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A B S T R A C T
Objectives: To simulate the long-term health outcomes of canagliflozin
100 mg versus glimepiride over 20 years in patients with type 2 diabetes
mellitus (T2DM) inadequately controlled on metformin from the per-
spective of the Indian health care system. Methods: Health outcomes
were simulated using the validated Economic and Health Outcomes
Model of T2DM. Patient demographic characteristics, biomarker values,
and treatment effects were sourced from a subgroup of Indian patients
enrolled in a 52-week, head-to-head study of canagliflozin versus glime-
piride (mean maximum dose of 5.6 mg/d) in patients with T2DM inade-
quately controlled with metformin. Outcomes were discounted at 5%.
Sensitivity analyses were conducted using alternative values for key
model inputs. Results: Relative to glimepiride, treatment with canagli-
flozin 100 mg was associated with approximately 14 more patients
surviving at year 20 per 1,000 patients treated and 0.43 quality-adjusted
life-years gained, largely because of improved body weight and reduced
risk of macrovascular and microvascular morbidity over 20 years.
Risk reductions were the largest for microvascular complications
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(e.g., chronic kidney disease and albuminuria). Improved health out-
comes were driven by better glycated hemoglobin control associated
with canagliflozin versus glimepiride, which also delayed the need for
rescue therapy. Key components of quality-adjusted life-year gains
included the avoidance of hypoglycemic episodes, chronic kidney dis-
ease, and weight gain, as well as increased survival with canagliflozin
compared with glimepiride. Conclusions: Simulation results suggest
that canagliflozin 100mgmay provide better long-term health outcomes
compared with glimepiride in Indian patients with T2DM inadequately
controlled withmetformin.
Keywords: health outcomes, modeling, SGLT2 inhibitors, type 2
diabetes.

� 2018 ISPOR–The professional society for health economics and out-
comes research. Published by Elsevier Inc. This is an open access arti-
cle under the CC BY-NC-ND license. (http://creativecommons.org/
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Introduction

India is home to the second largest population of people with
diabetes in the world (»70 million), of which approximately
90% have type 2 diabetes mellitus (T2DM) [1]. Steady urbaniza-
tion, lifestyle changes, and increasing obesity and age have
contributed to the rise in diabetes prevalence in India [2,3].
Public health care funding in India is limited, so health care
expenditure is primarily administered in the private sector [4].
Thus, patients typically assume responsibility for diabetes
management costs [5].

T2DM is associated with chronic hyperglycemia [6,7], which
can lead to multiple comorbidities, complications, and premature
death [8]. Historically, glycemic control has been the primary goal
of T2DM management to minimize these risks [9�11]. The
Research Society for the Study of Diabetes in India recommends a
glycated hemoglobin (HbA1c) target of less than 7.0% and consid-
eration of patient characteristics to individualize T2DM treatment
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[12], which is consistent with the recommendations of the Ameri-
can Diabetes Association and the European Association for the
Study of Diabetes [13]. Globally, guidelines also emphasize multi-
factorial management of cardiovascular risk factors, such as
weight, blood pressure (BP), and lipids, and encourage smoking
cessation when applicable [10,13].

More than half the patients with T2DM in India are unable to
reach the HbA1c target of <7.0% with available antihyperglycemic
agents (AHAs), and many patients eventually need multiple insu-
lin injections daily [14]. Some treatments (e.g., sulfonylureas and
insulin) have poor durability as the disease progresses and are
associated with hypoglycemia and weight gain [10,15]. Despite
these limitations, sulfonylureas remain widely used in India
partly because of their low acquisition costs [16].

Unlike other AHAs, agents that inhibit sodium glucose cotrans-
porter 2 (SGLT2) lower blood glucose via a renal mechanism that
works independently of insulin and, thus, is complementary to
other AHAs (including insulin) [17]. SGLT2 inhibitors reduce the
renal threshold for glucose reabsorption and lead to increased
urinary glucose excretion, thereby reducing blood glucose, body
weight, and BP, with a low inherent risk of hypoglycemia [17]. Evi-
dence from the CANagliflozin cardioVascular Assessment Study
(CANVAS) Program and the Empagliflozin Cardiovascular Out-
come Event Trial in Type 2 Diabetes Mellitus Patients (EMPA-REG
OUTCOME) showed cardiovascular and renal benefits with these
SGLT2 inhibitors in patients with T2DM and increased cardiovas-
cular risk [18,19]. Therefore, SGLT2 inhibitors may beneficially
manage multiple factors that could have an impact on long-term
health outcomes in patients with T2DM.

