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Abstract

Type 2 diabetes (T2D) and chronic kidney disease (CKD) are major public health challenges.
People with T2D and CKD have high risks of cardiovascular (CV) events and kidney failure.
Novel drug classes, including sodium-glucose cotransporter-2 inhibitors (SGLT-21), glucagon-
like peptide-1 receptor agonists (GLP-1RA), and nonsteroidal mineralocorticoid receptor
antagonists (nsMRA), have provided more cardiorenal protection for treatment of T2D and
CKD than standard of care (SoC). This thesis examines the comparative efficacy in improving
CV and renal outcomes and assesses the cost-effectiveness of these novel drugs for treatment

of T2D and CKD.

This thesis has four chapters. Chapter 1 provides background information about epidemiology,
disease burden, definition, and treatment of T2D and CKD. It also describes the study design
and reviews the existing literature. Chapter 2 is a systematic review and network meta-analysis
comparing the relative efficacy of SGLT-21i, GLP-1RA, and nsMRA in improving CV and renal
outcomes in patients with T2D and CKD. We found that SGLT-2i provided better cardiorenal
protection than GLP-1RA and nsMRA in patients with T2D and CKD. There were no
significant differences between GLP-1RA and nsMRA in reducing CV and renal outcomes.
Chapter 3 examines the cost-effectiveness of adding SGLT-2i (canagliflozin or dapagliflozin)
to SoC versus SoC alone for the treatment of T2D and CKD. Our study showed that adding
canagliflozin or dapagliflozin to SoC was cheaper and more effective than SoC alone.
Dapagliflozin plus SoC incurred lower cost and was more effective than canagliflozin plus SoC
over the 5- or 10-year horizons, but it was not cost-effective versus canagliflozin plus SoC over
longer time horizon. Chapter 4 concludes and discusses implications, limitations, and future

research directions in T2D and CKD treatment.
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Chapter 1. Introduction

1.1. Epidemiology of type 2 diabetes and chronic kidney disease

Diabetes is one of the most common non-communicable diseases worldwide. In 2021, 537
million people aged 20-79 were estimated to be living with diabetes globally.! This number is
predicted to increase to 643 million people by 2030.! Type 2 diabetes (T2D) accounts for more
than 90% of diabetes.! Patients with T2D usually have hypertension, cardiovascular (CV)

diseases, obesity, and especially, chronic kidney disease (CKD).

Prevalence of T2D and CKD is high in Canada. T2D affects about 3.6 million Canadians in
20222, with about 50% having CKD.? T2D is also a leading cause of end-stage kidney disease
(ESKD) and accounts for approximately 40% of patients requiring kidney replacement therapy
in Canada.* Of the 4 million Canadians living with CKD in 2020, there were 40,000 patients

with ESKD, of whom 57% and 43% required dialysis and kidney transplants, respectively.*

1.2. Burden of type 2 diabetes and chronic kidney disease

T2D and CKD are associated with reduced quality of life and life expectancy.’ Patients with
both T2D and CKD have 23.4% higher risk of all-cause death (ACD) than those who only have
T2D.® Additionally, T2D and CKD increase risks of kidney failure and diabetes-related
complications, including diabetic ketoacidosis, hypoglycemia, retinopathy, neuropathy,

amputation, and CV events.’

T2D and CKD impose a substantial economic burden on the healthcare system. CKD is
estimated to cost more than C$40 billion per year.® The total direct healthcare costs of CKD
were C$14,634 per patient per year (2017 Canadian dollars), of which 38% and 35% were
accounted for by hospitalization and medication costs, respectively.” The healthcare costs were
21% greater in patients with T2D and CKD than in those with CKD alone.’

1



The health care costs for CKD increase markedly among patients with ESKD. With about
C$100,000 per patient per year spent on dialysis or kidney transplants, treatment of ESKD can
cost the Canadian healthcare system about C$4 billion per year, which means that 10% of total
expenditure on CKD is used only to treat 1% of patients with CKD.*!° These costs are even
higher when one accounts for productivity losses. The Canadian Pension Plan annually spends

over C$200 million on patients with advanced kidney disease who cannot work.®

1.3. Diagnosis of type 2 diabetes and chronic kidney disease

T2D is referred to as relative insulin deficiency and peripheral insulin resistance.!! The levels
of insulin in patients with T2D can be normal or increased. However, it does not normalize
glycemia because of the failure of pancreas to secrete glucose-stimulated insulin.!! The criteria
defining diabetes include a fasting plasma glucose level > 126 mg/dL (7.0 mmol/L), or
hemoglobin Alc (HbA1C) level > 6.5% (48 mmol/mol), or 2-h plasma glucose > 200 mg/dL
(11.1 mmol/L) during a 75-g oral glucose tolerance test, or symptoms related to hyperglycemia

or hyperglycemia with a random plasma glucose >200 mg/dL (11.1 mmol/L).!!

The Kidney Disease: Improving Global Outcomes (KDIGO) defines CKD as the persistent
reduction in estimated glomerular filtration rate (¢GFR) < 60 mL/min/1.73 m? or the persistent
elevation of urine albumin-to-creatinine ratio (UACR) > 30 mg/g, or both, for at least 3 months.’

Figure 1.1 shows the classification of CKD by eGFR and UACR values.’
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Figure 1.1. Classification of CKD based on eGFR and UACR

Green, low risk (if no other markers of kidney disease, no CKD); yellow, moderately increased risk; orange, high

risk; red, very high risk.
1.4. Pharmacologic interventions for type 2 diabetes and chronic kidney disease

The treatment for T2D and CKD is multifaceted and comprehensive. The treatment goal is to
reduce CV events, hospitalization, ACD, and especially, progression to ESKD.”"!? Interventions
are often multipronged and include pharmacologic treatment, smoking cessation, healthy diet,

weight control, and physical activity.’

The goal of pharmacologic interventions among T2D and CKD patients is management of
glycemia, blood pressure and lipids, as well as reducing CKD progression.”!*'* Canadian and
international guidelines recommend the use of renin-angiotensin system blockade, including an
angiotensin-converting enzyme inhibitor (ACE1) or an angiotensin II receptor blocker (ARB)
in patients with T2D and CKD who have hypertension and albuminuria.'>"!> The ACEi or ARB

should be used with a maximally tolerated dose to reduce the risk of CKD progression.



Although these drugs are well-tolerated, it is necessary to monitor adverse events (AEs) such

as hypotension, hyperkalemia, high serum creatinine levels, angioedema, and cough.

Novel glucose-lowering drugs, including sodium-glucose co-transporter 2 inhibitors (SGLT-
21) and glucagon-like peptide 1 receptor agonists (GLP-1RA), are recommended alongside an
ACEi or an ARB and metformin in patients with T2D and CKD.!*!> SGLT-2i are oral drugs
with effects of glucosuria and natriuresis that contribute to glycemic control, weight loss, blood
pressure-lowering, and reductions in intraglomerular pressure as well as fluid overload.!®
SGLT-2i also reduce oxidative stress, fibrosis, inflammation, and glomerular damage.'® All
these mechanisms of action explain the protection of SGLT-2i against CV and renal events.
However, treatment with SGLT-2i also entails higher risks of AEs, such as diabetic
ketoacidosis, amputation, fracture, acute kidney injury, urinary tract infection, volume
depletion, severe hypoglycemia, and genital mycotic infection.!” Treatment with SGLT-2i in
patients with T2D and CKD (eGFR > 20 mL/min/1.73 m?) continues until dialysis and kidney

transplantation. !>

GLP-1RA are used for treatment of T2D and CKD when SGLT-2i are not tolerated or
contraindicated.!> Alongside glycemic control through increases in insulin secretion and
decreases in glucagon secretion, treatment with GLP-1RA can reduce HbAlc, blood pressure,

lipids, and body weight.!®

GLP-1RA prevent renal damage by activating the cAMP-protein
kinase A to minimize the production of reactive oxygen species.!” GLP-1RA also suppress
cardiovascular inflammation and development of atherosclerosis.!® Therefore, GLP-1RA
reduce risks of CV events and progression of CKD. There is no need for dose adjustments in
patients having low eGFR treated with GLP-1RA (liraglutide, semaglutide, and dulaglutide).'?

However, treatment with GLP-1RA can be associated with higher risks of gastrointestinal

symptoms, retinopathy, pancreatitis, increased heart rate, and gallbladder disease.'



The combination of SGLT-21 and GLP-1RA can be used in patients with T2D and CKD who
are unable to attain HbA 1¢ targets or require cardiorenal risk reduction.'> If patients still cannot
maintain the glycemic goal, other glucose-lowering drugs, including insulin, sulfonylureas,
thiazolidinediones, and dipeptidyl peptidase 4 inhibitors, can be combined based on their

efficacy in lowering glucose levels.'®

A novel nonsteroidal mineralocorticoid antagonist (nsMRA), finerenone, is recommended in
patients with T2D and CKD who cannot use SGLT-2i or require cardiorenal risk reduction.?’
Finerenone selectively inhibits mineralocorticoid receptors, which results in reductions in
inflammation, fibrosis, and vasoconstriction in CV and kidney disease models.?! It has been
demonstrated to be efficacious in reducing risks of CV and renal events in patients with T2D
and CKD in large trials.??* However, it is also associated with significantly greater risk of

hyperkalemia than placebo.?

1.5. Existing literature and current knowledge gap

1.5.1. Comparative efficacy of new drugs in type 2 diabetes and chronic kidney disease

Previous meta-analyses have compared the effect of SGLT-2i and GLP-1RA on CV and renal
events in patients with CKD and/or T2D.*?8 SGLT-2i reduced significantly risk of renal events
by 21% (Risk ratio (RR), 0.79; 95% confidence interval (CI), 0.63-0.99) but were not associated
with significantly lower risk of major adverse cardiovascular events (MACE) than GLP-1RA.
Compared with placebo, SGLT-2i were associated with significantly lower risk of MACE (RR,
0.85; 95% CI, 0.75-0.96) and reduced risk of renal outcomes (RR, 0.68; 95% CI, 0.59-0.78).
There were no significant reductions in both MACE and renal outcomes between GLP-1RA
and placebo. However, these meta-analyses did not compare outcomes such as CV death,

myocardial infarction (MI), stroke, heart failure hospitalization (HFH), and ACD. Furthermore,



these analyses did not include several recent large trials of SGLT-21 and GLP-1RA in patients

with CKD.?*-3!

A previous meta-analysis has also examined the relative efficacy of SGLT-2i and finerenone in
reduction of cardiorenal events in patients with T2D and CKD.?® SGLT-2i significantly reduced
CKD progression (Hazard ratio (HR), 0.78; 95% CI, 0.67-0.90) and HFH (HR, 0.71; 95% CI,
0.55-0.92) compared with finerenone. There were no significant differences in risks of MACE,
MI, stroke, CV death and ACD between SGLT-2i and finerenone. However, this study did not
include a recent large trial about the efficacy of finerenone on CV events®* and other SGLT-2

inhibitor studies.??32-33

1.5.2. Cost-effectiveness analysis of new drugs in type 2 diabetes and chronic kidney

disease

International guidelines for treatment of T2D and CKD recommend SGLT-2i, such as
canagliflozin or dapagliflozin, as an add-on treatment with standard of care (SoC) to reduce
mortality and CKD progression.'*** However, differences in clinical outcomes and healthcare
costs between canagliflozin and dapagliflozin raise the question of which drug is cost-effective.
Compared with dapagliflozin, canagliflozin was associated with lower risk of CKD progression
and stroke.*-3” However, canagliflozin was less effective in reducing HFH, MI, dialysis, ACD,
and AEs than dapagliflozin.!”*>373% In Canada, treatment with SGLT-2i costs more than
C$1000 per year than treatment with SoC alone.*® Further, the cost of canagliflozin is higher
than the cost of dapagliflozin. Therefore, it is unclear whether canagliflozin or dapagliflozin

should be prioritized.

There are several cost-effectiveness analyses of using SGLT-2i as an add-on treatment to SoC

in patients with CKD. A study showed that adding canagliflozin to SoC (canagliflozin+SoC)



yielded cost savings of €12,574 and generated additional 1.2 QALY's compared with SoC alone
in patients with T2D and CKD in England.*® Another study demonstrated that adding
dapagliflozin to SoC (dapagliflozin+SoC) cost less (US$1,320) and gained 0.3 QALY than
SoC alone for treatment of CKD in Thailand.*! In the United States, dapagliflozin+SoC was
cost-effective versus SoC alone in patients with diabetic nephropathy or non-diabetic CKD,

with the ICER of US$21,141 or US$60,000, respectively.*>*

In Canada, the reimbursment status of SGLT-2i varies markedly across provinces.** For
example, the use of canagliflozin and dapagliflozin in patients with T2D is reimbursed without
any criteria in Ontario®, but these drugs are only eligible for reimbursement under special
authorization*®. There is no study examining the cost-effectiveness of canagliflozin+SoC versus
dapagliflozin+SoC in patients with T2D and CKD. Previous cost-effectiveness analyses only
compared canagliflozin+SoC or dapagliflozin+SoC individually versus SoC alone. Therefore,
it is unclear which among canagliflozin+SoC, dapagliflozin+SoC, and SoC alone is the most

cost-effective.

1.6. Objective of thesis

This thesis examines the comparative efficacy and cost-effectiveness of SGLT-2i, GLP-1RA,
and nsMRA for treatment of T2D and CKD. First, we conducted a systematic review and
network meta-analysis to assess the comparative effects of SGLT-2i, GLP-1RA, and nsMRA
on CV and renal outcomes in patients with T2D and CKD. Second, we evaluated the cost-
effectiveness of two SGLT-21, namely, canagliflozin and dapagliflozin as add-on treatments to

SoC versus SoC alone in patients with T2D and CKD.



1.7. Fundamental concepts of network meta-analysis and cost-effectiveness analysis

This thesis uses network meta-analysis to assess the relative efficacy of multiple pharmacologic
interventions for treatment of T2D and CKD and cost-effectiveness analysis to compare the
costs and health outcomes of these interventions. A brief overview of these analytical methods

is presented below.

1.7.1. Network meta-analysis

In clinical practice, it is becoming increasingly common to have more than one treatment option
for a clinical condition, raising the question of which treatment option is optimal. Network
meta-analysis is a technique to simultaneously compare outcomes of more than two
interventions for each outcome.*’*® It overcomes the limitation of conventional meta-analysis,
which only allows for comparing two interventions. Network meta-analysis also assesses and

ranks multiple treatments in the network.

In network meta-analysis, a network diagram is used to visualize the connection between
different interventions.*”* Figure 1.2 illustrates the network of four treatment groups (A, B, C,
and D) for one outcome. The area of circles or nodes is weighted by the number of patients in
each group. The size of lines or edges is proportional to the number of studies in each group.
Direct evidence is the comparison of two groups within a study (i.e., A versus C, or A versus
D), which are connected by lines. Indirect evidence is the comparison of two interventions
through a common comparator (i.e., B versus C through A). Treatment effects can be estimated

from direct comparisons, indirect comparisons, or both.



