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The objective of this study was to provide cost-effectiveness evidence regarding the use of Dapagliflozin 10 mg and
Canagliflozin 300 mg for treating adult patients with type 2 DM by measuring the clinical outcomes of the selected
treatment regimens and by conducting a decision analysis. The main considered outcomes were cost, probabilities of

diabetic complications, life year (LY), quality-adjusted life year (QALY), and incremental cost effectiveness ratio. One-
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way deterministic sensitivity analysis was also carried out. Cost effective analysis was carried out and Dapagliflozin
was found to be more effective and less expensive which apparently falls on Q4 North West Position. In this study,
better results were found with the control group (A) Dapaglifiozin than the comparison group (B) Canagliflozin. We
assume that the economical and clinical outcomes of Pharmacoeconomics were affected by various other factors like
medication adherence, affordability, appropriateness of regimens, and other social and cultural factors. Further studies
should be conducted on these matters to understand and improve the QALY and also to reduce the burden of disease

INTRODUCTION

India is known as the diabetes hub of the world. In India,
the reports claim that almost 62.4 million people are affected with
diabetes and 77.2 million people are affected with pre-diabetes
(Anjanaetal., 2011). The average cost of the treatment per diabetic
patient with or without co-existing medical conditions was found
to be USD 314.15 (X23,170.43) and USD 29.91 (%2,206.04),
respectively. The average cost of treatment for the patients
with macrovascular complications is USD 125.01 (%9,220.23)
and USD 90.43 (%6,669.75) for microvascular complications
(Akari er al, 2013). The demand and the cost of health care
settings are increasing at an unprecedented rate. The hiking price
of medicines all over the world has been affecting the patients.
Approximately 85% of total health expenditure is supported by
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household out of pocket payments in a developing country like
India. Due to an increased emphasis on efficient drug therapies
for a disease that increases health costs, over the past 20 years
the field of Pharmacoeconomics has become integral for decision-
making policies. Metformin is considered as the initial choice for
treating hyperglycemia to reduce the risk of complications related
to type 2 diabetes mellitus. However, over time it may or may
not adequately control hyperglycemia due to disease progression
which necessitates an add-on therapy or change of drug (Hou ez al.,
2019). By enhancing the excretion of glucose in the urine, SGLT2
inhibitors have been accepted as the latest class of therapies for the
treatment of type 2 DM (Li et al., 2017).

SGLT2 inhibitors offer cardiovascular and renal benefits,
italso causes body weight loss via glucose excretion in the kidneys
(Pereira and Eriksson, 2019; Rabizadeh et al., 2019). There
have been only few reports on cost-effectiveness evaluations of
SGLT?2 inhibitors. The objective of this study is to provide cost-
effectiveness evidence regarding the use of Dapagliflozin 10 mg
and Canagliflozin 300 mg for treating adult patients with type 2
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DM by measuring the clinical outcomes of the selected treatment
regimens and by conducting a decision analysis.

The ECHO model which includes Economic, Clinical,
and Humanistic Outcomes helps in Pharmacoeconomic analysis.
Economic outcomes include direct, indirect, and intangible costs
compared with the consequences of medical treatment alternatives.
Clinical outcomes include medical events that occur as a result of
disease or treatment. Humanistic outcomes include consequences
of disease or treatment on patient functional status, or quality of
life, measured along several dimensions (The Blonde Pharmacist,
2019).

METHODS

This study provides an economic analysis of
Dapagliflozin and Canagliflozin for the treatment of type 2 DM.
To keep with other economic reports associated with type 2 DM
therapies we have used lifetime health and economic outcomes as
the main end-points, which includes cost, probabilities of diabetic
complications, life year (LY), quality-adjusted life year (QALY),
and incremental cost effectiveness ratio (ICER).

Study design: Cost-effectiveness analysis.
Type of study: Qualitative synthesis studies.

Study site: The data for the study purpose was collected from
selected community pharmacies in Kerala. (Thiruvalla, Kottayam,
Kochi, and Trivandrum).

Study population: Type 2 DM patients.
Study duration: The study was carried out for 6 months.
Sample size: Purposive sampling.

Inclusion criteria

Subjects with a history of Type 2 DM minimum for 3
years. Subjects should have a minimum of 3 months of exposure
to the selected treatment regimens without any interruptions. Body
mass index should be between the ranges of 18.5 to 29 kg/m>.
Subjects with proper evidence of their past and present medical
histories.