Canagliflozin 100 mg was the first SGLT2 inhibitor approved for
the treatment of adults with T2DM in India, with the 300-mg dose
recently becoming available. In phase 3 studies, canagliflozin was
associated with reductions in HbA1c, body weight, and BP, and
was generally well tolerated in a broad range of patients with
T2DM [20], including patients from India [21]. In an active-con-
trolled, phase 3 study, canagliflozin 100 and 300 mg and maxi-
mally tolerated glimepiride (a sulfonylurea) were administered
once daily to patients inadequately controlled on metformin dur-
ing a 52-week core period, followed by a 52-week extension
period [22,23]. In the overall population, canagliflozin 100 mg
demonstrated noninferiority and canagliflozin 300 mg demon-
strated superiority in HbA1c lowering at 52 weeks compared with
glimepiride (mean maximum dose of 5.6 mg/d) [22]. Both canagli-
flozin doses also provided significant reductions in body weight
and modest reductions in systolic blood pressure (SBP) with sig-
nificantly fewer hypoglycemic episodes at 52 weeks. Notably,
more patients had reductions in both HbA1c and body weight
with canagliflozin versus glimepiride over 52 weeks [24]. The
safety profile of canagliflozin was consistent with other phase
3 studies, including higher incidences of adverse events (AEs)
related to the SGLT2 mechanism of action (e.g., genital mycotic
infections and osmotic diuresis�related AEs) [25,26]. Findings at
104 weeks were generally consistent with results at 52 weeks, but
with both canagliflozin doses showing a larger relative treatment
effect versus glimepiride in amixedmodel for repeated-measures
analysis [23].

Economic simulation modeling techniques are widely used and
accepted tools to bridge the gap between shorter term clinical
data and longer term health outcomes, survival, health-related
quality of life (HRQOL), and costs of alternative competing inter-
ventions for T2DM, which can be important for health care deci-
sion making, especially in a self-pay environment [27]. To date,
there has been only one study investigating long-term health and
economic outcomes of T2DM interventions using Indian data.
The study found that total costs were lower among Indian
patients who were on oral AHAs versus insulin aspart over short
(1-year) and long (30-year) time horizons [28]. Because of the lack
of reliable costing data in India, cost has not been not modeled in
the present analysis; instead, we focused on predicting disease
progression and health outcomes associated with the use of can-
agliflozin 100 mg, the most widely used dose in India, and maxi-
mally tolerated glimepiride as add-on to metformin over 20 years
from an Indian health care perspective.
Methods

Model Overview

Simulations were performed using the Economic and Health Out-
comes Model of T2DM (ECHO-T2DM) version 2.3.0, which is a sto-
chastic, microsimulation (patient-level), multiapplication model
for estimating the cost effectiveness of T2DM treatments [29]. An
overview of the model is shown in Appendix Figure A1 in Supple-
mental Materials found at 10.1016/j.vhri.2018.06.002 [30] and a
description is presented in Appendix B in Supplemental Materials
found at 10.1016/j.vhri.2018.06.002. The ECHO-T2DM model has
been subject to regular internal and external validation, which
has been the subject of two publications [30, 31]. In addition, the
Assessment of the Validation Status of Health-Economic decision
models [32] was completed for the latest ECHO-T2DM validation
[30] and is included in Appendix C in Supplemental Materials
found at 10.1016/j.vhri.2018.06.002.
Microvascular and Macrovascular Risk Functions

In ECHO-T2DM, hypothetical patients are assigned risks for
microvascular and macrovascular complications and mortality
that are individualized to patient characteristics using risk
functions. Transition probabilities for microvascular health
states (e.g., retinopathy, chronic kidney disease [CKD], and
neuropathy) were sourced from previous studies and reflect
differences in HbA1c levels, SBP, and/or T2DM duration
[33�36]. Event risks for macrovascular complications (myocar-
dial infarction, ischemic heart disease, congestive heart fail-
ure, and stroke) and mortality were modeled using risk
equations from the UK Prospective Diabetes Study (UKPDS 82)
[37], which is less likely to overpredict risks than the previous
version (UKPDS 68) [38]. The risk equations in these simula-
tions were tailored to the Indian population via the UKPDS 82
covariate for “Asian Indians,” which was the assumed ethnic-
ity of all hypothetical patients in these simulations.
Simulation Parameters and Patient Profile

