e., meta-analysis of dapa-
gliflozin versus placebo on HbA1c, meta-analysis of acarbose versus placebo on HbA1c, meta-
analysis of dapagliflozin versus placebo on SBP, meta-analysis of acarbose versus placebo on
SBP, meta-analysis of dapagliflozin versus placebo on body weight, meta-analysis of acarbose
versus placebo on body weight). As the data were continuous variables, we used weighted
mean difference (WMD) and 95% confidence intervals (CI) to describe them. Meta-analyses
were carried out by STATA version 11.0. Heterogeneity is quantified by statistic I2. A fixed-
effect model was used when no significant heterogeneity is detected among studies (P>0.10, I2

�50%); otherwise, a random-effectmodel was used. The summary results were reported in
Table 1 (Detailed results of meta-analysis are provided in S1–S6 Figs).

Indirect treatment comparison

In the absence of a head-to-head study comparing dapagliflozinwith acarbose, adjusted indi-
rect treatment comparisons (ITC) for the outcomes of interest were performed by using pla-
cebo as a common comparator, to convert the summary estimates from meta-analysis of direct
comparisons (i.e., dapagliflozin versus placebo, acarbose versus placebo) into combined WMD
and 95% CIs to represent the comparative effect of dapagliflozin versus acarbose. The adjusted
ITC uses the method suggested by Bucher et al. in which the comparison of the interventions
of interest is adjusted by the results of their direct comparisons with a common intervention
control (e.g. placebo), partially using the strength of the randomized clinical trials [60–61]. The
Bucher-adjusted method with the ITC calculator developed by Canadian Agency for Drugs
and Technologies in Health (CADTH) were used to carry out the ITCs [60,62–63] (Table 1).

Hospital survey

Hospital surveyswere conducted in one secondary hospital and one tertiary hospital in eastern
China, to collect the real-world cost data for treating model-required diabetes-related
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Fig 1. Flow diagram of literature review. A detailed flow diagram that depicts search and selection processes.

doi:10.1371/journal.pone.0165629.g001
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complications and use as an alternative to the costs from the literature review. Based on the
perspective of health care payers, direct medical costs of diabetes-related complications
incurred between 2010 and 2014 were anonymously collected from the Hospital Information
System (HIS). We did not contact with any patients, and also did not collected any personal/
privacy information about the patients from the HIS. The data were synthesized and converted
to form a real-world cost profile (2015 Chinese value) which was tested in the univariate sensi-
tivity analysis.

Model Inputs

Patient profile and treatment strategy

The patient cohort was initializedwith a set of baseline demographics (e.g., age, percentage of
females, duration of diabetes, height and proportion of smokers) and risk factors (e.g., HbA1c,
total cholesterol, HDL cholesterol, SBP and body weight). We synthesized the characteristics of
patients in the four included placebo-controlledRCTs by using meta-analysis to form a general
profile for the model. For data that were not available (e.g. height, proportion of smokers), we
used data from national observational studies of patients with T2DM in China [16,64]
(Table 2).

Patients entered the model on either dapagliflozin alone (treatment arm, 10mg/d) or acarbose
alone (control arm, 300mg/d). In the case of inadequate glycaemic control (HbA1c> 8%), therapy
escalation occurred:patients in both arms were switched to metformin + sulfonylureas regimen
for rescue, and then switched to insulin regimen if above therapies failed to achieve glycaemic
control.

Clinical effect and adverse effect

The results of the ITC showed that dapagliflozin reduced HbA1c levels (-0.35%), SBP (-4.13
mmHg) and body weight (-0.50 kg) more than acarbose, but the differences were not statisti-
cally significant. Considering the data required by the model design which uses the absolute
change from baseline rather than relative change, the synthesized efficacy of dapagliflozin from
the meta-analysis of two included placebo-controlledRCTs on dapagliflozinwas directly used

Table 1. Summary results of meta-analysis and indirect treatment comparison.