Exclusion criteria

The patients who were on insulin for controlling their
hyperglycemic status. Treatment with any investigational products
(e.g., Ayurveda) in the last 3 months before study entry. Patients
with Diabetic Ketoacidosis are to be excluded. Patients with
kidney disease are to be excluded.

Ethical clearance
The study protocol was approved by the institutional
review board of the academic institution where the study was held.

RESULTS

A total of 94 patient’s data were collected from the
selected community pharmacies in Kerala during the specified
study period, out of which 55 of them met the inclusion

standards and were included in the study. The study population
was divided into 31 male patients and 24 female patients.
The data collected were further categorized based on the age.
A total of 37 patient’s data was collected from the age group
of 27-55 years which accounts for the maximum number of
patients who participated in the study and 18 patients belonged
to the age group >55 years; whereas no data was acquired from
the age group of 18-26 years. The mean average and standard
deviation of the age of the study population was found to be
58.79 £ 7.67 in the Dapagliflozin treated group, 54.24 + 12.14
in the Canagliflozin treated group.
The outcomes of the ECHO model were:

Clinical outcome

HbAIC was found to be in 7.36 + 0.654996 in the
Dapaglifiozin treated group and 7.18 + 0.55 in the Canagliflozin
treated group (shown in Table 1). Both the groups achieved the
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Figure 1. Bar graph and cost-effectiveness plane of type 2 DM drugs
(Dapagliflozin as control group and Canagliflozin as comparison group).
Negative ICER values can indicate either favorable (Accept) treatment options
or unfavorable (Reject) options since the ICER value reflects a slope that can
be in two different quadrants. This “Accept” or “Reject” recommendation is
automatically displayed in the—calculated results—table above. See graphical
explanation. It showed the control group (A) as zero and the comparison group
(B) on the negative axis.
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Figure 2. Decision tree analysis of Dapagliflozin and Canagliflozin.
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target HbAlc (AIC targets of <7% or 53 mmol/mol) but better
results were shown in the Canagliflozin treated group. Duration of
illness (in years) was also calculated for both treatment regimens
and was found to be 9.97 + 4.69 for Dapagliflozin, 7.95 + 2.84 for
Canagliflozin.

Economic outcome

As per WHO CHOICE recommendations, the direct
costs of medications were identified by finding the mean price
value per tablet. The three brands of Dapagliflozin and one brand
of Canagliflozin available in India were selected for finding the
mean price value (MPV). The MPV found in rupees was converted
into dollars. It was found to be $0.70 (X53.87) in the Dapagliflozin
treated group, $96.00 (X1.25) in the Canagliflozin treated group.

The average cost per patient per day and the average cost
per patient per year were calculated both in rupees and in dollars.
Both were found to be highest in Canagliflozin treated group.
Based on Table 2 information the average cost per patient per year
was found to be $260.224 (X19,918.3) in the Dapagliflozin treated
group, $456.25 (X35,040) in the Canagliflozin treated group.

Humanistic outcome

People with diabetes can experience various discomforting
physical and mental symptoms. Each of the patients were provided
with a self-administering questionnaire comprising 34 questions. By
using the DSC-R checklist each patient’s overall health and mental
wellbeing were captured. The DSC-R Mean Dimensional Score
(MDS) was calculated; a total of eight domains were accounted into
the analysis. MDS was found to be 1.92 for Dapaglifiozin treated
group and 2.29 for Canagliflozin treated group. Canagliflozin treated
group showed a higher MDS score indicating more symptoms or
complications in these patients.

Quality-adjusted life year

In this expected life years was assumed to be 1. MDS
was converted into a utility value to a rating scale of 0 to 1.
QALY for both treatment regimens was calculated. Dapagliflozin
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Table 1. Clinical outcomes of Dapagliflozin and Canagliflozin

No. of patients within normal No. of patients above normal

DRUGS HbAlc Duration of illness (years) range range
Dapagliflozin 7+0.65 105 14 20
Canagliflozin 7+0.54 8+3 13 8

HbA 1c- glycated haemoglobin.
Table 2. Economic outcomes of Dapagliflozin and Canagliflozin.
Drugs Direct cost Indirect cost Total cost

Consultation/follow up and

hospital admission Drug price

Per patient

Travel Food and expenditures

Dapagliflozin (n = 34) 33,068.52/$40.11

Canagliflozin (n = 21) 34,288.57/$56.05

31,616.34/$21.12

32,880.0/$37.64

3222.94/$2.91 X117.64/$1.53 35,025.44/$65.67

3230.95/$3.01 X156.19/$2.04 X7,555.71/898.74

treated group had a QALY of 0.616, Canagliflozin treated group
had a QALY of 0.543. A QALY of 1 shows full health. Both the
treatment groups showed only partial health but better results were
provided by Dapagliflozin.