Key model assumptions are presented in Table 1. Baseline demo-
graphic and disease characteristics reflecting the distribution of
the Indian subgroup population were sourced from the 52-week,
head-to-head study of canagliflozin versus glimepiride as add-on
to metformin (see Appendix Table A1 in Supplemental Materials
found at 10.1016/j.vhri.2018.06.002). In the base case, 1,000
cohorts of 2,000 hypothetical patients (i.e., 2,000,000 unique
patients) were generated and their health histories were simu-
lated over 20 years.
Treatment Effects and Algorithm

Hypothetical patients with T2DM inadequately controlled with
metformin were assigned to canagliflozin 100 mg or glimepiride.
In India, glimepiride is usually administered at doses of 2 to 4mg/d.
Because these simulations were based on a clinical trial designed to
compare the efficacy of canagliflozin versus maximally-tolerated
glimepiride, the dose could be up to 6 or 8 mg based on local guide-
lines. Treatment effects and AEs for canagliflozin 100 mg and gli-
mepiride were applied for each patient in the first year of
simulation and were obtained from a post hoc analysis of the



Table 1 – Key simulation assumptions.

Parameter Assumption

Perspective Indian health care system

Time horizon 20 y

Cycle length 1 y

Discount rate 5%

Treatment intensification thresholds

HbA1c >8.0%

SBP >130 mmHg

LDL-C >100 mg/dl

HDL-C <45 mg/dl

Triglycerides >150 mg/dl

Annual biomarker drift

HbA1c

Canagliflozin 100 mg 0.14% [15],*

Glimepiride 0.24% [15],y

Pioglitazone 0.07% [15],z

Insulin 0.15% [38]

SBP 0.3 mmHg [38]

Lipids (LDL-C, HDL-C, total cholesterol, and triglycerides) 0.03 mg/dl [38]

BMI 0.0381 kg/m2x

Rescue therapy treatment pathway

First rescue Basal insulin (NPH) 10 IU/d, titrated up to 60 IU/d

Second rescue Prandial insulin (Humulin-R) 5 IU/d, titrated up to 200 IU/d

Mean delay to rescue therapy

Pioglitazone 9.95 y

Basal insulin 8.66 y

Antihypertension treatment algorithm

First treatment ACE inhibitor (enalapril 2.5 mg)

Second treatment +ARB (telmisartan 40 mg)

Third treatment +ARB (telmisartan 40 mg) + diuretic (hydrochlorothiazide 12.5 mg)

Fourth treatment +Calcium channel blocker (amlodipine 2.5 mg)

Lipid-lowering treatment Atorvastatin 10 mg! 80 mg

Macrovascular and mortality risk equations UKPDS 82 [37]

Microvascular risk equations CDCmodel of CKD, WESDR, and REP [35,36,69,70]

ACE, angiotensin-converting enzyme; ADOPT, A Diabetes Outcome Progression Trial; ARB, angiotensin receptor blocker; BMI, body mass index;

CDC, Centers for Disease Control and Prevention; CKD, chronic kidney disease; HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein

cholesterol; LDL-C, low-density lipoprotein cholesterol; NPH, neutral protamine Hagedorn; REP, Rochester Epidemiology Project; SBP, systolic

blood pressure; UKPDS, United Kingdom Prospective Diabetes Study; WESDR, Wisconsin Epidemiologic Study of Diabetic Retinopathy.

* Canagliflozin 100 mg was assumed to have the same drift as the metformin arm from the 5-y ADOPT study [15].
y Glimepiride was assumed to have the same drift as the sulfonylurea arm from the ADOPT study [15].
z Pioglitazone was assumed to have the same drift as the rosiglitazone arm from the ADOPT study [15].
x BMI calculated using average Indian heights (162 cm) [71].
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subgroup of Indian patients enrolled in the head-to-head study
of canagliflozin versus glimepiride (see Appendix Table A2 in Sup-
plemental Materials found at 10.1016/j.vhri.2018.06.002) [22]. Bio-
markers were assumed to deteriorate each year at published rates
[11,39].