D

Figure 1.2. Network diagram

Treatment ranking is an important part of network meta-analysis. Depending on Frequentist or
Bayesian approaches, P-scores or the surface under the cumulative ranking curve (SUCRA) are
used to rank treatment, respectively. There is no difference in ranking results between these
methods.>® A higher score indicates a better ranking in the efficacy of treatment for a specific
outcome. However, P-scores and SUCRA need to be interpreted with caution as these depend
mainly on point estimate®® and a small trial with low quality and significant effect can rank
higher than a large trial with high quality and small effect. Therefore, the interpretation of P-
scores or SUCRA should be taken into account with 95% CI or credible intervals of treatment

effects, respectively.>”

Like conventional meta-analysis, the quality of network meta-analysis also depends on search
strategies, risk of bias, heterogeneity (variations in treatment effects), and publication bias.
However, two important issues need to be additionally considered in conducting network meta-
analyses.”! First, the assumption of transitivity is met. That is, patient characteristics are similar
across included studies. The indirect comparisons and overall results are biased if this
assumption is violated. The validity of this assumption is assessed by comparing the distribution

of patient characteristics across trials.*



Second, inconsistency between indirect and direct evidence needs to be assessed. The
inconsistent assumption can be checked by statistical tests with local and global approaches.
Local approaches, such as node splitting or Bucher methods, are used to examine the
inconsistency in a specific comparison, while global approaches (Q-test or I? statistic) are
performed to assess the inconsistency in a whole network.*”** Additionally, inconsistency is

also a manifestation of intransitivity.

1.7.2. Cost-effectiveness analysis

Cost-effectiveness analysis compares two or more alternative interventions based on their costs
and their effectiveness.’? The incremental cost-effectiveness ratio (ICER) is the difference in
cost of two strategies divided by their difference in effectiveness. A strategy is considered
dominant if it costs less and is more effective than another strategy. After excluding the
dominated strategy (which costs more and is less effective), a strategy is considered cost-
effective versus another strategy if its ICER is lower than the willingness-to-pay (WTP)

threshold.

Measuring costs plays a key role in the cost-effectiveness analysis. First, a perspective must be
clearly defined. The cost-effectiveness analysis can adopt one or more perspectives, such as
patient, payer, healthcare system, or society (including relevant costs of three previous
perspectives). The choice of perspective decides what types of costs are included. For example,
the healthcare system perspective only includes direct medical costs, whereas the societal
perspective consists of both direct medical and non-medical costs and indirect costs. Second, a
time horizon should be long enough to capture potential differences in costs and health
outcomes. Multiple time horizons may be used to show the variations of ICER in different
scenarios, especially when an intervention is more effective in the long term than in the short

term. Third, costs and effectiveness needs to be discounted to the present year.’>

10



The effectiveness can be measured by quality-adjusted life-years (QALY's) that are estimated
by multiplying utility values and the time that patients spend in health states. Utility values
reflect the quality of life of patients in specific health states. Utility values vary from 0 (dead)

to 1 (perfect health condition).’>>

The choice of model in the cost-effectiveness analysis depends on the disease pathway and the
impact of interventions on disease progression. Markov model is commonly used to model
chronic conditions such as T2D and CKD. This method allows for the movement of patients
through distinct health states over specific periods or cycles with equal lengths.’? However,
Markov model assumes that the risk of events is constant in each cycle, and it also ignores the
impact of individual’s history on both costs and effectiveness. Markov microsimulation might
be used to overcome these limitations because each individual would be modeled instead of a
cohort.>* The calculation of costs and QALY occurs within each cycle and is accumulated at
the end of analysis.’? Deterministic sensitivity analyses are conducted to assess the changes in
the ICER by varying one specific parameter. In contrast, probabilistic sensitivity analyses
examine the uncertainty of cost-effectiveness results by varying multiple parameters based on

their distribution.>?

1.8. Overview of the thesis

This thesis uses a manuscript style including four chapters, references, and appendices. Chapter
1 provides an introduction. I describe background information about epidemiology, disease
burden, definition, and treatment of T2D and CKD. This chapter also consists of existing

literature, study rationale, and main concepts of study design for chapters 2 and chapter 3.

Chapter 2 is the systematic review and network meta-analysis of novel drugs for treatment of

T2D and CKD. We compare the relative effects of SGLT-2i, GLP-1RA, and nsMRA on CV
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and renal outcomes. We also rank the effect of these drug classes on each outcome to guide

future discussions and decisions on treatment choices for T2D and CKD.

Chapter 3 is the cost-effectiveness analysis of SGLT-2i as an add-on to SoC in patients with
T2D and CKD. This study can shed light on which treatment strategy would be the most cost-
effective when canagliflozin+SoC, dapagliflozin+SoC, and SoC alone are available in the real
world. We conduct this study from the healthcare system perspective in Ontario, the largest

population province in Canada.

Chapter 4 summarizes findings and draws a conclusion from chapter 2 and chapter 3. I also
discuss important implications, limitations, and future research directions in T2D and CKD

treatment.

1.9. Thesis contributions

This thesis makes several important contributions. First, findings on the relative efficacy of
SGLT-2i, GLP-1RA, and nsMRA in reducing cardiorenal events in patients with T2D and CKD
can be helpful in informing the development of treatment guidelines and facilitating indirect
comparisons for health economic evaluations, especially when no head-to-head trials of these
drugs exist. Second, as it is unclear whether canagliflozin or dapagliflozin should be prioritized
because of their differences in clinical outcomes and healthcare costs, the findings from the
cost-effectiveness analysis of canagliflozin+SoC, dapagliflozin+SoC, and SoC alone for

treatment of T2D and CKD could guide policymakers’ and clinicians’ treatment choice.
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2.1. Abstract

Aims: This network meta-analysis compares relative efficacy of sodium-glucose cotransporter
2 inhibitors (SGLT-21), glucagon-like peptide 1 receptor agonists (GLP-1RA), and nonsteroidal
mineralocorticoid receptor antagonists (nsMRA) in improving cardiovascular (CV) and renal

outcomes in patients with type 2 diabetes (T2D) and chronic kidney disease (CKD).

Materials and methods: We searched PubMed, Embase, and Cochrane Library from inception
through November 25, 2022. We selected parallel randomized controlled trials that studied
patients with T2D and CKD with follow-up of at least 24 weeks and compared SGLT-21, GLP-
IRA, and nsMRA with each other and with placebo. The exclusion criteria were reviews, case
studies, case series, conference abstracts, animal experiments, or in vitro studies. Primary
outcomes were major adverse cardiovascular events (MACE) and composite renal outcomes
(CRO). Secondary outcomes were CV death, all-cause death, stroke, myocardial infarction, and
heart failure hospitalization (HFH). The risk of bias for each outcome in included studies was
assessed using the Cochrane Risk of Bias 2 tool. We used fixed-effects models for low degree
of heterogeneity and random-effects models for moderate or high degree of heterogeneity. A

frequentist approach was used to pool risk ratios (RR) with 95% confidence intervals (CI).

Results: 29 studies with 50,938 participants for MACE and 49,965 participants for CRO were
included. SGLT-2i did not significantly reduce MACE but were associated with significantly
lower risks of CRO compared with GLP-1RA (RR, 0.77; 95% CI, 0.64-0.91; p = 0.003) and
nsMRA (RR, 0.78; 95% CI, 0.68-0.90; p = 0.001). Compared with GLP-1RA and nsMRA,
SGLT-2i significantly reduced HFH (RR, 0.69; 95% CI, 0.55-0.88; p = 0.002) and (RR, 0.78;
95% CI, 0.63-0.95; p = 0.016), respectively, but did not significantly reduce other secondary
outcomes. There were no significant differences between GLP-1RA and nsMRA in lowering

all outcomes.
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Conclusion: SGLT-21 were associated with better cardiorenal protection than GLP-1RA and
nsMRA in patients with T2D and CKD. The head-to-head trials should be conducted to provide

more evidence and overcome the limitation of inconsistency in this network meta-analysis.
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2.2. Introduction

Type 2 diabetes (T2D) and chronic kidney disease (CKD) place a considerable burden on
healthcare systems. T2D and CKD affect approximately 130 million people globally.>® In 2019,
there were over 400,000 deaths due to T2D and CKD.>® People with T2D and CKD face high
risks of kidney failure and mortality and have other diseases, including hypertension,

cardiovascular (CV) diseases, and obesity.

Treatment goals for patients with T2D and CKD are to control glycemia, blood pressure, lipids,
and more importantly, to reduce CV events and progression to kidney failure.>* Renin-
angiotensin system blockers have been recommended in treating T2D and CKD for a long time,
but patients treated with these drugs still have high risks of CV death and CKD progression.>*
Novel drugs, such as sodium-glucose cotransporter-2 inhibitors (SGLT-21), glucagon-like
peptide-1 receptor agonists (GLP-1RA), and nonsteroidal mineralocorticoid receptor

antagonists (nsMRA) have provided more cardiorenal protection for treatment of T2D and

CKD.22’57’58

The comparisons of SGLT-2i, GLP-1RA, and nsMRA have not been explored, especially when
their head-to-head trials are currently lacking. There are several existing studies comparing the
relative efficacy of SGLT-21 and GLP-1RA as well as finerenone (a nsMRA) on CV and renal
outcomes in patients with T2D and CKD.?>-*® However, the comparative efficacy of SGLT-2i,
GLP-1RA, and nsMRA for treatment of T2D and CKD in reducing myocardial infarction (MI)
and stroke is still unknown. Additionally, recent trials of SGLT-2i*%**%% and GLP-1RA%! in
patients with T2D and CKD are released and provide new evidence to inform the development
of treatment guidelines. Therefore, we conduct a systematic review and network meta-analysis
to compare the relative efficacy of SGLT-2i, GLP-1RA, and nsMRA in improving CV and

renal outcomes in patients with T2D and CKD. Our study also compares the relative efficacy

16



of individual drugs to provide the results of indirect comparisons for the choice of optimal

regimen and use in health economic evaluations.

2.3. Methods

This study complies with the preferred reporting items for systematic review and network meta-
analysis guideline.* The study protocol was registered on PROSPERO (ID:

CRDA42021273577).

2.3.1. Search strategy

We searched articles in PubMed, EMBASE, and Cochrane Library. The search was limited to
English-language publications from inception of each database to November 25, 2022. In
addition, reference lists of published systematic reviews were reviewed. The search strategy
was reviewed by a librarian specialist. The PICO strategy included terms and medical subject
headings related to T2D and CKD, the names of SGLT-2i, GLP-1RA, nsMRA, and their
individual drugs, relevant outcomes, and randomized controlled trials. Details of search strategy

are presented in the Appendix 1.

2.3.2. Inclusion and exclusion criteria

We included parallel randomized controlled trials that: (i) examined at least one of the outcomes
of interest (see below) in adults (18 years or older) with T2D and CKD (defined as estimated
glomerular filtration rate (¢GFR) < 60 mL/min/1.73 m? or urinary albumin-to-creatinine ratio
(UACR) > 200 mg/g); and, (ii) compared SGLT-2i, GLP-1RA, and nsMRA with each other
and with placebo; and, (iii) had a follow-up of at least 24 weeks to detect potential benefits for
CV and renal outcomes. The exclusion criteria were reviews, case studies, case series,

conference abstracts, animal experiments, or in vitro studies.
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2.3.3. Outcomes

Primary outcomes were major adverse cardiovascular events (MACE, a composite outcome of
CV death, nonfatal MI, or nonfatal stroke) and composite renal outcomes (CRO, a composite
outcome of at least 40% decline in eGFR, doubling of serum creatinine, end-stage kidney
disease (ESKD) or renal death). ESKD was defined as eGFR less than 15 mL/min per 1.73 m?,
hemodialysis, or kidney transplantation. Secondary outcomes were CV death, all-cause death

(ACD), nonfatal/fatal stroke, nonfatal/fatal MI, and heart failure hospitalization (HFH).

2.3.4. Data collection

We used Covidence, a web-based software platform, to screen and extract data. Two reviewers
independently screened titles and abstracts based on the inclusion and exclusion criteria. The
full texts of potentially eligible studies were then retrieved and evaluated by each reviewer
using the same criteria. Duplicate abstracts and full texts were eliminated. Any disagreement
was discussed by two reviewers or a third reviewer if required. Standardized and pre-pilot
forms, including study characteristics (study name, publication year, and study number), type
of intervention, study population (sample size, age, gender, eGFR, HbAlc, UACR, and study
duration), and relevant outcomes, were designed to collect data and assess study quality. If trials
reported results from both intention-to-treat and per-protocol analyses, results from intention-

to-treat analyses were used.

2.3.5. Assessment of quality

The risk of bias for each included study was assessed using the Cochrane Risk of Bias 2 tool.%!
For each outcome, the risk of bias was evaluated independently by two reviewers across five
domains, including randomization process, deviations from intended interventions, missing

outcome data, measurement of outcome, and selection of reported outcome. For each study, a
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score was assigned for each domain. Then, the overall risk of bias was the maximum risk score
across the five domains. Any discrepancy was resolved by two reviewers or a third reviewer if

required.

2.3.6. Data analysis

We performed the network meta-analysis using the frequentist approach. To maximize trial-
level data, we used hazard ratios (HRs) and risk ratios (RRs) in order of priority. HRs from two
or more subgroups such as different eGFR groups were combined using fixed-effects or
random-effects model. Studies without outcomes in any arms were excluded from networks
due to no effect size. The Mantel-Haenszel method was used to estimate the overall RRs and
their 95% confidence intervals (95% CI) across all studies based on four groups including
SGLT-2i, GLP-1RA, nsMRA, and placebo. The tau? and I? statistics were calculated to assess
the degree of heterogeneity across studies. I? statistics of 0-25%, 25%-75%, and more than 75%
corresponded to low, moderate, and high degrees of heterogeneity, respectively. We used fixed-
effects models for low degree of heterogeneity and random-effects models for moderate or high
degree of heterogeneity. Visual funnel plots with Egger’s tests were used to assess publication
bias. Two-tailed tests were used and p-values less than 0.05 were considered for statistically
significance. We used P-scores (on a scale of 0 to 1, with higher scores indicating better
performance) to rank treatments for each outcome. Analyses were conducted using NetMeta
package in R 4.1.2.5% Network plots for visualizing network geometry and node connectivity

were generated for each outcome using network graph package in Stata 15.2.

We conducted additional sensitivity analyses in which GLP-1RA were classified into human
GLP-1RA (liraglutide, dulaglutide, albiglutide, and semaglutide) and exendin-4 GLP-1RA
(exenatide and lixisenatide) because of their differences in pharmacodynamics and

pharmacokinetics. We then compared efficacy of these groups with SGLT-2i and nsMRA in

19



reductions of primary outcomes. Additionally, we excluded studies with some concerns and a

high risk of bias to evaluate the robustness of results.