Variable a Comparison Type Group Results [Mean difference (95%CI)] P values

HbA1c, %

Meta-analysis Dapagliflozin vs. Placebo –0.82 [–0.95, –0.68] < 0.00001

Meta-analysis Acarbose vs. Placebo –0.47 [–0.86, –0.07] 0.02

ITC Dapagliflozin vs. Acarbose –0.35 [–0.767, 0.067] 0.45572

SBP, mmHg

Meta-analysis Dapagliflozin vs. Placebo –4.30 [–6.94, –1.67] 0.001

Meta-analysis Acarbose vs. Placebo –0.17 [–4.51, 4.17] 0.94

ITC Dapagliflozin vs. Acarbose –4.13 [–9.207, 0.947] --

Body Weight, kg

Meta-analysis Dapagliflozin vs. Placebo –1.91 [–2.31, –1.50] < 0.00001

Meta-analysis Acarbose vs. Placebo –1.41 [–2.63, –0.18] 0.02

ITC Dapagliflozin vs. Acarbose –0.50 [–1.79, 0.79] 0.79383

HbA1c, glycated hemoglobin; ITC, indirect treatment comparison; SBP, systolic blood pressure.
a Variables were taken from data of 4 included placebo-controlled studies [41–42,55–56].

doi:10.1371/journal.pone.0165629.t001
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as the model input; and the efficacy of acarbosewas calculated based on the efficacy of dapagli-
flozin and the ITC results. The incidences of hypoglycaemia and other adverse events (e.g., uri-
nary tract infection, genital infection, gastrointestinal adverse effect) induced by both drugs
and the rates of therapy discontinuation of both drugs were synthesized from the meta-analysis
of the included placebo-controlledRCTs. Because incidences of hypoglycaemia were not
reported in the included RCTs on acarbose, we used the rates reported by an open-label, non-
inferiority randomised trial of acarbose in Chinese patients newly diagnosedwith T2DM as a
reference [47] (Table 3).

Costs

Costs associated with diabetes-related vascular events, adverse events, body mass index (BMI)
changes and drug acquisitions were included in this study. From the perspective of health care
payers, only direct medical costs were considered, and all costs were converted to 2015 (Chi-
nese Yuan, ¥) using the Chinese Consumer Price Index (CPI) [65]. One US dollar was equal to
6.227 Yuan in 2015 [66].

Costs for vascular events included fatal and non-fatal costs (applied in the year when the
event occurred) and maintenance costs (applied in subsequent years if patients survived or
simulation horizon was not reached); and the costs were primarily based on a published Chi-
nese study [67]. As the costs of ulcers were not available, they were derived by synthesizing
data from other published studies [68–69] (Table 4).

Hypoglycaemic events were assumed to be either mild, moderate or severe, where severe
was defined as an episode that requires medical assistance [72–73]. The costs for severe hypo-
glycaemia and other adverse events such as urinary tract infection and genital infectionwere
extracted from published studies [70–71]; while for gastrointestinal adverse events, it was
assumed to be zero (Table 4). BMI-related costs relating to increased prescribing costs per
BMI unit were estimated from an observational study in China [74] (Table 5).

Table 2. Demographics and risk factors.

Variable a Mean Standard error

Baseline Demographics

Current Age, y 52.51 0.66

Proportion female, value: 0–1 0.36 0.03

Duration of diabetes, y 2.72 0.22

Height, m 1.65 0

Proportion Afro-Caribbean, value: 0–1 0 0

Proportion Indian, value: 0–1 0.04 0.01

Proportion smokers, value: 0–1 0.183 0.005

Modifiable Risk Factors

HbA1c, % 8.27 0.06

Total-cholesterol, mmol/L 4.96 0.06

HDL cholesterol, mmol/L 1.16 0.02

SBP, mmHg 125.29 1.14

Body weight, kg 67.06 0.68

BMI, body mass index; HbA1c, glycated hemoglobin; HDL, high-density lipoprotein; SBP, systolic blood

pressure.
a Most variables were taken from pooled data of 4 included placebo-controlled studies [41–42,55–56]. For

unavailable data, they were obtained from published observational studies.

doi:10.1371/journal.pone.0165629.t002
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The drug acquisition cost for acarbose is estimated according to the highest retail price from
the official drug price list of the Price Bureau in eastern China [75]. As dapagliflozin is unavail-
able in the Chinese medical market, we set an assumption on its highest retail price based on
Hong Kong price which is obtained from AstraZeneca in March 2016. As the price for a pack-
age of Farxiga (10mg�28 tablet) varies in different areas of Hong Kong ($530 in Shaukiwan,
$530 in Kowloon City, and $550 in Central), we assumed a middle price of $540 as the highest
retail price in our base case analysis, and used the price of $530 and $550 as an alternative price
profile which were tested in the univariate sensitivity analysis. We used the current exchange

Table 3. Clinical input variables.