In the base case, estimated glomerular filtration rate (eGFR) was
assumed to remain stable with canagliflozin [40]; the Centers for Dis-
ease Control and Prevention (CDC) model of CKD drift in eGFR was
applied for patients who discontinued canagliflozin (and initiated
rescue therapy) and for patients assigned to glimepiride [35]. Treat-
ment effects for canagliflozin 100 mg were adjusted to account for
the declining eGFR on the basis of a pooled analysis of patients with
moderate renal impairment (eGFR �45 and <60 ml/min/1.73 m2)
[41,42]. As per the Indian product label, canagliflozin 100mgwas dis-
continued at an eGFR of less than 45 ml/min/1.73 m2 [43]. In the first
year, discontinuation due to AEs was modeled according to rates
from the Indian subgroup of the trial.

In the simulations, rescue therapy was added to maintain HbA1c

at less than 8.0%, which may be more reflective of the Indian set-
ting. When HbA1c first exceeded 8.0% (or because of drug discontin-
uation as explained earlier), basal insulin (neutral protamine
Hagedorn) was added, starting at 10 IU/d and titrated to maintain
HbA1c at 8.0% or lower, up to 60 IU/d (sulfonylurea treatment dis-
continued upon initiation of basal insulin). After maximizing the
basal insulin dose, prandial insulin (aspart) was added as needed to
maintain glycemic control, starting at 5 IU/d and titrated up to
200 IU/d. Published treatment effects and hypoglycemia rates with
insulin were used [44�46]. Clinical inertia (i.e., lack of treatment
intensification when additional glycemic control is needed) has
been well documented in patients with T2DM [47,48]. Because of
the lack of data specific to the Indian setting, clinical inertia associ-
ated with insulin was modeled according to findings from the
United Kingdom (basal insulin initiation delayed bymean 8.66 years
[47] after HbA1c reached 8.0%). Antihypertensive and lipid-lowering
treatments were added when SBP or lipid levels exceeded Indian-
specific thresholds presented in Table 1; treatment effects were
sourced from the literature [49,50].

Severe hypoglycemic events (i.e., episodes requiring assistance
or resulting in seizure or loss of consciousness) and nonsevere
symptomatic hypoglycemic events (i.e., episodes in which symp-
toms were accompanied by a glucose reading of less than or equal
to 3.9 mmol/l [70 mg/dl] and did not meet the criteria for a severe
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episode) were modeled. AEs associated with the mechanism of
SGLT2 inhibition (e.g., urinary tract infections [51], genital
mycotic infections [e.g., yeast infections] [52], and osmotic diure-
sis�related AEs [53]) were also included [25,26].
Quality of Life

Improvements in HRQOL have been shown to be associated with
increased performance of self-care behaviors and thus poten-
tially better outcomes in patients with T2DM [54�56]. HRQOL is
captured in the model using life-years (LYs) and quality-adjusted
life-year (QALY) disutility weights, which reflect decrements in
quality of life associated with the negative impact of each health
state. QALYs reflect parameters that might affect the value of an
LY (e.g., sociodemographic characteristics and health condi-
tions). Published QALY disutility weights were used [57,58] and
were derived from studies in patients with T2DM, whenever pos-
sible (see Appendix Table A3 in Supplemental Materials found at
10.1016/j.vhri.2018.06.002) [34,53,59,60]. To our knowledge,
Indian-specific disutility weights are not available. A discount
rate of 5% was applied to deflate QALYs to their net present
value [61].
Outcomes

Biomarker evolution curves, cumulative incidences and relative
risk reductions (RRRs) in macrovascular and microvascular
events, years without selected complications, AEs, survival, LYs,
and QALYs are reported.
Sensitivity Analyses

One-way sensitivity analyses were used to explore how the simu-
lation results change by varying model parameters. In this analy-
sis, sensitivity analyses included the following:

1. Time horizon: 30 years (SA1);
2. Clinical inertia: no delay in initiation of rescue therapy (SA2);
3. Rescue therapy: initiate pioglitazone as first rescue therapy (SA3);
4. eGFR drift: assume no eGFR drift for glimepiride (SA4), assume

eGFR drift for canagliflozin to be 50% of eGFR drift from the CDC
model of CKD (SA5), apply eGFR drift from the CDC model of
CKD for canagliflozin (SA6); and

5. Rescue therapy and eGFR drift: initiate pioglitazone as initial res-
cue therapy as in SA3 and apply eGFR drift from the CDC model
of CKD for canagliflozin as in SA6 (SA7).
Results

Base Case

In the base case, canagliflozin 100 mg was associated with better
survival and improved health outcomes compared with glimepir-
ide over 20 years (Table 2). Overall, 67.8% and 66.5% of patients in
the canagliflozin and glimepiride groups, respectively, were still
alive at the end of the simulation (difference of »1.4 percentage
points). In other words, approximately 14 more simulated
patients in the canagliflozin group compared with the glimepiride
group survived by year 20 per 1,000 patients treated. Discounted
LYs were moderately higher for canagliflozin-treated patients
(0.02) and discounted QALYs were substantially greater (0.43 years
of perfect health).

The better simulated HbA1c, body mass index, and SBP time-
paths with canagliflozin 100 mg compared with glimepiride are
illustrated over 20 years in Appendix Figure A2 in Supplemental
Materials found at 10.1016/j.vhri.2018.06.002. The greater HbA1c

lowering and better durability in the canagliflozin arm over time
reduced the need for rescue therapy (Fig. 1). HbA1c levels were
higher with glimepiride at the end of the simulation, consistent
with the poorer known durability of sulfonylureas (i.e., upward
drift of HbA1c while on treatment) [62] and the clinical inertia
associated with initiating rescue therapy. Less insulin rescue
therapy in the canagliflozin arm also led to less weight gain and
fewer hypoglycemic events.

Overall, biomarker improvements with canagliflozin were
associated with decreased incidence of macrovascular and
microvascular complications versus glimepiride (Table 2). The
largest RRRs were seen for CKD where, for example, 0.4% of
patients in the canagliflozin 100 mg group were modeled to
have stage 3A CKD after 20 years versus 20.9% of patients in
the glimepiride group (RRR of 98.2%). Similarly, canagliflozin
100 mg reduced the risk of stages 3B, 4, and 5 CKD and end-
stage renal disease, as well as microalbuminuria and macroal-
buminuria, versus glimepiride, which is consistent with the
modeled differences in eGFR deterioration between canagliflo-
zin and glimepiride.

The largest macrovascular benefits with canagliflozin 100 mg
versus glimepiride were seen for congestive heart failure, stroke,
and ischemic heart disease (RRRs of 14.3%, 6.8%, and 6.7%, respec-
tively). As expected, canagliflozin 100 mg had higher rates of
female genital mycotic infections, lower urinary tract infections,
and osmotic diuresis�related AEs compared with glimepiride.
Simulated rates of nonsevere symptomatic and severe hypoglyce-
mic episodes were higher with glimepiride versus canagliflozin
100mg, not only because of the inherent excess risk that sulfonyl-
urea use conveys but also the greater and earlier use of insulin
rescue therapy in the glimepiride arm.

QALY gains were mainly driven by the avoidance of hypo-
glycemic episodes, CKD, and weight gain, as well as increased
survival with canagliflozin versus glimepiride (see Appendix
Table A4 in Supplemental Materials found at 10.1016/j.
vhri.2018.06.002). These improvements were attributable to
larger and more durable reductions in HbA1c, leading to less
need for rescue therapy, lack of eGFR deterioration, and
weight loss, respectively, in the canagliflozin arm. There were
also small QALY gains for other complications. As expected,
canagliflozin led to a small increase in disutility (i.e., lower
utility or less benefit) for AEs related to the SGLT2 inhibitor
mechanism.
Sensitivity Analyses

Representative results of the sensitivity analyses are shown in
Figure 2, with full results presented in Appendix Table A5 in Sup-
plemental Materials found at 10.1016/j.vhri.2018.06.002. In SA1,
the time horizon was increased to 30 years, which may better
capture the long-term benefits with canagliflozin versus glimepir-
ide. Over 30 years, life expectancy and QALYs increased with can-
agliflozin versus glimepiride. Cumulative incidences of
complications were generally higher in both groups and QALY
gains with canagliflozin versus glimepiride because of increased
longevity, with similar trends in RRRs as in the base case. Hypo-
glycemic event rates remained lower with canagliflozin versus
glimepiride, but were higher in both groups compared with the
base case because patients spent more time on insulin.