2.3.7. Ethics approval

Ethics approval was not required because this study only used previously published data.

2.4. Results

2.4.1. Study selection and study characteristics

A total of 5,270 titles and abstracts were screened, of which 383 full-text articles were assessed
(Figure 2.1). Finally, 29 studies that met the inclusion criteria were included in the meta-
analysis. All studies compared SGLT-2i, GLP-1RA, or nsMRA with placebo (Figure A.1.1,
Appendix 1). There were 18 studies assessing SGLT-2i2%30-33:35:59.60.64-75 " 9 gty dies assessing
GLP-1RA3!768 "and 2 studies assessing nsMRA?*** (Table A.1.1, Appendix 1). This network
meta-analysis covered 50,938 participants for MACE and 49,965 for CRO (Figure 2.2 and
Figure A.1.1, Appendix 1). The duration of follow-ups ranged from 24 weeks to 277.7 weeks.
There were similarities in patient characteristics such as gender, age, and baseline HbA1c across
studies. The eGFR values were consistent in trials, while UACR varied from 21.5 mg/g to
1025.5 mg/g across studies. Details of patient characteristics are shown in Table A.1.1

(Appendix 1).
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5530 studies imported for screening

Pubmed: 410 .
Embase: 3240 % L 260 c}ughcates removed

Cochrane Library: 1880

5270 studies screened against title and
abstract

4887 studies excluded

383 studies assessed for full-text eligibility ‘

354 studies excluded

153 conference publication

66 ineligible population

60 duplicate study

34 no relevant outcomes

31 ineligible study design

5 follow-up less than 24 weeks
5 ineligible comparison

29 studies included

Figure 2.1. Summary of included trials for network meta-analysis

21



A. Major adverse cardiovascular event B. Composite renal outcome

Placebo (n=24712; k=23) Placebo (n=24237; k=18)
. SGLT-2i GLP-1RA
SGLT-2i GLP-1RA (n=15315; k=12) (n=3894; k=4)
(n=14178; k= 14) (n=5529; k=7)
. nsMRA
nSMRA (n=6519; k=2)
(n=6519; k=2)

Figure 2.2. Network plots of comparisons for primary outcomes

A: Major adverse cardiovascular event was a composite outcome of cardiovascular death, nonfatal myocardial
infarction, or nonfatal stroke.

B: Composite renal outcome included at least a 40% decline in eGFR, doubling of serum creatinine, end-stage
kidney disease, or renal death.

GLP-1RA, glucagon-like peptide 1 receptor agonists;, nsMRA, nonsteroidal mineralocorticoid receptor
antagonists; SGLT-2i, sodium-glucose cotransporter 2 inhibitors.

k, the number of studies; n, the number of participants.

2.4.2. Risk of bias and publication bias

There were four studies with some bias concerns (Figure A.1.2, Appendix 1). Two studies
suffered from bias in randomization process leading to baseline imbalance.®®” Meanwhile, the
other two studies suffered from bias in measurement of outcomes due to non-blinded outcome
assessors.”>®3 There was no evidence of publication bias in all included studies (Figure A.1.3,

Appendix 1).
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2.4.3. Primary outcomes

Figure 2.3.A shows the network of comparisons for MACE. Although there were no significant
differences in reducing risks of MACE between SGLT-2i, GLP-1RA, and nsMRA, P-score
suggested that SGLT-2i were likely to be the most efficacious in reducing MACE, followed by
GLP-1RA and nsMRA. SGLT-2i were associated with significantly lower risk of MACE (RR,
0.85; 95% CI, 0.76-0.96; p = 0.009) than placebo. The risks of MACE were also lower in GLP-

1RA and nsMRA than in placebo, but these differences did not reach statistical significance.

A. Major adverse cardiovascular event B. Composite renal outcome
Direct Number of Number of Major adverse Direct Number of Number of Composite renal
Comparison Comparisons events  Participants cardiovascular event RR  95%.Cl Pscore  Comparison Comparisons events  Participants outcomes RR  95%-Cl P-score
Other vs 'GLP-1RA" Other vs 'GLP-1RA"
SGLT-2i 0 1233 14178 0.95 [0.79,1.14] 0.82 SGLT-2i 0 657 15315 — 0.77 [0.64,0.91] 1.00
nsMRA 0 833 8519 — 1.02 [0.80;1.29] 0.51 nsMRA 0 854 8519 —— 098 [0.83;1.16] 053
Placebo 7 2726 24712 —— 1.11 [0.96; 1.28] 0.09 Placebo 4 2279 24237 — 1.17 [1.02;1.35]  0.01
Other vs 'nsMRA’ Other vs 'nsMRA"
SGLT-2i 0 1233 14178 —ET 093 [0.74;1.17] 082 SGLT-2i 0 857 15315 —&— 078 [068;090] 1.00
GLP-1RA 0 784 5529 —a— 0.98 [0.77,1.25] 0.8 GLP-1RA 0 365 3894 —F— 1.02 [0.86;1.20] 0.47
Placebo 2 2728 24712 —TE— 1.09 [0.90; 1.32] 0.09 Placebo 2 2279 24237 - 1.19 [1.08;1.30] 0.01
Other vs "SGLT-2i" Other vs 'SGLT-2i"
GLP-1RA 0 784 5529 —E— 1.06 [0.88;1.27] 0.58 nsMRA 0 854 6519 —=— 128 [1.11:147] 053
nsMRA 0 833 8519 —TE— 1.07 [0.86; 1.35] 0.51 GLP-1RA 0 385 3894 — 1.30 [1.09; 1.55] 0.47
Placebo 14 2726 24712 = 1.17 [1.04;1.32]  0.09 Placebo 12 2279 24237 = 1,52 [1.37; 169  0.01
Other vs 'Placebo’ Other vs 'Placebo’
SGLT-2i 14 1233 14178 —— 0.85 [0.76, 0.96] 0.82 SGLT-2i 12 657 15315 = 0.66 [0.59,0.73] 1.00
GLP-1RA 7 784 5529 = 090 [0.78;1.04] 058 nsMRA 2 854 8519 = 0.84 [0.77,092] 0.53
nsMRA 2 833 8519 —=— 0.92 [0.76, 1.11]  0.51 GLP-1RA 4 365 3894 —=— 0.86 [0.74,0.99] 0.47
1 S —
0.5 1 2 0.5 1 2
Favors treatment Favors comparator Favors treatment  Favors comparator
Test of heterogeneity: tau*2 = 0.014; 1"2 = 39.7%; p = 0.032 Test of heterogeneity: tau*2 = 0; 1'2 =0%; p = 0.792

Figure 2.3. Forest plots of network meta-analysis of primary outcomes

A: Major adverse cardiovascular event was a composite outcome of cardiovascular death, nonfatal myocardial
infarction, or nonfatal stroke.

B: Composite renal outcome included at least a 40% decline in estimated glomerular filtration rate, doubling of
serum creatinine, end-stage kidney disease, or renal death.

GLP-1RA, glucagon-like peptide 1 receptor agonists;, nsMRA, nonsteroidal mineralocorticoid receptor
antagonists; SGLT-2i, sodium-glucose cotransporter 2 inhibitors.

The network of comparisons for CRO is presented in Figure 2.3.B. SGLT-2i were associated
with significant reductions in CRO compared with GLP-1RA (RR, 0.77; 95% CI, 0.64-0.91; p
= 0.003) and nsMRA (RR, 0.78; 95% CI, 0.68-0.90; p = 0.001). Therefore, SGLT-2i ranked

higher than GLP-1RA and nsMRA, while nsMRA and GLP-1RA ranked equally. Compared
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with placebo, SGLT-2i (RR, 0.66; 95% CI, 0.59-0.73; p < 0.001), nsMRA (RR, 0.84; 95% CI,
0.77-0.92; p < 0.001) and GLP-1RA (RR, 0.86; 95% CI, 0.74-0.99; p = 0.030) significantly

lowered risks of CRO.

2.4.4. Secondary outcomes

Figure 2.4 presents the network of comparisons for secondary outcomes. Compared with GLP-
IRA and nsMRA, SGLT-2i significantly reduced risks of HFH by 31% (RR, 0.69; 95% ClI,
0.55-0.88; p = 0.002) and 22% (RR, 0.78; 95% CI, 0.63-0.95; p = 0.016), respectively. There
were no significant differences in reductions of CV death, stroke, MI, and ACD among SGLT-
21, GLP-1RA, and nsMRA, but SGLT-2i had the highest ranking compared with the remaining
treatments. nsSMRA ranked higher in reducing CV death and HFH but lower in reducing stroke,

MI, and ACD than GLP-1RA.

There were differences in efficacy of SGLT-21, GLP-1RA, and nsMRA in improving secondary
outcomes compared with placebo. SGLT-21 were associated with significantly lower risks of
CV death (RR, 0.84; 95% CI, 0.75-0.95; p = 0.004), stroke (RR, 0.77; 95% CI, 0.60-0.99; p =
0.040), MI (RR, 0.76; 95% CI, 0.66-0.88; p < 0.001), HFH (RR, 0.61; 95% CI, 0.54-0.69; p <
0.001), and ACD (RR, 0.86; 95% CI, 0.78-0.95; p = 0.003) than placebo. Although GLP-1RA
did not significantly reduce risks of all secondary outcomes compared with placebo, their point
estimates were consistently below 1.00. Meanwhile, nsMRA were associated with significantly
lower risk of HFH (RR, 0.78; 95% CI, 0.66-0.92; p = 0.004) but had no effect on reducing risk
of stroke compared with placebo. nsMRA did not significantly reduce risks of remaining
secondary outcomes compared with placebo, but their point estimates were consistently below

1.00.
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A. Cardiovascular death

B. Stroke

Number of
evenis

245
198
601

245
102
801

102
198
601

245
102
198

Number of Stroke

Participants RR 95%-Cl
11272 — 0.96 [0.61; 1.51]
6519
19396
11272
2673
19396
2673 i 1.04 [0.66; 1.64]
6519 —r—+— 1.30 [0.85: 1.97]
19396 — 1.30 [1.01; 1.67]
11272 — 0.77 [0.60; 0.99]
2673 _— 0.80 [0.55; 1.17]
6519 L 1.00 [0.71; 1.40]

0.5 1 2
Favors treatment Favors comparator

Test of heterogeneity: tau’2 = 0,038; I1°2 = 36.4%; p = 0.100

D. Heart failure hospitalization

Direct Number of Number of Cardiovascular death Direct
Comparison Comparisons  events Participants RR 95%-Cl P-score Comparison Comparisons
Other vs 'GLP-1RA’ Other vs 'GLP-1RA’
SGLT-2i 0 544 13108 — = 0.94 [0.75;1.17] 080 SGLT-2i 1]
nsMRA 0 322 6518 —s— 099 [0.78;125] 060 nsMRA [
Placebo 3 1151 21255 i 1.12 [0.83; 1.35] 0.06 Placebo 2
Other vs 'nsMRA’ Other vs 'nsMRA'
SGLT-2i o 544 13108 —— 0.95 [0.79; 1.15] 0.80 SGLT-2i o
GLP-1RA 0 215 2813 —_— 1.01 [0.80;1.29] 054 GLP-1RA 0
Placebo 2 1151 21255 — 113 [098;131] 008 Placebo 2
Other vs 'SGLT-2i" Other vs "SGLT-2i*
nsMRA 0 322 6513 i 1.05 [0.87;1.27] 080 GLP-1RA o]
GLP-1RA 0 215 2813 —E— 1.06 [0.85;1.33] 054 nsMRA 1]
Placebo 12 1151 21255 - 1.19 [1.06; 1.34] 0.06 Placebo 10
Other vs 'Placebo’ Other vs 'Placebo’
SGLT-2i 12 544 13108 —. 084 [0.75;085] 080 SGLT-2i 1
nsMRA 2 322 6518 — 0.88 [0.76; 1.02] 060 GLP-1RA 2
GLP-1RA 3 215 2813 = 0.89 [0.74,1.08] 054 nsMRA 2
0.5 1 2
Favors treatment  Favors comparator
Test of heterogeneity: taut2 = 0.001; 12 = 2.8%; p = 0.421
C. Myocardial infarction
Direct Number of Number of Myocardial infarction Direct
Comp: Lt events Partici RR 95%-Cl P-score Comparison Comparisons
Other vs 'GLP-1RA' Other vs 'GLP-1RA'
SGLT-2i 378 11213 — &7 087 [0.70;1.10] 093 SGLT-2i o
nsMRA o 173 6518 — 1.04 [0.79; 1.36] 0.44 nsMRA o
Placebo 2 884 19368 L 1.15 [0.97; 1.36] 0.08 Placebo 2
Other vs 'nsMRA’ Other vs 'nsMRA"
SGLT-2i 0 378 11213 . 0.84 [0.65;1.09] 093 SGLT-2i 0
GLP-1RA b} 245 2873 —— 0.96 [0.74, 1.26] 056 GLP-1RA o]
Placebo 2 884 19368 1= 1.11 [0.90; 1.36] 0.08 Placebo 2
Other vs 'SGLT-2i" Other vs "SGLT-2i*
GLP-1RA 245 2673 o 114 [091;143] 056 nsMRA 0
nsMRA ") 173 6518 T 119 [082;153] 044 GLP-1RA o
Placebo 10 884 19368 — 1.31[1.13,1.52] 0.08 Placebo "
Other vs 'Placebo’ Other vs 'Placebo’
SGLT-2i 10 3re 11213 — 0.76 [0.66,0.88] 093 SCGLT-2i 1
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Figure 2.4. Forest plots of network meta-analysis of secondary outcomes

GLP-1RA, glucagon-like peptide 1 receptor agonists; nsMRA, nonsteroidal mineralocorticoid receptor

antagonists;, SGLT-2i, sodium-glucose cotransporter 2 inhibitors.
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2.4.5. Individual drugs

The efficacy of individual drugs versus placebo in reductions of primary and secondary
outcomes is shown in Figure 2.5. Among all drugs, liraglutide, a GLP-1RA, ranked highest in
lowering MACE, CV death, stroke, and ACD. Meanwhile, canagliflozin and sotagliflozin were
considered the most efficacious SGLT-2i in reductions of MACE, MI, and stroke.
Dapagliflozin, followed by empagliflozin and canagliflozin, had the highest ranking in lowering
CRO. Ertugliflozin ranked highest for reduction in HFH but lower for reductions in remaining
outcomes than other SGLT-2i. Finerenone, a nsMRA, ranked equal or lower in reducing
primary and secondary outcomes compared with liraglutide, dapagliflozin, canagliflozin,

empagliflozin, and sotagliflozin.
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A. Major adverse cardiovascular event B. Composite renal outcome
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Figure 2.5. Forest plots of network meta-analysis for individual drugs

GLP-1RA, glucagon-like peptide 1 receptor agonists; nsMRA, nonsteroidal mineralocorticoid receptor
antagonists;, SGLT-2i, sodium-glucose cotransporter 2 inhibitors.