Dapagliflozin Acarbose

Variable a Mean SE Mean SE

HbA1c reduction, % –0.79 0.05 –0.44 0.22

SBP, mmHg –3.28 0.93 0.85 2.75

Body weight change, kg –2.05 0.15 –1.55 0.67

Probability symptomatic hypoglycaemia 0.011 0.008 b 0.010 0.005 b

Probability severe hypoglycaemia 0 0 0 0

Urinary tract infection 0.049 0.016 b -- --

Genital infection 0.032 0.013 b -- --

Gastrointestinal adverse effect -- -- 0.582 0.054 b

Therapy discontinuation 0.086 0.021 0.146 0.039

HbA1c, glycated hemoglobin; SE, standard error; SBP, systolic blood pressure.
a Most variables were taken from pooled data of 4 included placebo-controlled studies [41–42,55–56]. Hypoglycaemia induced by acarbose was from a

randomised trial [47].
b Calculated as

p
rate (1–rate)/numbers of subjects.

doi:10.1371/journal.pone.0165629.t003

Table 4. Annual direct medical costs for diabetes-related events and adverse events (2015 Chinese value).

Fatal Nonfatal Maintenance

Event a Mean SE Mean SE Mean SE

Ischemic heart disease -- 0 38660.37 0 6901.83 0

Myocardial infarction 46092.75 0 46092.75 0 10588.10 0

Congestive heart failure 15328.57 0 15328.57 0 9317.53 0

Stroke 13922.20 0 17964.09 0 8089.54 0

Blind -- -- 11930.02 0 9207.04 0

End-stage renal disease -- -- 113521.66 0 91084.11 0

Amputation 18055.01 0 18055.01 0 14391.76 0

Ulcer 0 0 14190.51 443.2 4994.42 0

Severe hypoglycemia -- -- 3787.91 0 -- --

Urinary tract infection b -- -- 201.7 0 -- --

Genital infection b -- -- 201.7 0 -- --

Gastrointestinal adverse -- -- 0 0 -- --

SE, standard error.
a Costs for vascular events were primarily based on a published Chinese study [67]. Costs of ulcer were derived by synthesizing data from other published

studies [68–69]. Costs for severe hypoglycemia [70], urinary tract infection and genital infection [71] were taken from published studies. Cost for

gastrointestinal adverse was assumed to be 0.
b For urinary tract infection and genital infection, only drug costs were considered.

doi:10.1371/journal.pone.0165629.t004
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rate and Chinese CPI to convert the prices to 2015 Chinese values [65,76]. Daily drug dosages
were obtained from the included studies (dapagliflozin: 10mg/d; acarbose: 300mg/d) [41–
42,55–56] (Table 6).

Utilities

In the absence of country-specificutilities for diabetes-related events in China, most of the util-
ities were adopted from the UKPDS 62 study [77]. For those unavailable in UKPDS 62 study,
including end-stage renal disease (ESRD) and blindness [78], hypoglycaemia [79], per unit
change in BMI [80], gastrointestinal adverse events [81] and urinary tract infection (UTI) [82],
values were obtained from other published studies. Given the lack of utility data available for
genital infections, it was assumed to be equivalent to that of UTI (Table 7).

Sensitivity analyses

Univariate sensitivity analysis and probabilistic sensitivity analysis (PSA) were conducted to
assess the impact of uncertainty around model inputs including baseline demographics, costs
and utilities assigned to diabetes-related events and BMI changes, etc.

In the univariate sensitivity analysis, a variety of different model inputs was used to test the
impact of data variations on the conclusion, such as alternative incidents and utility

Table 5. Body mass index (BMI) -related costs a (2015 Chinese value).

BMI Annual Cost BMI Annual Cost BMI Annual Cost

20 0 27 8484.9 34 24609.4

21 0 28 10788.4 35 26912.9

22 0 29 13091.9 36 29216.4

23 0 30 15395.4 37 31519.9

24 1574.4 31 17698.9 38 33823.4

25 3877.9 32 20002.4 39 36126.9

26 6181.4 33 22305.9 40+ 38430.4

a Variables were estimated from Guo et al [74]. Assumptions: The starting point BMI = 25, cost per month = ¥246.8, the slope (cost per month/ BMI) =

¥146.6 in 2007. For BMI�23 the cost was set to zero.

doi:10.1371/journal.pone.0165629.t005

Table 6. Annual treatment costs for different drugs (2015 Chinese value).