In SA2, the conservative assumption of no clinical inertia for
insulin rescue therapy resulted in smaller between-group differ-
ences in HbA1c over time and smaller reductions in RRRs for some
complications. Consistent with the earlier insulin initiation,
hypoglycemic event rates were higher in both groups. Similar
results as in the base case were also seen when rescue therapy
was first initiated with pioglitazone rather than insulin (SA3);



Table 2 – Base-case results.

Outcome Parameter Canagliflozin 100 mg Glimepiride Difference

Health outcomes (discounted)

LYs 11.29 11.27 0.02

QALYs 8.89 8.46 0.43

Survival (%) 67.8 66.5 1.4

Years without a complication

Amputation 12.56 12.52 0.04

ESRD 12.77 12.74 0.04

Blindness 12.69 12.63 0.06

CHD (MI or IHD) 11.55 11.46 0.10

CVD (MI, IHD, or stroke) 11.43 11.33 0.10

Cumulative incidence of outcomes (%) RRR

Macrovascular

MI 13.9 14.7 5.8%

IHD 12.1 13.0 6.7%

CHF 4.1 4.8 14.3%

Stroke 4.0 4.2 6.8%

CHD (MI and IHD) 23.8 25.3 5.7%

CVD (MI, IHD, and stroke) 26.8 28.4 5.6%

PVD 35.1 36.2 2.9%

Microvascular

Background diabetic retinopathy 42.8 53.9 20.6%

Proliferative diabetic retinopathy 0.5 0.8 39.0%

Macular edema 17.4 23.7 26.6%

Blindness

One eye 0.3 0.5 35.7%

Both eyes 0.3 0.5 33.5%

Symptomatic neuropathy 24.1 26.0 7.5%

Diabetic foot ulcer 18.9 20.0 5.3%

Lower extremity amputation 10.1 10.8 6.7%

Microalbuminuria 3.3 5.4 39.6%

Macroalbuminuria 0.1 1.3 93.4%

CKD

Stage 3A 0.4 20.9 98.2%

Stage 3B 0.2 11.3 98.3%

Stage 4 0.1 5.4 98.2%

Stage 5 0.0 1.6 98.2%

ESRD 0.0 1.1 98.2%

Other AEs, event rate/100 patient-years HR

Osmotic diuresis�related AEs 0.1 0.1 1.0

Lower UTI 12.9 3.9 3.3

Upper UTI 0.1 0.1 1.0

Male genital mycotic infection 0.1 0.1 1.0

Female genital mycotic infection 3.2 0.0 81.7

Hypoglycemic events, event rate/100 patient-years

Nonsevere symptomatic 153.4 707.9 0.2

Severe 1.7 7.4 0.2

AE, adverse event; CHD, coronary heart disease; CHF, congestive heart failure; CKD, chronic kidney disease; CVD, cardiovascular disease; ESRD,

end-stage renal disease; HR, hazard ratio; IHD, ischemic heart disease; LY, life-year; MI, myocardial infarction; PVD, peripheral vascular dis-

ease; QALY, quality-adjusted life-year; RRR, relative risk reduction; UTI, urinary tract infection.
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nevertheless, hypoglycemic event rates were lower than in the
base case because of the delay in insulin initiation.

Sensitivity analyses were conducted that varied assumptions
related to eGFR drift with both canagliflozin and glimepiride.
When eGFR was assumed to be stable with glimepiride as well
as canagliflozin (SA4), differences in QALYs and survival were
smaller compared with the base case. Because eGFR did not
deteriorate with glimepiride in SA4, absolute rates of CKD were
lower with glimepiride, which led to slightly smaller RRRs for
canagliflozin versus glimepiride compared with the base case. In
SA5, RRRs were slightly smaller for renal-related complications
compared with the base case when eGFR for canagliflozin
drifted at half the rate used for glimepiride. This was consis-
tent with more patients in the canagliflozin group developing
CKD over time; nevertheless, there was minimal impact on
overall LYs, QALYs, and survival. In SA6 and SA7, when eGFR
drift from the CDC model of CKD was used for canagliflozin,
the benefits seen for CKD were eliminated and improvements
in LYs, QALYs, and survival were smaller compared with the
base case.