2.4.6. Sensitivity analysis

Our sensitivity analysis results are presented in Figure 2.6. When GLP-1RA were separated

into exendin-4 and human GLP-1RA, human GLP-1RA and SGLT-2i significantly reduced

27



risks of MACE by 24% (RR, 0.76; 95% CI, 0.63-0.92; p = 0.005) and 17% (RR, 0.83; 95% CI,
0.71-0.97; p = 0.017), respectively, compared with exendin-4 GLP-1RA. Additionally, SGLT-
21 were associated with significantly lower risks of CRO compared with exendin-4 GLP-1RA
(RR, 0.70; 95% CI, 0.49-1.00; p = 0.049) and human GLP-1RA (RR, 0.78; 95% CI, 0.65-0.94;
p =0.010). However, there were no significant differences in risks of MACE and CRO among
nsMRA, exendin-4 GLP-1RA, human GLP-1RA. Human GLP-1RA were associated with
significantly lower risks of MACE (RR, 0.78; 95% CI, 0.68-0.90; p < 0.001) and CRO (RR,
0.84; 95% CI, 0.72-0.98; p = 0.026) than placebo. When studies with some concerns and a high

risk of bias were excluded, the results were still robust.

A. Major adverse cardiovascular event B. Composite renal outcome
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Figure 2.6. Sensitivity analyses for primary outcomes

A: Major adverse cardiovascular event was a composite outcome of cardiovascular death, nonfatal myocardial
infarction, or nonfatal stroke.

B: Composite renal outcome included at least a 40% decline in estimated glomerular filtration rate, doubling of
serum creatinine, end-stage kidney disease, or renal death.

GLP-1RA, glucagon-like peptide 1 receptor agonmists, nsMRA, nonsteroidal mineralocorticoid receptor
antagonists;, SGLT-2i, sodium-glucose cotransporter 2 inhibitors.

28



2.4.7. Heterogeneity and network inconsistency

Heterogeneity across studies was low to moderate for primary and secondary outcomes (Figure
2.2 and Figure 2.3). For primary outcomes, heterogeneity was moderate for MACE (tau® =
0.014; 2= 39.7%; p = 0.032) and low for CRO (tau? = 0; I>= 0%; p = 0.792). For secondary
outcomes, heterogeneity was low for CV death (tau? = 0.001; I>=2.8%; p = 0.421), MI (tau® =
0.004; I>=8.7%; p = 0.360), HFH (tau® = 0; I>= 0%; p = 0.565, and ACD (tau® < 0.001; I>=
0.7%; p = 0.444), and moderate for stroke (tau® = 0.038; I> = 36.4%; p = 0.100). Network
consistency was not assessed in this study as no trial compared SGLT-21, GLP-1RA, and

nsMRA against each other.

2.5. Discussion

This network meta-analysis compared efficacy of SGLT-2i, GLP-1RA, and nsMRA in
improving CV and renal outcomes among patients with T2D and CKD. We found that SGLT-
21 did not significantly reduce risks of MACE but were associated with significantly lower risks
of CRO and HFH compared with GLP-1RA and nsMRA. There were no significant differences

between GLP-1RA and nsMRA in lowering primary and secondary outcomes.

This study showed that SGLT-2i were more efficacious in reducing HFH and CRO than GLP-
1RA and nsMRA. Compared with GLP-1RA, the better efficacy of SGLT-2i may be explained
by their ability to directly influence CV and renal outcomes beyond their effects through
lowering glucose levels. For instance, the DAPA-HF and EMPEROR-Reduced trials
demonstrated the efficacy of dapagliflozin and empagliflozin in lowering CV death and HFH
in patients with heart failure with reduced ejection fraction regardless of diabetic and kidney
status.3*® In addition, the DAPA-CKD and EMPA-KIDNEY trials showed evidence of renal

protection with dapagliflozin and empagliflozin, which was independent of diabetes status.>*>
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Among nsMRA, finerenone selectively inhibits mineralocorticoid receptors, which results in
reductions in renal inflammation, fibrosis, and vasoconstriction.”! However, these mechanisms
could be insufficient for finerenone to have more benefits than SGLT-2i. This is because SGLT-
21 not only have mechanisms similar to finerenone but also are related to glucosuria and
natriuresis that contribute to glycemic control, weight loss, blood pressure-lowering, reductions

in intraglomerular pressure as well as fluid overload.'®

Our study found a moderate degree of heterogeneity for MACE and stroke. These results and
existing evidence suggest specific-drug effects on MACE and stroke.*® While canagliflozin and
sotagliflozin significantly reduced risks of MACE and stroke, empagliflozin and dapagliflozin
did not. However, these differences could be related to sample size because the number of
patients treated with canagliflozin and sotagliflozin were higher than that of patients treated
with empagliflozin and dapagliflozin. Additionally, heterogeneity for stroke can explain part of
heterogeneity for MACE because MACE was a composite outcome of CV death, nonfatal MI,
or nonfatal stroke. The heterogeneity for stroke could arise due to differences in stroke
definitions in each trial. For example, the DECLARE-TIMI 58 trial only reported effects of
dapagliflozin on ischemic stroke, while other trials for canagliflozin and sotagliflozin assessed
effects of SGLT-2i on total stroke (including ischemic, hemorrhagic, and undetermined
strokes).>>047071.87 The benefits of SGLT-2i on total stroke can come from reduction in
hemorrhagic stroke because of lowering blood pressure of this class. High blood pressure leads

to a higher risk of hemorrhagic stroke than ischemic stroke.3%%

Our sensitivity analyses showed that human GLP-1RA offered better cardiorenal protection
than exendin-4 GLP-1RA. Several factors may explain this finding. First, from the
pharmacodynamic perspective, compared to exendin-4 GLP-1RA, human GLP-1RA are

compounds with endogenous structures that could easily activate GLP-1 receptors through
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physiological pathways.”® Further, exendin-4 GLP-1RA are eliminated through glomerular
filtration to create inactive metabolites such as smaller peptides and amino acids, while human
GLP-1RA are partially metabolized into active metabolites in target tissues through route of
large proteins.”! Second, there were differences in patient characteristics across human and
exendin-4 GLP-1RA trials. For instance, the ELIXA trial evaluating efficacy of lixisenatide (an
exendin-4 GLP-1RA) enrolled patients with recent acute coronary syndrome, while other trials
did not.?” The EXSCEL trial assessing the efficacy of exenatide (an exendin-4 GLP-1RA) had
a high attrition rate of 40%.%' Nevertheless, a recent trial of exendin-4 GLP-1RA of
efpeglenatide suggested that this drug may be effective in reducing risks of CV and renal events
in patients with T2D.”? Unfortunately, we could not include efpeglenatide in this study because

its data on efficacy in patients with T2D and CKD were not available.

Given the different mechanisms of actions of SGLT-2i, GLP-1RA, and nsMRA, combinations
of these drugs may potentially enhance clinical benefits. A real-world evidence study and
subgroup analyses from a trial have shown that combinations of SGLT-21 and GLP-1RA as
well as finerenone and SGLT-2i or GLP-1RA may be efficacious in reducing CV events,
although sample sizes of these groups are small.?*** Therefore, future individual trials should
be conducted to assess these hypotheses. However, even if these combinations have promising

results, high costs may be a barrier to their use in clinical practice.

This study has several limitations. First, inconsistency between indirect and direct comparisons
could not be evaluated due to unavailability of data directly comparing SGLT-2i, GLP-1RA,
and nsMRA. Second, this network meta-analysis included data from subgroup analyses in trials.
There could be an imbalance between intervention and placebo groups that may bias the results.
Additionally, the small number of patients in some subgroups can reduce power to detect

statistical differences between intervention and placebo groups. Third, we did not compare
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safety of drugs in this study. Fourth, our search strategy only included English publications,
which may miss publications in other languages. Lastly, the trials included in this study varied
in several aspects, including UACR values in the study sample, definitions of events, and

follow-up durations.

2.6. Conclusion

This network meta-analysis found that SGLT-2i provided better cardiorenal protection than
GLP-1RA and nsMRA in patients with T2D and CKD. There were no significant differences

between GLP-1RA and nsMRA in reducing CV and renal outcomes.
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3.1. Abstract

Aims: This study examines the cost-effectiveness of adding canagliflozin or dapagliflozin to
standard of care (SoC) versus SoC alone in patients with type 2 diabetes (T2D) and chronic

kidney disease (CKD)

Methods: We used a Markov microsimulation model to assess the cost-effectiveness of
canagliflozin plus SoC (canagliflozin+SoC), dapagliflozin plus SoC (dapagliflozin+SoC), and
SoC alone. Analyses were conducted from a healthcare system perspective over a lifetime
horizon. Model inputs were derived from clinical trials and published literature using Canadian
data. Costs were measured in 2021 Canadian dollars (C$), and effectiveness was measured in

quality-adjusted life years (QALYs). All cost and QALY's were discounted at 1.5% per year.

Results: Over a patient’s lifetime, canagliflozin+SoC was the most cost-effective treatment
strategy. Canagliflozin+SoC yielded cost savings of C$33,460 and generated 1.38 additional
QALYs compared with SoC alone. While QALY gains with dapagliflozin+SoC were higher
than those with canagliflozin+SoC, this strategy was also more costly with the incremental cost-
effectiveness ratio exceeding the willingness to pay threshold of C$50,000 per QALY.
Dapagliflozin+SoC, however, generated cost savings and QALY gains compared with
canagliflozin+SoC over shorter time horizons of 5 or 10 years. This result arose as dapagliflozin

is more efficacious than canagliflozin in reducing short-term CV events and adverse events.

Conclusion: Dapagliflozin+SoC was not cost-effective versus canagliflozin+SoC in patients
with T2D and CKD over the lifetime horizon. However, adding canagliflozin or dapagliflozin

to SoC was less costly and more effective relative to SoC alone for treatment of T2D and CKD
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3.2. Introduction

Chronic kidney disease (CKD) and type 2 diabetes (T2D) are major public health challenges.
Although there have been improvements in treatment of CKD and T2D, patients treated with
standard of care (SoC), including renin-angiotensin system blockers and medications to control
glycemia, blood pressure, and lipids, still have excess risks of cardiovascular (CV) events and
kidney failure.** Sodium-glucose cotransporter 2 inhibitors (SGLT-2is), such as canagliflozin
and dapagliflozin, have demonstrated cardiorenal protection in patients with CKD and T2D 3>
Recent guidelines for treatment of CKD and T2D recommend canagliflozin in combination
with SoC (canagliflozin+SoC) or dapagliflozin in combination with SoC (dapagliflozin+SoC)

to reduce mortality and CKD progression.'?

However, given differences in clinical outcomes and healthcare costs, it is unclear whether
canagliflozin or dapagliflozin should be prioritized as an add-on treatment to SoC from an
economic standpoint. Compared with dapagliflozin, canagliflozin is more effective in reducing
CKD progression and stroke but is less effective in reducing heart failure hospitalization (HFH),
myocardial infarction (MI), dialysis, and all-cause death (ACD).%>-7% Patients treated with
canagliflozin also have a greater risk of adverse events (AEs) than those treated with
dapagliflozin.!” Furthermore, canagliflozin+SoC costs C$1,000 more than dapagliflozin+SoC

per year.*’

There is limited evidence on the cost-effectiveness of canagliflozin+SoC, dapagliflozin+SoC,
and SoC alone for treatment of CKD and T2D. Most previous studies examine the cost-
effectiveness of these treatments for patients with either CKD or T2D.*!#>% To the extent that
patients with both CKD and T2D face higher risks of CV and renal events as well as have
greater healthcare costs than those with CKD or T2D, these studies are unable to shed light on

the cost-effectiveness of these treatments for the specific group of patients with both CKD and

35



T2D. Only one study showed that canagliflozin+SoC was less costly and more effective than
SoC alone in patients with CKD and T2D.*® However, this study compared the cost-
effectiveness of only canagliflozin+SoC versus SoC alone. No study has compared the cost-
effectiveness of canagliflozin+SoC versus dapagliflozin+SoC in patients with CKD and T2D.
This study fills this gap by examining the cost-effectiveness of canagliflozin+SoC,

dapagliflozin+SoC, and SoC alone in patients with CKD and T2D.

3.3. Methods

3.3.1. Treatment strategies

This cost-effectiveness analysis compares three strategies. First, SoC alone is the guideline-
directed medical therapy'?, including a renin-angiotensin system blocker and medications to
control glycemia, blood pressure, and lipids. Second, canagliflozin+SoC is the use of
canagliflozin 100 mg once daily in combination with SoC. Third, dapagliflozin+SoC is the use
of dapagliflozin 100 mg once daily in combination with SoC. Treatment with canagliflozin and
dapagliflozin would be permanently stopped when patients reach dialysis, or kidney transplant,

or experience amputation or diabetic ketoacidosis.?

3.3.2. Study cohort

The study population was patients recruited in CREDENCE trial®® for canagliflozin. The mean
age and T2D duration of patients were 63 years and 15.8 years, respectively. This population
had 33.9% of women and 14.5% with a history of smoking history. The percentage of patients
with CVD was 10.0% for MI, 10.4% for stroke, and 14.8% for HFH. The mean estimated
glomerular filtration rate (¢eGFR) value was 56.2 ml/minute/1.73 m2, while the median urine
albumin-to-creatinine ratio (UACR) value was 927 mg/g. Details of patient characteristics are

presented in Table A.2.1 (Appendix 2).
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3.3.3. Model structure

We used a Markov microsimulation model to simulate a hypothetical cohort of 1,000 patients
with T2D and CKD. The model comprised 8 health states that captured the CKD progression
based on eGFR (mL/min/1.73 m?): CKD 1 (eGFR > 90), CKD 2 (90 > eGFR > 60), CKD 3a
(60 > eGFR >45), CKD 3b (45 > eGFR > 30), CKD 4 (30 > eGFR > 15), CKD 5 (15 > eGFR
> 10.5), dialysis (eGFR < 10.5), and post-kidney transplant.>* Additionally, our model also
captured the changes in UACR, including macroalbuminuria (30 < UACR < 300 mg/g) and
microalbuminuria (UACR > 300 mg/g). In each health state, patients faced risks of MI, stroke,
HFH, AEs, and ACD. ACD was further categorized into CV and non-CV death due to the effect
of SGLT-2i on CV death. For each patient who remained alive, their clinical characteristics
were updated before they entered the next cycle. The model used a lifetime horizon, and cycle

length was 1 month. Details of the model are shown in Figure 3.1.