Drug (Brand) Manufacturer Specification Highest Retail Price,

¥

Daily Dose, mg/

d

Daily drug cost,

¥

Annual drug cost,

¥

Dapagliflozin (Farxiga) AstraZeneca 10mg*28 tablet 446.37 a 10 15.94 5826.72

Acarbose (Glucobay) Bayer Health Care 50mg*30 tablets 76.77 b 300 15.35 5611.89

Metformin (Glucophage) Bristol-Myers

Squibb

500mg*20

tablets

30.21 c 1500 4.53 1656.26

Sulfonylureas

(Glimepiride)

Sanofi 2mg* 15 tablets 80.60 d 4 10.75 3927.91

a Price of dapagliflozin was assumed based on Hong Kong price which was obtained from AstraZeneca in March, 2016. Price in 2016 in Hong Kong is $540,

convert to Chinese value and inflation to 2015 is ¥446.37.
b Official drug price list of Price Bureau for acarbose in eastern China [75]. Price in 2013 is ¥74.2, inflation to 2015 is ¥76.77.
c Official drug price list of Price Bureau for metformin in eastern China [75]. Price in 2013 is ¥29.2, inflation to 2015 is ¥30.21.
d Annual cost of glimepiride was used as the cost of sulfonylureas. Official drug price list of Price Bureau for glimepiride in eastern China [75]. Price in 2013

is ¥77.90, inflation to 2015 is ¥80.60.

doi:10.1371/journal.pone.0165629.t006
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decrements of diabetes-related events, alternative discount rate and therapy escalation thresh-
old. As the drug price of dapagliflozinwas assumed based on Hong Kong price in the base case
analysis which may result in uncertainty, three alternative drug treatment costs of dapagliflozin
were tested. As BMI-related costs had a large impact on the model, the BMI-costs set at 50%,
25% and 0% of the base case input were also tested.

In the PSA, treatment-related HbA1c effects, weight changes and SBP changes were sam-
pled from a normal distribution; the utility decrements were modeled with a beta distribution;
and the costs followed a gamma distribution. The range of values was expressed by the 95%
confidence intervals for each parameter. A scatter plot of the ICER and a cost-effectiveness
acceptability curve (CEAC) were generated. All of the sensitivity analyses were performed for
1000 patients.

Results

Predicted health events

In the base case analysis, both dapagliflozin and acarbose arms showed positive effects in
reducing HbA1c and body weight for patients over time; while the dapagliflozin arm was asso-
ciated with greater reduction in both HbA1c and weight compared with the acarbose arm.
Moreover, dapagliflozinwas associated with a decrease in SBP whilst acarbosewas associated
with an increase in SBP (Figs 2–4). Overall, the model predicted lower incidences of both
macrovascular and microvascular events in the dapagliflozin arm compared with the acarbose
arm. Correspondingly, the dapagliflozin arm was also associated with fewer predicted deaths
caused by vascular events. Furthermore, patients in the dapagliflozin arm experienced fewer
symptomatic and severe hypoglycaemia events than that in the acarbose arm (Table 8).

Table 7. Utility decrements.

Event a Utility Decrement

Ischemic heart disease 0.090

Myocardial infarction 0.055

Congestive heart failure 0.108

Stroke 0.164

Blind 0.074

End-stage renal disease 0.263

Amputation 0.280

Ulcer 0.059

Symptomatic hypoglycaemia 0.0142

Severe hypoglycaemia 0.047

Urinary tract infection 0.003

Genital infection 0.003

Gastrointestinal adverse 0.040

Per unit decrease in BMI 0.0171

Per unit increase in BMI 0.0472

BMI, body mass index.
a Utility decrements for most events were adopted from the UKPDS 62 study [77], except for end-stage renal

disease and blindness [78], hypoglycaemia [79], BMI-related changes [80], gastrointestinal adverse events

[81] and urinary tract infection [82]. Utility for genital infections was assumed to be equivalent to urinary tract

infection.

doi:10.1371/journal.pone.0165629.t007
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Fig 2. Simulated progression of HbA1c in the treatment (dapagliflozin) and control (acarbose) arms over the modeled time

horizon.

doi:10.1371/journal.pone.0165629.g002

Fig 3. Simulated progression of SBP in the treatment (dapagliflozin) and control (acarbose) arms over the modeled time horizon.

doi:10.1371/journal.pone.0165629.g003

Cost-Effectiveness of Dapagliflozin vs. Acarbose in China

PLOS ONE | DOI:10.1371/journal.pone.0165629 November 2, 2016 11 / 25



Predicted costs

Consistent with the differences in cases of macrovascular and microvascular events, costs for
these events were all lower in the dapagliflozin arm compared with the acarbose arm. Although
the dapagliflozin arm was associated with higher drug costs and treatment-induced adverse
event costs compared with acarbose, this tiny disadvantage could not greatly affect the total
costs because both vascular event related costs and BMI-related costs were lower with the dapa-
gliflozin arm compared with the acarbose arm. The dapagliflozin arm was associated with
lower total costs of long-term diabetes treatments compared with the acarbose arm (Table 8).