Fig. 2 –Base-case and sensitivity analysis results for (A)
health outcomes and (B) RRRs in selectedmicrovascular
complications, and (C) RRRs in selectedmacrovascular
complications. Data are differences with canagliflozin
100mg vs. glimepiride. CHF, congestive heart failure; CKD,
chronic kidney disease; LY, life-year; MI, myocardial
infarction; PDR, proliferative diabetic retinopathy; QALY,
quality-adjusted life-year; RRR, relative risk reduction.

Fig. 1 –Percentage of patients taking insulin over 20 y in the
base case.

70 V A L U E I N H E A L T H R E G I O N A L I S S U E S 1 8 ( 2 0 1 9 ) 6 5 �7 3
Conclusions

Economic simulation modeling suggests that better initial HbA1c

lowering, SBP lowering, weight loss instead of weight gain, better
HbA1c durability, and beneficial renal effects associated with can-
agliflozin 100 mg can improve health outcomes compared with
glimepiride over 20 years in Indian patients with T2DM inade-
quately controlled with metformin. Importantly, canagliflozin
delayed the onset of complications and was associated with RRRs
inmacrovascular andmicrovascular complications, with the larg-
est benefits seen for CKD. Together with avoidance of hypoglyce-
mic events, an improved weight profile, and increased survival,
these outcomes translated into QALY gains. It is not surprising
that avoidance of hypoglycemia was a driver of QALY gains in
this analysis, because canagliflozin demonstrated better HbA1c

lowering, thus reducing the need for insulin rescue therapy in the
cohort of Indian patients simulated in this analysis. In contrast,
glimepiride is associated with hypoglycemia, and its poor glyce-
mic durability over time leads to more insulin use, which also
increases the risk of hypoglycemia. There was also a small loss of
QALYs with canagliflozin versus glimepiride that was attributable
to AEs related to the mechanism of SGLT2 inhibition (e.g., female
genital mycotic infections). Base-case findings were generally
robust to a longer time horizon (30 years) and variations in
assumptions surrounding rescue therapy (including the conser-
vative assumption of no clinical inertia) and eGFR deterioration.

Assuming that eGFR remains stable with canagliflozin in these
simulations was a key driver of the overall benefits. This assump-
tion was justified on the basis of clinical data with canagliflozin
and other SGLT2 inhibitors, which typically show a transient ini-
tial reduction in eGFR after initiating treatment that attenuates
and stabilizes over time; therefore, long-term renal damage is not
anticipated [63]. In the study used as the basis for this analysis,
eGFR remained stable with canagliflozin, whereas a small decline
was seen with glimepiride over 2 years [23]. The stability of eGFR
has also been seen with empagliflozin over 4 years in EMPA-REG
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OUTCOME [64]. It has been hypothesized that SGLT2 inhibitors
may confer renoprotection in patients with T2DM [63], consistent
with the reduced risk of CKD with canagliflozin versus glimepir-
ide in the base case. This hypothesis is supported by data from
the CANVAS Program and EMPA-REG OUTCOME, which showed
favorable effects on renal outcomes with canagliflozin and empa-
gliflozin, respectively [19,64]. In this analysis, there was a modest
decline in the renal benefit when eGFR was modeled to deterio-
rate at half the rate of glimepiride (SA5) and it was completely
eliminated when eGFR drift was the same for canagliflozin and
glimepiride. Therefore, in addition to its glycemic, weight loss,
and BP-lowering benefits, the potential renoprotective effects of
canagliflozin may be an important driver of long-term health ben-
efits. Data from the Canagliflozin and Renal Events in Diabetes
with Established Nephropathy Clinical Evaluation (CREDENCE;
ClinicalTrials.gov identifier NCT02065791) will explicitly evaluate
the long-term impact of canagliflozin on renal outcomes, includ-
ing the incidence of end-stage renal disease, doubling of serum
creatinine, and renal or cardiovascular death, in patients with
T2DM and established diabetic kidney disease.