CKm -—- Microalbuminuria Macroalbuminuria

R W
CKD 2 : :
: HHF :

CKD 3a Non-fatal MI
: Non-fatal Stroke :
CKD 3b : : :
l/j i | Adverseevents |:
CKD 4 : :
: ---------------------------- -
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CKD 5 i patient characteristics :

Non-CV Death

Dialysis Post-kidney CV Death
H transplant : :

H
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Figure 3.1. Markov model

CKD, chronic kidney disease; HFH, heart failure hospitalization; MI, myocardial infarction; CV cardiovascular.
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3.3.4. Model inputs

Health state transitions and risk of events

Transitions of patients through health states were determined by eGFR values. The eGFR values
in each cycle were calculated based on the rates of eGFR decline observed in the trials (Table
A.2.2, Appendix 2).3>% Patients from CKD 3a to CKD 5 also faced risks of dialysis. Patients
in CKD 5 or dialysis health states could require kidney transplants, and patients in post-kidney
transplant health state could return to dialysis health state again. Additionally, patients could
move between macroalbuminuria and microalbuminuria based on UACR decline. All transition

probabilities were obtained from the published literature (Table A.2.3, Appendix 2).4%7

We used the validated CREDEM-DKD model®’ and other published studies’®!% to calculate
probabilities of HFH, M1, stroke, dialysis, and ACD in based on patients’ characteristics in each
cycle. We assumed that CV death accounted for 70% of ACD.** During treatment, patients also
faced risks of AEs, such as diabetic ketoacidosis, severe hypoglycemia, volume depletion, acute
kidney injury, fracture, amputation, urinary tract infection, and genital mycotic infection.

Probabilities of AEs were obtained from the published literature (Table A.2.4, Appendix

2)'35,105

Treatment effects

The effects of dapagliflozin and canagliflozin on eGFR, UACR, risk of CV events, dialysis,
and ACD were obtained from subgroups of patients with CKD and T2D in the DAPA-CKD
38105 and CREDENCE trials*. The patient characteristics of these subgroups were similar,
which could contribute to the reliability of indirect comparisons. While eGFR values initially
declined during the first 2-3 weeks of treatment with canagliflozin or dapagliflozin, rates of

eGFR decline were subsequently lower than those with SoC alone.***® Compared with
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dapagliflozin, canagliflozin was associated with slower eGFR decline and lower risk of
stroke.>>37 However, canagliflozin was less effective in reducing UACR, HFH, M1, dialysis,
ACD, and AEs than dapagliflozin.!73%37-3:19 Detailed information about treatment effects of

canagliflozin and dapagliflozin is shown in Table A.2.2 and A.2.5 (Appendix 2).

In the base case analysis, we assumed that drug efficacy was maintained over the patient’s
lifetime. We varied this assumption in sensitivity analyses below. Treatment with SGLT-2is
ceased when patients reached dialysis, or kidney transplant, or experienced amputation or
diabetic ketoacidosis. The model also allowed for an annual SGLT-2i treatment discontinuation

rate of 4.74%.3

Cost

Costs were estimated from the healthcare system perspective using Canadian data sources.
Thus, only direct medical costs were considered. The model included costs of canagliflozin,
dapagliflozin, SoC, healthcare management for CKD stages, CV events, and AEs (Table
3.1).103%107-115 Dryg costs were obtained from the Ontario Public Drug Program.*® The cost of
SoC was calculated based on the mix of drugs used by patients in the CREDENCE trial and the
cost of these drugs® (Table A.2.6, Appendix 2). All costs were discounted at 1.5% per year>

and inflated to 2021 Canadian dollars using the healthcare component of consumer price

index.!'!°
Table 3.1. The annual cost of treatment
Variable Value Standard error | Reference
Treatments
Canagliflozin 1,055.94 264 39
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Dapagliflozin 997.13 249 39
SoC 1,348.71 337 Appendix 2
Background management

CKD 1/2 102 26 107
CKD 3a/3b 220 55 107
CKD 4 395 99 107
CKD 5 without dialysis 5,593 1,398 107
Diagnostic procedures for initial dialysis 621 155 108
Dialysis 72,436 18,109 10
Initial admission for kidney transplants 29,496 7,374 109
Post-kidney transplants

First-year 84,076 21,019 109
Second year 28,636 7,159 109
After second year 26,131 6,533 109
CV events

CV death 11,081 2,770 110
Nonfatal MI event 21,129 5,282 110
Post-MI 3,304 826 110
Nonfatal stroke event 28,780 7,195 110
Post-stroke 3,993 998 110
HFH event 19,329 4,832 110
Post-HFH 5,419 1,355 110
Adverse events

Amputation 44,645 11,161 110
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Post-amputation 6,115 1,529 110
Fracture 9,629 2,407 m
Diabetic ketoacidosis 6,829 1,707 12
Acute kidney injury 5,271 1,318 113
Severe hypoglycemia 2,324 581 110
Urinary tract infection 214 54 114
Volume depletion 69 17 115
Genital mycotic infection 43 11 114

All costs were calculated in 2021 Canadian dollars.
CKD, chronic kidney disease; CV cardiovascular;, HFH, heart failure hospitalization;, MI, myocardial infarction;
SoC, standard of care.

Effectiveness

Effectiveness was measured by quality-adjusted life-years (QALYs). QALY's were estimated
by multiplying utility values for each health state by the time patients spent in those health
states. Utility and disutility values were obtained from studies, which directly elicited health
state utilities from patients as well as published cost-effectiveness analyses. A baseline utility
for patients with T2D was used; disutility values were then applied for CKD stages, CV events,
and AEs (Table 3.2).!''>!17-125 Given the long-term impacts of MI, stroke, HFH, and
amputations, patients who experienced these events had a lower utility for the remainder of

their lives.!!? All utility values were discounted at 1.5% per year.>
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Table 3.2. Health state utility and event-specific disutility

Variable Value Standard error Reference

Utility for diabetes 0.792 0.002 w

Disutility for CKD stages

CKD 1/2 0 0 118
CKD 3a/3b 0.0300 0.0075 118119
CKD 4 0.0500 0.0125 118,119
CKD 5 0.0600 0.0150 118,119
Dialysis 0.1800 0.0450 118
Transplant 0.0300 0.0075 120

Disutility for CV events

Nonfatal MI event 0.0409 0.0002 121
Post-MI 0.0120 0.0003 110
Nonfatal stroke event 0.0524 0.0001 121
Post-stroke 0.0400 0.0002 110
HFH event 0.0635 0.0002 121
Post-HFH 0.0180 0.0002 110
Disutility for adverse events Value Standard error Reference
Amputation® 0.2800 0.0700 120
Fracture 0.0390 0.0098 17
Diabetic ketoacidosis 0.0091 0.0023 122
Acute kidney injury 0.0240 0.0060 123
Severe hypoglycemia 0.0100 0.0025 124
Urinary tract infection 0.0043 0.0011 125
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Volume depletion 0.0043 0.0011 115

Genital mycotic infection 0.0046 0.0012 125

“Permanent disutility was applied for this event.
CKD, chronic kidney disease; CV cardiovascular;, HFH, heart failure hospitalization; MI, myocardial infarction.

3.3.5. Cost-effectiveness analysis

The incremental cost-effectiveness ratio (ICER) between two strategies is calculated by
dividing their difference in cost by their difference in QALYs. A dominated strategy — one that
is more expensive and produces fewer QALY's than another strategy — is excluded from the
analysis. Among the remaining strategies, we considered a strategy to be cost-effective versus
another strategy if its ICER was lower than the widely accepted willingness-to-pay (WTP)

threshold of C$50,000 per QALY.!?¢

To evaluate the robustness of our results, we conducted one-way sensitivity analyses in which
we varied key variables over a range of + 25%, including costs of canagliflozin, dapagliflozin,
SoC, CV events, ACD, amputation, dialysis, and rates of eGFR decline. We also conducted
threshold analyses to identify values of key inputs that would influence our results.
Additionally, probabilistic sensitivity analyses were conducted with 1,000 iterations to assess

the uncertainty of all parameters.

As the long-term efficacy of canagliflozin and dapagliflozin is unknown, we considered
alternative scenarios for long-term efficacy of these drugs. First, we assumed that their efficacy
in lowering M1, stroke, HFH, ACD, dialysis, eGFR and UACR declines would reduce by 3.5%
each year after the first 2.5 years (the median follow-up duration of DAPA-CKD? and
CREDENCE trials®®) based on the impact of increase in age on the efficacy of SGLT-2is.!?7:!28
Second, we assessed the cost-effectiveness over shorter time horizons of 5, 10, and 20 years

(instead of lifetime horizon in the base case). As SGLT-2is reduce CKD progression over time,
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the use of alternative time horizons could influence the cost-effectiveness of treatment strategies

under comparison.

All analyses were conducted using TreeAge Pro Healthcare 2022 R1.2.'%°

3.3.6. Ethics approval

This study used published data from the literature, so no ethics approval was required.

3.4. Results

3.4.1. Base case analysis

The cost-effectiveness results in base case are presented in Table 3.3. Panel A compares the
cost-effectiveness of all treatment strategies. SoC alone was dominated by dapagliflozin+SoC
as it cost more and yielded fewer QALYs. After excluding SoC alone, dapagliflozin+SoC cost
more (C$216,770 versus C$210,073) and generated more QALY's (8.24 versus 8.18) compared
with canagliflozin+SoC. However, dapagliflozintSoC was not cost-effective versus
canagliflozin+SoC, with an ICER of C$113,290 per QALY Panel B shows that, compared with
SoC alone, adding canagliflozin or dapagliflozin to SoC generated cost savings of C$33,460
and C$26,764 and yielded 1.38 and 1.44 more QALYs, respectively. These cost savings and
QALYs gains arose primarily due to the efficacy of these SGLT-2is in delaying dialysis

compared with SoC alone.
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Table 3.3. Base case cost-effectiveness results

Incremental | QAL | Incremental
Strategy Cost (C9) ICER
costs (CS$) Y QALY

Panel A: All strategies

Canagliflozin+SoC 210,073 - 8.18 - -
Dapagliflozin+SoC 216,770 6,697 8.24 0.06 113,290
SoC 243,533 26,764 6.81 -1.44 Dominated

Panel B: SGLT-2 inhibitor+SoC versus SoC alone

SoC 243,533 - 6.81 - -
Canagliflozin+SoC 210,073 -33,460 8.18 1.38 Dominant
Dapagliflozin+SoC 216,770 -26,764 8.24 1.44 Dominant

All costs were calculated in 2021 Canadian dollars.

Base case analysis was conducted under the lifetime horizon.

ICER, incremental cost-effectiveness ratio;, QALY, quality-adjusted life-years; SoC, standard of care; SGLT-2,
sodium-glucose cotransporter 2.

3.4.2. Sensitivity analyses

One-way sensitivity analysis results are illustrated in Figure 3.2. SoC alone continued to be
dominated by canagliflozin+SoC and dapagliflozin+SoC when the values of key parameters
were varied between +/- 25% of their base case values (Figure 3.2.A, 3.2.B). Furthermore, the
ICER of dapagliflozin+SoC versus canagliflozin+SoC was most sensitive to drug efficacy in
reducing eGFR decline, maintenance cost of dialysis, and costs of SGLT-2is (Figure 3.2.C).
Especially, dapagliflozin+SoC would be cost-effective or dominant versus canagliflozin+SoC
if the difference in eGFR decline between canagliflozin+SoC and dapagliflozin+SoC was less

than 0.46 mL/min/1.73 m2/year.
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Figure 3.2. Tornado diagram for one-way sensitivity analyses

CV, cardiovascular; eGFR, estimated glomerular filtration rate; HFH, heart failure hospitalization; MI,

myocardial infarction; SoC, standard of care.

Blue bar is lower bound. Red bar is upper bound.

The results of probabilistic sensitivity analyses are shown in Figure 3.3. At the WTP threshold

of C$50,000 per QALY, canagliflozin+SoC was cost-effective in 59% of iterations, while

(=)

28

dapagliflozin+SoC was cost-effective in 41% of iterations. Additionally, the probabilities of

being cost saving were 60.8% for canagliflozin+SoC and 38.9% for dapagliflozin+SoC.
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Figure 3.3. Cost-effectiveness acceptability curve of base case analysis

SoC, standard of care.

Results for scenario analyses are presented in Table A.2.7 (Appendix 2). If the efficacy of
SGLT-2is in lowering M1, stroke, HFH, ACD, dialysis, eGFR and UACR declines was reduced
by 3.5% per year after the first 2.5 years, the results remained similar in the base case. While
the ICER was lower (C$76,087/QALY versus C$113,290/QALY in the base case), it still
exceeded the WTP threshold of C$50,000/QALY. Over shorter time horizons of 5 and 10 years,
dapagliflozin+SoC dominated canagliflozin+SoC. This result arose due to dapagliflozin's
higher efficacy in reducing short-term CV events and AEs (Table A.2.8, Appendix 2). However,
when the time horizon was extended to 20 years or lifetime, the higher efficacy of canagliflozin
in slowing CKD progression (and thereby, lower dialysis costs) dominated the shorter-term

benefits of dapagliflozin.
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3.5. Discussion

This is the first study examining the cost-effectiveness of canagliflozin+SoC,
dapagliflozin+SoC, and SoC for treatment of T2D and CKD. We found that adding
canagliflozin or dapagliflozin to SoC yielded cost savings and gained more QALY than SoC
alone. Compared with canagliflozin+SoC, dapagliflozin+SoC cost less and was more effective

over 5- and 10-year horizons but was not cost-effective over a lifetime horizon.

There are several studies evaluating the cost-effectiveness of SGLT-2i added to SoC in patients
with CKD. Our study drew consistent conclusions with studies in England*® and Thailand*!
demonstrating that canagliflozin+SoC and dapagliflozin+SoC were less costly and more
effective than SoC in patients with CKD. However, another study showed that
dapagliflozin+SoC was very cost-effective versus SoC alone in US patients with diabetic
nephropathy, with the ICER of US$19,023 per QALY.* Our model included the effect of
SGLT-2i on multiple AEs and CV events, dialysis, and high-risk population, which leads to
differences in results between our study and cost-effectiveness analysis in US*. Generally,
differences in model structure, assumptions, and inputs in different contexts make it difficult to

directly compare the results of cost-effectiveness analyses.

Our finding of cost-savings of SGLT-2i compared with SoC alone highlights the economic
benefits of adding these drugs for the treatment of T2D and CKD. With the annual incidence
of approximately 17,000 patients with diabetic kidney disease and macroalbuminuria in
Canada®'*°, treatment with canagliflozin or dapagliflozin could save C$512 million over the
lifetime horizon. The economic benefits will become larger when lower-priced generic drugs

are launched.
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Aside from canagliflozin and dapagliflozin, empagliflozin is used for treatment of T2D and
CKD. EMPA-REG OUTCOME and EMPA-KIDNEY trials showed that empagliflozin reduced
CV events and CKD progression compared with SoC in patients with T2D and CKD 3131132
However, we could not compare empagliflozin with canagliflozin and dapagliflozin as an add-
on treatment in our study as patients with T2D and CKD in EMPA-REG OUTCOME trial>%>3
had different baseline characteristics from patients in the DAPA-CKD*'1% and CREDENCE
trials® and data for patients with T2D and CKD from the EMPA-KIDNEY trial*® were

unavailable. Future research should be conducted to shed light on the cost-effectiveness of

canagliflozin, dapagliflozin, and empagliflozin in treating patients with T2D and CKD.