Incremental cost-effectiveness ratio (ICER)

For an individual patient, the discounted costs accumulated over 40 years in the dapagliflozin
arm and in the acarbose arm were ¥161,010.05and ¥169,449.46, respectively; and the dis-
counted QALYs were 13.24 and 12.99, respectively. The dapagliflozin arm was associated with
a mean incremental benefit of 0.25 QALYs and with a lower cost of ¥8,439 compared with the
acarbose arm. This resulted in a cost saving of ¥33,786 per QALY gained with dapagliflozin
compared with acarbose. The results showed that dapagliflozin dominates acarbose with lower
costs and higher QALY gains per patient over a 40 year time horizon (Table 8).

Parameters influencing the incremental cost-effectiveness ratio

Results of the sensitivity analyses demonstrated the robustness of the base case results pro-
duced by the model which calculated that dapagliflozin treatment was cost saving and

Fig 4. Simulated progression of body weight in the treatment (dapagliflozin) and control (acarbose) arms over the modeled time

horizon.

doi:10.1371/journal.pone.0165629.g004
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generated more QALY benefit compared with acarbose treatment (Table 9). Fig 5 presents
univariate sensitivity analyses as a tornado diagram. BMI was identified as the most influential
factor affecting the ICER result. Dapagliflozin remained dominant both when baseline age
changed from 40–70 years, and when baseline HbA1c was changed to the upper (+25%) and
lower (-25%) limit percentage (ICER results available upon request).

In the scenario where an alternative utility profile associated with body weight changes was
used, in which the utility change value related to either gain or loss per unit BMI was set to be
0.014 [83]; the incremental QALYs decreased from 0.25 to 0.16 with a reported ICER of–
¥53,618/QALY for dapagliflozin versus acarbose, which provided a 59% absolute increase in
the ICER result compared with the base case (–¥33,786/QALY). In the scenarios where the util-
ity decrement per unit BMI gain was halved or reduced by 75%, the incremental QALYs
decreased from 0.25 to 0.19 (or 0.16), while the resulting cost savings per QALY gained with
dapagliflozin still remained high at–¥45,149/QALY or–¥54,275/QALY (i.e., absolute increases
of 34% or 61%). Dapagliflozin dominated acarbose, increasing QALYs and reducing costs. A
decrease in BMI-related costs would have a negative effect on the ICER result, but the results
still favored dapagliflozin. Either when BMI-related costs were halved or reduced by 75%,
dapagliflozin remained dominant with reported ICERs of–¥13,408/QALY and–¥3,220/QALY
(i.e., absolute decreases of 60% and 90% versus base case), respectively. Only when BMI-related
costs were excluded from the model did the dapagliflozin arm cost more than acarbose arm
with a reported ICER of ¥6,969/QALY, which was within the acceptable range of 2014 GDP
per capita of China (¥46,629) [84] (Table 9).

Table 8. Base case results for dapagliflozin arm versus acarbose arm.

Total Events Predicted Acarbose Dapagliflozin Difference Total Costs, a ¥ Acarbose Dapagliflozin

Macrovascular Non-Fatal Fatal Non-Fatal Fatal Macrovascular

Ischemic heart disease 123.85 0 122.34 0 –1.51 Ischemic heart disease 8,874,972 8,726,979

Myocardial infarction 132.04 167.93 131.13 166.40 –2.43 Myocardial infarction 17,815,873 17,609,167

Congestive heart failure 54.31 5.71 54.07 5.70 –0.25 Congestive heart failure 2,892,398 2,873,406

Stroke 63.21 17.47 62.65 17.13 –0.89 Stroke 3,743,474 3,667,441

Microvascular Microvascular

Blindness 63.80 0 63.12 0 –0.68 Blindness 4,286,342 4,242,735

Nephropathy 21.73 2.24 21.50 2.28 –0.18 Nephropathy 8,446,813 8,256,814

Amputation 36.83 3.87 36.00 3.78 –0.92 Amputation 2,634,415 2,550,328

Fatal Hypoglycaemia 973,750 899,395

Macrovascular -- 191.11 -- 189.23 –1.89 Adverse Events 10,001 66,175

Microvascular -- 6.11 -- 6.06 –0.05 Treatment 65,845,462 68,371,894

BMI Costs 53,925,955 43,745,715

Total 169,449,456 161,010,049

Cost-Effectiveness (Per Patient) Acarbose Dapagliflozin Difference Hypoglycaemia b Acarbose Dapagliflozin