The SGLT-2 drugs cause significant weight reduction.
The average weight reduction over 3 months was found to be 2.31
kg in Canagliflozin treated patients and 2.59 kg in Dapagliflozin
treated patients.

CEA (cost effective analysis) calculation for various type 2 DM
treatment regimens

CEA was calculated by comparing both the treatment
groups Dapagliflozin and Canagliflozin. The control group A
had an incremental cost of zero which was accepted, comparison
group B had an incremental cost of 1,264 (shown in Table 3).
The control group was accepted which showed an intersection
and the comparison group showed the line to the Q4 -North West
(shown in Figure 1). This shows a rejection of the comparison
group due to higher cost and lower effectiveness.

Decision analysis

A decision tree model was created (shown in Figure
2) using the Palisade software. The data collected for the study
purpose from various community pharmacies were fed into the
software, and the data set comprised; the cost of each drug, the
cost of treatment of associated complications, and the probability
of developing these complications. The tree comprises two main
branches each of which represents the drugs (Canagliflozin and

Dapagliflozin). The main branch was further divided into multiple
child branches which represent the complications—Microvascular
(Nephropathy, Neuropathy, Retinopathy) and the probability
of not developing neither of these (None) and Death due to
untreated complication. Macrovascular (Coronary Heart Disease,
Cerebrovascular Disease, None and Death). The infections were
further branched into urinary tract infections, Genital Infections
and None. Volume depletion related AEs were further classified
into Orthostatic Hypotension, Postural Dizziness, and None.
After considering multiple factors like the cost of the drug, cost
of treating these complications and probability of acquiring these
complications the software in itself generates an optimal outcome
that aids the decision-making process, and the optimal decision
(shown in Figure 3) as per the outcome generated by the tree here
is Dapaglifiozin due to minimized cost and reduced side effects.

Optimal decision

The optimal drug recommended by the Palisade software
was Dapagliflozin due to its reduced cost and side effects.

Sensitivity analysis

We conducted a one-way deterministic sensitivity
analysis in Palisade software to assess the robustness of the model
around the key parameters. We focused more on the cost and
HbA 1c in our sensitivity analysis as it can affect the ICER values
the most. The results of the sensitivity analysis were generated as
spider and tornado graphs (shown in Figure 4).

Table 3. Cost-effectiveness plane of Dapagliflozin and Canagliflozin.

= 'O Label for
@ ) (vs. Control) — =

UEQ' Options/drugs g (vs. Control) Incremental S Q1 Q2 g bar graph
S %  Incremental cost effect = 2 (name +
H g note 2)
A Dapagliflozin (Control) 219 0 0.00 0.0 Control Control Intersection ~ A—Control
B Canagliflozin (Comparison) 401 1,264 —-0.19 —6,686 Dominated Reject North West B—Reject
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Figure 4. Tornado sensitivity graph.

It is ranked by change in actual value which means
HbAlc of Canagliflozin can influence the output which is the
ICER the most and the cost of Dapaglifiozin can influence the
ICER the least.

The spider graph shows the variation of each input. The
value is set over a variation range of —10% and +10%. The table
above represents the variations shown in the spider sensitivity
graph (shown in Figure 5). The result of the sensitivity analysis
illustrated that HbAlc of Canagliflozin can have the maximum
impact on the ICER.

DISCUSSION

The present study was conducted to compare and
analyze the cost and effectiveness of drugs Dapagliflozin and
Canagliflozin for the treatment of type 2 diabetes mellitus by using
the ECHO models.

The prevalence of diabetes appears to be higher in the
27-55 year age which indicates the use of certain anti-diabetic
regimens higher in this population similar to THE DECODA
STUDY GROUP (DECODA Study Group, 2003). Our study
also found that type 2 diabetes is more prevalent in men than in
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What-If Analysis Summary for Output ICER
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women according to the gender classification, which is similar to
Alexandra's study (Kautzky-Willer ez al., 2016).