There are several limitations of our study. First, data from head-to-head trials of canagliflozin
and dapagliflozin were not available. Furthermore, we had to rely on data from subgroups of
patients with T2D and CKD in the DAPA-CKD?**!% and CREDENCE trials*. Additionally,
CREDENCE trial was stopped early at a planned analysis. Therefore, the efficacy of the drugs
could therefore be underestimated or overestimated due to the small sample sizes of these
patient subgroups. Second, baseline characteristics were randomly selected from separate
distributions in the trial, ignoring possible correlations of these parameters. However, we note
that no significant correlations were found in baseline characteristics in CREDENCE trial®’.
Third, long-term efficacy of canagliflozin and dapagliflozin is unknown and we had to assume
that the efficacy of these drugs would be maintained beyond the trial duration. While we
considered alternative scenarios in additional analyses, similar cost-effectiveness analyses
utilizing long-term efficacy data may be conducted when such data become available in the
future. Fourth, although our cost-effectiveness analysis was conducted in Canadian context, the
study cohort was simulated based the population in CREDENCE trial®® that recruited patients
in several countries including Canada. Therefore, results of post-hoc analyses for Canadian

population may be used to update our results.
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Last, due to a lack of data, this study could not examine the cost-effectiveness of SGLT-2i in

patients with T2D and CKD and microalbuminuria. This may be an area for further research.

3.6. Conclusion

Adding canagliflozin or dapagliflozin to SoC dominated SoC alone for treatment of T2D and
CKD. While dapagliflozin+tSoC was not cost-effective versus canagliflozin+SoC over a

lifetime horizon, it was cost-effective over shorter time horizons of 5-10 years
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Chapter 4. Summary and conclusion

4.1. Main findings

In Chapter 2, we conducted a systematic review and network meta-analysis to compare the
relative effect of SGLT-2i, GLP-1RA, and nsMRA on CV and renal outcomes in patients with
T2D and CKD. We found that SGLT-2i did not significantly reduce risks of MACE but were
associated with significantly lower risks of CRO and HFH compared with GLP-1RA and
nsMRA. There were no significant differences between GLP-1RA and nsMRA in lowering

MACE, CRO, CV death, ACD, HFH, stroke, and MI.

In Chapter 3, we examined the cost-effectiveness of canagliflozin+SoC, dapagliflozin+SoC,
and SoC alone in patients with T2D and CKD. We found that adding canagliflozin or
dapagliflozin to SoC yielded cost savings and gained more QALY's than SoC alone. The cost
savings were driven primarily by the efficacy of canagliflozin and dapagliflozin in delaying
dialysis. The time horizon affected the cost-effectiveness result of dapagliflozin+SoC versus
canagliflozin+SoC. Compared with canagliflozin+SoC, dapagliflozin+SoC was less costly and
more effective over 5- and 10-year horizons but was not cost-effective over 20-year or lifetime

horizons.

4.2. Limitations

Our network meta-analysis has several limitations. First, although all included studies were
trials, most of them were only designed to examine the efficacy of drugs for treatment of CKD
or T2D instead of both T2D and CKD. Therefore, our data were mainly obtained from subgroup
analyses, which resulted in some outcomes with small sample sizes. It is possible that our
network meta-analysis did not have sufficient statistical power to detect significant differences

between interventions with a small number of participants. Second, we found several
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differences in UACR values, definition of events, and follow-up durations, whereas other
patient characteristics were similar across trials. However, there was no clear evidence that the
transitivity assumption was violated, and the heterogeneity in the network was only low to
moderate. Third, inconsistency was not examined in this network meta-analysis because of lack
of head-to-head trials. Last, our network meta-analysis only focused on CV and renal events

and did not compare AEs of treatments.

There are several limitations in our cost-effectiveness analysis. First, we assumed that efficacy
of canagliflozin and dapagliflozin would be constant and maintained over lifetime horizon in
the base case. This assumption is inevitable because long-term data about the efficacy of SGLT-
21 is not available. However, sensitivity analyses with alternative scenarios showed that our
results still hold. Second, data about efficacy of dapagliflozin were obtained from subgroup
analyses, which could reduce statistical power to find small differences. Additionally, no head-
to-head trials exist, so we used cross-trial comparisons to evaluate the relative efficacy of
canagliflozin and dapagliflozin. Last, our study did not consider correlations between patient
characteristics when they were assigned from their distributions in the trial. Nonetheless, the
impact of these correlations on the results of model can be small because no significant

correlations were found in baseline characteristics in CREDENCE trial.”’

4.3. Implications of study findings

This thesis conducted different analyses (the systematic review and network meta-analysis and
the cost-effectiveness analysis) to assess SGLT-2i, GLP-1RA, and nsMRA for treatment of
T2D and CKD with the goal to inform clinical and policy decisions on these drugs based on the
balance of costs and health outcomes. Our network meta-analysis filled the gap in the relative
efficacy of SGLT-21i, GLP-1RA, and nsMRA in reducing CV and renal events in patients with

T2D and CKD. Additionally, comparisons between individual drugs were also reported.
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Clinical practitioners can use our results to develop treatment guidelines and personalize
treatment plans. Our findings also provide valuable data on indirect comparisons of efficacy of
SGLT-2i, GLP-1RA, and nsMRA in treating T2D and CKD to be used in health economic

evaluations.

The findings from our cost-effectiveness analysis can be helpful for clinicians, policymakers,
and other stakeholders to guide decisions on optimal regimen and design market access strategy.
The cost savings and better effectiveness of SGLT-21 highlight their benefits compared with
SoC alone for treatment of T2D and CKD. This finding is important because SGLT-21 have
been under-prescribed. Only 14.9% of diabetic patients with CVD or CKD were treated with
SGLT-2i in Canada.'* Currently, SGLT-2i have been primarily used to improve glycemic
control instead of reducing risks of CV and renal events.’ The knowledge gap among clinicians
and high costs of SGLT-2i are possible reasons for underuse of these drugs.'** Therefore, our
findings can help to promote the use of SGLT-2i for treatment of T2D and CKD. Our study
also sheds light on the choice between canagliflozin and dapagliflozin in terms of cost and

effectiveness, which can help inform clinicians’ and patients’ treatment decisions.

There are several recommendations in terms of clinical practice and policy in Canada. First, it
is important to update treatment guidelines for management of T2D and CKD, especially when
many new evidence and trials have been published recently. The latest guideline for this specific
population was conducted in 2018 in Canada.'* Second, health economic reports of SGLT-2i
in patients with T2D and CKD should be re-examined because of new benefits of this drug
class. Last, the reimbursement status of SGLT-2i varies markedly across provinces.*
Therefore, it is necessary to understand the reasons for this situation to improve the national

health equity.
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4.4. Future research

The network meta-analysis and cost-effectiveness analysis conducted in this thesis revealed
several important dimensions for further research. First, future studies could examine the
efficacy of combinations of SGLT-2i, GLP-1RA, and nsMRA. These three classes have
different mechanisms of action and no drug-drug interactions, so their combinations might
potentially increase the efficacy in reducing CV and renal events. Subgroup analyses of existing
trials have suggested additive effects of these drugs in reducing MACE and HFH, but these
results did not reach statistical differences due to small sample size.?>°* Furthermore, as these
drug combinations may be potentially expensive, cost-effectiveness analyses could be

conducted to identify the population that can benefit most from the combination of these drugs.

Second, there is limited evidence on the efficacy of SGLT-2i, GLP-1RA, and nsMRA in CKD
patients without albuminuria or with microalbuminuria. Most trials recruited CKD participants
with macroalbuminuria.”>*%* Additionally, a majority of evidence on the efficacy of SGLT-2i
and GLP-1RA in CKD patients in reduction of renal outcomes comes from subgroup analyses

of trials that have MACE as the primary endpoint in patients with T2D.

Last, head-to-head trials or indirect comparisons with individual patient-level data should be
conducted to overcome limitations around transitivity assumptions. Further, real-world
evidence studies are necessary to assess the long-term effectiveness and safety of SGLT-2i,

GLP-1RA, and nsMRA beyond trials.

4.5. Conclusion

The systematic review and network meta-analysis is a comprehensive approach to making

direct and indirect comparisons between multiple interventions, especially when no head-to-
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head trial exists. Combined with network meta-analysis, cost-effectiveness analysis may guide

optimal treatment based on the balance between clinical outcomes and costs.

The network meta-analysis in this thesis demonstrated that SGLT-21 provided better cardiorenal
protection than GLP-1RA and nsMRA in patients with T2D and CKD. There were no
significant differences between GLP-1RA and nsMRA in reducing MACE, CRO, CV death,

ACD, HFH, stroke, and MI.

Treatment with canagliflozin or dapagliflozin as an add-on to SoC cost less and was more
effective than SoC alone for treatment of T2D and CKD. The cost savings were driven primarily
by the efficacy of canagliflozin and dapagliflozin in delaying dialysis. Dapagliflozin+SoC was
less costly and more effective than canagliflozin+SoC over the short-term horizon, but it was

not cost-effective versus canagliflozin+SoC over the long-term horizon.
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Appendices

Appendix 1: Appendix to Chapter 2

A1l.1. Search strategies
Pubmed:
Population:

("diabetes mellitus, type 2"[MeSH] OR "diabetes mellitus type 2"[tiab] OR "type 2 diabetes
mellitus"[tiab] OR "T2D"[tiab] OR "T2DM" OR “renal insufficiency, chronic’[MeSH] OR
“chronic kidney disease”[tiab] OR “CKD”[tiab] OR “kidney disease”[tiab] OR “kidney
failure”[tiab] OR “chronic kidney failure”[tiab] OR “renal failure”[tiab] OR “chronic renal
disease’’[tiab])

Intervention and comparison

((“Sodium-Glucose  Transporter 2 Inhibitor*”’[MeSH] OR “SGLT-2*"[tiab] OR
“SGLT2*”[tiab] OR “canagliflozin™[tiab] OR “dapagliflozin™[tiab] OR “empagliflozin™[tiab]
OR “ipragliflozin”[tiab] OR  “tofogliflozin”[tiab] OR  “luseogliflozin”[tiab] OR
“remogliflozin”[tiab] OR “ertugliflozin”[tiab] OR “sotagliflozin”[tiab] OR
“bexagliflozin’[tiab]) OR

(“Glucagon-Like Peptide-1 Receptor’[MeSH] OR “GLP-1*"[tiab] OR “GLP1*”’[tiab] OR
“Efpeglenatide”[tiab] OR “Dulaglutide™[tiab] OR “Semaglutide’’[tiab] OR
“Taspoglutide[tiab] OR “Albiglutide™[tiab] OR “tirzepatide™[tiab] OR “Liraglutide”[tiab] OR
“Lixisenatide™[tiab] OR “Exenatide”) OR

("Mineralocorticoid Receptor Antagonists"[MeSH] OR "nonsteroidal mineralocorticoid
receptor antagonists"[tiab] OR "non-steroidal mineralocorticoid receptor antagonists"[tiab] OR
"Nonsteroidal MRA*"[tiab] OR "MRA"[tiab] OR "finerenone" OR "esaxerenone" OR

"apararenone"[tiab]))

Outcomes
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(“cardiovascular death”[tiab] OR ‘“cardiovascular events”’[tiab] OR “major adverse
cardiovascular event*”[tw] OR “MACE*”[tiab] OR “cardiac events’[tiab] OR “all-cause
death™[tiab] OR “stroke”’[tiab] OR “myocardial infarction”[tiab] OR “heart failure”[tiab] OR
“renal death”[tiab], OR “renal outcomes”[tiab] OR “kidney outcomes”[tiab] OR “decline in
eGFR[tiab] OR “end-stage kidney disease”[tiab] OR “ESKD”[tiab] OR “end stage renal
disease”[tiab] OR “ESRD”[tiab] OR “acute kidney injury”[tiab] OR “acute kidney
failure”[tiab] OR “kidney transplantation”[tiab])

Study design:

(randomized controlled trial[pt] OR controlled clinical trial [pt] OR randomized [tiab] OR
placebo [tiab] OR clinical trials as topic [mesh] OR randomly [tiab] OR trial [ti] NOT (animals
[mh] NOT humans [mh]))

EMBASE

#105 #37 AND #50 AND #82 AND #105 AND [english]/lim AND [embase]/lim AND [31-
7-1900]/sd NOT [25-11-2022]/sd

#104 #37 AND #50 AND #82 AND #105

#103 #83 OR #84 OR #85 OR #86 OR #87 OR #88 OR #89 OR #90 OR #91 OR #92 OR #93
OR #94 OR #95 OR #96 OR #97 OR #98 OR #99 OR #100 OR #101 OR #102

#102 'kidney transplantation’:ab,ti
#101 'acute kidney failure":ab,ti
#100 'acute kidney injury':ab,ti

#99  'eskd':ab,ti

#98  'end stage renal disease'":ab,ti
#97  'end-stage kidney disease':ab,ti

#96  'loss of kidney function':ab,ti
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#95  'decline in egfi":ab,ti

#94  'kidney outcomes':ab,ti

#93  'renal outcomes':ab,ti

#92  'renal death":ab,ti

#91  'cardiac events':ab,ti

#90  'heart failure':ab,ti

#89  'myocardial infarction':ab,ti
#88  'stroke":ab,ti

#87  'all-cause death':ab,ti

#86  'mace"ab,ti

#85  'major adverse cardiovascular event'/exp OR "'major adverse cardiovascular events':ab,ti
#84  'cardiovascular events':ab,ti
#83  'cardiovascular death':ab,ti

#82  #51 OR #52 OR #53 OR #54 OR #55 OR #56 OR #57 OR #58 OR #59 OR #60 OR #61
OR #62 OR #63 OR #64 OR #65 OR #66 OR #67 OR #68 OR #69 OR #70 OR #71 OR #72
OR #73 OR #74 OR #75 OR #76 OR #77 OR #78 OR #79 OR #80 OR #81

#81  'apararenone':ab,ti

#80  'esaxerenone':ab,ti

#79  'finerenone':ab,ti

#78  'mra":ab,ti

#77  'nonsteroidal mra':ti,ab

#76  'mon-steroidal mineralocorticoid receptor antagonists':ab,ti
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#75

#74

#73

#72

#71

#70

#69

#68

#67

#66

#65

#64

'nonsteroidal mineralocorticoid receptor antagonists':ab,ti
'mineralocorticoid antagonist'/exp OR 'mineralocorticoid antagonist'
'exenatide':ab,ti OR 'tirzepatide':ab,ti