Discounted Cost 169,449.46 161,010.05 –8,439 Symptomatic 11,391 10,786

Discounted QALYs 12.99 13.24 0.25 Severe 386 364

Discounted LYs 15.82 15.86 0.04

Cost per QALY Dominant –33,786

Cost per LY Dominant –229,566

BMI, body mass index; LY, life year; QALY, quality-adjusted life-year.
a Treatment costs include metformin + sulfonylureas therapy and insulin therapy drug costs. Analysis based on 1000 patients.
b Hypoglycemia in both the treatment and the control group includes hypoglycemia events generated by metformin + sulfonylureas therapy and insulin

therapy.

doi:10.1371/journal.pone.0165629.t008
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Although treatment-induced hypoglycemia, UTI and genital infectionwere associated with
utility decrements and, for severe hypoglycemic events, a related cost, the adjustment of event
rates and utility decrement associated with them in alternative scenarios led to only negligible
effects on the magnitude of cost savings by dapagliflozin. Conversely, gastrointestinal adverse
events induced by acarbose had more implication on the ICER. Either when gastrointestinal
adverse events were set to be 0 or when utility decrement of gastrointestinal adverse events was
halved, the incremental QALYs decreased from 0.25 to 0.19 (or 0.22), with a 29% (or 13%)
absolute increase of ICER (–¥43,665/QALY or–¥38,095/QALY) versus that of base case (–
¥33,786/QALY). The impacts of adjusting the therapy escalation threshold (decreased to
HbA1c = 7%) was also investigated, the dapagliflozin arm remained cost effectivewith a 34%
absolute decrease of ICER (–¥22,426/QALY) versus the base case. The ICER was not sensitive
to changes in the annual treatment cost of dapagliflozin, discount rate for costs and benefits,
costs of diabetes-related complications, utility decrement of diabetes-related complications
(Table 9).

In the PSA, dapagliflozin arm generated a mean incremental QALY gained of 0.26 versus
the acarbose arm similar to that of the base case; whilst the mean incremental cost was–¥6,837,
which was lower than that of base case (–¥8,439). As a result, the ICER of–¥26,109/QALY for
dapagliflozin versus acarbose in the PSA was lower than that of base case (–¥33,786/QALY)
(Table 9). Most simulations were located in the southeast quadrant of the ICER scatter plot fig-
ure, which means dapagliflozin arm gained more benefits for a lower cost than the acarbose

Table 9. Sensitivity analyses results for dapagliflozin arm versus acarbose arm (results per patient).

Sensitivity Analysis a Difference in Cost, ¥ Difference in QALY ICER, ¥

Univariate sensitivity analysis

Utility weight 0.014 per unit BMI decrease and -0.014 per unit BMI increase in all years –8,439 0.16 –53,618

Utility decrement per unit BMI gain halved in all years –8,439 0.19 –45,149

Utility decrement per unit BMI gain reduced by 75% in all years –8,439 0.16 –54,275

BMI-related costs halved –3,349 0.25 –13,408

BMI-related costs reduced by 75% –804 0.25 –3,220

BMI-related costs = 0 1,741 0.25 6,969

All hypoglycemia of both drugs be severe events –8,389 0.25 –33,642

All hypoglycemia of both drugs = 0 –8,439 0.25 –33,760

Utility decrement of symptomatic and severe hypoglycemia halved –8,439 0.25 –34,379

Urinary tract and genital infection events rates of dapagliflozin = 0 –8,496 0.25 –33,900

Utility decrement of urinary tract and genital infection events halved –8,439 0.25 –33,730

Gastrointestinal adverse events rate of acarbose = 0 –8,439 0.19 –43,665

Utility decrement of gastrointestinal adverse events halved –8,439 0.22 –38,095

HbA1c threshold value for therapy switch 7.0% –4,481 0.20 –22,426

Discount rate for costs and benefits 5% –7,116 0.21 –33,356

Annual treatment cost of dapagliflozin equal to acarbose –9,184 0.25 –36,768

Annual treatment cost of dapagliflozin (¥5718.77) –8,814 0.25 –35,284

Annual treatment cost of dapagliflozin (¥5934.68) –8,065 0.25 –32,287

Alternative costs of diabetes-related complications –8,436 0.25 –33,772

Costs of diabetes-related complications halved –8,056 0.25 –32,250

Utility decrement of diabetes-related complications halved in all years –8,439 0.25 –34,154