For measuring the effectiveness of drugs in terms
of clinical outcomes HbAlc was considered. Both the groups
achieved the expected target HbAlc (A1C targets of <7% or
53 mmol/mol). However, the drug Canagliflozin shows slight
improvement that is 0.189 in the effectiveness arm compared to
Dapagliflozin similar to studies by Hou et a/. (2019) and Neslusan
etal. (2018).

Global surveillance shows Dollar ($) is the standard
world’s principle currency for supporting economic analysis.
As per WHO CHOICE recommendations, the direct costs of the
medications are measured by using MPV for the selected treatment
regimens to conduct the pharmacoeconomic analysis.

To measure the economical outcome, the MPV of
Canagliflozin (1 brand) and Dapagliflozin (three brands) was
calculated for India. The direct and indirect cost associated with
both the treatment groups was also calculated. The total cost
was found to be more with Canagliflozin treated patients due
to the increased cost of treatment of side effects and associated
hospitalizations than patients who took Dapaglifiozin, and
Dapagliflozin showed the least cost spent by the patients than
Canagliflozin treated patients which was contradictory with the
study conducted by Hou ef al. (2019).

The DSC-R Scale was used to measure the level of
disease-related complications and comorbid conditions in the
study population and Humanistic outcomes were measured as
QALYs. The measure of health outcomes gained by the patient
for a particular treatment regimen was determined by using the
MDS of the DSC-R. None of the selected treatment regimens
reached the expected outcomes as full health, to the rating scale
of 0—1. This further demonstrates that both the drugs produce only
partial health outcomes. But Better QALY results were shown by
Dapagliflozin and which was contradictory to the study by Hou
etal. (2019).

These results also signify that in patients with type 2 DM
treatments the clinical outcomes are affected by multiple factors
like medication adherence, improper diet plan, and selection of
regimens. These issues need to be considered and analyzed in
future to understand the correlation between humanistic and other
economical outcomes.

In our study, CEA was done with the selected anti-
diabetic treatment regimens, Dapaglifiozin was taken as the
control group (A) and Canagliflozin was taken as the comparison
group (B), and finally the comparison group (B) was rejected and
the control group (A) was accepted.

A decision tree model was generated with the Palisade
software using the data collected for the study purpose from various
community pharmacies across Kerala. Considering all these
parameters the direct cost, the indirect cost, and the probability,
the software generates an optimal decision for Dapaglifiozin
which aids the decision-making process.

Sensitivity analysis also supported the robustness of
estimated results, showing that the effectiveness of the drug is an
important parameter when determining the CEA. The result of
the sensitivity analysis illustrated that HbAlc of Canagliflozin
can have the maximum impact on the ICER. The limitation of

the analysis is the inadequate head—to—head clinical evidence
for Dapagliflozin and Canagliflozin in patients with type 2
diabetes.

Similar studies on CEA of Canagliflozin and
Dapagliflozin added to metformin were conducted abroad
showed that Canagliflozin added with metformin was more cost
effective than Dapagliflozin added to metformin because the price
of Canagliflozin is lesser in these countries (Hou er al, 2019;
Neslusan et al., 2018).

LIMITATIONS

The sample size was found to be less in our
pharmacoeconomic analysis and an equal number of patients was
not added for the comparison of regimens because Patients taking
these drugs were very few when compared to other anti-diabetic
drugs. ECH-Outcomes can be affected by various factors and that
was accounted for in the analysis, and the humanistic outcomes
are often influenced by the patient perceptions about their health
status and overall wellbeing.

CONCLUSION

In this study, Dapagliflozin and Canagliflozin,
type 2 anti-diabetic treatments were compared for clinical,
economical, and humanistic outcome assessments. Target
HbAlc (A1C targets of was achieved by both the anti-
diabetic treatment regimens but better results were shown in
Canagliflozin treated patients. Average treatment cost per year
was found to be higher with Canagliflozin than Dapagliflozin.
Humanistic outcome analysis results showed both the anti-
diabetic regimens produced only partial health status QALY
but better results were shown with Dapagliflozin. Additionally,
CEA analysis shows Dapagliflozin as more effective and less
expensive than comparison with Canagliflozin which falls on
Quadrant four North West Position.

According to the results of this study, Dapagliflozin
could be considered as a cost-effective regimen. We assume that
the economical, and clinical outcomes of Pharmacoeconomics
were affected by various other factors like medication adherence,
affordability, appropriateness of regimens, and other social and
cultural factors. Further studies should be conducted on these
matters to understand and improve the QALY and also to reduce
the burden of disease of type 2 diabetic patients.
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