'lixisenatide':ab,ti

'liraglutide':ab,ti

'semaglutide':ab,ti

'dulaglutide':ab,ti

'efpeglenatide':ab,ti OR 'albiglutide’:ab,ti OR 'taspoglutide':ab,ti
'glpl":ab,ti

'glp-1":ab,ti

'glucagon like peptide 1'/exp OR 'glucagon like peptide 1'

'glucagon like peptide 1 receptor agonist'/exp OR 'glucagon like peptide 1 receptor

agonist'

#63

#62

#61

#60

#59

#58

#57

#56

#55

'bexagliflozin":ab,ti
'sotagliflozin':ab,ti
'ertugliflozin’:ab,ti
'remogliflozin':ab,ti
"Tuseogliflozin':ab,ti
'tofogliflozin':ab,ti
"ipragliflozin":ab,ti
'empagliflozin':ab,ti
'dapagliflozin':ab,ti
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#54  'canagliflozin':ab,ti
#53  'sglt-2*":ab,ti
#52  'sglt2:ab,ti

#51  'sodium glucose cotransporter 2 inhibitor'/exp OR 'sodium-glucose transporter 2

inhibitor'

#50  #38 OR #39 OR #40 OR #41 OR #42 OR #43 OR #44 OR #45 OR #46 OR #47 OR #48
OR #49

#49  'chronic renal disease':ab,ti
#48  'ckd"ab.ti

#47  'renal failure':ab,ti

#46  'chronic kidney failure':ab,ti
#45  'kidney failure':ab,ti

#44  'kidney disease":ab,ti

#43  'chronic kidney disease':ab,ti
#42  'chronic kidney failure'/exp OR 'chronic kidney failure'
#41  't2d*":ab,ti

#40  'type 2 diabetes mellitus':ti,ab
#39  'diabetes mellitus type 2'":ti,ab

#38  'non insulin dependent diabetes mellitus'/exp OR 'non insulin dependent diabetes

mellitus'
#37  #22 NOT #36

#36  #23 OR #24 OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #31 OR #32 OR #33
OR #34 OR #35
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#35  'animal experiment'/de NOT (‘human experiment'/de OR 'human'/de)

#34  (rat:ti,tt OR rats:ti,tt OR mouse:ti,tt OR mice:ti,tt OR swine:ti,tt OR porcine:ti,tt OR
murine:ti,tt OR sheep:ti,tt OR lambs:ti,tt OR pigs:ti,tt OR piglets:ti,tt OR rabbit:ti,tt OR
rabbits:ti,tt OR cat:ti,tt OR cats:ti,tt OR dog:ti,tt OR dogs:ti,tt OR cattle:ti,tt OR bovine:ti,tt OR
monkey:ti,tt OR monkeys:ti,tt OR trout:ti,tt OR marmoset®:ti,tt) AND 'animal experiment'/de

#33  (databases NEAR/5 searched):ab

#32  'update review':ab

#31  'we searched:ab AND (review:ti,tt OR review:it)
#30  review:ab AND review:it NOT trial:ti,tt

#29  (‘random cluster' NEAR/4 sampl*):ti,ab,tt

#28  'random field*':ti,ab,tt

#27  nonrandom*:ti,ab,tt NOT random™*:ti,ab,tt

#26  'systematic review':ti,tt NOT (trial:ti,tt OR study:ti,tt)

#25  'case control*':ti,ab,tt AND random*:ti,ab,tt NOT (‘randomised controlled':ti,ab,tt OR

'randomized controlled':ti,ab,tt)

#24  'cross-sectional study'/de NOT (‘randomized controlled trial'/de OR 'controlled clinical
study'/de OR 'controlled study'/de OR 'randomised controlled':ti,ab,tt OR 'randomized
controlled":ti,ab,tt OR 'control group':ti,ab,tt OR 'control groups':ti,ab,tt)

#23  ((random* NEXT/1 sampl* NEAR/S (‘cross section™' OR questionnaire®* OR survey OR
surveys OR database OR databases)):ti,ab,tt) NOT (‘comparative study'/de OR 'controlled
study'/de OR 'randomised controlled":ti,ab,tt OR 'randomized controlled':ti,ab,tt OR 'randomly

assigned':ti,ab,tt)
#22  #21 NOT #3

#21  #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12 OR #13 OR #14 OR
#15 OR #16 OR #17 OR #18 OR #19 OR #20
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#20  trial:ti,tt

#19  'human experiment'/de

#18  volunteer:ti,ab,tt OR volunteers:ti,ab,tt

#17  (controlled NEAR/8 (study OR design OR trial)):ti,ab,tt
#16  assigned:ti,ab,tt OR allocated:ti,ab,tt

#15  ((assign®* OR match OR matched OR allocation) NEAR/6 (alternate OR group OR
groups OR intervention OR interventions OR patient OR patients OR subject OR subjects OR
participant OR participants)):ti,ab,tt

#14  crossover:ti,ab,tt OR 'cross over':ti,ab,tt
#13  (parallel NEXT/1 group™*):ti,ab,tt
#12  'double blind procedure'/de

#11  ((double OR single OR doubly OR singly) NEXT/1 (blind OR blinded OR
blindly)):ti,ab,tt

#10  (open NEXT/1 label):ti,ab,tt

#9 (evaluated:ab OR evaluate:ab OR evaluating:ab OR assessed:ab OR assess:ab) AND

(compare:ab OR compared:ab OR comparing:ab OR comparison:ab)
#8 compare:ti,tt OR compared:ti,tt OR comparison:ti,tt

#7 placebo:ti,ab,tt

#6 "intermethod comparison'/de

#5 'randomization'/de

#4 random*:ti,ab,tt

#3 #1 OR #2

#2 'controlled clinical study'/de
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#1 'randomized controlled trial'/de

CENTRAL

ID Search

#1 MeSH descriptor: [Diabetes Mellitus, Type 2] explode all trees

#2 (diabetes mellitus type 2):ti,ab,kw

#3 (T2D):ti,ab,kw

#4 (T2DM):ti,ab,kw

#5 MeSH descriptor: [Renal Insufficiency, Chronic] 2 tree(s) exploded

#6 (chronic kidney disease):ti,ab,kw

#7 (CKD):ti,ab,kw

#8 (kidney disease):ti,ab,kw

#9 (kidney failure):ti,ab,kw

#10  (chronic kidney failure):ti,ab,kw

#11  (renal failure):ti,ab,kw

#12  (chronic renal disease):ti,ab,kw

#13  #1 OR #2 OR #3 OR #4 OR #5 OR #6 OR #7 OR #8 OR #9 OR #10 OR #11 OR #12
#14  MeSH descriptor: [Sodium-Glucose Transporter 2 Inhibitors] explode all trees
#15  (SGLT-2):ti,ab,kw

#16  (SGLT2):ti,ab,kw

#17  (canagliflozin):ti,ab,kw

#18  (dapagliflozin):ti,ab,kw
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#19

#20

#21

#22

#23

#24

#25

#26

#27

#28

#29

#30

#31

#32

#33

#34

#35

#36

#37

#38

#39

(empagliflozin):ti,ab,kw

(ipragliflozin):ti,ab,kw

(tofogliflozin):ti,ab,kw

(luseogliflozin):ti,ab,kw

(remogliflozin):ti,ab,kw

(ertugliflozin):ti,ab,kw

(sotagliflozin):ti,ab,kw

(bexagliflozin):ti,ab,kw

MeSH descriptor: [Glucagon-Like Peptide-1 Receptor] explode all trees
(GLP-1):ti,ab,kw

(GLP1):ti,ab,kw

(Efpeglenatide):ti,ab,kw

(tirzepatide):ti,ab,kw

(Dulaglutide):ti,ab,kw

(Semaglutide):ti,ab,kw

(Liraglutide):ti,ab,kw

(Lixisenatide):ti,ab,kw

(Exenatide):ti,ab,kw

MeSH descriptor: [Mineralocorticoid Receptor Antagonists] explode all trees
(nonsteroidal mineralocorticoid receptor antagonists):ti,ab,kw

(non-steroidal mineralocorticoid receptor antagonists):ti,ab,kw
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#40  (Nonsteroidal MRA):ti,ab,kw
#41  (finerenone):ti,ab,kw

#42  (esaxerenone):ti,ab,kw

#43  (apararenone):ti,ab,kw

#44  #14 OR#15 OR #16 OR #17 OR #18 OR #19 OR #20 OR #21 OR #22 OR #23 OR #24
OR #25 OR #26 OR #27 OR #28 OR #29 OR #30 OR #32 OR #33 OR #34 OR #35 OR #36
OR #38 OR #39 OR #40 #41 OR #42 OR #43

#45  (cardiovascular death):ti,ab,kw
#46  (cardiovascular events):ti,ab,kw
#47  (major adverse cardiovascular event®):ti,ab,kw
#48  (MACE*):ti,ab,kw

#49  (cardiac events):ti,ab,kw

#50  (all-cause death):ti,ab,kw

#51  (stroke):ti,ab,kw

#52  (myocardial infarction):ti,ab,kw
#53  (heart failure):ti,ab,kw

#54  (renal death):ti,ab,kw

#55  (renal outcomes):ti,ab,kw

#56  (kidney outcomes):ti,ab,kw

#57  (decline in eGFR):ti,ab,kw

#58  (end-stage kidney disease):ti,ab,kw

#59  (ESKD):ti,ab,kw
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#60  (end stage renal disease):ti,ab,kw
#61  (acute kidney injury):ti,ab,kw
#62  (acute kidney failure):ti,ab,kw
#63  (kidney transplantation):ti,ab,kw

#64  #45 OR #46 OR #47 OR #48 OR #49 OR #50 OR #51 OR #52 OR #53 OR #54 OR #55
OR #56 OR #57 OR #58 OR #59 OR #60 OR #61 OR #62 #63

#65  #13 AND #44 AND #64

#66  ("randomized-controlled trial"):pt

#67  ("randomized-controlled trials"):pt

#68  (controlled clinical trial):pt

#69  (randomized):ti,ab,kw

#70  MeSH descriptor: [Placebos] explode all trees

#71  (placebo*):ti,abkw

#72  (placebo):ti,ab,kw

#73  MeSH descriptor: [Clinical Trials as Topic] explode all trees
#74  (randomly):ti,ab,kw

#75  (trial):ti,abkw

#76  #66 OR #67 OR #68 OR #69 OR #70 OR #71 OR #72 OR #73 OR #74 OR #75

#77  #65 AND #76
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Table A.1.1. Baseline Characteristics (All studies)

Study Drug Follow CKD Male eGFR- HbAlc | UACR | Sample
Study name | Year number Group class “up definition (%) Age | (mL/min % (mg/g) size
(week) ° /1.73 m?) ° g'g
UCAR 30-300
. & eGFR 25-
FIII))IEIL;?' 2020 | NCT02540993 Fllgfzrgnr‘;ne nsMRA | 1357 | 60;0r UCAR | 68.9 | 654 44.4 7.7 833.0 | 2833
£ 300-5000 &
eGFR 25-75
Placebo 715 | 657 | 443 7.7 867.0 | 2841
UCAR 30-300
‘ & eGFR 25-
F§£§?‘ 2021 | NCT02545049 Fllgggn;ne nsMRA | 177.4 | 90;0r UCAR | 68.6 | 64.1 67.6 7.7 302.0 | 3686
J 300-5000 &
eGFR>60
Placebo 703 | 64.1 68.0 7.7 3150 | 3666
REWIND’ | 2019 | NCT01394952 dull"f‘;glr‘g;de (l}llii 2777 eGFR<60 NA | NA NA NA NA 1081
Placebo 1118
ELIXA”’ 2015 | NCTO1147250 | Lixisenatide | GLP- 108.0 eGFR<60 NA | NA NA NA NA 659
10/20 pg IRA
Placebo 748
Harmony | )10 | NCT02465515 | AlPiglutide 30- 1 GLP- 82.3 eGFR<60 NA | NA NA NA NA 1098
Outcomes 50 mg 1RA
Placebo 1124
30 Semaglutide GLP-
SUSTAIN-6% | 2016 | NCT01720446 108.0 eGFR<60 NA | NA NA NA NA 469
0.5/1.0 mg IRA
Placebo 470
Oral GLP-
PIONEER-6° | 2019 | NCT02692716 | Semaglutide LRA 68.1 eGFR<60 NA | NA NA NA NA 434
14 mg
Placebo NA NA NA NA NA 422
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Follow

eGFR

Stud Dru CKD Male . HbAlc | UACR | Sample
Study name | Year | NS Group clase (vemo | definition | (%) Age g“;‘; | % | mee) size
EXSCEL® | 2017 | NCT01144338 Exeﬁgde 2 ?Ilii 166.9 ¢GFR<60 NA | NA NA 8.1 NA 1557
Placebo NA | NA NA 8.1 NA 1620
82134 liraglutide 1.8 GLP-

LEADER®213 | 2016 | NCT01179048 me [RA 198.1 ¢GFR<60 60.6 | 67.3 455 8.7 473 1116
Placebo 653 | 673 45.8 8.6 51.8 1042

RE;IRAAL'% 2016 | NCT01620489 hraghilgde 1.8 ?{{i 260 | eGFR30-59 | 53.6 | 68.0 454 8.1 55.5 140
Placebo 474 | 663 455 8.0 69.8 137
SCORED® | 2021 | NCT03315143 Sz‘gg;c’iz)%"gg SGLT-2i | 68.6 eGFR<60 55.7 | 69.0 44.4 8.3 74.0 5292
Placebo 545 | 69.0 44.7 8.3 75.0 5292

S%T)‘:gs 2021 | NCT03242018 52‘38%‘}5%"3; SGLT-2i | 26.0 eGFR<30 505 | 67.0 23.9 8.3 NA 184

Placebo 452 | 68.0 24.1 8.4 NA 93
VERTIS CV® | 2020 | NCT03242018 ertsu/f;ﬂs‘f}l‘l’;m SGLT-2i | 1543 eGFR<60 633 | 683 49.1 8.2 30.0 1199
Placebo 608

Bexagliflozin | 19 | NCT02836873 Bexggﬁlgozm SGLT-2i | 24.0 eGFR<60 586 | 693 | 454 8.0 NA 157
Placebo 67.1 | 69.9 44.8 8.0 NA 155

Egﬁ:i%ﬁ 2014 | NCT01164501 e;nsp;gghg;@“ SGLT-2i | 52.0 eGFR<60 571 | 64.7 34.9 8.0 NA 224
Placebo 558 | 648 33.1 8.1 NA 224

EMPA-REG o
OUTCOMES®® | 2015 | NCT01131676 erﬁ%ﬁ% 5‘ H‘l’gm SGLT-2i | 159.4 eGFR<60 673 | 67.1 48.4 8.1 NA 1212
87