Probabilistic sensitivity analysis –6,837 0.26 –26,109

BMI, body mass index; HbA1c, glycated hemoglobin; QALY, quality-adjusted life-year; ICER, incremental cost-effectiveness ratio.
a Analysis for 1000 patients. Everything else is as described for the base case analysis.

doi:10.1371/journal.pone.0165629.t009
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arm. The dapagliflozin arm was cost-effective in 79.8% of the simulations using a cost-effective
threshold value of ¥46,629 (GDP per capita in China in 2014) [84] (Figs 6 and 7).

Discussion

This study is the first pharmacoeconomic analysis conducted using the Cardiff Diabetes Model
to assess the long-term cost-effectiveness of dapagliflozin versus acarbose as a monotherapy for
T2DM from the perspective of health care payers in China. The efficacydata were abstracted
by combing the methods of meta-analysis and ITC of RTCs (dapagliflozin versus placebo and
acarbose versus placebo) by using placebo as a common comparator. The base case results
demonstrated that dapagliflozinmonotherapy was a dominant therapy (with higher total
QALYs gained but lower total costs) compared with acarbosemonotherapy, which may offer
an alternative initial medication for treatment-naive patients where diet and exercise alone do
not provide adequate glyceamic control or other non-insulin anti-diabetic agents are consid-
ered inappropriate. The cost-effectiveness results were robust to changes in relevant model
input parameters in a series of sensitivity analyses.

Both hypertension and being overweight (or obesity) are common comorbidities of diabetes
with weight gain being a common adverse effect of some diabetes treatments [1,9]. Hyperten-
sion and excess weight have negative effects on patients’ quality of life, and increase the risks
for cardiovascular morbidity and mortality, and continually increase economic burden
[16,22,85–90]. It was reported that tight glucose control and blood pressure control achieved
clinically important reductions in the risk of diabetes-related deaths and complications [6–8];
while even modest weight losses of 5 to<10% were associated with significant improvements
in cardiovascular disease risk factors (e.g., HbA1c, blood pressure and triglycerides) [91]. In
this study, it was found that dapagliflozinwas numerically associated with greater reduction in

Fig 5. Tornado diagram of the univariate sensitivity analysis.

doi:10.1371/journal.pone.0165629.g005
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HbA1c, SBP and body weight compared with acarbose; which would account for the lower
incidences of cardiovascular events and relevant mortality in the dapagliflozin arm, and further
account for the better benefits and lower total costs achieved by dapagliflozin arm for patients
over 40 years treatment compared with acarbose. Sensitivity analysis partly confirmed this
finding, as adjustments of baseline HbA1c and BMI, and changes on both utility and cost val-
ues associated with a unit change in BMI in sensitivity analysis had great implications for the
ICER results.

On the other hand, treatment-induced adverse events like hypoglycaemia and gastrointesti-
nal adverse events are also common in diabetes treatment [1,9], which may negatively impact
patients’ quality of life and treatment adherence [20,79]. In this study, because patients in both
dapagliflozin and acarbose treatments only experienced few symptomatic hypoglycaemia
events which were not significantly different in both arms, hypoglycaemia might not signifi-
cantly affect the ICER results. Since dapagliflozinwas associated with low incidences of adverse
events like UTI and genital infections, these events might also not significant impact the ICER
results. Conversely, the comparative more commonly observedgastrointestinal adverse events
caused by acarbose had more impact on the ICER. Sensitivity analyses on these events also con-
firmed the findings.

Poor medication adherence is a common and costly public health challenge, and it fre-
quently occurs in the medications of chronic diseases like diabetes [92]. None or suboptimal

Fig 6. Scatter plot of incremental cost-effectiveness ratios for the treatment (dapagliflozin) arm versus control (acarbose)

arm with a CE threshold value of ¥46,629 (GDP per capita in China in 2014).