Of note, there is recent data on the cardiovascular safety of can-
agliflozin in patients with T2DM and a history or high risk of car-
diovascular disease [19]. In the CANVAS Program, there was a
reduced risk of the primary composite end point of cardiovascu-
lar death, nonfatal myocardial infarction, or nonfatal stroke with
canagliflozin versus placebo (hazard ratio [95% confidence inter-
val] 0.86 [0.75�0.97]) [19]. These results were consistent with pre-
vious results from EMPA-REG OUTCOME with empagliflozin [18]
and with real-world data from the Comparative Effectiveness of
Cardiovascular Outcomes in New Users of SGLT-2 Inhibitors
(CVD-REAL) study [65]. Taken together, these data suggest a likely
classwide benefit on cardiovascular outcomes for SGLT2 inhibi-
tors that may have important implications in future modeling
exercises. The present analysis did not account for the potential
cardioprotective effects of canagliflozin compared with glimepir-
ide, which may have led to an underestimation of the long-term
QALY gains and differences in macrovascular event rates.

In addition, inclusion of recently reported safety data from the
CANVAS Program is warranted in future modeling exercises to
more accurately predict relative benefits and risks in certain pop-
ulations. Lower extremity amputation, mainly of the toe or meta-
tarsal, was identified as a new safety signal on the basis of data
from the CANVAS Program, which enrolled a higher-risk patient
population. There was an increased risk of lower extremity
amputations with canagliflozin compared with placebo, although
events were relatively infrequent (6.3 and 3.4 per 1,000 patient-
years, respectively) [19]. The mechanism is unknown, but is
under investigation [66]. Preliminary analyses revealed that
patients with a history of amputation, peripheral vascular dis-
ease, and neuropathy were at the highest risk [19]. The European
summary of product characteristics includes recommendations
for monitoring amputation risk in the absence of a specific drug-
related mechanism [67]. The European Medicines Agency also
now requires studies of all SGLT2 inhibitors to systematically col-
lect data on lower extremity amputations [68]. Therefore, clini-
cians should carefully monitor high-risk patients and provide
education on routine preventative foot care and maintaining ade-
quate hydration. Clinicians may also consider terminating cana-
gliflozin treatment in patients who develop known amputation-
preceding events (e.g., lower extremity skin ulcer, infection, oste-
omyelitis, and gangrene) [67].

Additional long-term economic simulation modeling is
needed to evaluate the cost effectiveness of T2DM treatments,
including canagliflozin, from the Indian health care system
perspective. Although ECHO-T2DM supports cost-effectiveness
simulations, these data were not generated in the present
analysis because of the lack of reliable health economic data
for patients with T2DM in India. Most studies report data on
direct and indirect costs borne by patients, with limited evi-
dence of the cost burden borne by the health care system [4].
Similarly, this analysis would have benefited from using
India-specific disutility values. Nevertheless, in the absence of
such data, well-known disutility values from broad popula-
tions of patients with T2DM were used. Finally, the assump-
tion that the delay in insulin initiation in India mirrors that in
the United Kingdom may not sufficiently approximate current
clinical practice in India. We are, however, unaware of similar
studies in Indian patients. Although ECHO-T2DM has been
validated extensively in broad populations, it has not been
evaluated with Indian trial data. This analysis was strength-
ened by the use of the Indian covariate for the UKPDS 82 risk
equation and the patient characteristics and treatment effects
derived from Indian patients enrolled in a clinical trial of can-
agliflozin, thus making the simulations more relevant to this
population.

T2DM management remains an important challenge in India
because inadequate disease control can lead to debilitating com-
plications. Therefore, treatments that address the multifactorial
nature of T2DM will be beneficial to attenuate the potential con-
sequences of poor T2DM management. Findings from this analy-
sis suggest that the glycemic efficacy, weight loss, and BP
reduction, as well as low hypoglycemia risk, potential renoprotec-
tive effects, and generally favorable tolerability profile seen with
canagliflozin 100 mg, are likely to provide improved long-term
health outcomes compared with glimepiride in Indian patients
with T2DM inadequately controlled on metformin.
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