Placebo 689 | 67.1 48.6 8.0 NA 607
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Study Drug Follow CKD Male eGFR- HbAlc | UACR | Sample
Study name | Year number Group class “up definition (%) Age | (mL/min % (mg/g) size
(week) ° /1.73 m?) ° g'g
MB10202975 | 2014 | NCT00663260 dap?glﬁgzm SGLT-2i | 104.0 ¢GFR<60 66.1 | 67.0 44.1 8.3 76.0 168
Placebo 63.1 | 67.0 45.6 8.5 67.0 84
dapaglifiozin UACR 30-
Delight®® 2019 | NCT02547935 plg o SGLT-2i | 24.0 | 3500mg/g& | 29.7 | 647 50.2 8.4 270.0 145
g ¢GFR 25-75
Placebo 291 | 64.7 477 8.6 257.5 148
DECLARE- | 1 | NeTo1730534 | depagliflozin | g 1501 5190 eGFR<60 63.5 | 67.5 51.1 8.2 NA 606
TIMI 58 10 mg
Placebo 65.1 | 67.1 51.6 8.3 NA 659
dapagliflozin eGFR 25-75 &
DAPA-CKD? | 2020 | NCT03036150 . SGLT-2i | 125.1 | UACR>=200 | 66.1 | 64.1 44.0 78 | 1,025.0 | 1455
£ mg/g
Placebo 67.6 | 64.7 43.6 78 | 1,005.0 | 1451
CANVAS NCT01032629 | Canagliflozin . ] ) ) )
program” | 2017 | NCTOI1989754 | 1001300 g | SOLT-21 | 1882 eGFR<60 594 | 67.6 49-2 83 215 1110
Placebo 567 | 67.6 49.0 83 21-7 929
Canagliflozin eGFR 30 to
CREDENCE® | 2019 | NCT02065791 | g SGLT-2i | 135.6 | <90 & UCAR | 654 | 62.9 56.3 8.3 923.0 2202
00 mg
>300 to 5000
Placebo 66.7 | 632 56.0 8.3 931.0 2199
DIA30047 | 2014 | NCTO1064414 | Camagliflozin | g0 ol 55 GFR 30-50 592 | 68.7 39.1 8.0 26.9 179
100/300 mg
Placebo 633 | 682 40.1 8.0 31.3 90
TS071-03-4% | 2016 JapicCTI- | Luseogliflozin | ¢ 1 o0 | 55 eGFR<60 758 | 67.9 52.0 7.7 335.7 95
111543 2.5mg
Placebo 78.0 | 68.4 52.4 7.7 231.9 50
EMPA-REG empagliflozin .
METSU™ | 2013 | NCTOT159600 | SRS PHE | SGLT-2i | 24.0 eGFR<60 NA NA NA NA NA 36
Placebo NA NA NA NA NA 22
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Study Drug Follow CKD Male eGFR- HbAlc | UACR | Sample
Study name | Year number Group class “up definition (%) Age | (mL/min % (mg/g) size
(week) ° /1.73 m?) ° g'g
NCT01159600
Pooled NCTO01210001 | empagliflozin .
analysis™ | 2018 | NCTO1177813 | 10/25 mg | SOLT2i | 240 eGFR<60 562 | 64.3 35.4 8.0 NA 276
NCTO1164501
Placebo 558 | 64.9 36.3 8.0 NA 285
- ¢GFR 20-45
ngﬁg}w 2022 | NCT03594110 empf‘oghn?"zm SGLT-2i | 1044 | oreGFR<90 | NA | NA NA NA NA 1525
£ & UACR>200
Placebo NA | NA NA NA NA 1515
Canagliflozin eGFR 30-90 &
TA-7284% | 2022 | NCT03436693 & SGLT-2i | 1040 | UCAR300- | 74.7 | 625 56.3 7.8 712.0 154
100 mg 5000
Placebo 838 | 62.4 55.2 7.8 630.0 154
FREEDOM 15,1 | NCTo1455896 | EXematide 2 GLP- ) e 0 | oGFR<60 NA | NA | Na NA | NA 196
CVO mg 1IRA
Placebo NA NA NA NA NA 212

GLP-1RA, glucagon-like peptide 1 receptor agonists; nsMRA, nonsteroidal mineralocorticoid receptor antagonists; SGLT-2i, sodium-glucose cotransporter 2 inhibitors.

CKD, chronic kidney disease; NA, not available; eGFR, estimated glomerular filtration rate; UACR, urinary albumin-to-creatinine ratio.
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A. Cardiovascular death

SGLI-2I
(n=13108; k=12

Placebo (n=21255; k=17)

neMRA
(n=6519; k=2)

C. Myocardial infarction

sGLT2I
(n=11218; k=10)

Placeta [n=19368; k=14)

nsMRA
(n=6519; k=2)

GLP-1RA
(n=2813; k=3)

GLP-1RA
(n=2673; k=2)

F. All-cause death

Placebo [n=21492; k=18)

SOLT-21
(n=13364: k=13

RSMRA
(n=6518: k=2)

B. Stroke

Placebo (n=19086, k=14)

SGLT-21
(N=11272; k=10)

nSMRA
(n=6519; k=2)

E. Heart failure hospitalization

Placebo (n=21614; n=15)

seLr2
(n=14092; k=11)

nSMRA
(n=6519; k=2)

GLP-1RA
(n=2813; k=3)

GLP-1RA
(n=2673; k=2)

GLP1RA
(n=2673; k=2)

Figure A.1.1. Network plots of comparisons for secondary outcomesGLP-1, glucagon-like peptide

I agonists, k, the number of studies, n, the number of participants; MRA, nonsteroidal mineralocorticoid receptor

antagonists;, SGLT-2, sodium-glucose cotransporter 2 inhibitors. The size of the nodes is proportional to the number

of participants. The thickness of lines is proportional to the number of trials.
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Appendix 2: Appendix to Chapter 3

A.2.1. Detailed parameters in the model

Table A.2.1. Baseline patient characteristics for the model

Patient Standard
characteristics Units Mean deviation Reference
Age Years 63.02 9.20 33
Female Proportion 0.339 0.47 33
Smoking status Proportion 0.145 0.35 33
T2D duration Years 15.78 8.63 33
eGFR mL/min/1.73 m* 56.18 18.24 3
In(UACR) mg/dL 6.79 1.02 33
MI history Proportion 0.100 0.30 33
Stroke history Proportion 0.104 0.31 33
HF history Proportion 0.148 0.36 33

12D, type 2 diabetes; eGFR, estimated glomerular filtration rate; UACR, urine albumin-to-creatinine ratio;, MI,

myocardial infarction; HF, heart failure.

Table A.2.2. The decline of eGFR and UACR

Follow-up eGFR
Initial eGFR
Strategy ‘ (mL/min/1.73 UACR (%) | Reference
(mL/min/1.73 m?)
m?/year)
-0.17
SoC -0.55+0.25 -4.59+£0.14 35,106
(-0.22; 0.13)
Canagliflozin+SoC | -3.17 (-3.87; -2.47) 2.74 0.31 w
versus SoC (First 3 weeks) (2.37;3.11) (0.26; 0.35)
Dapagliflozin+So | -2.61 (-2.16; -3.06) 2.26 0.35 ‘o106
C versus SoC (First 2 week) (1.88; 2.64) (0.39; 0.31)

eGFR, estimated glomerular filtration rate; UACR, urine albumin-to-creatinine ratio, SoC, standard of care
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Table A.2.3. Transition probability in patients with end-stage kidney disease

Health state Monthly probability Reference
CKDS5 to transplant 0.0007 »
Transplant to dialysis 0.0033 %
Transplant to HFH 0.0016 %
Transplant to MI 0.0009 %
Transplant to stroke 0.0011 100

Transplant to all-cause death 101,135

18-44 0.0024
45-54 0.0022
55-64 0.0036
65-69 0.0055
70-74 0.0079
75-79 0.0117
80-84 0.0166
85+ 0.0164
Dialysis to HFH 0.0028 103
Dialysis to MI 0.0019 104
Dialysis to stroke 0.0018 104
Dialysis to transplant 0.0030 4
Dialysis to all-cause death 4
18-44 0.0051
45-54 0.0079
55-64 0.0115
65-74 0.0158
75+ 0.0233

CKD, chronic kidney disease; HFH, heart failure hospitalization, MI, myocardial infarction
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Table A.2.4. Monthly probability of adverse events in SoC

Adverse events Value (%) Reference
Diabetic ketoacidosis 0.0017 »
Severe hypoglycemia 0.0666 105
Volume depletion 0.1956 »
Acute kidney injury 0.1665 »
Fracture 0.1008 »
Amputation 0.0933 >
Urinary tract infection 0.3751 »
Genital mycotic infection 0.0189 3
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Table A.2.5. Relative treatment effects of SGLT-2 inhibitors compared SoC

Outcome

Canagliflozin

HR (95% CI)

Ref

Dapagliflozin

HR (95% CI)

Ref

All-cause death

0.83 (0.68-1.02)

35

0.74 (0.56-0.98)

38

HFH

0.61 (0.47-0.80)

35

0.47 (0.31-0.73)

38

MI

0.86 (0.64-1.16)

35

0.80 (0.54-1.2)

37

Stroke

0.77 (0.55-1.08)

35

1.26 (0.73-2.18)

37

Dialysis

0.74 (0.55-1.00)

35

0.68 (0.47-0.98)

38

Amputation

1.59 (1.26-2.01)

17

1.04 (0.84-1.29)

17

Fracture

1.19 (1.01-1.40)

17

1.06 (0.94-1.18)

17

Diabetic ketoacidosis

3.07 (1.13-8.34)

17

2.13 (1.11-4.06)

17

Acute kidney injury

0.86 (0.67-1.10)

17

0.69 (0.57-0.83)

17

Severe hypoglycemia

1.40 (0.88-2.24)

17

0.66 (0.50-0.88)

17

Urinary tract infection

1.10 (0.97-1.26)

17

0.96 (0.77-1.19)

17

Volume depletion

1.33 (1.11-1.59)

17

1.13 (1.00-1.28)

17

Genital mycotic

infection

3.88 (3.17-4.76)

17

6.21 (3.25-11.86)

17

HFH, heart failure hospitalization, MI, myocardial infarction; SGLT-2, Sodium-glucose cotransporter 2.
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Table A.2.6. Cost of SoC

Recommended/ Annual % Patients
Treatment The most common drug Price, C$ Daily cost Ref
average daily usage cost in trial
Novolin ge NPH 1000U/10mL Inj Insulin NPH 0.75 U
Insulin 24.8300 1.6202 591.37 65.5 136
Susp-10mL Pk per kg per day
Sulfonylurea Sandoz Gliclazide MR 60mg ER Tab 0.0632 120 mg 0.1264 46.17 28.8 137
Biguanides Metformin 500mg Tab 0.0247 2000 mg 0.0988 36.06 57.8 10
. Exenatide Byetta 5 mcg/dose (250 . )
GLP-1 receptor agonist o 143.67 10 mcg twice daily 4.7900 1,748.35 4.2 110
mcg/mL) 2.4 mL injection
o Sitagliptin Phosphate Monohydrate
DPP-4 inhibitor ) 3.2787 100 mg 3.2787 1,196.73 17.1 10
100 mg (Januvia)

Statin Atorvastatin 80mg Tab 0.2342 80 mg 0.2342 85.48 69.0 138
Antithrombotic Warfarin 5 mg Tab 0.0675 5 mg 0.0675 24.64 59.6 139,140
RAAS inhibitor Lisinopril 20mg Tab 0.1945 40 mg 0.3890 141.99 99.9 3

Beta blocker Bisoprolol 10mg Tab 0.0885 10 mg 0.0885 32.30 40.2 e
Diuretic Furosemide 40mg Tab 0.0327 40 mg 0.0327 11.94 46.7 142
Contour Next Blood Glucose Test
Diabetic Testing Agent . ' 0.7290 1.56 test 1.1372 415.08 100 s
Strips Strip
Total 1,348.71
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A.2.2. Results

Table A.2.7. Cost-effectiveness results for waning of treatment effects

Strategy Cost (CS) Incremental QALY Incremental ICER
costs (CS$) QALY

All strategies
Canagliflozin+SoC | 214,122 - 7.87 - -
Dapagliflozin+SoC | 221,916 7,794 7.97 0.10 76,087

SoC 243,533 21,617 6.81 -1.16 Dominated
SGLT-2is +SoC versus SoC

SoC 243,533 - 6.81 - -
Canagliflozin+SoC 214,122 -29.411 7.87 1.06 Dominant
Dapagliflozin+SoC 221,916 -21,617 7.97 1.16 Dominant

All costs were calculated in 2021 Canadian dollars.
This analysis is conducted under the lifetime horizon.

ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-years; SoC, standard of care; SGLT-2i,
sodium-glucose cotransporter 2 inhibitors.

Table A.2.8. Cost-effectiveness results with different time horizon

Strategy Cost Incremental QALY Incremental ICER
(CH) costs (CS$) QALY

Panel A: Time horizon: 5 years
All strategies
Dapagliflozin+SoC | 27,809 3.38 -
Canagliflozin+SoC | 30,308 2,499 3.35 -0.03 Dominated

SoC 30,409 2,599 3.28 -0.11 Dominated
SGLT-2i +SoC versus SoC

SoC 30,409 - 3.28 - -
Dapagliflozin+SoC | 27,809 -2,599 3.38 0.11 Dominant
Canagliflozin+SoC | 30,308 -100 3.35 0.08 Dominant
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Strategy Cost Incremental QALY Incremental ICER
(C9) costs (C9) QALY

Panel B: Time horizon: 10 years
All strategies
Dapagliflozin+SoC | 75,328 - 5.78 - -
Canagliflozin+SoC | 78,774 3,447 5.70 -0.08 Dominated

SoC 106,281 30,953 5.32 -0.46 Dominated
SGLT-2i +SoC versus SoC

SoC 106,281 - 5.32 - -
Dapagliflozin+SoC | 75,328 -30,953 5.78 0.46 Dominant
Canagliflozin+SoC | 78,774 -27,506 5.70 0.38 Dominant
Panel C: Time horizon: 20 years
All strategies
Canagliflozin+SoC | 177,725 - 7.75 - -
Dapagliflozin+SoC | 186,449 8,724 7.90 0.15 57,964

SoC 226,828 40,378 6.65 -1.25 Dominated
SGLT-2i +SoC versus SoC

SoC 226,828 - 6.65 - -
Canagliflozin+SoC | 177,725 -49,102 7.75 1.10 Dominant
Dapagliflozin+SoC | 186,449 -40,378 7.90 1.25 Dominant

All costs were calculated in 2021 Canadian dollars.

This analysis is conducted under the lifetime horizon.

ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life-years; SoC, standard of care; SGLT-2i,
sodium-glucose cotransporter 2 inhibitors.

92