doi:10.1371/journal.pone.0165629.g006
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adherence is related to poorer treatment outcomes, progression of disease symptoms and com-
plications, increased risks of hospitalizations and mortality, and higher costs [23,92–95]. Effi-
cacy and tolerability are no longer the only criterion to assess a drug, factors such as ease of
administration, convenient dosing frequency, beneficialweight control profile, low risks of
hypoglycaemia or other adverse events which were associated with better adherence, are also
essential [21,96–98]. Acarbose is an oral drug administered to patients 3 times daily and should
be chewed with the first mouthful of food, or swallowed whole with a little liquid directly before
the meal; while dapagliflozin is administered less frequently and more easily (taken orally once
daily by swallowing the whole tablet at any time of day with or without food) [44,99]. There-
fore, patients with dapagliflozinmay have better medication adherence and fewer therapy dis-
continuations as compared with acarbose in some extent. In this study, according to the
reports of included RCTs, therapy discontinuation rates were 8.6% and 14.6% in dapagliflozin
and acarbose treatment, respectively, with reasons such as intolerance to therapy or adverse
events, lost to follow-up, poor glycaemic control, poor medication adherence, or no longer met
study criteria [41–43,55–56]. Potential better therapy adherence may be another advantage of
dapagliflozin.

Treatment cost is also a public concern in long-term care for T2DM. Since the official cost
of dapagliflozin is not available in China, we assumed several highest retail prices for dapagli-
flozin both in the base case analysis and in the univariate sensitivity analysis based on the
Hong Kong price. The results showed that whatever its annual cost was equal to or higher than
that of acarbose, dapagliflozin arm dominates acarbose arm with lower total costs and higher

Fig 7. Cost effectiveness acceptability curve for the treatment (dapagliflozin) arm versus control (acarbose) arm.

doi:10.1371/journal.pone.0165629.g007
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QALY gains. Favorable treatment cost seems to be an additional advantage of dapagliflozin for
long-term diabetes care.

Regarding the poor management, suboptimal medication adherence, high relevant deaths
and great economic burden of diabetes in China; dapagliflozin as an effective drug on control-
ling blood glucose, blood pressure and body weight, with well-tolerated profile, low risks of
hypoglycemia and ease of administration. Its use is anticipated to provide a cost-effective alter-
native initial medication for patients with T2DM, to consolidate the alternative medication for
first-line therapy in China.

Although there is a lack of similar studies of dapagliflozin in monotherapy for T2DM con-
ducted to confirm these findings, several cost-effectiveness studies of dapagliflozin as an add-
on therapy to metformin (or insulin) exist. When added to metformin, dapagliflozinwas
reported to be a cost-effective treatment option compared with dipeptidyl peptidase-4 inhibi-
tors, sulphonylureas or thiazolidinediones in patients inadequately controlled on metformin
alone [25,100–102]. Moreover, dapagliflozin in combination with insulin was also estimated to
be a cost-effective treatment for patients who failed to get adequate glycaemic control with
insulin alone [103]. These studies confirmed the beneficial profile of dapagliflozin for treating
T2DM.

The present study is limited by the absence of head-to-head studies of dapagliflozin versus
acarbose. Therefore, we combined the methods of meta-analysis and ITC by using placebo as a
common comparator to get an integrated knowledge of the clinical efficacy of dapagliflozin
versus acarbose, which might cause uncertainty in the input parameters. As with other Cardiff
modeling studies, this study projected long-term outcomes based on clinical input parameters
from short-term trials by using UKPDS 68 equations [25,100–102]; thus the results might not
accurately reflect outcomes in real world settings in China. Additionally, utility decrements for
diabetes-related events were mainly obtained from the UKPDS 62 study and other published
foreign studies due to the paucity of country-specificdata for specific antidiabetic drugs such
as dapagliflozin or acarbose established in China yet. On the other hand, only direct medical
costs were included in this study given the research perspective taken, which might neglect the
great impacts of diabetes-related events and treatment-induced adverse events (e.g., hypogly-
caemia, UTI, genital infection and gastrointestinal adverse effect) on productivity (indirect
costs). Finally, total costs of the acarbose arm were underestimated due to lack of costs associ-
ated with gastrointestinal events, which had undermined the comparability of the treatment
arms to some extent for gastrointestinal adverse event had certain impact on ICER.

Conclusion

Dapagliflozin is a cost-effective treatment alternative for patients as a monotherapy in treating
T2DM from the perspective of health care payers in China, demonstrating a little QALY gain
and lower costs compared with acarbosemonotherapy. Dapagliflozinmay offer a well-toler-
ated and cost-effective alternative initial medication for treatment-naive patients with T2DM
in China; it may address some of the unmet medical needs due to adverse events (e.g., hypogly-
cemia, weight gain, gastrointestinal adverse event) or inconvenient drug administration in the
treatment of T2DM, and continually to reduce the disease burden of T2DM.
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